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ARCHAEOMAGNETISM AS A 
COMPLEMENTARY DATING TECHNIQUE 

TO ADDRESS THE IRON AGE 
CHRONOLOGY DEBATE IN THE LEVANT

Sunrise over Khirbet Summeily. Photograph courtesy of Hesi Regional Project.

A fundamental goal of archaeological research in the 
Near East is the determination of accurate chronology, 
particularly in situations where one is attempting to 

correlate specific events and places in written history with 
archaeological features and sites. In the past, Near East archae-
ologists have relied heavily on ‘relative’ dating techniques, such 
as pottery seriation and comparison with ancient texts and/or 
inscriptional evidence to ascribe ages to their materials and 
sites, all of which are necessary for site interpretation and a 
basic understanding of chronology. However, while the rela-
tive ordering of many seriation chronologies is often correct, 
interpretive problems and even heated chronological debates 
can arise when attempting to fix seriation-derived dates 
within an absolute time scale such as our modern calendar 
dating system.

To address the subjective nature of relative dating, a num-
ber of geochronological dating techniques developed within 
the Earth Sciences and Physics communities have been applied 
to archaeological materials. These ‘absolute’ dating techniques 
utilize well-constrained radioactive decay processes, quantifi-
able levels of thermoluminescence (TL), or other natural varia-
tions in biological and planetary processes that have a known 

rate of occurrence. The most widely accepted absolute dating 
technique is radiocarbon (14C) analysis, used to date carbona-
ceous archaeological materials younger than ~50,000 years old 
(<50 ka). As archaeologists strive to refine site chronologies to 
ever finer temporal resolutions with radiocarbon dating, we 
have begun to approach the analytical limit of the technique 
for some time periods and new controversies have arisen that 
are presently not possible to resolve. For example, the natural 
fluctuation in the production rate of atmospheric 14C through 
time can create De Vries effects (often termed ‘wiggles’) in the 
radiocarbon reference curve, which can cause an artifact’s mea-
sured radiocarbon concentration to coincide with multiple ages 
(e.g., fig. 7). Additionally, there are certain periods on the refer-
ence curve that plateau, resulting in indeterminate ages. Unfor-
tunately, both of these situations arise between the 10th and 9th 
centuries b.c.e., a critical period for understanding the forma-
tion of Iron Age states in the southern Levant. Another issue 
is that many sites lack suitable or sufficient quantities of mate-
rial for radiocarbon analysis. Finally, recent attempts to address 
the chronology issues in the Levant have brought into question 
the use of Bayesian dating models based on radiocarbon mea-
surements across multiple unrelated sites. Given these ongoing 
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issues, it is necessary for archaeologists to consider incorporat-
ing other complementary dating methods in order to constrain 
their chronologies.

Here, we introduce the potential of archaeomagnetic dating 
for addressing the Iron IIA chronology debate in the Levant in 
the context of its application to the Hesi Regional Project’s exca-
vations at Khirbet Summeily (fig. 1), a site occupied during the 
11th through 8th centuries b.c.e. (see Hardin, Rollston, and Blake-
ly [2012 and 2014] for details of the Hesi Regional Project). De-
pending on one’s chronological views and the relative ambiguity 
of radiocarbon and seriation dating for this time period, different 
reconstructions of the history and archaeology of the Iron IIA 
transitions in the Levant are followed (discussed below). There-
fore, we chose to institute a comprehensive program of archaeo-
magnetic dating from the onset of the Khirbet Summeily project.

WHAT IS ARCHAEOMAGNETIC DATING?
Archaeomagnetism is a subfield of paleomagnetism, the study 
of the Earth’s ancient magnetic field as recorded by volcanic 
rocks, soils, and sediments. The Earth’s magnetic field, which 
acts like a giant dipole magnet, is generated in the planet’s 
core and propagates through 
the mantle and crust, sur-
rounding the Earth and pro-
tecting our atmosphere from 
solar and cosmic radiation 
(fig. 2). The field is dynamic, 
both temporally and spatial-
ly and can be directly mea-
sured using specialized land 
or satellite based equipment. 
Under the right circum-
stances, geological materials 
that contain magnetic min-
erals, like magnetite and he-
matite, can record these field 
variations during thermal 
or depositional processes. 
In the case of archaeomag-
netism, human-made ar-
chaeological materials, such 
as fired ceramics, mudbrick, 
in situ clay ovens, slag, and 
heat-treated rock can also 
record the field because they 
contain these same magnetic 
grains. When these objects 
are heated to high tempera-
ture, conditions commonly 
found in a kiln or oven, and 
then cooled, the magnetic minerals record the Earth’s field 
strength (intensity) and direction at that moment in time. 
This recording can be preserved for millions of years and 
can be measured in the laboratory using super-conducting 
cryogenic rock magnetometers. Compilations of ancient field 
measurements from materials that have been previously well-

dated using other methods can be used to construct a region-
ally specific reference curve of field behavior through time. 
These reference curves can then be used to date artifacts of 
unknown age.

The accuracy and precision of archaeomagnetic dating is 
dependent on the quality of its reference curves. For recent 
history (the last 3000 years) archaeomagnetic reference curves 
are calibrated using several different sources of chronologic 
information: direct measurements of the field (land and satel-
lite), dendrochronology, lake sediment data, radiocarbon, and 
definitive archaeological evidence, usually in the form of as-
sociated written/inscriptional evidence. Thus, in the best of 
circumstances, archaeomagnetic dating can achieve uncer-
tainties as low as one or two decades, which is comparable to 
radiocarbon dating. For pre-historic periods or regions where 
dendrochronological or cyclical lake deposits (laminae) are 
not present, important calibration points are often set using 
radiocarbon, pottery seriation, or other archaeological dat-
ing techniques. Radiocarbon analysis of materials associated 
with contiguous and successive archaeological layers often 
provides the most accurate calibration. Calibration using 

seriation dating is less desirable; but in many cases, definitive 
and undisputed seriation dates, along with the use of addi-
tional complementary dating methods, can still provide suit-
able calibration points on the curve. Archaeomagnetic spe-
cialists must take great care to ensure that the calibration of 
regional reference curves avoids circular logic that may arise 

Figure 1. Map of Khirbet Summeily and Hesi Region. 
Khirbet Summeily is located on or near the ancient road 

connecting Gaza with Hebron, 
approximately 22 km east of Gaza City. 

Background topographic map of Israel by Sadalmelik, 
via Wikimedia Commons, 

Hesi regional map by W. Isenberger and Michele D. Stillinger.
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from using relative dating techniques or ambiguous radioisotop-
ic calibration points. This is particularly important for the Iron 
Age Levant, which is discussed further below.

One of the primary advantages of archaeomagnetic dating 
is that it uses materials that are often abundant or of low cul-
tural value at many archaeological sites, such as pottery sherds 
and fired brick, making it ideally suited for dating sites that 
lack carbonaceous materi-
als for radiocarbon analysis 
(fig. 3). Archaeomagnetic 
dating is also relatively in-
expensive. The ability to 
analyze multiple specimens 
at the same time equates to 
half the cost (approx. $200) 
per sample as radiocarbon 
analysis, which can run over 
$600 for a single test. In some 
instances, archaeomagnetic 
research may actually have 
the potential to improve the 
resolution of the radiocarbon 
method. For example, a high 
quality archaeomagnetic ref-
erence curve from a quickly 
deposited sedimentary se-
quence (e.g., laminated lake 
sediments or a rapidly de-
posited cave speleothem) 
could provide a clear record 
of the earth’s magnetic field 
behavior across an interval 
where the production rate 
of 14C was perturbed. The 
geochronology of this record 
could be constrained by lay-
er counting of lake laminae 
or growth layer counting in 
the speleothem, as well as 
by uranium-thorium dating 
(U-series). This archaeomag-
netic reference curve could 
be used to accurately date 
materials at archaeological 
sites that were created dur-
ing these perturbed radio-
carbon intervals. If there 
were existing radiocarbon 
ages associated with these 
intervals, then the archaeo-
magnetic reference curve 
would provide a mechanism 
for correcting (and hence 
“refining”) the radiocarbon 
curve. The final concentra-
tion of 14C in a material is a 

product of many independent natural processes, including the 
Earth’s overall field strength (discussed below). Therefore, iso-
topic geochemists seeking to model the production rate of 14C 
in the upper atmosphere can also use high-resolution reference 
curves of geomagnetic field behavior to isolate the attenuating 
effects of magnetic shielding on 14C production, thus improving 
the radiocarbon dating curve.

Figure 2 (above). The Earth’s magnetic field. The field, generated in the Earth’s core, acts similar to a giant dipole magnet.The 
magnetic poles, which can change position, are currently approximately 10° away from geographic north and south (the axis of 
rotation). The field itself is more variable than depicted, but strong enough to be recorded by heat-treated magnetic minerals. 

Background image courtesy of Peter Reid, www.scifun.ed.ac.uk, text modified by Michele D. Stillinger. 
Figure 3 (below). Typical archaeomagnetic specimens. Pottery is cleaned of debris and paint and cut into 1–2 cm cubes. During 
thermal experiments, specimens are heated in several successive steps to 600°C in a specially designed furnace that can apply 

a laboratory-defined field strength to the samples. Specimens shown are from Syria. Photograph by Michele D. Stillinger. 
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As the paleomagnetic com-
munity continues to uncover 
additional information about 
the Earth’s magnetic field over 
the last 10 ka, archaeomagnetic 
reference curves will continue 
to improve in accuracy and 
precision. This steady im-
provement will make archaeo-
magnetic dating progressively 
more invaluable to the archae-
ological community, which 
can play a vital role in refining 
these reference curves by pro-
viding more in situ archaeo-
logical materials that represent 
successive occupations at a 
particular site. One of the goals 
of the extensive archaeomag-
netic research currently under-
way at Khirbet Summeily and 
neighboring sites is to provide 
new intensity data to improve 
the reference curve for the Le-
vant and to demonstrate the 
potential of archaeomagnetic 
dating as a complementary 
technique for addressing the 
Iron IIA chronological debate.

HISTORICAL 
DEVELOPMENT OF 

ARCHAEOMAGNETIC 
DATING

The phenomenon of magne-
tism was first documented in 
the 6th century b.c.e. Soon af-
ter, the study of the directional 
variability of the Earth's field 
gained popularity, leading to 
the invention of the compass 
and identification of the mag-
netic north pole in the first 
millennium b.c.e. The study 
of the directional variability of 
the Earth's field gained popu-
larity, leading to the invention 
of the compass and identifica-
tion of the magnetic north pole 
in the first millennium c.e. In 
the 1600s, William Gilbert 
(fig. 4) wrote the first modern 
treatise on magnetism, “De 
Magnete,” which summarized 
all previous magnetic discov-
eries, confirmed the proper-
ties of permanent magnetism, 
and presented the idea that 
the Earth itself generated the 

Figure 4 (above). William Gilbert (1544–1603), author of De Magnete, Magneticisque Corporibus, et de Magno Magnete Tellure 
(On the Magnet and Magnetic Bodies, and on That Great Magnet the Earth), 1600. Image by Granger, via Wikimedia Commons. 

Figure 5 (below). Instruments for measuring the Earth’s magnetic field. One of the first magnetometers (left), 
The Earth Inductor, made by Alfred L. Robbins-Martin Co., Chicago between 1880 and 1920, could indicate the presence and orientation of the Earth’s field. 

By hand spinning the round coil of wire, the inductor would produce a voltage at the copper brushes attached to the square frame. 
Both frames are adjustable and could be oriented to produce the maximum voltage, which would be perpendicular to the Earth’s field. 

Image courtesy of the Collections of the Bakken Museum, Minneapolis, Minnesota. Right, a modern, automated, super-conducting magnetometer 
at the Institute for Rock Magnetism with archaeological samples ready to be tested. Photograph by Michele D. Stillinger.
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observed field similar to a dipole magnet. He also confirmed the 
acquisition of magnetism in iron by successive heating and cool-
ing, paving the way for the field of paleomagnetism. By the 1700s 
detailed maps of global declination and inclination were being 
produced and instruments were being invented to measure the 
field’s strength. By the 1800s the scientific field of geomagnetism 
blossomed, resulting in worldwide expeditions and the construc-
tion of geomagnetic observatories from Canada to the Antarc-
tic, all with the goal of measuring the geographic and temporal 
variability of Earth’s field. By the late 1800s, rock magnetism and 
paleomagnetism had set the stage for the methodological foun-
dations of archaeomagnetic dating, long before the development 

of radiocarbon dating (see Courtillot and Le Mouël [2007] for an 
overview of the development of the different fields of magnetism).

In 1899, Giuseppe Folgheraiter identified the stability of mag-
netization held by archaeological objects, particularly fired clay 
bricks from Roman walls and ancient Greek and Etruscan pot-
tery (Folgheraiter 1899). In the 1940s, the husband and wife team 
of Emile and Odette Thellier developed the fundamental tech-
niques for recovering the strength of the Earth’s magnetic field 
at the time an object was originally heated or formed. They used 
their results to publish some of the first reference curves of field 
variation through time for Western Europe (Thellier and Thelli-
er 1959). The 1970s and 80s saw a surge in regionally specific 

Figure 6 (above). Cultural materials from Summeily. Materials such as these are used for constructing relative chronologies at a site; an important 
but often limited dating technique. Photographs courtesy of the Hesi Regional Project. 

Figure 7 (below). IntCal13 radiocarbon calibration curve for the Northern hemisphere for the 13th through 7th centuries b.c.e.highlighting plateaus 
and De Vries effects, which cause indeterminate age distributions. Inset is curve for the last 5000 years 

(curve data from Reimer et al., 2013).
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Figure 8. W. (Bill) Isenberger, Summeily's digital mapping and GPS specialist, setting up the Real Time Kinematic (RTK) GPS system over archaeomagnetic samples in a 
burnt feature. Hesi Regional Project Co-Director Jeff Blakely scrutinizing in the background. Photograph by Michele D. Stillinger.
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archaeomagnetic data generation from the American southwest, 
Great Britain, Eastern Europe, Russia, and the Far East. At the 
time, this line of archaeomagnetic research was primarily driven 
by geoscientists interested in describing the short-term behav-
ior of the Earth’s magnetic field and understanding the processes 
that modulated its behavior. As a potential dating tool, however, 
the method remained under-utilized by archaeological research-
ers and was viewed solely as a novel dating technique.

Since the 1990s, technological advances in instrumentation 
and new paleomagnetic methodologies have resulted in im-
proved characterization and 
measurement of magnetic 
materials, increasing the accu-
racy of our ability to estimate 
the strength of the Earth’s 
ancient magnetic field (fig. 
5). For example, the original 
Thellier and Thellier method 
has been expanded to include 
stepped heating procedures to 
identify problematic mineral-
ogical alteration that may oc-
cur during laboratory heating 
experiments and/or effects of 
non-ideal magnetic behavior. 
Analysis of magnetic fabric 
enables researchers to iden-
tify and correct for issues of 
anisotropy, such as the pref-
erential alignment of clay 
platelets in pottery resulting 
from various manufacturing 
processes. And cooling rate 
corrections are now applied 
to address the difference be-
tween laboratory and natural 
cooling situations.

Today, several research 
groups and laboratories, such 
as the Institute for Rock Mag-
netism (IRM) at the Univer-
sity of Minnesota, engage in 
archaeomagnetic research 
with the goal of improving 
the density of high quality 
measurements and applying 
more robust modeling tech-
niques to construct new ref-
erence curves for different re-
gions of the world. Reference 
curves spanning the last 5000 
years now exist for sites throughout much of Western Europe 
and the Near East and nearly 8000 years at archaeological sites in 
Eastern Europe (Genevey and Gallet 2003; Hervé, Chauvin, and 
Lanos 2013; Kovacheva et al. 2014; Pavón-Carrasco et al. 2014; 
Stillinger, Feinberg, and Frahm 2015 and references therein).

IRON AGE IIA CHRONOLOGICAL ISSUES 
IN THE LEVANT

The Chronology Quandary
The accuracy of the traditional Levantine Late Bronze through 
Iron Age chronology was brought into question in the mid-1990s 
after Israel Finkelstein questioned the accepted chronology of the 
Iron I/Iron II transition (Finkelstein 1996). At the time, there were 
relatively few radiocarbon dates for the Iron Age and arguments 
for two different chronologies (the High or Traditional Chronol-

ogy and the alternative Low 
Chronology) centered on 
textual biases, questionable 
stratigraphy, and the dating of 
Philistine or imported pottery 
styles. Over the past several 
decades this issue has become 
the most debated topic within 
the archaeology of the region, 
impacting the absolute dating 
of material remains and their 
relevance for understanding 
the historical monarchies of 
Israel and Judah. The details of 
the original debate have been 
covered extensively in previ-
ous publications and will not 
be repeated here (Fantalkin, 
Finkelstein, and Piasetzky 
2011; Finkelstein and Piasetz-
ky 2011; Lee et al. 2013; Mazar 
2011; and references therein).

The issues in the debate are 
at once archaeological (typo-
logical/stratigraphic), anthro-
pological (processes of sec-
ondary state formation), and 
historical/biblical (Egyptian 
& Levantine material culture 
synchronism as well as con-
trasting textual relevance for 
understanding the Iron Age 
II). The addition of more reli-
able radiocarbon dates and 
complicated statistical analy-
ses (e.g. Fantalkin, Finkelstein, 
and Piasetzky 2015; Garfinkel 
et al. 2015; Lee et al. 2013; Tof-
folo et al. 2014) have narrowed 
the range of disagreement 
between the chronologies to 

approximately 50 years but the interpretive impact still remains 
large (e.g. compare Fantalkin et al. 2011; Mazar 2011; van der Pli-
cht, Bruins, and Nijboer 2009). Given that the centuries involved 
are viewed as historic periods and that historic documents and 
monuments can be brought to bear along with the archaeological 

Figure 9. Stillinger taking in situ samples for archaeomagnetic analysis. 
Photograph courtesy of the Hesi Regional Project.
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data, it is surprising that the 
gap has not narrowed more 
significantly. The continued 
chronology contention arises 
mainly from limitations in the 
relative and absolute dating 
methods currently in use, pri-
marily artifact typologies/se-
riations (fig. 6) for the former 
and radiocarbon dating for the 
latter. While both of these dat-
ing techniques are integral and 
important tools for accurate 
chronology construction and 
site interpretation, it is clear 
that an additional dating tech-
nique is necessary to address 
the problem. Here, we will fo-
cus on the problem with radio-
carbon dating during the Iron 
Age period as this method is 
most often used to address the 
limitations of seriation dating.

Radiocarbon Dating 
Issues
Since the 1970s radiocarbon 
has become one of the most 
highly regarded methods for 
dating archaeological sites. 
Radiocarbon dating is based 
on the known decay rate of 
the radioactive isotope of 14C 
found in organic materials 
like wood, ash, and carbon-
ized seeds. In most cases, its 
accuracy is excellent and suf-
ficient for answering broader 
questions of human time at 
scales of several decades or 
less, especially if obtained 
from sites with strong strati-
graphic controls and collec-
tion standards (see Boaretto 
2008 for a detailed overview). 
Unfortunately, during the Iron 
Age, the radiocarbon calibra-
tion curve contains a number 
of plateaus spanning several 
decades and two robust De 
Vries effects (De Vries 1958), which result in indeterminate or 
bimodal radiocarbon ages (fig. 7). Consequently, radiocarbon 
analyses near and during these intervals can produce a range of 
potential ages with subsequent error rates of up to 100 years. The 
underlying causes of these plateaus and De Vries effects are com-
plex, but at their heart, these changes are due to fluctuations in 

the intensity of solar radiation and cosmic rays interacting with 
nitrogen in the Earth’s upper atmosphere, the source of 14C pro-
duction. The two primary moderating influences are (1) the pro-
duction rate and energy spectrum of cosmic radiation generated 
by the Sun, and (2) the Earth’s magnetosphere (a function of field 
strength), which acts as a shield against this cosmic radiation.

Figure 10a–b. Near East Archaeomagnetic Curve (NEAC). Virtual Axial Dipole Moment (VADM) represents the Earth’s total 
generated field strength that gives rise to a locally measured intensity. 

10a: New NEAC model includes all data as cited in the text and modeled using procedures outlined in Stillinger et al., 
(2015). 10b: NEAC model with all 14C-calibrated data removed for period shaded in red. Both models are based only on high 
quality archaeomagnetic data from Israel, Syria, Jordan, Egypt, Cyprus, and Turkey. See text for description of the ARCH3k, 

CALS10k, and PFM9k models derived from the Geomagia50 online database (Brown et al. 2015).
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When the Earth’s magnetic field strength increases, fewer 
cosmic rays are capable of penetrating into our upper atmo-
sphere and less 14C is produced. Between the 11th through 
9th centuries b.c.e., the Earth’s magnetic field displayed an 

exceptionally high and 
prolonged period of field 
strength, the highest in the 
last 50 ka. In fact, the Near 
East regional field strength 
during this interval was 
three times the global aver-
age strength over the last 
300 million years (Selkin 
and Tauxe 2000) and signifi-
cantly higher than the aver-
age strength for the North-
ern Hemisphere. The effect 
of this prolonged period of 
high field intensity is re-
duced 14C production, result-
ing in the numerous plateaus 
in the radiocarbon curve, 
which are the source of some 
of the dating difficulties as-
sociated with radiocarbon 
analysis. The De Vries ef-
fects, on the other hand, ap-
pear to be associated with a 
number of rapid and intense 
field fluctuations that punc-
tuate this same time period 
(discussed below) and are 
possibly linked to the overall 
increase in the field. Despite 
the use of numerous calibra-
tion techniques to fix the ra-
diocarbon reference curve to 
specific calendar dates, such 
as dendrochronology and 
lake varves, these underlying 
features remain, causing dat-
ing discrepancies.

In an attempt to nar-
row the range of possible 
radiocarbon dates further, 
Bayesian analytical tech-
niques (Bronk Ramsey 1995; 
Buck et al. 1991; Lanos and 
Philippe 2015) are often ap-
plied to chronology dates 
derived from radiocarbon 
and seriation. However, the 
use of different assumptions 
to drive the models (par-
ticularly cross-cultural pot-
tery use and inter-site strati-

graphic sequences) by different research groups (e.g. Boaretto 
et al. 2005; Bruins et al. 2005; Finkelstein and Piasetzky 2010; 
Mazar and Bronk Ramsey 2008; Sharon et al. 2007) often 
leads to variable outcomes for absolute dates (see Lee et al. 

Figure 11. Tel el-Hesi: Then and Now. (Upper) from 1891 to 1892 Bliss excavated about 750,000 cubic feet of earth as he 
uncovered 11 cities superimposed over each other in a 60-foot deep stratified deposit in the NE quadrant of the site. 

(Lower) photograph taken from almost the same spot, showing what we now call “Bliss’s Cut” as it looked in 2011. The Hesi 
region was a typical overgrazed arid desert, devoid of vegetation in Bliss and Petrie’s day. Today an abundance of vegetation 

has taken over the region in part because irrigation agriculture near the site has raised the water table. 
In addition, far fewer flocks graze here. Upper photograph by Bliss, courtesy of the Palestine Exploration Fund, London. 

Lower photograph by Blakely, courtesy of the Hesi Regional Project.
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Table 1. Phase Dates and Preliminary Archaeomagnetic Results for Khirbet Summeily

Summeily Phase Estimated Phase 
Dates b.c.e.a Pottery Style Archaeomagnetic 

Sampleb
VADM Intensity 

(ZAm2)c

2 ~830–732 Iron IIB

KS1419 123.7±13.5
KS2357A 158.6±8.7
KS2357B 132.3±3.9

weighted average 137.7±7.0
Occupational Hiatus

3 ~980–900 Iron IIA

KS1606 126.4±13.1
KS107 110.4±7.8

KS2348B 107.6±3.7
KS2362 138.6±8.7

weighted average 116.7±6.8
4 Currently Under Review

5 ~1100–980 Iron IB

KS2368 140.6±19.7
KS2369 127.8±4.9
KS2371 177.8±15.0

weighted average 140.2±9.3
a Based on Modified Chronology after Lee et al. (2013) and site stratigraphy. 
b Each sample result based on a weighted average of 3 specimens (2 for KS2362), corrected for anisotropy, and meeting the following 
paleointensity statistics:  MAD<10° and DANG<15°. 
c VADM is the total field moment generated by the Earth given the strength recorded at a specific location.  Archaeomagnetic dating curves are 
typically represented in either VADM or field strength in microtesla (μT).

Figure 12. The Hesi Regional Project’s excavation at Summeily is run as a field school bringing together undergraduate and graduate students and professional 
archaeologists from ten US states and four countries like Area Supervisors H. Katharine Sheeler, National Cathedral School (left) and Caitlin Welks, 

University of Maryland (center). Photograph by Michele D. Stillinger.
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2013 and references therein for a recent overview of the dif-
ferent Bayesian methodologies and how they are applied). In 
this light, it appears to us that concerted efforts to rely solely 
on radiocarbon for a period when radiocarbon dates cannot 
be definitively obtained will not, in itself, further refine the 
absolute dating of Iron Age IIA. Consequently, this debate has 
stagnated over the last decade with opposing sides becoming 
ever more entrenched. It is clear that an alternative and/or 
complementary absolute dating method is required.

ARCHAEOMAGNETIC DATING 
IN THE LEVANT

Over the last decade, several research groups have begun to 
use new techniques in archaeomagnetic dating to address this 
very issue. The Bronze Age, for example, is well represented 
by archaeomagnetic data from many locations, particularly 
from Syrian pottery analyzed by the research group at the In-
stitut de Physique du Globe de Paris, but many periods of the 
Iron Age are still lacking in reliable data (see fig. 10). Recent 
studies, several conducted by the research group at Scripps 
Institute of Oceanography, have incorporated more 14C cali-
bration and utilized unique materials such as copper slag de-
posits, clay furnace fragments, and tuyère (clay bellow pipe 
nozzles). In particular, these types of materials at the sites of 
Khirbet en-Nahas and Tim-
na-30 have been integrated 
with highly detailed strati-
graphic analysis to inves-
tigate an unusual geomag-
netic “spike” around 980 
b.c.e., a rapid and very high 
increase in field strength 
and an ideal chronological 
marker for dating curves 
(Ben-Yosef et al. 2009; Shaar 
et al. 2011). At first, this 
spike appeared geographi-
cally constrained to the re-
gion around the Levant, but 
has since been identified in 
Anatolia and North Amer-
ica (Bourne et al. 2016; 
Ertepinar et al. 2012). The 
overall regional increase in 
field intensity during the 
10th century b.c.e. has also 
been confirmed from mate-
rials at several sites in Syria 
(Gallet et al. 2014 and refer-
ences therein).

Despite this growing ar-
chaeomagnetic database of 
field behavior, there is still 
very little magnetic data for 
the Iron I/Iron II transition 
through the end of the Iron 

IIB period (between 1000 and 701 b.c.e.). Additionally, ar-
chaeomagnetic reference curves for the region continue to 
rely heavily on seriation and radiocarbon dates for calibra-
tion because these are the preferred archaeological dating 
methods. Because the chronology paradigms are relatively 
undisputed bounding the Iron IB and IIA periods, these dat-
ing methods, especially in conjunction with strong strati-
graphic controls, can, therefore, be considered acceptable in 
terms of archaeomagnetic calibration for the Iron IA and IIB 
periods. An integral part of our research at Khirbet Summei-
ly includes archaeomagnetic sampling of several nearby sites 
with well-dated materials, strong stratigraphic constraints, 
and destruction layers of undisputed age that are dated to 
immediately before, during, and after the Iron Age period in 
question. Results from these sites will be incorporated with 
other high quality archaeomagnetic research in the region to 
refine the regional reference curve (below), which will sub-
sequently be used to date the materials from Summeily (figs. 
8 and 9).

The Near East Archaeomagnetic Curve (NEAC)
As mentioned previously, a robust reference curve is neces-
sary to date material of unknown age. Figure 10a displays our 
new archaeomagnetic reference curve model of the Earth’s 

field intensity for the first 
three millennia b.c.e. for 
the Near East and Levant 
regions, which we call the 
“Near East Archaeomag-
netic Curve” (NEAC). This 
model was generated using 
only high quality archaeo-
magnetic data from Israel, 
Jordan, Syria, Egypt, Turkey, 
and Cyprus following simi-
lar methodology and suit-
ability criteria as outlined in 
Stillinger, et al. (2015) and 
including recent dates from 
Gallet et al. (2014), Shaar 
et al. (2015), and Stillinger 
et al. (2015 and sites refer-
enced therein).

In paleomagnetism, 
the Earth’s field intensity 
or strength is commonly 
described in units of Vir-
tual Axial Dipole Moment 
(VADM), or the total field 
generated by the Earth’s 
core that would give rise to 
measurable field strength 
in microtesla (μT) for a 
specific location. In the 
Levant the VADM has been 
slowly decreasing since the 

Figure 13. Unit 64, Phase 5, view towards the northeast showing pillar bases. 
The discovery of several large stone installations along with an altar area, 

administrative seals, and scarabs, has led to the reassessment of Summeily as a 
small administrative center instead of a rural domestic village. 

Photograph by Michele D. Stillinger.
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1st millennium b.c.e. and 
is currently about 76 ZAm2 
(bold dashed line on graph). 
Over the last decade the 
geomagnetic research com-
munity has begun to pro-
duce time-varying global 
models of Earth’s magnetic 
field behavior using spheri-
cal harmonic mathemat-
ics. These models tend to 
smooth out high-frequency 
field perturbations and can-
not yet be used for archaeo-
magnetic dating, but they 
are useful for comparison 
with regional archaeomag-
netic reference curves to see 
if broad trends are in agree-
ment. Here we show a num-
ber of spherical harmonic 
models for comparison with 
our archaeomagnetic model. 
The ARCH3k.1e (purple) 
field model (Korte, Donadi-
ni, and Constable 2009) 
is based on only archaeo-
magnetic data for the last 
3000 years and published 
up until 2009. This model 
is strongly biased to the 
Northern Hemisphere and 
contains data from some 
studies that are outdated in 
terms of methodology. The 
CALS10k.1 model (blue) 
(Korte et al. 2011) covers 
the last 10,000 years and 
includes all archaeological, 
sediment, and lava data up 
until 2011. The PFM9k.1a 
(green) field model (Nils-
son et al. 2014) is similar 
to the CALS10k model but 
incorporates new data treat-
ments and sedimentary 
data. It is notable that while 
all of these models show the same broad trends in geomag-
netic field strength as the NEAC model, none of them appear 
to capture the dramatic increase in field strength that is re-
corded by Near East archaeological materials during the 10th 
century b.c.e.

Creating a robust regional archaeomagnetic reference curve 
requires that we only use data whose ages are well constrained, 
and not affected by problematic ambiguities associated with 
the radiocarbon technique. Unfortunately, the current Iron 

Age data are derived primar-
ily from relative and radio-
carbon dating techniques. In 
an attempt to demonstrate 
the importance of unequivo-
cal radiocarbon dates on the 
ultimate shape of the NEAC 
model, we removed all 14C 
calibrated intensity data be-
tween 1250 and 625 b.c.e. 
and remodeled the curve 
(fig. 10b). As mentioned pre-
viously, this period is when 
a number of De Vries effects 
and plateaus could result 
in unclear 14C dates (red-
shaded regions). First, the 
removal of these data shows 
the marked lack of archaeo-
intensity data for this period. 
Second, the removal of these 
data reduces the strength of 
the field during this interval 
to be in closer agreement 
with the spherical harmonic 
models. Both the modified 
NEAC and PFM9k models 
still indicate a regional field 
intensity that is higher than 
average during the 1st millen-
nium b.c.e.; but the unusu-
ally high regional spike in 
the early 10th century is not 
captured unless the 14C data 
are taken into account. This 
highlights an urgent need to 
acquire additional archaeo-
magnetic data for this period 
from sites with well defined 
successive occupational stra-
ta that are definitively dated 
using chronologic tech-
niques other than radiocar-
bon in order to firmly cali-
brate the archaeomagnetic 
dating curve.

KHIRBET SUMMEILY – AN IRON AGE 
ADMINISTRATIVE CENTER

Excavations and Phasing
Khirbet Summeily is a small archaeological site located about 
4 km from Tell el-Hesi, which was first described as being 
pre-Roman by Petrie in 1890. Like Tell el-Hesi, the largest and 
most extensively excavated Bronze and Iron Age tell site in the 
surrounding region, Summeily is situated on the coastal plain 

Figure 14. Khirbet Summeily plan views of Phases 3 through 5 as of 2014. 
Drawn under the direction of the authors by W. Isenberger.
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along the northern edge of the Negev Desert, where agriculture 
was marginal for most archaeological periods. It was on, or at least 
near, the road connecting Gaza with Tell el-Hesi and Hebron (fig. 
11). Unlike Hesi, which has multiple strata spanning 2000 years 
of occupation (EB III to Persian), Summeily appears to be a one 
period site, with four structural phases of occupation, tentatively 
dating from the late 11th through mid-8th centuries b.c.e. (Table 
1). Because of its proximity to Tell el-Hesi and the retrieved mate-
rial culture, we believe Summeily was most likely a Judahite site as 
opposed to Philistine (Blakely, Hardin, and Master 2014).

Excavation at Summeily began in 2011 with the belief the site was 
an Iron Age rural village (fig. 12). The 2011 and 2012 field school 
seasons initially identified two primary phases of occupation with 
material culture and features atypical of domestic structures. In 2014, 
two additional phases were revealed for a total of 4 occupational 
strata (Phases 2 through 5) and one disturbed surface layer with 
more modern artifacts (Phase 
1). Phase 5 is the earliest Iron 
Age phase currently identified 
and has only been reached in a 
couple of excavation areas (fig. 
13). Phase 5 is tentatively dated 
to the transition between the 
11th and 10th centuries b.c.e. 
based on Iron IB type pottery 
and artifacts. Phase 4 was bet-
ter identified in our last season 
of excavation and includes a 
large non-domestic building, 
which has guided us to a differ-
ent understanding of both the 
site’s and the region’s function 
during the Iron Age. A number 
of anepigraphic fired clay bul-
lae were found associated with 
this phase, confirming their 
Iron Age IIA association (see 
Hardin, Rollston, and Blakely 
[2014] for details of this dis-
covery). Further excavation of 
Phase 4 will clarify its precise 
date between Phases 5 and 3, 
but both pottery and strati-
graphic location suggest the 
mid-10th century b.c.e. See 
Figure 14 for all occupational 
phase plans.

Phase 3 was excavated at 
the start of the 2011 season in two excavation units and quickly 
became the pivotal phase at Summeily leading to its cultural reas-
sessment. As the phase was exposed, a thick destruction deposit 
from a large conflagration presented itself. One room was quickly 
identified as a cult room based on the presence of an altar, a zoo-
morphic ceramic head, and a unique ceramic “chalice-like” object 
that seemed to have been resting on the altar before the destruc-
tion (figs. 15 and 16). In addition, a broken but complete bowl 

(sample KS107) was found nearby. Both of these artifacts are sty-
listically dated to the Iron IIA. The integration of stratigraphic 
controls and ceramic observations suggests that Phase 3 dates to 
the mid to late 10th century b.c.e. using the modified standard 
chronology as outlined by Lee et al. (2013). This phase was fol-
lowed by a brief occupational gap before Phase 2 deposits, which 
are tentatively dated to the late 9th century to the mid 8th century 
b.c.e. using the same chronology. 

Archaeomagnetic dating at Summeily, and neighboring con-
temporary sites, is situated perfectly in time to contribute towards 
a resolution of the debates of the past two decades regarding the 
absolute chronology of the Iron Age. This line of research was aided 
by the discovery of the major destruction and conflagration end-
ing Phase 3 and less pronounced burn layers ending Phases 2 and 
4. In particular, in situ fired hearths and tabuns (small bread ov-
ens) were found associated with Phases 2 and 3, materials suitable 

for providing both directional and field strength archaeomagnetic 
data. These materials, along with samples from both the chalice and 
bowl, other burned and broken pottery, and burnt mudbrick were 
collected for archaeomagnetic analysis at the IRM using the proce-
dures outlined in Stillinger et al. (2015). To date, archaeomagnetic 
analysis has been completed on 51 specimens representing 17 dif-
ferent samples. Preliminary results from 10 archaeomagnetic sam-
ples passing strict selection criteria are listed in Table 1.

Figure 15. Unit 44, Phase 3, altar installation in cult room destruction deposit. A unique and complete “chalice” 
along with part of a large animal figurine was found near a limestone cult stand. Photograph by W. Isenberger.
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Preliminary Archaeomagnetic Results
Preliminary archaeomagnetic results for Khirbet Summeily 
are plotted in Figure 17, which focuses on the Iron Age period 
in question. In the absence of independent absolute ages on 
these materials, we can use the current NEAC model to re-
fine the ages of the various occupational phases at Summeily. 
Each data point’s age errors are based on a combination of the 
modified chronology and our current evaluation of site stra-
tigraphy. For example, the average VADM intensity of Phase 
5 samples is 140.2 ZAm2 (solid orange diamond), placing it at 
approximately 1050 b.c.e. on the curve; however, the actual 
date of the Phase, as currently derived from seriation, could 
range between 1100 and 980 b.c.e. Individual samples, each 
representing 3 measured specimens, are also plotted for each 
phase (open diamonds) to show the range of intensity ob-
tained by sample. As more samples are measured, especially 
for Phase 4 materials, these average occupational ages can be 
further refined. 

These preliminary results indicate that samples from Phase 
5 show similar paleointensities to archaeomagnetic results 
from other sites in the region associated with the 980 b.c.e. 
geomagnetic spike. The unusually high intensity for one of the 
Phase 2 samples may indicate an additional regional spike not 
captured by the spherical harmonic models. This new spike has 
recently been identified in ceramics from Megiddo and Hazor 

(Shaar et al. 2016). At first 
glance, Phase 3 results ap-
pear unusually low; however, 
a closer look at the other re-
gional data for the Iron IIA 
Period indicates a decreasing 
trend in field intensity lead-
ing up to 900 b.c.e. This trend 
may indicate that the Phase 3 
occupation dates to just prior 
to 900 b.c.e. From the mod-
el, it can also be noted that 
the archaeointensity results 
previously recorded for 900 
b.c.e. range from ~100 ZAm2 
to an unusually high peak 
of nearly 250 ZAm2. This 
peak tends to pull the model 
up and mask the preced-
ing downward trend in the 
individual data points. This 
unusual range of values for 
~900 b.c.e. and their associ-
ated dating errors suggest that 
the Earth’s field experienced a 
number of rapid fluctuations 
within a 100 year timespan. 
Combined with the known 
decreasing intensity trend af-
ter the 9th century, it is unclear 
if the other low intensity val-

ues reported in previous studies for 900 b.c.e. are for the decades 
directly preceding or following the spike. The ~900 b.c.e. spike 
is currently being re-evaluated (Shaar et al. 2016), but it is clear 
that additional independent ages on archaeomagnetic samples 
from Summeily and its neighboring sites may help clarify all 
three geomagnetic spikes and improve our understanding of the 
field behavior during the 10th through 8th centuries.

CONCLUDING REMARKS 
AND THE WAY FORWARD

Archaeomagnetic dating holds the potential for addressing 
the Iron Age II chronology by providing an additional com-
plementary dating technique that can easily be incorporated 
into any excavation’s research design. Archaeomagnetic dating 
uses fired materials such as broken pottery, tabuns, and mud-
brick, which are often abundant and of little cultural value at 
archaeological sites in the Levant and is relatively inexpensive 
compared to other radioisotope methods. An intensive ar-
chaeomagnetic dating project is currently underway at the site 
of Khirbet Summeily, an Iron Age site located in the Northern 
Negev near Tel el-Hesi, along with materials from several con-
temporary sites in the region, in order to provide additional 
data to the regional record of the Earth’s magnetic field behav-
ior, construct a more robust archaeomagnetic reference curve, 
and refine the absolute dates at Summeily. Preliminary results 

Figure 16. Graduate student Chelsea Freeland (East Carolina University) reconstructing the Iron IIA cult room chalice 
from Unit 44, Phase 3. Photograph courtesy of the Hesi Regional Project.
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for three phases at Summeily are consistent with archaeomag-
netic dates previously reported for the region. We also intro-
duce an updated Near East Archaeomagnetic Curve (NEAC) 
that can be used as a basic reference curve for archaeomagnetic 
dating in the region.

This research underscores the importance of integrating a va-
riety of dating methods in order to refine the absolute chronology 
of the Iron Age. As more archaeomagnetic research is conducted 
on materials from nearly continuous archaeological sequences 
or in situ materials that can provide magnetic directional data, 
the NEAC curve can be further refined. Decadal-scale resolution 
is ultimately achievable, but will require the incorporation of ad-
ditional absolute dating methods to firmly calibrate the curve, 
including uranium-series dating (e.g., 230Th, 238U) of carbonate 
nodules or speleothems, regional freshwater lake sediments, TL, 
and optical stimulated luminescence dating, in order to compre-
hensively address the ambiguities inherent in radiocarbon and 
seriation dating and resolve the Iron Age chronology debate.

The authors would like to thank the following for their sup-
port of this research: the Institute for Rock Magnetism at the 
University of Minnesota, the Cobb Institute of Archaeology at 
Mississippi State University, the American Schools of Oriental 
Research Heritage Fellowship, and the Geological Society of 
America Graduate Student Research Grant.
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