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To
Mogens Larsen
on the Occasion of his Eightieth Birthday

Mogens Larsen, at Ankara Museum of Anatolian Civilizations, March 2016.
© Vanessa Tubiana-Brun.
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The 3rd Kiiltepe International Meeting took place the very year Mogens
Larsen turned eighty. We wish to dedicate the proceedings of KIM 3 to Mogens
as a token of friendship, and for his outstanding contribution to Old Assyrian
studies.! If the Old Assyrian Text Project (OATP) was founded in Leiden in
1999, it really became efficient at the beginning of the twenty-first century
when Mogens convinced the Carlsberg Foundation to support the project
for twelve years. Copenhagen became the centre of the OATP, where Mogens
built up a great team of young scholars dedicating all their time to the Old
Assyrian period. Within the OATP, five PhDs were defended in Copenhagen,
and these young colleagues were able to extend their researches through
postdoctoral fellowships.? The OATP group met at least once a year in the
city of Carsten Niebuhr, discussing topics and texts, exchanging data, din-
ners, and drinks. Last but not least, Mogens has published one of the largest
Kiiltepe archive, making available in a few years more than 1200 new texts
(AKT 6, The Archive of Salim-AsSur’s Family). Old Assyrian studies owe a lot to
Mogens!

Fikri Kulakoglu & Cécile Michel

1 Mogens Larsen was presented a Festschrift in 2004: Jan Gerrit Dercksen (ed.), Assyria and
Beyond: Studies Presented to Mogens Trolle Larsen (PTHANS C). Nederlands Instituut Voor Het
Nabije Oosten, Leiden.

2 The topics were varied: Karen Jensen, ‘Marriage and Divorce in the Old Babylonian and the
0ld Assyrian Periods’ (2003); Gojko Barjamovic, ‘A Historical Geography of Ancient Anatolia
in the Assyrian Colony Period’ (2005); Thomas K. Hertel, ‘Old Assyrian Legal Practices’ (2008);
Agnete W. Lassen, ‘Glyptic Encounters: A Stylistic and Prosopographical Study of Seals in
the Old Assyrian Period - Chronology, Ownership and Identity’ (2012); Xiaowen Shi, ‘Ana-
tolians as Seen through the 0ld Assyrian Texts’ (2013). Another PhD thesis defended in Chi-
cago benefited from a year fellowship at Copenhagen, within the OATP: Edward P. Stratford,
‘Archives, Agents, and Risk: An Account of Assyrian Commerce in 1894 BC’ (2010).
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4, ARCHAEOMAGNETISM AT KULTEPE:
UNTANGLING THE ORDER OF FIRE EVENTS IN ANTIQUITY

Pinar Ertepinar®, Cor Langereis*, Andy Biggin®™*, Lennart V. de Groot* & Fikri Kulakoglu

Introduction

Archaeomagnetism is the study of burnt or fired
archaeological artefacts with the aim of determining
short term variations in the Earth’s magnetic field over
the past thousands of years, also called the paleosecular
variation (PSV). A second and ultimate outcome regard-
ing the archaeological use of these studies is to provide
a dating tool for the fire events once a good master
curve for the region is constructed using the well-dated
material. Commonly studied in-situ features include
kilns, hearths, ovens, and fires for paleo directions and
intensities while ex-situ artefacts like ceramics and tiles
can be used for paleointensity studies only.

The characterization of PSV is particularly impor-
tant for understanding the geodynamo behaviour of
the Earth. Based on the archaeomagnetic and historical
or well-dated lava flow measurements all around the
world, a number of global field models have been devel-
oped. The most recent models are pfm9k.1b! and SHA.
DIF.14k? and are now widely used, having a better reso-
lution compared to the older models. However, there
are local variations in the field that are not detected
by global field models such as the intensity high over
the Levant region that occurred around 1050-750 Bc,
recently described by Shaar® as the ‘Levantine Iron Age
Anomaly (LIAA)'. In addition, the present data for direc-
tions is mainly derived from the sites in Eastern Europe
and that causes a bias in the field models. Although the
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tic Laboratory Fort Hoofddijk, 3584 CD Utrecht/The Netherlands,
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UK, A.Biggin@liverpool.ac.uk.
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2 Pavon-Carrasco et al. 2014.

3 Shaar et al. 2016.

skeksk

existing data around Turkey and the global field models
give a first approximation of the ancient field, the use
of archaeomagnetism as a dating tool requires a well-
established PSV curve for this large region.

The main objective of this study is to solve (partly)
the timing and character of the demise of this settle-
ment by comparing our archaeomagnetic results from
different parts of the settlement. We will argue that the
abandonment of the site was not the result of a single
big catastrophic event and we conclude that the site
must have been destroyed (burned) in various stages.

Background Information
on Geo/Archaeo Magnetism

The magnetic field of the Earth changes continuously
and non-uniformly through time and space. The recent
behaviour of the field is well known from the observa-
tories. The historical changes (approximately last four
hundred years) are reconstructed from the navigational
observations while older records (past thousands of
years) are derived through archaecomagnetism.

Almost all kinds of earth materials have magnetic
minerals in their composition capable of recording the
Earth’s magnetic field primarily during the deposition
process of the rocks, and afterwards, if disturbed with
an agent like underground water, fire, pressure, etc. This
record is called the ‘Natural Remanent Magnetization
(NRM)’ and can be measured by using magnetometers.
The NRM is expressed by three components; declina-
tion, inclination (directions of the vector in the horizon-
tal and vertical plane, respectively), and intensity (the
magnitude of the vector). Obtaining directional results
and intensities require different treatments. In archaeo-
magnetic studies, in general, directional analyses are
more straightforward compared to intensities. The only
condition for reliable directions is the availability of
the in-situ materials. Archaeointensity experiments on
the other hand, are more difficult and time-consuming.
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KT2 - mud-bricks

Figure 4.1. Sampling locations on an aerial photograph of Kiiltepe (top). Photographs show different building materials analysed
in this study. Middle row from left to right: Giiney Palace, 1995 Atelier, and Usur-sa-istar House. Bottom row from left to right:
House from the 2001 Archive, llemma House, and Early Bronze Age 111 level (photo credit: Pinar Ertepinar, 20.06.2007 and 15.07.2008).

The success of the experiments is highly dependent  monitored carefully prior, during, or after the experi-
on the material properties (explained in section 4) and  ment. Therefore, intensity experiments are more time
the possible alteration of magnetic minerals — that can ~ consuming and have much lower success rate compared
occur during repetitive heatings in the experimental  to obtaining directions.

procedure — also alters the results (whereas the direc- once all three components are well established

tions are not significantly affected). There are additional from a fair number of well-dated data points covering

problems, such as the anisotropy that can be introduceds "B HERS o o .
in the manufacturing process of 'l'IH\ l)()(ll‘Ml%N'l' ‘11;\\' REPRINTEB sequence, of time intervals over a specified region (e.g.
&P OfArcnacologledl artes o v ipyrkey); it is'possible to construct curves that define

facts, and the cooling rate effect caused by the time lag
between actual and experiment cooling. Depending on
the nature of the problem, all these effects should be

the magnetic field behaviour for that region that forms
the basis for archaeomagnetic dating.
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Table 4.1. Site details sampled for this study. Lat and Long are the coordinates of sampling sets (projection system: Latitude-Longitude, Datum:

WGS 84) and N and N

spec are the number of samples and the total number of samples including the sister specimen. Table by the authors.

Lat Long Corresponding Age
Site Epoch (°N) (°E)  [Kiiltepe-Karum level  (BCE) Structure Material N | Ngjec
Kiiltepe (38°51'04"N, 35°38'69"E)
KT1 |Middle Bronze | 38.85139 | 35.63516 | Kiiltepe-Karum Ib 175020 Warsama Palace Mud-brick 25 | 34
KT2 |Middle Bronze | 38.84895 | 35.63471 | Kiiltepe-Karum II 185020 Gliney Palace Mud-brick 34 | 54
KT3 |Middle Bronze | 38.85306 | 35.63946 | Kiiltepe-Karum Il |1892.5¢57.5 1995 - atelier Mud-brick 18 | 18
KT4 |Middle Bronze | 38.85324 | 35.63923 | Kiiltepe-KarumII |1892.5¢57.5 | Selim Assur House | Mud-brick, ignimbrite | 14 | 20
KT5 |Middle Bronze | 38.85379 | 35.63714 | Kiltepe-Karum Il |1892.5¢57.5 | Usur-sa-istar House | Mud-brick, ignimbrite | 46 | 74
KT6 | Middle Bronze | 38.85467 | 35.63739 | Kiiltepe-Karum1Ib | 176565 ;3‘;5;?}10132 Ignimbrite 9 | 13
KT7 |Middle Bronze | 38.85470 | 35.63808 | Kiiltepe-Karum Ib 1765¢65 | House with a mill Ignimbrite 12| 16
KT8 |Middle Bronze | 38.85415 | 35.63875 | Kiiltepe-Karum Il |1892.5¢57.5 Ilemma House Mud-brick, ignimbrite | 14 | 20
KT9 |Middle Bronze | 38.85415 | 35.63977 | Kiiltepe-Karum Ib 1765+65 House Ignimbrite 21| 34
KT10 | Middle Bronze | 38.85412 | 35.63977 | Kiiltepe-KarumIb | 176565 House Ignimbrite 7 |13
KT11 | Middle Bronze | 38.85412 | 35.63977 | Kiiltepe-Karum Ib 1765+65 House Ignimbrite 9 | 16
KT12 |Early Bronze III| 38.85015 | 35.63360 — 240050 Mud-brick wall Vitrified mud-brick | 24 | 56
KT13 | Middle Bronze | 38.85342 | 35.63900 | Kiiltepe-Karum II | 1892.5¢57.5 House Mud-brick, ignimbrite | 21 | 23
Sampling

For directional measurements, the sampling was done
with a custom-made water-cooled drill to take oriented
cylindrical cores of 2.5 cm diameter. Diamond drill
bits and a non-magnetic orientation device were used
to avoid magnetic contamination. Unoriented cores,
pot sherds, and mud-brick fragments were sampled
for archaeointensity experiments. For statistical con-
fidence, we took at least seven samples (but generally
more, up to forty-six) from each set, and we sampled as
many different building materials as possible.

In the field season of 2007 and 2008, we collected
thirteen sets of samples; three from the mound (the
upper town) and ten sets from Karum part (the lower
town). Two of the mound sets, KT1 and KT2, are from
WarSama Palace and Giiney Palace, respectively, with
corresponding Karum levels of Ib and II. Both palaces
were completely destroyed by intense fires. These sets
are composed solely of mud-bricks. The third mound
set (KT12) is from the vitrified mud-bricks of an Early
Bronze Age level. The Karum sets consist either solely of
ignimbrites or of a combination of mud-bricks and'ign-
imbrites. The mud-bricks in the settlement were used
as building stones while the ignimbrites were used as
foundation stones. All ten sets are from different rooms
where five sets are from level Ib and the other five are

from level 11. The site is only a few kilometres away from
a massive stratovolcano, and the types of ignimbrites
used in the foundation show considerable variation.
In some parts of the settlement, the fire was so intense
that the mud-bricks were molten and became vitrified.
The locations and the details of sampling sets are given
in Figure 4.1 and Table 4.1.

Rock Magnetism

The rock magnetic experiments are preliminary checks
for the suitability of the material for archaeomagnetic
studies. For all sets, room temperature bulk magnetic
susceptibilities and thermo-magnetic curves (Curie
curves) were determined for the identification of the
magnetic carriers and thermal stability. Based on the
results from these experiments, additional checks
including the hysteresis loop, Isothermal Remanent
Magnetization (IRM) acquisition, and First Order
Reversal Curve (FORC) diagram measurements were
performed on nine sets that appeared suitable for
archaévintensity measurements (Fig. 4.2).

The room temperature bulk magnetic suscepti-
bilities of all samples are measured to calculate the



102

PINAR ERTEPINAR, COR LANGEREIS, ANDY BIGGIN, LENNART V. DE GROOT & FIKRI KULAKOGLU

Mud-Brick

Vitrified Mud-brick

Remanent Magnetization (A/m)

M (Am%kg)

M (AmZkg)

0.2

Curie Curves

Hysteresis Loops

0.02

IRM Acquisition Curves

Induced Magnetization (A/m)

20 40

IT MAY NOT BE

60

KT - mud-brick

SF=3
contours = 10

80 100

FORC Diagrams

50
40
30
20

By (mT)

: -50
@ BRER@E.S PUBLISHERS 5

DISTRIBUTED WITHOUT PERMISSION OF THE

40
IHIS DOCUMENT MAY BE PRINTED FOR PRIVATE USE ONLY.

60

PUBLISHER

----- ® 0.08
\
~ N © o0 Saturation
} Magnetization
\\
\\ TC
w ® 0.08
8 o ® -0.5 0.0 0.5
0.03 1]
N
\ 0.0 [
\\ ,,WV\»’J
P——
-0.03 ot
0 100 200 300 400 500 600 700 S — 2 & o E
Temperature (°C) S0y B (mT)
Magnetic Susceptibility Plot Domain State Plot (Day Plot)
& KT - mud-brick 06
m KT - ignimbrite Single Domain
A KT - vitrified mud-brick 0.5
b = KT2 Pseudo Single
0.4 L KT3 ¢ Domain
. .
» KT4 .
= ¢ A
— 03 4 KTS
e
= k g?z S
L] + A
0.2 Y KT13 z++v,+ A e 0
*
0.1 .
Multi
Domain
0.0
- ” . 0.0 1.0 2.0 3.0 4.0 5.0
10 10° 10 B/ B,

KT - vitrified mud-brick

SF=4
contours = 10

80 100 120

B (mT)

140 160 180 200
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Koenigsberger Ratio (Q,), which is an appropriate
measure to check whether the samples carry a stable
thermo-remanent magnetization (TRM) rather than a
recent viscous remanent magnetization (VRM). For all
three types of building materials, TRM strongly domi-
nates (Q,>1) providing a positive stability test.

Thermo-magnetic measurement is the primary
method for the identification of the magnetic carrier
since each mineral has its own Curie temperature (T,).
A single Curie point on the curve indicates the domi-
nance of a single carrier. The difference between the
cooling and heating curves indicates alteration. The
experiments run on mud-bricks show magnetite mag-
netization with near reversible heating/cooling curves
with a single Curie temperature at ~580 °C. The hyper-
bolic curve from the vitrified mud-brick, on the other
hand, did not allow identification of the magnetic car-
rier. The curves from the ignimbrites have a single T,
at ~580 °C but display significant difference on heating
and cooling curves indicating alteration, and therefore
discarded from archaeointensity analysis.

Hysteresis loop parameters and IRM acquisition
curves are helpful to specify the domain state of the
magnetic mineral that is essential for archaeointensity
measurements. In general, single domain (SD) particles
are ideal, pseudo single domain (PSD) particles are well-
behaved, and multi domain (MD) particles are problem-
atic, as also are the minerals with high saturation fields
and magnetic interactions. The results of all measure-
ments on mud-bricks and vitrified mid-bricks show
that the samples consist only of PSD grains (Day plot in
Fig. 4.2),* and there is no indication of a high coercivity
mineral in the IRM acquisition curves since all the sam-
ples are saturated in low fields below ~200 mT.

A FORC diagram is a second check for the domain
state and provides additional information on the inter-
action fields of magnetic minerals.” The mud-bricks and
vitrified mud-bricks have a symmetrical FORC diagram
with one closed inner contour and a very narrow con-
tour spreading along the ordinate indicating the assem-
blages are dominated by non-interacting PSD grains.

* Day et al. 1977.
> Roberts et al. 2000.

Demagnetization, ChRM,
and Directional Results

Demagnetization

Two techniques, thermal (Th) and alternating field (AF)
demagnetization, were used to measure the magnetic
remanence in each sample. Thermal experiments were
performed using a cryogenic magnetometer while the
AF measurements were carried out on a high precision
robotized cryogenic magnetometer. At least fourteen
samples from each set were demagnetized with small
incremental steps up to a maximum of 580 °C or 100 mT.
The demagnetization results were plotted in orthogonal
projection diagrams.® One representative diagram from
each type of building material is plotted in Figure 4.3.
All mud-bricks and the majority of ignimbrite samples
have single component demagnetization diagrams uni-
formly decaying to the origin. This indicates either the
primary magnetization (the NRM gained during manu-
facture) or, if present the secondary event (in this case
the TRM recorded during fire) that caused the material
to (re)gain remanent magnetization, is fully recorded.
Occasionally, the demagnetization diagrams show two
components pointing to ‘partial burning’ (meaning the
samples were not heated to their Curie temperatures).
In this case, the low-temperature component (marked
as LT in Fig. 4.3) can be interpreted as the record from
the burning event and the high-temperature (HT) com-
ponent is the sample’s original magnetization.

Characteristic Remanent Magnetization (ChRM)
Directions

The remanent magnetization directions are interpreted
via the principle component analysis.” The mean direc-
tions were calculated according to Fisher.® The accept-
ance criteria for maximum angular deviation (MAD) of
individual directions and the ay cone of confidence of
the means are taken as 10 °, but values are typically much
lower than that. The quality of the cluster is assessed with
the dispersion parameter (k) where we require k>100. The
results of directional analyses are reported in Table 4.2.

The sets that are composed solely of mud-bricks
(KT1, KT2, and KT3) produced good quality demagneti-
zation diagrams and well-defined ChRM directions with
high k values (200-600) and low o (<1.7).

¢ Zijderveld 1967.
7 Kirschvink 1980.
8 Fisher 1953.
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Table 4.2. Summary of directional results. All directions are
corrected for IGRF deviation. n/N, number of samples accepted
over measured; Dec, mean declination; Inc, mean inclination; k,
dispersion parameter; oy, 95 per cent confidence cone of mean
directions. In italic are the rejected data sets due to poor cluster.
Table by the authors.

Site | Treatment | n/N Dec Inc k Uys
KT1 Th, AF 25/26 5.0 56.0 | 300.0 1.7
KT2 Th, AF 38/44 | -11.3 50.3 | 215.7 1.6
KT3 Th, AF 13/14 2.9 48.4 | 603.9 1.7
KT4 Th, AF 11/15 1.0 421 | 5332 | 20
KT5 Th, AF 61/70 0.2 44.2 | 363.9 1.0
KT6 Th, AF
NOT BURNT
KT7 Th, AF
KT8 Th, AF 14/17 2.2 41.4 | 3489 2.1
KT9 Th, AF 10/16 -6.5 57.0 | 385.3 2.5
KT10 Th, AF
NOT BURNT
KT11 Th, AF
KT12 Th, AF 53/53 3.9 59.7 | 243.7 1.3
KT13 Th, AF 15/18 -2.6 459 | 154.8 3.1

Out of five sets that are composed only of ignim-
brites, the demagnetization diagrams of four sets (KT6,
KT7,KT10, and KT11) are of good quality again, however,
with completely random directions (the rejected sets in
Fig. 4.3). The ChRM directions with no cluster indicate an
insufficient burning where the samples still carry their
original magnetization. The samples from the last ignim-
brite set, KT9, were either fully burnt providing a mean-
ingful direction or sufficiently heated to have a clear
well-determined LT component in the demagnetization
diagram that we consider representing a ChRM due to
tiring. This set is also of good quality with k>300, oy <2.5.

There are four sets (KT4, KT5, KT8, and KT13) that
are composed of both mud-bricks and ignimbrites. The
ignimbrite samples from these sets have either single or
two component demagnetization diagrams whereas the
mud-bricks are single component. When the LT com-
ponent of the ignimbrites are isolated, the directions
obtained from these two different building materials
become extremely consistent within each set providing
well-defined ChRM directions with k>155 and oy <3.1.

The oldest (Early Bronze III) set, KT12, is entirely
composed of vitrified mud-bricks, The demagnetization
diagrams are single component and the magnetization
is completely removed at ~500 °C pointing to Titanium-
poor magnetite as the carrier (where the hyperbolic

Curie curves (Fig. 4.2) did not allow identification of
the magnetic mineral). The set displays a well-defined
ChRM with k = 244 and a,, = 1.3.

Out of the thirteen sets of samples from the site, four
sets turned out to be not burnt. The remaining nine sets
are considered to be of good quality with IGRF corrected
declinations between 348.7° and 5.0° and inclinations
between 41.4° and 59.7°.

Archaeointensity Experiments and Results
The Experimental Procedure

Regarding the difficulties in obtaining a reliable archae-
ointensity estimate (discussed in section 2), it is crucial
to employ different techniques, if possible. In this study,
we adopted three protocols for the archaeointensity
experiments. These three methods were also applied to
a large set of volcanics by de Groot® who concluded that
the results were remarkably accurate if the results of
two or more methods mutually agreed, testifying to the
importance to not adhere to just one protocol. A brief
description of each method is given below.

Thermal Thellier-Thellier Technique

The method developed by Thellier and Thellier!? is
based on progressively removing the NRM and replacing
it with a laboratory TRM via step-wise heating. First the
sample is heated to a particular temperature and then
cooled to room temperature in a laboratory field, B,
Next, a second heating is performed to the same tem-
perature and cooled down but this time in the opposite
field direction (-B,;). Vector subtraction of these two
steps allows the determination of the NRM remaining
at each temperature step and the partial TRM (pTRM)
gained. The ancient field strength is proportional to the
slope of the best fit line of NRM against pTRM.

In this study, we followed the 1ZZI protocol! which
is a combination of Coe'? and Aitken!* modifications of
the method where an in-field step is followed by a zero-
field step (1Z) or vice versa (ZI). A custom-built orien-
tation tray was used to align each sample’s NRM with
the applied field direction, reducing the effects of ani-

9:De;Groot et al. 2013.

0OTheéllier & Thellier 1959.

! Tauxe & Staudigel 2004; Yu et al. 2004.
12 Coe 1967.

13 Aitken 1988.



106 PINAR ERTEPINAR, COR LANGEREIS, ANDY BIGGIN, LENNART V. DE GROOT & FIKRI KULAKOGLU

sotropy during TRM acquisition.'* The acceptance cri-
teria, adopted from Coe'® and supplemented by those of
Selkin and Tauxe!® are as follows:

1. The number of points used for the best fit line (N) =5

2. The ratio of standard error of the slope to absolute
value of the slope (B) <0.1

3. The NRM fraction (f) 0.4

4. Quality factor (¢q)>5, where most results are higher
than 10

5. The number of successful pTRM checks =3

6. The ratio of difference between the pTRM check
and relevant TRM value to the length of the
selected NRM-TRM segment (DRAT) <10 per cent

7. MD behavior of the interpreted segment of the
NRM-TRM plot is assessed by the curvature statis-
tic, |k|, and the acceptance limit is taken as 0.164."

Microwave Technique

As described in the previous sections, the major problem
with the archaeointensity experiments is the mineral
alteration caused as a result of multiple heatings. The
basic principle of the method is identical with what is
described in the thermal Thellier method. The only tech-
nical difference is that the excitation of electrons (hence,
the heating) takes place only on magnetic minerals by
means of microwaves instead of heating the whole sam-
ple which is the case for the thermal Thellier method.

We performed twenty-one microwave measure-
ments on one to five samples from each set. Possible
influence of anisotropy was checked for by comparing
the direction of the magnetization acquired with that
of the applied field. In all cases, no significant system-
atic off-sets were observed suggesting that anisotropy
was negligible. To monitor thermo-chemical alteration,
PTRM checks were performed after every two double-
treatments. The same selection criteria were employed
as in the TT experiments.

1 Rogers et al. 1979.
5 coeetal. 1978.
16 Selkin & Tauxe 2000.

17 paterson 2011.

Multi-Specimen Method

To reduce the effect of non-ideal MD behaviour and pro-
gressive alteration during TT experiments,'® Dekkers
and Bohnel proposed a method, the ‘multi-specimen
parallel differential pTRM method’, here referred to as
MSP-DB. The idea behind the method is simple: to over-
print an ancient TRM with a laboratory pTRM induced
at a temperature much lower than the Curie tempera-
ture in a laboratory field applied in the same direction
as the TRM. The initial suggestion that this protocol
was domain-state independent, however, did not hold,;
Fabian and Leonhardt" proposed an addition to the pro-
tocol to correct for MD behaviour. As a rule, we apply
the domain-state corrected protocol, referred to as
MSP-DSC. The experiments were run on four samples
from each set. The MSP experiments were accepted if
the average progressive alteration, €, <3 per cent. For
the MSP-DCS protocol there is an additional require-
ment where, Db, the difference between the theoreti-
cal (b=-1) and the actual value of y-axis intercept of the
best-fit line should be smaller than 10 per cent. If this
requirement was not fulfilled, implying that the MSP-
DSC protocol did not properly correct for MD behaviour,
we used the MSP-DB protocol provided that the ¢, is
still less than 3 per cent.

Archaeointensity Results

The measurements were carried out on eight sets (one
set of vitrified mud-brick and seven mud-brick sets)
out of thirteen. In addition, from set KT3, three micro-
wave measurements were performed on sherds. Four
sets (KT6, KT7, KT10, and KT11) were discarded based
on their directional results and one ignimbrite set (KT9)
due to its rock magnetic properties. Five sets success-
fully yielded a result in all three methods. Figure 4.3
shows an example of a successful and a failed measure-
ment from each method and the results are reported in
Table 4.3. Out of forty-nine TT and MW measurements,
forty were successful yielding a success rate of 82 per
cent. From eight sets of MSP measurements, seven were
successful either with DSC or DB solution. The results
from different protocols reasonably agree with each
other and no systematic differences were observed
between the TT and MW results from the same sam-
ple sets. For the samples of same origin, if the cooling
rate effects-arepresent, it is expected to be enhanced

18 pekkers & Bohnel 2006.
19 Fabian & Leonhardt 2010.
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Table 4.3. The intensity results obtained from three protocols. N/n, number of samples measured over accepted; PI, paleointensity; A, the
average paleointensity value of individual samples; stdev, the standard deviation. Table by the authors.

TT MW MSP AVERAGE PI

N/n PI stdev N/n PI stdev N/n |Protocol PI stdev A stdev
KT1 1/0 - - 1/1 60.94 4/4 MSP-DB | 58.23 0.03 59.59 1.92
KT2 2/1 60.37 - 2/0 - - - - - 60.37 -
KT3 4/3 54,92 1.16 5/5 63.08 13.31 4/4 MSP-DB | 40.15 0.05 57.81 12.18
KT4 5/5 55.27 4.47 1/0 - 4/4  |MSP-DSC| 51.68 0.29 54.67 4.26
KT5 4/4 49.51 7.87 3/3 56.71 4/3  |MSP-DSC| 43.67 0.02 51.48 7.19
KT8 7/7 53.54 0.96 3/1 56.80 4/3 MSP-DB | 57.22 0.00 54,31 1.75
KT12 4/4 63.83 5.17 1/1 60.60 4/4 MSP-DB | 57.66 0.07 62.26 4,78
KT13 3/3 53.38 1.38 3/2 58.20 4/3 |MSP-DSC| 46.92 0.03 53.91 5.10

in MW estimates and make them systematically higher
than thermal estimates that use longer cooling times.*
The agreement in TT and MW results suggests that no
cooling rate correction is required for the data as a
whole. Moreover, the remanence in the samples is pre-
dominantly carried by PSD grains (Fig. 4.2) for which
the cooling rate effect on (p)TRM magnitude has been
experimentally verified as small.*!

From the mud-brick set KT1, we made one TT meas-
urement which has failed and one MW measurement in
which the MSP-DB result obtained from four data points
is in line with the value within 5 per cent.

The samples from KT2 and KT4 produced good qual-
ity TT results, however, failed in all MW experiments
either due to noisy NRM-TRM plot, indestructible NRM
or MD behaviour. We were not able to perform the MSP
method on KT2 because there were not enough samples,
so we present an intensity value based on one TT meas-
urement. The MSP result from KT4 is of good quality
with minor alteration and Db <10 per cent allowing to
opt for the domain corrected solution.

The majority of TT and MW measurements from the
sets KT3 (mud-bricks and sherds), KT5, KT8, KT13 (mud-
bricks), and KT12 (vitrified mud-bricks) have passed the
selection criteria, producing high quality NRM-TRM
plots. The samples from KT5 produced two low and two
high TT results in which the lower values are in line
with the MSP-DSC result and the higher values are in
agreement with the MW results. Among all sets, KT8 has
the most consistent results in both individual sample

20 poletti et al. 2013.
2! For example: Biggin et al. 2013; de Groot et al. 2013; Yu 2011.

level and mean intensities obtained using all three pro-
tocols. The measurements from the vitrified mud-bricks
of KT12 produced the highest intensity value calculated
from three protocols. The samples from KT13 produced
well behaved NRM-TRM plots from TT and acceptable
results from MW and MSP methods.

The intensity results obtained from forty success-
ful measurements using three protocols range between
51.48 and 62.26 yT.

Discussion

Evaluation of Directions and Intensity Results

The directional results from this study, corrected for
local declination at the time of sampling, are relocated
to Kayseri as the approximate centre of Turkey (lat:
38.851 °N, long: 35.631 °E), and plotted against the data
from GEOMAGIA50.v3.22* (downloaded on December
2018 from the countries within ~1600 km radius), and
the global geomagnetic field models SHA.DIF.14k and
pfmok.1b calculated at Kayseri (Fig. 4.4a).

A first observation is that the model SHA.DIF.14k
tits very well with both our earlier directional obser-
vations and the results from this study, including the
large declination swing to nearly 20 °E around 2000 BC
(Fig. 4.4a), that was not detected by earlier models. Nor
is it recorded by the heavily smoothed pfm9k.1b model.
The inclination values of the sets are shallower than the
model predictions by some 10° but in line with the gen-
erabtrend of'the'model. By their nature, field models
are usually considerably smoother than the actual field

22 Brown et al. 2015.
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Figure 4.4. (a) Declination,
inclination, and VADM distri-
bution of Kiiltepe data points
(large circles) as sorted from
the most westerly to the most
easterly declination based on
the westerly trend in the SHA.
DIF.14k model for the period of
~2100-1850 BC. The squares are
data points from various sites in
Turkey from our earlier studies
and the small circles are data
from GEOMAGIA.v3.2. The time
intervals between sites in Kiil-
tepe-level 11 are arbitrarily taken
as twenty years; (b) the CTMD
results and areal distribution of
fire events shown on an aerial
photograph of Kiiltepe. Photos
and figures by the authors.

not burnt

observations. Hence, these new results are very useful
to improve the resolution of the models since there is
a lack of directional data for this time period. Only six-
teen records are available in GEOMAGIA50.v3.2 for the
seven-hundred-year period 2200-1500 BC, from Greece
to Azerbaijan, and from Moldavia/Ukraine to Egypt.

Our nine (out of thirteen) new directional records,in.
this time interval plus earlier results.almost double the: i1 7o AT

database for this entire region.'In"addition, these high™"

quality data sets contribute in terms of a better spatial
distribution. This will reduce any bias (the local varia-

183

tions in the field) introduced by the few existing data
sets, considering that the majority of the GEOMAGIA50.
v3.2 data is coming from Eastern Europe, some from the
Near East, and very few from the Middle East.

From a total of forty-nine TT and MW measure-
ments, forty were successful, yielding a success rate of
perscent which is exceptionally high regarding the

USE (f A . . . .
«overall rate of Thellier type archaeointensity experi-
ments. The results are coherent between samples and
methods. Although the cooling rate experiment was not
performed, the agreement between microwave (cool-
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ing time of 10-100 seconds) and thermal Thellier-type
experiment’s (cooling time of 10-100 minutes) results
suggest that the cooling rate effects are minimal.

To be able to make a valid comparison with the exist-
ing data (GEOMAGIA.v3.2) and the global field models
(SHA.DIF.14k and pfm9k.1b), the intensity results are
converted into virtual axial dipole moments (VADM).

Our data from the period 2600-1700 BC (includ-
ing those of our earlier study) are always significantly
higher than predicted by the SHA.DIF.14k model based
on archaeomagnetic and lava flow data, and generally
higher than predicted by pfmok.1b (Fig. 4.4a) but they
are not in disagreement with published data® that
support the existence of short-lived periods with high
intensities, at least as observed in the Levant.

Relative Chronology of Fire Events in Kiiltepe

We have analysed the directional results of Kiiltepe to
determine if they can be attributed to the same distri-
bution or not. This allows us to assess whether the fire
events at the site belong to a single big catastrophic
event or to different (temporal) events. We used the
common true mean direction (CTMD) test developed by
McFadden and McElhinny.* The test is classified as A, B,
C, or indeterminate.

The sets KT4 & KT5, KT4 & KT8, and KT5 & KT13
share a CTMD with classification A. The rest of the cor-
relations are negative. Based on the results of Kiiltepe-
level 11, the areal distribution of fires is plotted in Figure
4.4b. As can be seen from the figure, KT2, KT3, and KT9
are from local fires whereas KT4 & KT8 and KT5 & KT13
are from larger scale fires. Therefore, we can conclude
that the ages of fires in Kiiltepe are different and the
site was not abandoned as a result of a big catastrophic
fire event as was previously suggested by Sagona and
Zimansky.”

To establish a relative chronology for the fire events
in Kl'iltepe-level II (KT2, KT3, KT4, KT5, KT8, KT9, and
KT13), we sorted the data based on their CTMD results
and then on easternmost to westernmost declination.
This best reflects the trend in the SHA.DIF.14k model at
this time interval (Fig. 4.4a). In this scenario, the oldest/

2 For example: Ben-Yosef et al. 2009; Ertepinaret,al. 2012; Shaar
et al. 2011; Ertepinar et al. submitted.

24 McFadden & McElhinny 1990.
5 sagona & Zimansky 2009.

youngest age — within the age errors — is assigned to
the most westerly/easterly declination while the time
span between each fire event is arbitrarily divided into
equal time intervals of twenty years. The correspond-
ing inclination values agree fairly well with the trend
of the model but in this scenario declinations are more
westerly towards ~1850 BC while inclinations are steep-
est around 1900 BC. Although we have ‘smoothed’ the
directional changes by shifting the results within the
time span allowed by the dating error, it seems that the
model has not (yet) enough resolution to predict these
short-term swings in directions. The magnitude and
timing of these swings are however compatible with
observations of secular variation over the past three
thousand years.

The VADM trend is not helpful in discriminating
the best possible sequence since values are very simi-
lar. They are essentially in accordance with the trend
of the curve from the SHA.DIF.14k model but system-
atically higher, and they are largely in agreement with
pfmok.1b. Nevertheless, the scenario preferred here
represents the most reasonable sequence of fire events
at Kiiltepe, where the rate of directional variations is
similar to secular variation as observed today. We do
realize however that other scenarios are possible, and
that the time constraints within the given age uncer-
tainty do not allow this — or any other — scenario to
be robust. For example, a scenario in which the data
sets are sorted on increasing inclinations based on the
mild increasing trend in the model, results in more
abrupt changes compared to the first scenario, and the
declinations display erratic jumps of 5-15° within ten-
year time intervals. We favour the scenario outlined
above (Fig. 4.4a) in which both declination and inclina-
tion change gradually and abrupt and unlikely erratic
changes in the directions in such a short time interval
are avoided.

Timing of Tilting of the Wall in Ilemma House

Among our sampling sets, one set was collected from a
tilted mud-brick wall and its intact ignimbrite founda-
tion stones (Fig. 4.1, KT8 samples from Ilemma House).
As the acquisition of magnetization takes place during
cooling, by analysing the directional results with and
without a tilt correction (which is restoring the wall’s
present orientation to its original position), it is possi-
ble to determine if the tilting has occurred during the
fire or long after. When the directions from KT8 are
assessed with and without a tilt correction, the results
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are coherent with the expected directions and the
directions from the ignimbrites only without a tilt cor-
rection, implying that the tilting — the collapse of the
wall — must have occurred during the fire event.

Conclusions

This study concentrated on untangling the fire events
in Kiiltepe. Not solely directions or intensities but the
characterization of the full vector field is required for
the most accurate interpretation. To assure that our
samples are suitable for directional and intensity exper-
iments, we first tested the rock magnetic properties and
verified that most of the samples have ideal behaviour.
The conclusions can be summarized as follows:

1. The directional results are highly coherent with
the existing data in the literature and the global
field model SHA.DIF.14k but the intensities are sig-
nificantly higher than the model predictions.

2. The foundation part of a structure is not suffi-
ciently heated, therefore, not ideal for archaeo-
magnetic studies.
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5. The ignimbrites with two component demagneti-
zation diagrams are heated up to a maximum tem-
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donment of the site was not the result of a single
catastrophic fire event.
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