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Preface

Karen Radner & F. Janoscha Kreppner

We are very pleased to present the results of the 2016 ac-
tivities of the Peshdar Plain Project (PPP) in time for the
start of the 2017 autumn campaign at Gird-i Bazar, which
will bring the excavations in this part of the Dinka Settle-
ment Complex to a close after three years.

The publication of this second volume of the series
Peshdar Plain Project Publications (4P2) was made possi-
ble by the unstinting support and unfailing assistance of
the General Directorate of Antiquities of the Autonomous
Region of Kurdistan, the Sulaymaniyah Directorate of An-
tiquities and the new Raparin Directorate of Antiquities
and their individual members, named in Chapter A; the
sponsorship of the institutions who generously provided
funding: above all, the Alexander von Humboldt Founda-
tion and Ludwig-Maximilians-Universitat Minchen (LMU
Munich), but also the Gerda Henkel Foundation and the
Miinchener Universitatsgesellschaft; and of course the
personal commitment and great enthusiasm of all team
members, a motley crew of experts of different fields from
Austria, Canada, France, Germany, Iran, Iraq, Italy, the
Kurdish Autonomous Region of Iraq, Romania, Syria, the
UK and the USA, all individually named with their respec-
tive responsibilities in Chapter A.

In addition, we would like to express our deep grati-
tude to our cooperation partner Jessica Giraud, director
of the Mission archéologique frangaise du Gouvernorat de
Soulaimaniah (MAFGS), for generously sharing not only
data, contacts and logistical information but also MAFGS’
entire kitchen equipment, a wealth of soft furnishings in-
cluding cushions, bedding and curtains - merci beaucoup!
We also want to thank several colleagues at LMU Mu-
nich: Petra Oppermann for overseeing the financial and
logistical preparation and aftermath of the field and study
campaigns and for her constant and manifold support of
the project and especially the LMU project team; Henry

To Wolfgang Réllig, in admiration

Heitmann-Gordon for again assisting with the language
editing of parts of this volume; and Jakob Riedl and Luise
Tiemann for help in preparing some of the figures. Final-
ly, a heartfelt thank you to Peter Werner, our publisher,
colleague and friend, for his experience, knowhow and
attention to detail.

As the first volume of the series Peshdar Plain Project
Publications (4P1; Exploring the Neo-Assyrian Frontier
with Western Iran: The 2015 Season at Gird-i Bazar and
Qalat-i Dinka, edited by Karen Radner, F. Janoscha Krep-
pner and Andrea Squitieri, Gladbeck 2016; Open Access
download: https://epub.ub.uni-muenchen.de/29236/), this
book again is a “work in progress”, representing our cur-
rent state of knowledge; the results of future work may
well lead to modifications in the interpretations presented
in this book. But it is intended to be more than just a pre-
liminary report, as we present every single stratigraphic
unit of the 2016 excavations in Qalat-i Dinka and Gird-i
Bazar, having completed the stratigraphic analysis for all
areas excavated. The 2015 Gird-i Bazar results, published
in 4P1, have been updated and merged with the 2016 find-
ings. All further analyses of ceramics, small finds, archae-
ozoological and archaeobotanical remains, phytoliths etc.
will be able to draw on this work.

We would like to dedicate this volume to Wolfgang Rol-
lig, Professor emeritus of Assyriology at the University of
Tibingen, whose interdisciplinary approach to the study
of Ancient Near Eastern history has inspired us since
starting out in the exciting field of Assyrian studies in the
1990s. Thank you, Wolfgang, for the happy days in Tell
Sheikh Hamad and Deir ez-Zor, for sharing your know-
ledge and your vision and for generally making things
happen!

Munich and Berlin, July 2017






A. Continuing the Peshdar Plain Project
2016 objectives

Karen Radner

The Peshdar Plain is located in the province of Sulaymani-
yah in the Kurdish Autonomous Region of Iraq directly on
the border with Iran (Fig. A1). The Peshdar Plain Project
was inaugurated in 2015 in order to explore the history
of this understudied region with a focus on the o™ to 7'
century BC when the Neo-Assyrian Empire controlled the
area, situated right at its eastern frontier (Fig. A2). The
project brings together international experts in history,
archaeology, bioarchaeology, landscape archeology, geo-
graphy, geophysics, material science studies, GIS, photo-
grammetry and 3D modeling.

el

We are very grateful for the ongoing support and help
of the General Directorate of Antiquities of the Kurdish
Autonomous Region of Iraq, headed by Abu Bakr Othman,
known as Mala Awad; the Sulaymaniyah Directorate of
Antiquities, headed by Kamal Rasheed Raheem, under
whose auspices the project is conducted; and the newly
established Raparin Directorate of Antiquities headed by
Barzan Baiz Ismail. We thank the people of the city of
Qaladze, where the project’s dig house is based, and of
the village of Nureddin, where the excavations take place,
for their hospitality and interest.

Caspian Sea

Ws

N
Persian 3
&

~ Gulf

<

Fig. A1: The position of the Peshdar Plain in the modern Middle East, on the border of the Kurdish Autonomous Region of Iraq

with Iran. Prepared by Andrea Squitieri.
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200 300

Fig. A2: The position of the Dinka Settlement Complex at the end of the 8" century BC, on the eastern frontier of the Neo-
Assyrian Empire. Ancient place names in italics. Prepared by Andrea Squitieri.

We are equally grateful to our sponsors. In 2016, the ac-
tivities of the Peshdar Plain Project received funding from
Radner’s Alexander von Humboldt Chair for the Ancient
History of the Near and Middle East, which is financed by
the Federal Ministry of Education and Research through
the International Research Fund for Germany and by LMU
Munich; from the Gerda Henkel Stiftung (for the develop-
ment of the digital documentation system by Christoph
Forster); and from the Miinchener Universitatsgesellschaft
(for the magnetometer survey headed by Jorg Fassbinder).

A1. Unearthing the Dinka Settlement Complex

The Peshdar Plain Project was initiated after Barzan Baiz
Ismail and Ismail Muhammad Ali, then Sulaymaniyah Di-
rectorate of Antiquities and now Raparin Directorate of
Antiquities, showed me, during a visit to Raniya in Feb-
ruary 2015, a fragmentary cuneiform tablet that a farm-
er had discovered in 2013 at Qalat-i Dinka (UTM 511921.3

E, 39991151 N, altitude: 579 m; henceforth also Dinka),
whose high mound looms at the end of a crescent shaped
mountain range over the Lesser Zab (Fig. C1).

The autopsy of the tablet showed it to be a Neo-As-
syrian legal document — only the second such text to
come to light in the Kurdish Autonomous Region of Iraq
after the discovery of a fragmentary contract during the
2010 rescue excavations at the settlement mound of Si-
tak', near Sulaymaniyah. The tablet from Dinka proved
to be a slave sale contract of the year 725 BC with an
intriguing mention of a servant of the Palace Herald?. This
apparent clue to the Border March of the Palace Herald,
a province under the command of one of the top officials
of the Neo-Assyrian Empire charged with controlling and
protecting access to the Assyrian heartland, prompted me
to start the archaeological investigations, following also

1 Radner 2017.
2 Radner 2015; 2016a.
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Gird-i-Bazar

Fig. A3: The position of the excavations conducted so far at the Dinka Settlement Complex, from west to east: the T-shaped sound-
ing at Qalat-i Dinka (spring 2016); GA 42, the intended “off-site” sounding (autumn 2015) that yielded evidence for Neo-Assyrian
occupation, including a 14C date from a charcoal sample; the U-shaped sounding in “Dinka Lower Town 2” (spring 2017); the area
in the enclosure of the chicken farm at Gird-i Bazar (autumn 2015 and autumn 2016) that turned out to be “Dinka Lower Town 1”.
Drone image created by ICONEM (Paris; http://iconem.com), courtesy of Un Film a la Patte (Strasbourg; http:/www.unfilmalapat-

te.fr) and Jessica Giraud. Annotated by Andrea Squitieri.

a suggestion from Jessica Giraud, director of the Mission
archéologique francaise du Gouvernorat de Soulaimani-
ah (MAFGS), whose 2013 surface survey had identified
Neo-Assyrian pottery at Dinka and at the nearby shallow
mound of Gird-i Bazar (UTM 512695.8 E, 3999301 N, alti-
tude: 539 m; henceforth also Bazar).

First excavations in Bazar and magnetometer surveys
in Dinka and Bazar took place in the autumn of 2015.
During this period, Mark Altaweel opened three geoar-
chaeological trenches between Bazar and Dinka which,
however, yielded evidence for the continuation of the
Neo-Assyrian period occupation in the plain’. The results
of these investigations, coupled with the results of Jessi-
ca Giraud’s subsequent second surface survey in autumn

3 Altaweel/Marsh 2016.

2015, pointed towards the existence of an extended site
that included both Dinka and Bazar. The existence of this
large settlement was conclusively proven by the results of
the second magnetometer survey in autumn 2016 and first
excavations in spring 2017. As its ancient name is present-
ly unknown we call the site, which includes Gird-i Bazar
and Qalat-i Dinka, the “Dinka Settlement Complex”.

Exploring the Dinka Settlement Complex in its local
environment within the framework of a wider study of
the eastern frontier region of the Neo-Assyrian Empire is
currently the main goal of the Peshdar Plain Project. Fig.
A3 shows the extent of the excavations so far, including
the recent work undertaken in the new area called Dinka
Lower Town 2.

4 Giraud 2016.
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A2. The 2016 activities of the Peshdar
Plain Project

With three study and fieldwork campaigns, 2016 was a
busy year for the project.

A2.1 Pottery study season in Sulaymaniyah
in January 2016

The first excavation campaign in Gird-i Bazar in autumn
2015 had revealed many well-stratified ceramic collections
from primary contexts that can be dated to the Neo-As-
syrian period, including the floors of Buildings A and H
and of Alleys 12 and 13 as well as from inside the pottery
kiln in Open Area 8 and the drainage pit in Room 1 of
Building A.

As the Gird-i Bazar ceramics differ markedly from the
material known from the Neo-Assyrian sites in the Assyr-
ian heartland along the Tigris, it was necessary to develop
a pottery typology for the Gird-i Bazar assemblage. This
was the goal of the study season at the Sulaymaniyah
Museum between 19 to 28 January 2016 whose key results
were already published in the 2015 report®.

Team members:

e Jean-Jacques Herr, EPHE Paris, lead ceramicist and
pottery processing,

e F. Janoscha Kreppner, LMU Munich & FU Berlin, Ger-
many, pottery processing,

e Hero Salih Ahmed, Sulaymaniyah Directorate of An-
tiquities, representative, pottery processing and drawing,

e Andrea Squitieri, LMU Munich, pottery processing and
photography.

A2.2 First excavation campaign to Qalat-i Dinka
in spring 2016

To further investigate the settlement structures discovered
by the geophysical prospection in the autumn of 2015°, an
archaeological excavation was conducted from 21 May to
7 June 2016 on the western slope of Qalat-i Dinka. The
results are presented in Chapter C.

Team members (Fig. Ag):
e F. Janoscha Kreppner, LMU Munich & FU Berlin, field
director,

5 Herr 2016.
6  Fassbinder/Asandulesei 2016.

e Andrea Squitieri, LMU Munich, deputy field director,
digital documentation and small finds processing,

e Hero Salih Ahmed, Sulaymaniyah Directorate of An-
tiquities, representative, trench supervisor and pottery
processing,

e Awaz Jihad, Sulaymaniyah Directorate of Antiquities,
representative, trench supervisor and pottery process-
ing,

e Aziz Sharif, Sulaymaniyah Directorate of Antiquities,
driver,

@ |brahim Manla Issa, Erbil, cook,

e 8 workers from Qaladze and the village of Nureddin.

A2.3 Second prospecting and excavation
campaign to Gird-i Bazar in autumn 2016

From 13 August to 6 September 2016 the second pros-
pecting and excavation campaign in Gird-i Bazar was
conducted with the participation of 23 specialists from 11
countries’” and 19 local workers. The results are presented
in Chapters B1, B2 and D.

Team members (Fig. As):
e Karen Radner, LMU Munich, project director, 13.8.-
6.9.2016.

Representatives of the Sulaymaniyah Directorate of An-

tiquities:

e Hayman Noori, 20.8.-4.10.2016 (also pottery processing
and pottery and small find photography),

e Hero Salih Ahmed, 13.8.-19.8.2016 (also pottery pro-
cessing and drawing).

Logistics:

e Aziz Sharif, Sulaymaniyah Directorate of Antiquities,
driver, 13.8.-4.10. 2016,

e Ibrahim Manla Issa, Erbil, cook, 15.8.-2.10.2016,

e Baiaz lbrahim, Erbil, assistant cook (also pottery pro-
Cessing), 15.8.-2.10.2016.

Field team:

e F. Janoscha Kreppner, LMU Munich & FU Berlin, field
director, 13.8.-4.10.2016,

e Silvia Amicone, University College London (now: Uni-
versity of Tiibingen), pyrotechnology and kiln excava-
tion, 26.8.-13.9.2016,

7  One Austrian, Canadian, Iranian, Iragi and Romanian each; two
French, Syrians and US Americans each; four Germans, five ltali-
ans and six Kurds.
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Fig. A4: The 2016 Qalat-i Dinka team with visitors from Sophia Cultural Club. Photo by Sophia Cultural Club, Qaladze.

Fig. A5: Most of the 2016 Gird-i Bazar team (5th September 2016). Photo by Jean-Jacques Herr (by automatic shutter release).
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e Francesca Chelazzi, University of Glasgow, trench su-
pervisor, 7.9.-4.10.2016,

e VeraEgbers, FU Berlin, trench supervisor, 13.8.-4.10.2016,

e Christoph Forster, Fa. Datalino, Berlin, digital docu-
mentation, 20.8.-6.9.2016,

e® Zahra Hashemi, Université Paris 1, trench supervisor,
14.8.-4.10.2016,

e Alessio Palmisano, University College London, trench
supervisor, 13.08.-13.9.2016,

e Andrea Squitieri, LMU Munich, deputy field director,
digital documentation and small finds processing, 13.8.-
4.10.2016,

e 19 workmen mainly from Nuruddin, 20.8.-27.9.2016.

Pottery team:

e Jean-Jacques Herr, LMU Munich, lead ceramicist and
pottery processing, 13.8.-4.10.2016,

® Mohammad Aziz, Sulaymaniyah, pottery washing,
15.8.-2.10.2016,

e Abdullah Bakr Othman, ELTE Budapest & Salahaddin
University Erbil, pottery registration and photography,
3.9.-2.10.2016,

e Zuhair Rajab Abdullah al-Samarraee, Baghdad, pottery
drawing, 15.8.-2.10.2016,

e Bilind Shushe, Sulaymaniyah, pottery processing and
photography, 15.8-30.8.2016.

Specialists:

e Mark Altaweel, University College London, geoarchae-
ology, 31.8.-6.9.2016,

e Andrei Asandulesei, Alexandru loan Cuza University of
lasi, Romania, geophysics, 10.9.-20.9.2016,

e Jorg Fassbinder, Bayerisches Landesamt fiir Denk-
malpflege, Munich, geophysics, 10.9.-20.9.2016,

e Tina Greenfield, University of Manitoba, Winnipeg,
Canada, archaeozoology, 2.9.-30.9.2016,

e Elsa Perruchini, University of Glasgow, residue analysis
of pottery, 7.9.-22.9.2016,

e Melissa Rosenzweig, Miami University, Oxford, Ohio,
archaeobotany, 3.9.-7.9.2016.

A3. The scope of this volume
After a first short summary in the journal Ash-sharq:
Bulletin of the Ancient Near East®, the present volume is

a comprehensive report of the fieldwork of the Peshdar
Plain project in 2016 and its results.

8 Radner/Kreppner/Squitieri 2017.

Section B consists of two chapters dedicated to the geo-
physical investigation of the Dinka Settlement Complex.
As detailed in Chapter B1, Jorg Fassbinder and his team
continued the magnetometer survey begun in 2015 and
focused on the areas west and south of Gird-i Bazar to-
wards Qalat-i Dinka. Examining an area of c. 400 x 400 m,
they were able to demonstrate the existence of an exten-
sive lower town linking up Gird-i Bazar and Qalat-i Din-
ka with quarters of different character. They discovered
extended, densely settled neighbourhoods arranged along
a planned street grid, a workshop area and a complex of
larger buildings that is set apart from the other structures
observed. The team also investigated nearby Gawr Miran
where Neo-Assyrian pottery had been observed by Jessica
Giraud and her MAFGS survey team.

In Chapter B2, Mark Altaweel presents the results of
the electrical resistivity tomography (ERT) investigations
conducted with a team from the University of Sulaymani-
yah’s Department of Geology, supervised by Professor
Bakhtiar Qader Aziz, to further explore the subterranean
qanat irrigation system observed in the Bora Plain’. So far,
measurements were taken for 18 transects in autumn 2016
and spring 2017, beginning to reveal a complex network of
tunnels that is very likely associated with the Neo-Assyr-
ian period Dinka Settlement Complex.

In Section C, F. Janoscha Kreppner and Andrea Squi-
tieri present the results of the excavation at the western
slope of Qalat-i Dinka conducted in spring 2016. Here, the
geophysical prospection of autumn 2015 had indicated the
presence of structures that Jorg Fassbinder interpreted as
the remains of burned buildings inside of an enclosure
wall. In order to confirm this and assess the temporal and
functional relationship to the settlement under excavation
at Gird-i Bazar, a T-shaped test trench with a width of 1.5
m was dug whose two parts had a length of 20 m and
8.5 m, respectively. The excavation yielded substantial ar-
chitecture with 110 m wide walls and a tiled floor with
pottery of the same temporal horizon as Gird-i Bazar, that
is the Neo-Assyrian period. On the minus side, the area
is rather damaged by recent looting pits; but on the plus
side, the building was encountered close to the surface
and with no younger architecture on top. The chapter
includes a discussion of the pottery (with Jean-Jacques
Herr) and of the small finds.

Section D is devoted to the excavations at Gird-i Bazar
in autumn 2016 where work continued in all areas inves-
tigated in 2015, resulting in a continuous excavated area
of 625 m? by the end of the campaign. Alessio Palmisano,
F. Janoscha Kreppner and Andrea Squitieri present their

9 Altaweel/Marsh 2016.
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results from Building A (in the 2015 “Eastern Trench”).
Francesca Chelazzi discusses Building D and Outdoor
Area 8 (in the 2015 “Connecting Trench”), where pyrotech-
nology expert Silvia Amicone excavated and sampled the
pottery kiln in the outdoor area. Work in the 2015 “West-
ern Trench” continued under Vera Egbers who presents
her results from Building D and E and Zahra Hashemi
who discusses Building F. These buildings were used for
living and working, and the existence of at least one pot-
tery kiln shows that nearby Outdoor Area 8 was used for
ceramic production. Contrary to our preliminary inter-
pretation of last year, the buildings turned out not to be
single-room houses. Instead, at least Building D, Build-
ing F and (probably) Building A consist of several rooms
that are grouped around an inner courtyard, comfortably
equipped with a well and a drainage system.

Section E consists of three chapters concerning pottery
studies. In Chapter E1, Jean-Jacques Herr presents a se-
lection of significant vessels from the 2016 excavations at
Gird-i Bazar, an update to his typology of the Gird-i Ba-
zar ceramics of 2015 and a first overview of the attested
chaines opératoires, based on the collaboration with Silvia
Amicone who conducted thin section petrography analy-
sis in order to refine the macroscopic fabric classification
and also started investigating the clay sourcing (Chapter
E2). Elsa Perruchini’s Chapter E3 is dedicated to the first
round of residue analysis on pottery from Gird-i Bazar
and Qalat-i Dinka, with a special focus on her new on-
site sampling methodology.

In Section F, Andrea Squitieri presents the small finds
from Gird-i Bazar, arranged according to building context;

as in 2015, the majority of the finds are stone tools al-
though grinding stones, usually so typical for domestic
contexts, continue to be absent in the material uncovered.

In Section G, Tina Greenfield presents the refined bio-
archaeological sampling strategy at Gird-i Bazar, where
close collaboration with Arlene Rosen (University of Tex-
as at Austin) and Melissa Rosenzweig (Miami University,
Oxford, Ohio) had led to improvements in the protocols
for phytolith and palaeobotanical sampling. She presents
preliminary results of her analysis of the animal bones and
of Rosenzweig’s palaeobotanical studies and discussed
the graveyard on top of the ruins of the Neo-Assyrian oc-
cupation of Gird-i Bazar. 14C analysis of a tooth from one
of the burials confirmed the dating to the Sasanian period
that had already been suggested by the pottery found on
the associated surface while Christoph Berthold (Compe-
tence Center Archaeometry Baden-Wuerttemberg (CCA-
BW) of the University of Tiibingen) showed by conducting
p-XRD analysis on beads from this same burial and anoth-
er that they are made of carnelian.

The book closes with in Section H and Karen Radner’s,
F. Janoscha Kreppner’s and Andrea Squitieri's conclusions
drawn from the work conducted so far.

None of these studies would have been possible with-
out the hard work, the enthusiasm and the unfailing sup-
port of our local colleagues. In particular, the substantial
progress made in ceramic processing and analysis could
only be achieved due to the wealth of experience and
knowledge contributed to the project by Zuhair Rajab Ab-
dullah al-Samarraee, Abdullah Bakr Othman, Hero Salih
Ahmed and Hayman Noori.
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B.1 Magnetometer prospection at the Dinka
Settlement Complex and Gawr Miran, 2016

Jorg W. E. Fassbinder, Andrei Asandulesei &
Marion Scheiblecker"

Magnetic prospection is among the methods most suita-
ble for the large-scale prospection of archaeological sites.
First applied by Aitken and Belshé in 1956'", the method
has since become a standard practice of archaeological
geophysics' and proved very successful when first used
at the Dinka Settlement Complex in 2015".

When we undertook the first magnetometer survey at
Gird-i Bazar in August 2015, the area west and south of
the chicken farm enclosure was roughly ploughed and not
suitable for a high-resolution magnetometer survey. In
the summer of 2016, however, the conditions of this area
were perfect: almost all the intensively used fields around
the chicken farm had been harvested already in June, and
all the deep ploughing furrows of the last year had been
levelled out and the surface was flat and even.

Our magnetometer prospection in September 2016 fo-
cused therefore on the area between the chicken farm at
Gird-i Bazar and the elevation of Qalat-i Dinka, in the
southwest of the lower town of the Dinka Settlement
Complex (Fig. B1.1). We continued to use the caesium
magnetometer Scintrex Smartmag SM4G-special in the
so-called “duo-sensor configuration” which enables us
to measure the highest possible signal of the archaeo-
logical features while minimising the noise to signal ratio
(Fig. B1.2). Simultaneously, we can double the speed of
the fieldwork. The magnetometer probes are fixed on a
wooden frame and carried handheld in zigzag mode 30
cm above the ground. Since the magnetometer in this
configuration is very tolerant in respect to the tilting of
the probes, it is highly suitable for working in difficult,

10 Jorg Fassbinder and Andrei Asandulesei conducted the magnetom-
eter surveys while Marion Scheiblecker (LMU Munich) assisted in
the evaluation of the results. The team is grateful for the generous
financial support of the Munchener Universitatsgesellschaft for
the geophysical prospection, awarded to Karen Radner.

11 Belshé 1957; Aitken 1958.

12 Aspinall/Gaffney/Schmidt 2008; Fassbinder 2016.

13 Fassbinder/Asandulesei 2016.

steep and uneven terrain and allows us to cover ditches
and field boundaries (Fig. B1.3).

At the Dinka Settlement Complex, we surveyed an area
of c. 400x400 m, covering the plain from the west and
south of the chicken farm to the western road. The pro-
files were oriented preferably east-west or alternatively
parallel to the direction of the plough furrows in order to
minimise disturbance of the magnetometer probes. Dur-
ing September 2016, solar activity and the diurnal varia-
tion induced by the solar wind were comparatively low™.
These conditions allowed us to reduce the diurnal varia-
tions to the mean value of all data for each 40x40 m grid®.
The sampling density was 12.5x50 cm. To create discrete
field values a re-sampling program designed by Fassbind-
er was used, which sets the data to 25x25 cm. Further data
handling and processing followed the 2015 protocol™.

As in 2015, in situ susceptibility measurements were un-
dertaken with a handheld Kappa meter (SM-30, ZHinstru-
ments, Brno, Czech Republic) which corresponded to last
year’s measurements”. The susceptibility contrast of the
undisturbed topsoil and the archaeological layers is rela-
tively low. Nevertheless, the habitual use of high magnetic
rocks and gravels for the foundations of buildings at the
Dinka Settlement Complex, as observed in the excavated
areas, results in a high contrast magnetogram image. For
the future, further mineral magnetic analysis is planned
for a better understanding of the soil magnetic properties
and the site formation processes.

In addition to the work at the Dinka Settlement Com-
plex, test measurements in an area of c. 0.5 hectares were
undertaken at the site of Gawr Miran, situated c. 3.5 km
northeast from Qalat-i Dinka on top of a small plateau
(Fig. B1.4). As Jessica Giraud’s MAFGS team had found
surface ceramic assemblages comparable to the Neo-As-
syrian period pottery excavated at Gird-i Bazar at this site
in 2015, a connection between Gawr Miran and the Dinka
Settlement Complex seems likely™.

14  http://www.ips.gov.au/Space_Weather.
15 Fassbinder/Gorka 2009.

16 Fassbinder/Asandulesei 2016, 36.

17 Fassbinder/Asandulesei 2016, 36-38.

18 Giraud 2016, 35.
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Fig. B1.1: Panorama view of the Bora Plain, looking from Qalat-i Dinka in the west towards the plateau of Gawr Miran in the
northeast. The chicken farm of Gird-i Bazar is visible in the centre. Photo by Jorg Fassbinder.
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Fig. B1.2: Dependence of the intensity of a magnetic anomaly Fig. B1.3: Andrei Asandulesei surveying the lower town of
above a V-shaped body (ditch, c. 2.75 m deep and 3.5 m wide at the Dinka Settlement Complex with the handheld Caesium
the top) on the sensor / probe configuration of a magnetome- magnetometer in the duo-sensor configuration in September
ter, calculated for an inclination of the Earth’s magnetic field 2016. The large scale gravel extraction operations underway

of 60° in the northern hemisphere. Prepared by Jorg Fassbinder. on the Lower Zab are visible in the background. Photo by Jorg
Fassbinder.
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' BORA PLAIN
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Fig. B1.4: Satellite image of the Bora Plain showing the location of Qalat-i Dinka, Gird-i Bazar and Gawr Miran. Satellite image
provided by Bing, accessed in July 2017. Elaborated in QGIS by Andrea Squitieri.
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Fig. B1.5: Dinka Settlement Complex. Magnetogram of the survey area of c. 400x400 m between Gird-i Bazar and Qalat-i Dinka.
Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special caesium total field magnetometer (sensitivity +10 pT)

in a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm, interpolated to 25x25 cm, dynamics in 256 grey scales.
Intensity of total Earth’s magnetic field at the site: 47,600 nT +30 nT (September 2016). Satellite image provided by Bing, accessed in

June 2017. Prepared by Jorg Fassbinder.
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Fig. B1.6: Dinka Settlement Complex. Magnetogram of the survey area of c. 400x400 m between Gird-i Bazar and Qalat-i Dinka.
Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special caesium total field magnetometer (sensitivity +10 pT) in
a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm, interpolated to 25x25 cm, dynamics in 256 grey scales, fused
by 10x10 high-pass filter. Intensity of total Earth’s magnetic field at the site: 47,600 nT +30 nT (September 2016). Satellite image
provided by Bing, accessed in June 2017. Prepared by Jorg Fassbinder.

B1.1 Prospecting the lower town of the Dinka
Settlement Complex

The starting point for the 2016 survey (Figs. B1.5-6) was
the site of Gird-i Bazar, partly destroyed by the modern
chicken farm and partly excavated. An area of 40x80 m in
the northeast of the enclosure, covering a slight elevation,
had been surveyed in 2015 but no features except for some
undefined pits were observed there®. In September 2016,
we surveyed an area of c. 400x400 m to the south and the
west of the chicken farm, starting at a distance of 10 m
from the the fence around the chicken farm (Fig. B1.7).

19 Fassbinder/Asandulesei 2016, 36, 38.

The magnetometer survey results revealed an extreme-
ly clear, sharp and highly contrasting magnetic image
underground. The archaeological features can be clearly
distinguished from the adjacent soil and geological back-
ground, an aridisol developed on gravel and alluvium of
the valley®. As detailed above, the surface conditions
were excellent, with almost no disturbances in the topsoil.
In addition, there are several further reasons for the out-
standing results:

20 According to the preliminary assessment of Eileen Eckmeier (Geo-
graphy Department, LMU Munich) who took first samples for soil
analyses in May 2017.
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Fig. B1.7: Drone image showing the locations of the geoarchaeological trenches (red squares: GA 40-42) opened in 2015, superim-
posed on Jorg Fassbinder’s magnetogram of the area between Gird-i Bazar and Qalat-i Dinka surveyed in September 2016. Drone
photo created by ICONEM (Paris; http:/iconem.com), courtesy of Un Film a la Patte (Strasbourg; http://www.unfilmalapatte.fr) and
Jessica Giraud. Annotated by Andrea Squitieri.

Site conditions:

e The Dinka Settlement Complex is a single phase site
with one archaeological layer.

e There is neither erosion nor destruction to the archaeo-
logical layer in the lower town (unlike at Qalat-i Dinka
with its steep slope).

e The gravels and stones used to build the buildings’
stone foundations display a high contrast to the mag-
netic susceptibility of the soil.

e The remanent magnetisation of the rocks contributes
decisively to a very much higher intensity compared
to the almost viscous remanent magnetisation of the
adjacent soil.

Methodology:
® The caesium magnetometer used achieves measure-
ments of a physical resolution that is 10x to 100x higher

than that of commercial fluxgate magnetometer sys-
tems (Fig. B1.2).

e A special, well engineered sensor configuration of the
field magnetometer.

e Precise data collection and high spatial resolution.

e Sophisticated data processing, fusing and visualisation
as a grayscale image.

As in the 2015 survey, the magnetic field intensity data in
a 40x40 m grid varies in the range of +20 nT from the cor-
rected mean value of the geomagnetic field. The stronger
anomalies can be ascribed to burnt features such as kilns,
lightning strikes or pieces of iron containing slag or iron
waste. They are easily distinguishable by their different
direction of magnetic dipole anomalies but also by their
value of high intensities (> t50 nT) (Figs. B1.8-11).
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Fig. B1.8: Detail of the “large building complex” with three large buildings, seemingly free-standing. Magnetometer survey
conducted with a Scintrex Smartmag SM4G-Special caesium total field magnetometer (sensitivity +10 pT) in a duo-sensor configu-
ration. 40x40 m grid, sampling density 25x50 cm, interpolated to 25x25 cm, dynamics inverted in 256 grey scales, fused by 10x10
high-pass filter, displayed with hill-shading mode. Intensity of total Earth’s magnetic field at the site: 47,600 nT +30 nT (September

2016). Prepared by Jorg Fassbinder.

For the integrated interpretation, we try to classify the

findings:

1. by the shape and layout of the feature;

2. by the intensity of the magnetic anomaly;

3. by the direction and intensity of the remanent mag-
netisation;

4. by the induced magnetisation (volume magnetic sus-
ceptibility).

No. 1 is based on archaeological background knowledge.
Nos. 2-4 are based on the supplementary measurements

in the geophysics laboratory, such as magnetic volume
susceptibility, on mineral magnetic studies of selected
soil samples and on the theoretical background of applied
geophysics and rock magnetism?'.

For a more detailed archaeological analysis of the res-
ults and a display in a lower scale, we divided the magnet-
ogram into five subsections that will be discussed individ-
ually in the following.

21 Dunlop/Ozdemir 1997; Fassbinder 2015; Jordanova 2017.
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Fig. B1.9: Detail of the “workshop complex”. Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special caesium
total field magnetometer (sensitivity 10 pT) in a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm, interpolated
to 25x25 cm, dynamics inverted in 256 grey scales. Intensity of total Earth’s magnetic field at the site: 47,600 nT +30 nT (September
2016). Prepared by Jorg Fassbinder.
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unknown archaeological features
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Fig. B1.10: Detail of the “workshop complex”. Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special caesium
total field magnetometer (sensitivity 10 pT) in a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm, interpolated
to 25x25 cm, dynamics inverted in 256 grey scales, partly overlayed by 10x10 high-pass filter. Intensity of total Earth’s magnetic
field at the site: 47,600 nT +30 nT (September 2016). Prepared by Jorg Fassbinder.
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traces of mudslide destruction
by natural disaster ?
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Fig. B1.11: Detail of the “neighbourhood in the centre”. Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special
caesium total field magnetometer (sensitivity 10 pT) in a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm,
interpolated to 25x25 cm, dynamics inverted in 256 grey scales. Intensity of total Earth’s magnetic field at the site: 47,600 nT +30
nT (September 2016). Prepared by Jorg Fassbinder.
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B1.1.1 The large freestanding building complex

The magnetogram section of the “large building complex”
(Fig. B1.8) reveals a complex of three freestanding build-
ings (as has been verified by excavation in spring 2017:
Buildings K, L and M*). When looking closer at the mag-
netogram image one observes differences or irregularities
in the composition and texture of the walls. While this
could point towards a second building phase of repair
works or reconstruction, it may also be due to the use of
building material with different magnetic properties, as
was observed during the 2015 excavation at Gird-i Bazar®.

The magnetogram does not indicate any fireplaces,
kilns or hearths inside the buildings. But one must em-
phasise that the absence of magnetic traces from fire-
places or kilns in the magnetic image does not exclude
the possibility to find charcoal and / or fireplaces that
were only in occasional or short-term use as short burn-
ing events with low firing temperatures do not lead to a
noteworthy enhancement of magnetic minerals and may
remain invisible even to sensitive magnetometers.

Some distinct dark (strong) remanent anomalies in
Building L turned out to be large storage vessels during
the 2017 spring excavations. In addition to their high mag-
netic susceptibility, they have a strong magnetic rema-
nence which intensifies the anomaly at least twofold.

To the south of the buildings, kilns can be identified
because of their round shape and by the intensity and re-
manence that was acquired in the direction of the Earth’s
magnetic field. An anomaly of this shape indicates that
the kiln is still intact and not mechanically destroyed after
the last use with fire.

In the southernmost part of the magnetogram section,
we detected another building complex, with stone walls
that are partly destroyed. Between this structure and the
building complex in the north, there are further stone set-
tings, a mudbrick wall and some more kilns. However, these
features cannot easily be reconstructed as one building.

B1.1.2 The workshop area

Situated between the large freestanding building com-
plex and Gird-i Bazar, the northeastern area stands out
because of the extreme contamination of its topsoil with
heavy minerals and ferromagnetic iron particles; in the
first instance this obscures all other features in the north-

22 See http://www.en.ag.geschichte.uni-muenchen.de/research/pesh-
dar-plain-project/index.html for a preliminary report.
23 Fassbinder/Asandulesei 2016, 38.

eastern part of the magnetogram (Fig. B1.9). Only by the
application of a high-pass filter, we were able to observe
features beneath this iron accumulation (Fig. B1.10). Tra-
cing such large-scale (vertical) enhancement of magnetic
minerals in the topsoil was possible thanks to the specific
configuration of our magnetometer system; when using
a commercial fluxgate gradiometer, such features would
be removed by the subtraction of two sensors data and
remain undetected.

However, while it is clear that the features observed
were exposed to intensive fire they cannot be identified
at present because they lack typical shapes and layouts
and cannot be correlated with archaeologically known
construction types.

Situated to the southwest of these features, we detec-
ted four groupings of large kilns, consisting of three, four
and five kilns respectively in areas of c. 10x10 m. A battery
of 9-10 fireplaces with lower fire intensity are located be-
tween the southern and the eastern groups of kilns. Fur-
ther data processing and the application of a high-pass fil-
ter revealed a multitude of linear features and stone rows
or adobe constructions. These features may be traces of
temporarily used huts or workshops whose walls did not
require solid stone foundations as observed for the oth-
er buildings. We therefore interpret this part of the Din-
ka Settlement Complex as a workshop area. Almost all
features are quite clear in their layout and we therefore
would expect a single phase occupation.

A long row of stones situated to the west of Gird-i Ba-
zar and the modern chicken farm (cf. Fig. B1.9), interpret-
ed to be a wall, bordered onto or enclosed that settlement
quarter of the Dinka Settlement Complex. This wall can
be identified in the surface topography as a visible slight
depression that runs down to the Zab River.

B1.1.3 The neighbourhood in the centre

The area in the centre (Fig. B1.11) is dominated by a
densely built-up neighbourhood. In addition to the build-
ings, there are fireplaces and kilns. On the eastern side of
the neighbourhood, we observe traces of destruction to
the building foundations which coincide with a slight de-
pression in the topography, only just visible on the ground.
It is possible, although not certain, that this destruction
was caused by a natural disaster such as a mudslide oc-
curring after heavy rainfalls (see Chapter H).
Furthermore, there is a clear indication for a lightning
strike. The traces of the lightning strike follow in part
the buildings’ foundations. This could be interpreted as
evidence for the existence of a higher building or some-
thing like a flagpole that attracted the lightning strike. It
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is clear that the event took place during the occupation
of the site because it is unlikely that lightening would be
attracted by a flat area such as the landscape looks to-
day. A lightning strike or its traces cannot be excavated or
even recognised by an enrichment of magnetic minerals.
A lightning strike is revealed only by the extremely high
remanent magnetisation, picked up by the field magneto-
meter or in evidence in affected rock or sediment samples
analysed in a rock magnetic laboratory.

B1.1.4 The neighbourhood in the west

The western neighbourhood (Fig. B1.12) is another dense-
ly built-up area whose small, regular houses are separated
by narrow alleyways. There is an open square with three
large kilns, or possibly pits affected by high temperature
fire. Furthermore, there is another clear indication for a
lightning strike hitting a house.

B1.1.5 The neighbourhood in the southeast

The neighbourhood in the southeast of the Dinka Settle-
ment Complex (Fig. B1.13) seems to be delineated by a
wall to the northwest, towards the area of Gird-i Bazar,
while in the northeast, there is a wide road. While the
buildings of the neighbourhood are separated by nar-
row alleyways similar to those in the other quarters, the
houses’ layout and architecture differ considerably. There
are also many small kilns and ovens inside the houses,
indicating different patterns of usage and function.

Yet again, there is evidence for a lightning strike that
hit a house complex in the southwestern part of the neigh-
bourhood.

B1.2 Prospecting at Gawr Miran

The site of Gawr Miran is situated on a plateau c. 3.5 km
northeast of the Dinka Settlement Complex. It offers a
great view over the whole Bora Plain as well as the course
of the Lower Zab from the modern border with Iran to
the Sungasur gorge at Darband (also Darband-i Ramkan
or Darband-i Raniyah)* and therefore has obvious stra-
tegic importance. The site came to our attention because
the MAFGS team found a considerable concentration of
pottery from the Neo-Assyrian period®.

24 Radner 2016a, 11.
25 Giraud 2016, 35.

After a first visit in August 2016 to Gawr Miran led
by Karen Radner and Janoscha Kreppner, it was decid-
ed to undertake a test magnetometer prospection on a
ploughed field on top of the site. This area had been fresh-
ly ploughed, which brought numerous pottery sherds to
the surface.

For the magnetometer test survey, a rectangular area
adjacent to the top of the site was chosen. The resulting
magnetogram revealed a dense settlement area with rec-
tangular pits, probably cellars or basements. In contrast
to the results in the different areas of the Dinka Settle-
ment Complex, the foundations revealed their existence
by negative (white) anomalies (Fig. B1.14). To facilitate
the archaeological interpretation and to allow for a bet-
ter comparison with the results at the Dinka Settlement
Complex, we applied a high-pass filter, inverted the data
and applied a slight hill shading to the image (Fig. B1.15).

The size and the layout of the buildings differ from
those of the Dinka Settlement Complex. The use of differ-
ent construction techniques can have various reasons but
we can safely exclude that the occupation at Gawr Miran
and the Dinka Settlement Complex date to different peri-
ods because of the matching pottery in evidence. Perhaps
the explanation is the difference in the surface on which
the buildings were erected. However, it may be the case
that the buildings had a completely different function. A
full prospection and test excavation would certainly help
to answer this issue and to learn more about the func-
tions of the buildings.

B1.3 Conclusions

The geophysical results discussed in this chapter reveal
not only the existence of the lower town of the Dinka
Settlement Complex but provide a very detailed and clear
ground plan for hitherto unknown parts of the settlement,
including several distinct neighbourhoods with residential
quarters of differing building size and complexity as well
as a workshop area. Subsequently, first excavations were
undertaken in spring 2017 in the area with the freestand-
ing complex of three large buildings and confirmed the
magnetogram’s accuracy.

Further research in the Dinka Settlement Complex will
undoubtedly provide deeper insights into the structure
and functional organisation of a large settlement of the
Neo-Assyrian period on the Empire’s border with West-
ern Iran. Also the contemporaneous site of Gawr Miran,
with its important strategic position, merits further study.
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Fig. B1.12: Detail of the “neighbourhood in the west”. Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special
caesium total field magnetometer (sensitivity 10 pT) in a duo-sensor configuration. 40x40 m grid, sampling density 25x50 cm,
interpolated to 25x25 cm, dynamics inverted in 256 grey scales. Intensity of total Earth’s magnetic field at the site: 47,600 nT +30
nT (September 2016). Prepared by Jorg Fassbinder.
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Fig. B1.13: Detail of the “neighbourhood in the southeast”. Magnetometer survey conducted with a Scintrex Smartmag
SM4G-Special caesium total field magnetometer (sensitivity £10 pT) in a duo-sensor configuration. 40x40 m grid, sampling density
25x50 cm, interpolated to 25x25 cm, dynamics inverted in 256 grey scales. Intensity of total Earth’s magnetic field at the site:
47,600 nT £30 nT (September 2016). Prepared by Jorg Fassbinder.
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Fig. B1.14: Gawr Miran. Magnetogram of the survey area of 80x80 m near the top of the settlement mound. Magnetometer survey
conducted with a Scintrex Smartmag SM4G-Special caesium total field magnetometer (sensitivity +10 pT) in a duo-sensor con-
figuration. 20x20 m grid, sampling density 12,5x50 cm, interpolated to 25x25 cm, dynamics inverted in 256 grey scales, fused by
10x10 high-pass filter. Intensity of total Earth’s magnetic field at Gawr Miran: 47,620 nT +20 nT (September 2016). Satellite image
provided by Bing, accessed in June 2017. Prepared by Jorg Fassbinder.
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Fig. B1.15: Gawr Miran. Magnetometer survey conducted with a Scintrex Smartmag SM4G-Special caesium total field magne-
tometer (sensitivity £10 pT) in a duo-sensor configuration. 20x20 m grid, sampling density 12,5x50 cm, interpolated to 25x25 cm,
dynamics inverted in 256 grey scales, fused by 10x10 high-pass filter, displayed with hill-shading mode. Intensity of total Earth’s
magnetic field at Gawr Miran: 47,620 nT #20 nT (September 2016). Prepared by Jorg Fassbinder.
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B2. Electrical resistivity tomography investiga-
tions of the ganat system, 2016-2017

Mark Altaweel

In 2015, an irrigation system of the type called qanat in Ar-
abic and karez in Farsi was identified about 1.3 km south
of Girdi-i Bazar on the basis of the remains observable
on the ground®. In autumn of 2016 and spring of 2017, a
team of the University of Sulaymaniyah’s Department of
Geology, supervised by Professor Bakhtiar Qader Aziz,
Dean of the College of Science, and funded by the Pe-
shdar Plain Project headed by Karen Radner, was asked
to undertake electrical resistivity tomography (ERT) and
subsequent software analysis in order to further clarify
our understanding of the ganat system in the Bora Plain.
The Sulaymaniyah team completed Transects 1-9 during
the 2016 autumn campaign and Transects 10-18 during the
2017 spring campaign.

The author of this chapter chose the location of these 18
transects. Firstly, the goal was to determine the likely wa-
ter source of the ganat system and secondly, we wanted to
learn more about its underground layout, especially how
the tunnels are shaped and where the different branches
observable on the ground connect. As the following dis-
cussion will show, some of these goals were accomplished.
However, many questions remain, as not all ERT results
were conclusive.

B2.1 Qanats in the Middle East and in the
Bora Plain

Qanat features provide irrigation for agriculture and/
or drinking water for humans and animals”. The gener-
al method for the construction of these features is well
known: they are tunnelled from relatively higher eleva-
tion, either tapping underground aquifers or bringing wa-
ter from a specific source. Using gravity flow, the tunnels
transport this water to lower areas where the settlements
and agricultural lands were situated. As a result, most of
a ganat system is hidden underground, leaving visible on
the surface only the access holes that were used in its
construction and/or maintenance.

As the higher humidity underground keeps evapora-
tion to lower levels, they can transport water with rela-
tively low water loss, making them far more efficient than
surface aqueducts or canals. This efficiency in water re-

26 Altaweel/Marsh 2016, 25.
27 Mostafaeipour 2010.

tention makes qanats very useful in dry regions through-
out the Old World, where they are in use until today.

Qanat water features first appear in the Iron Age in the
arid and more rugged regions of the Middle East, includ-
ing Iran and northern Irag®. Qanats have been extensively
studied in Iran, but also on the Arabian Peninsula and
in Central Asia®. Although it is clear that ganats have
been historically important throughout northern Iragq,
for example in regions around Erbil** and to the south-
east of Mosul®', they are far less thoroughly documented
and studied than those of neighbouring Iran where some
50,000 ganats have been documented. Many of these
were still in use at the beginning of the 20" century, and
some of them are assumed to have been in near continual
use since originating in the Iron Age®.

The ganat system in the Bora Plain, which is at least
in part still in use today, is likely to be such an example.
Fig. B2.1 shows its current appearance overground, based
on satellite imagery from 2014. While its main axis runs
from a southerly to a northerly direction towards Gird-i
Bazar, one branch traverses in an east-to-west direction
and appears to intersect or connect to the main north-
south axis branch.

These observations lead to two important points. First,
although the general axis of the main branch runs the
raised bank of the Lower Zab towards the Dinka Settle-
ment Complex, neither the origin nor the ultimate desti-
nation of the water transported by the system are clear
at present. Furthermore, the presence of the east-west
branch indicates a complex system with several contem-
porary branches or possibly multiple phases of construc-
tion, with the branches dating to different periods. At
present, it seems more likely that the east-west branch
simply joins the main channel going south-north.

The use of ERT has not been typical in the study of
ganat systems. However, similar research to this has very
recently been conducted in Iran, where ganats have been
detected and mapped, although their study was not the
primary focus, using a similar ERT method as that applied
here.* In cases where ground penetrating radar (GPR)
may not be of the correct frequency or shows possible
limitations due to conditions, ERT could be a useful meth-
od for detecting ganat features and their dimensions, as
demonstrated here.

28 Ward 1968.

29 Hussein et al. 2008.

30 Ward 1968; Ur et al. 2013.
31 Altaweel 2008.

32 Kheirabadi 1991.

33 Amini/Ramazi 2016.



B. Geophysical research in the Bora Plain

Fig. B2.1: Qanat access holes visible in the Bora Plain, east of the site of Gird-i Bazar, as visible on a QuickBird image of 24 Octo-
ber 2014. Annotated by M. Altaweel.

B2.2 Methodology of the ERT investigation

Electrical resistivity tomography (ERT) is a geophysical
technique for imaging sub-surface structures from elec-
trical resistivity measurements made at the surface. The
first ERT investigation of the ganat system in the Bora
Plain was carried out in September 2016. Ideally, condi-
tions would have been better with wetter soils, but elec-
trical resistivity demonstrated good soil conduction and
the overall results were more positive than expected for a
particularly dry time of year. A second round of investiga-
tions was undertaken in early May 2017.

The location and orientation of the transects were cho-
sen by the author and based on two sets of considera-
tions: we had to work in accessible areas while attempting
to intersect areas that are likely to be traversed by a ganat
tunnel. Some transects were also chosen so that the same
feature could be observed multiple times, in order to con-
firm the presence of a given feature. As a consequence, a
total of eighteen transects were undertaken (Fig. B2.2),

each with a length of 142 m. Along each transect, 72 elec-
trodes were positioned in a distance of 2 m from each
other.

After the collection of the ERT field data, 2D images
showing subsurface features were created. The current-
ly available data do not allow the creation of 3D models.
Professor Bakhtiar Qader Aziz (University of Sulaymani-
yah) created the 2D images by exporting the field data to
the software package RES2DINV (version 3.54.53), a 2D
geophysical inversion software for resistivity and induced
polarization data developed by Geotomo Software. This
software applies a smoothness-constrained inversion to
the resistivity data, using finite difference forward model-
ling and Quasi-Newton techniques®. Inconclusive or bad
quality data points were removed from the dataset to
avoid their effect in the inversion algorithm. To this end,
filters were applied to remove abnormal results that re-

34 Loke/Dahlin 2002.
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air/Chicken Farm

Fig. B2.2: Position of the 18 2016-2017 ERT transects (with numbers underlined). Red points indicate the first point (Electrode 1) in
a transect and white is the second (Electrode 72); this is also the direction of the transects from left to right in subsequent figures.

QuickBird image of 24 October 2014, annotated by M. Altaweel.

corded potential, resistivity, injection current, and stand-
ard deviations.

For each sounding, a drawing was made using the meas-
ured pseudo, calculated and inverse sections. In addition,
the author’s interpretation is based on his understanding
of local hydrologic and sedimentary conditions based on
fieldwork conducted in 2015 and general regional observa-
tions made since 2011.

B2.3 Discussion of the ERT results

For each transect, three images are shown: the top two
images reflect the measurements and the third is the in-
terpretative result. Colours applied in the figures indicate
the ohm measurements according to the resistivity results,
which help to map anomalies and subsurface features.

Transects 1-4

Transects 1-4 (Fig. B2.3) are situated at intervals south of
a line of access holes that leads from the elevated bank
of the Lower Zab in the direction of Gird-i Bazar and the
modern chicken farm. These are intended to show the key
water source for the feature.

Transect 1 showed two strong anomalies between Elec-
trodes 23 and 34 (46-68 m length of transect) and 37 and 47
(74-94 m along the length of the transect) and at a depth
close to 3-5 m. These represent some type of channel and
the feature between electrodes 23 and 34 is more likely
to be a tunnel of a ganat, as it lies within the trajectory
expected for the ganat based on the visible access holes.
Boulders and rocks are interpreted to be creating the high
resistivity noticed in the 2D image of the features. There-
fore, this signature could also represent collapse within
the tunnel. The feature between 37 and 47 could represent
a possibly bifurcation or second channel, although this is
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less clear. It is possible that an additional water source
may be providing the main channel and, therefore, this
second anomaly could be that second, branch channel.

Transect 2 intersects Transect 1 and part of the purpose
of this transect is it can be used to certify the observation
from Transect 1. In Transect 2, an anomaly is observable
at a depth of 3 m beneath Electrodes 54 to 59, i.e., 108-118
m along the length of the transect. The transect makes it
even more apparent that there is tunnelling in this location
that follows in line with the feature (between electrodes 23
and 34) observed in Transect 1. According to the ERT re-
sults, the tunnel is 8 m wide and 5 m high in this position.
One difference, however, is the tunnel seems to be not as
deep as observed in Transect 1, although the alignment
is as should be expected. In both transects, the feature
observed maybe slightly deeper or shallower than the re-
sults observed, as the signal for it was strong, suggesting
the ganat may actually be between 3-4 meters below the
surface. Near Transect 15, an exposed access hole can be
accessed and this allows us to observe that the tunnel was
indeed located closer to 3 m below the surface, suggest-
ing Transect 2’s depth observation could be more accurate.
The height and width of the tunnel near this access hole,
however, are about 2 m and less than 1 m respectively. A
comparison with the resistivity results from Transect 2 in-
dicates that this is unlikely to represent the original width
and height of the feature but that this area was affected
by tunnelling, movement of debris and collapse, and lack
of a high precision depth reading (due to the spacing of the
electrodes). Other features detected in Transect 1 include
the ancient river terrace made of boulders and pebbles,
with Holocene clays and silts above this layer.

Transects 3 and 4 showed only natural sediments. Clays/
silts are about 4-5 m in depth, which represent the Holo-
cene sediments of the region. Below the clays are the likely
Pleistocene rocks and gravels common to the region. The
transects demonstrate that no branch qanat was evident
in this area.

Transects 5-8

These transects (Fig. B2.4) were located just to the south
and along the visible ganat access holes. The goal was to
check whether the feature observed in the first four tran-
sects is, in fact, a ganat and not another feature, such as a
natural palaeochannel.

Transect 5 showed another likely tunnel, or an anomaly,
of the ganat system at a depth of nearly 3-5 m between
Electrodes 23 and 71, i.e., 46-142 m along the length of the
transect; the feature is c. 5 m high but this could be error
due to electrode spacing or other possibilities. The results
are not as clear as in Transect 2, possibly reflecting infill-
ing or disturbance to the feature. Alternatively, the wider

anomaly observed in Transect 5 in comparison to Transect
2 may indicate multiple construction phases of the feature
or even evidence for tunnelling from an earlier phase. This
could explain, additionally, the possible bifurcation suggest-
ed in Transect 1. While tunnelling and the ganat feature are
evident, the large size of the anomaly is not easily explained.

Transects 6 shows that between Electrodes 14 to 32, i.e.,
28-64 m along the length of the transect, an anomaly is
visible; starting at a depth of about 3 m, an anomaly as-
sociated with the same qanat feature identified already in
Transects 1 and 2 is evident. The depth of the feature was
similar to Transect 2 and, similar to before, the tunnelling
appears wider or larger than expected, which could be ev-
idence of disturbance. The material inside the tunnel is
likely to have a similar composition as the area tunnelled
through, as the geological layer that the tunnel traverses
consists of boulders and gravel. Above this, there is a layer
of Holocene clays and silts of a height of about 2 m just
below the surface.

Transect 7 shows the same feature as Transect 6 (at
around Electrodes 14 to 32), but there is a second pos-
sible tunnel starting at Electrode 55, i.e., at 110 m along
the length of the transect at about the same depth as
the first feature in evidence in this transect. The possible
presence of another tunnel branch in this area needs to
be further investigated. The resistivity in this feature was
not as strong as in the clearer ganat features in the earlier
transects; however, other ganat features (discussed later)
likely show similar resistivity as this feature.

Transect 8 appears to show anomalies at Electrodes 1to
25 as well as beneath Electrodes 40 to 72. These anomalies
are about 3-4 m below the surface, likely representing re-
mains of the ganat as nearby surface holes are present in
the area where this transect was conducted. In fact, the
close proximity of the two anomalies indicates that the
transect is likely cutting across near the juncture where
the main north-south branch and the east-west branch of
the ganat system meet. Furthermore, their elevations are
nearly identical at this point, supporting the assumption
that the two intersect. The resistivity reading for both
anomalies corresponds to previous transects, indicating
that the material of these features is similar or the same
as in the previous features. There is a shallow layer of Hol-
ocene clays and silts to a depth of 2 m in this area.

Transects 9-12

In choosing transects in these locations (Fig. B2.5), the
goal was to attempt to determine if the main qanat fea-
ture continues toward the Dinka Settlement Complex. If
this were the case, the feature would very likely be con-
temporary with the site and may have provisioned water
to the site rather than only to agricultural fields.
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Transect 9 shows one anomaly between electrodes 1
and 26 (1-52 m in length). A faint anomaly is seen between
electrodes 46 and the end of the transect. Both features
could be evidence for channels or tunnels from a ganat
system, although this is less clear as the morphology
of the features is wide, which could mean that they are
coming from an non-perpendicular angle relative to the
transect. The fainter feature may be less likely to be a
ganat, as the resistivity noticed could be more similar to
palaeochannel or natural features.

Transect 10 again indicates the presence of a layer of
Holocene clays and silts to a depth of about 2 m just be-
low the surface, with a layer of boulders and gravels un-
derneath, similar to evidence from previous transects. No
clear ganat feature or anomaly similar to known ganat
features is in evidence, with no obvious tunnel cut appear-
ing in the resistivity measurements. At about 2.5 m below
the surface, anomalies were detected between Electrodes
1-32, i.e., 2-64 m along the length of the transect, and
again between Electrodes 48-55, i.e., 96-110 m along the
transect. But these do not show clear patterns of an exca-
vated tunnel, such as in height and expected shape, and
may simply represent palaeochannels or buried wadis.

Transect 11 shows an anomaly, between 3-6 m below
the surface, underneath a layer of Holocene clays and silts
and between Electrodes 1-32, i.e., 2-64 m along the length
of the transect. The anomaly shows resistivity and materi-
al consistent with other channels and it seems to be filled
in with boulders and gravels. It is not entirely clear if the
feature represents part of a ganat system, as the observed
morphology is dissimilar to that of the better known fea-
tures. The data seem most likely to point towards the pres-
ence of a natural, buried wadi channel. Alternatively, there
is a ganat channel present but it is disturbed or transected
at a non-perpendicular angle. Additional smaller channels
are evident in the transect near Electrodes 41 and 65.

Transect 12 features a layer of 2-3 m of Holocene clays
and silts underneath the surface. A clearer anomaly, and
in similar dimensions as the previous readings of the qa-
nat feature, is evident between Electrodes 38-43, i.e, 76-86
m along the length of the transect, at about 3-4 m be-
low the surface. The dimension of this feature c. 10 x 8
m, although, as before the readings may not be accurate
due to the spacing of the electrodes. The reading signal
does not show the same resistivity as in the cases of the
transects previously discussed where ganat features were
mentioned, although this feature shows a shape and mor-
phology that is consistent with ganat features. Further-
more, it shows a similar resistivity signature to a ganat
feature in Transect 15. Other channels are present near
the central feature in the transect. Otherwise, gravels and
clay represent the main layer below a depth of 3 m.

Transects 13-16

These transects (Fig. B2.6) were undertaken in spring
2017 in order to determine the relationship of the ganat
system with the Dinka Settlement Complex and to fur-
ther elucidate the east-west branch of the ganat system.

Transect 13 shows several anomalies. The anomaly be-
tween Electrodes 41 and 53, i.e., 82-106 m along the tran-
sect, located about 4 m below the surface, follows the
same trajectory as the feature identified in Transect 12
(Electrodes 38-34 in that transect). However, the feature
in Transect 13 is not as deep and wide, perhaps indicating
that it is natural. If the two transects show the same fea-
ture, as is most likely, this may suggest that it is not part
of the ganat system.

Transect 14 has three anomalies that show relatively
higher resistivity than the surrounding clay/silt and stone
materials. In particular, the anomaly around Electrodes 44
and 51 could indicate a possible channel that follows the
trajectory of the feature identified in Transects 12-13 (i.e.,
between Electrodes 41-53 in Transect 13). The course of
the channel seems to follow the trajectory in a relatively
straight manner, but the shape of the feature is again not
consistent with a ganat. The anomalies at the two ends of
the transect give resistivity readings that suggest a hard
material. The dimensions and shape of the features do not
suggest any possible ganat features. Natural sedimenta-
tion is evident in the rest of the transect, similar to other
transects described.

Transect 15 did not show the thick layer of Holocene
clays and silts underneath the surface that was observed
elsewhere. However, a section near the middle of the tran-
sect showed deeper clay/silt infilling. Anomalies between
Electrodes 1-22, i.e., 1-44 m along the length of the transect,
represent likely channels; however, their morphology does
not indicate a shape consistent with ganat tunneling. These
anomalies are situated about 3-4 m below the surface. At
around Electrode 33 (106 m), a square-shaped anomaly is
evident about 3 m below the surface. This is very likely a
qanat feature, as nearby access holes are visible on the sur-
face. For this feature, the resistivity signature is consistent
with gravels and boulders found in the area, although it is
not as strong as some of the other ganat features observed.

Transect 16 shows a strong anomaly at about 3-4 m be-
low the surface between Electrodes 1 and 24. Similar to
the other ganat features and channels identified, the high
resistivity measured is linked to the presence of a layer
of gravel, boulders and pebbles. While the morphology of
the anomaly is similar to other identified ganat features, it
is not clear whether this feature is natural or a ganat. The
other anomaly, from around Electrode 38 until the end
of the transect, shows similar resistivity features as oth-
er anomalies that have been identified as ganat features;
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B. Geophysical research in the Bora Plain

128.0

ansect 17-18.bin

n
64.0

128.0

g

gravel/mixed sediment

27.2

olocene sediments

22.8

Calculated Apparent Resistivity Pseudosection

1.08
2.6
u.u9

6.34
7.91
9.76
1.4
2.64
549
6.3

Ps.2 0.0
7.9
9.76

s
n. Oepth
0.

128.0

ansect 17-18.bin

128.0

Unit electrode spacing 2.88 r 1 8

gravel/boulders

239

S w m e

______

17

Fig. B2.7: Transects 17-18. 2D images created with RES2DINV by Bakhtiar Qader Aziz.

however, the morphology is not consistent given that the
feature seems to be more irregular in shape.

Transects 17-18
These two transects (Fig. B2.7) are located to the east
of the east-west branch and the north-south branch of
the ganat system. The purpose of these two transects was
to determine whether the qanat system accessed water
sources to the east, such as the wadis from the highlands.
Compared to the other transects, Transect 17 shows a
much thicker Holocene sediment layer of silts and clays,
reaching a depth of up to 8 m. The greater infill is likely to
be caused by the runoff from a nearby wadi. Again, the layer
underneath is interpreted to consist mainly of boulders and
gravel. About 3-4 m below the surface between Electrodes
53-58, i.e., 106-116 m along the length of the transect, there
is an anomaly with a height of c. 5-7 m of a shape that sug-
gests a ganat tunnel. As in the cases discussed before, the
feature may be not quite as high as the ERT measurements
indicate. We can also observe a channel at a depth of about
11 m below the surface, likely a natural palaeochannel.
Transect 18 shows deep clay and silt sedimentation and
indications for Holocene channel formation. But there
is no evidence for man-made ganat features, making it
unlikely that water for the ganat system came from this
more easterly direction.

B2.4 Preliminary conclusions and open questions

Many of the transects successfully document parts of the
tunnel system or indicate the possibility of ganat tunnels,
although the features are not always very clear. Dam-
age to features and possible multiple phases of tunnel-
ling could have affected the interpretation of the results.
Additionally, limitations of a 2D method mean that it is
sometimes difficult to know if a tunnel is, in fact, a tun-
nel unless the feature is captured at a more clear go de-
gree angle in the transect. Transects 3, 4, and 18 definitely
show no possibility of ganat features or any tunnelling.
The ERT investigations undertaken in 2016-17 confirm
at least two extended stretches of the ganat system in the
Bora Plain, which are likely connected, as suggested by
Transect 8; the presence of the tunnels in two other areas
is plausible but at the moment less certain. Transects 1-2
suggest a course toward the Lower Zab for the ganat tun-
nels; however, the source of the ganat is not likely to be
this river since there is a large drop between the location
of the ganat features and river below (about 20-30 m).
Fig. B2.8 indicates the main course of the ganat sys-
tem, as it is presently understood. These results slightly
expand our knowledge of the system beyond the areas
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Fig. B2.8: Qanat tunnels as mapped and interpreted on the basis of ERT analysis and surface observations. Probable features as
well as possible but less likely ones are indicated in the QuickBird image from 24 October 2014, annotated by M. Altaweel.

known from surface observation, particularly near the
Lower Zab. But it is still unclear how the system connects
to the Dinka Settlement Complex, if at all. The water
source is likely to be somewhere in the highland regions
to the east of the settlement, but given that the course
of the ganat runs somewhat parallel with the Lower Zab,
this suggests a possible source that is further to the south
of the area investigated so far.

As suggested above, the ganat tunnels that run east-
west seem to intersect and integrate with the main north-
south features. The resistivity results from Transects 16-17
do not suggest any water source coming from areas east
of the main north-south branch. This makes it likely that
the east-west branch is a branch from the main north-
south ganat system and that the main branch and east-
west branch were contemporary in use.

After two seasons of ERT investigation, it appears pos-
sible that there were multiple construction phases and
/ or multiple water sources. The current results suggest
that the ganat network could be much more extensive and
complex than is evident from the surface features. This is

also indicated by the fact that a number of modern water
cisterns and artificial ponds in the area appear to be fed
by ancient irrigation features, and these are likely related
to the ganat discussed here. All this suggests an extensive
and expansive system.

While our results so far continue to suggest a possi-
ble relationship between the ganat system and the As-
syrian-period Dinka Settlement Complex, we do not at
present possess any data that links them conclusively. In
addition to determining the structural relationship of the
irrigation system to the site, we must attempt to establish
a date for the features identified. Ideally, dating of the
features would be undertaken using the Optically Stim-
ulated Luminescence (OSL) technique, but this requires
the extraction of suitably sandy material from the tunnels.
Although very little sand occurs in the Bora Plain, we will
explore this option in future seasons using coring or ex-
cavation techniques. Furthermore, it is evident from our
work so far that the water source of the ganat is more to
the south and east than previously thought, indicating a
need to explore those regions.



C. Excavating Qalat-i Dinka: the 2016 season

F. Janoscha Kreppner & Andrea Squitieri

This chapter presents the results of the first archaeolo-
gical excavations at Qalat-i Dinka (hereafter Dinka) (Fig.
C1), which took place between 24 May and 2 June 2016*.
After it became known that a farmer had discovered
a fragmentary and secondarily fired Neo-Assyrian clay
tablet dated to 725 BC on the western slope of Dinka in
2013%, Jorg Fassbinder and his team undertook a first geo-
magnetic survey in August 2015, surveying an area of c. 3
ha (Fig. C2)”. On the western plateau, all identifiable ar-
chaeological structures appeared to be limited to the up-
per part of the slope, delimited by a semi-circular feature
of ca. 80 x 60 m, likely a fortification (Fig. C3). During the
surface pottery collection survey conducted in February
2013 and October 2015 by the MAFGS team headed by
Jessica Giraud®, this same area yielded the highest con-
centration of Neo-Assyrian pottery observed on Dinka.
Because of Dinka’s general geographical situation and
the results of the geomagnetic survey, the working hy-
pothesis is that Dinka may have housed a Neo-Assyrian
fortress, guarding the passage towards the east®. The res-
ults of the surface pottery collection and the geomagnetic
survey indicated that we should focus our archaeological
investigations on the upper part of the western slope of
Dinka. The aims of the first test trench opened in 2016
were as follows: to confirm the presence of Iron Age struc-
tures; to assess the depth of the Iron Age structures under
the surface and the state of their preservation (as looting
pits were observable in the area); to gain preliminary in-
sight into the nature of the occupation; and to ascertain
whether there was an occupation level contemporary

35 The 2016 team at Dinka: from LMU Munich, Janoscha Kreppner
(field director) and Andrea Squitieri (documentation, small objects),
from the Sulaymaniyah Directorate of Antiquities, Hero Salih
Ahmed (trench supervisor, pottery processing), Awaz Jihad (trench
supervisor, pottery processing) and Aziz Sharif (driver), with Ibra-
him Manla Issa (cook) and six workmen from Qaladze and the vil-
lage of Nureddin.

36 Radner 2015; Radner 2016a, 17-18.

37 Fassbinder/Asandulesei 2016, 38, 40-42.

38 Giraud 2016, 29-35.

39 Radner 2016a, 21-22.

with that of Gird-i Bazar. The investigation succeeded in
completing all these objectives.

C1. Methodology

The excavation followed the protocol established for Gird-i
Bazar in 2015, using a locus collection system and digital
documentation with daily orthophotos*.

The test trench on the western slope (Figs. C4-Cs) was
opened next to UTM-WGS84 511810 E / 3999090 N. Be-
cause of equipment issues it was impossible to create a
UTM-based grid at the time. Therefore, a local grid was
established, based on two fixed points located west of the
excavation area on the north-south line. They were called
“Zero”, with coordinates X = 1000/ Y = 1000/ Z = 100, and
“Fence”, with coordinates X = 1000/ Y = 1034.15 (34.15 m be-
ing the distance between “Zero” and “Fence”) / Z = 104.32
(432 m being the difference in height between “Zero” and
“Fence”). The local grid allowed us to work with a total
station in order to measure the loci (top points, outline
and bottom points) as well as the positions of small finds
and pottery collections. The square within which the test
trench is located was given the square number 100000;
this deliberately falls outside the numbering conventions
of the system established for Gird-i Bazar. Consequently,
the loci excavated at Dinka are identified with the square
number 100000 plus a progressive locus number (e.g., Lo-
cus:100000:001). As established in the Gird-i Bazar system,
locus groups are labelled LGR followed by a progressive
number.

In August 2016, during the second field season at Gird-i
Bazar (cf. Chapter D), absolute coordinates in the UTM-
WGS84 reference system were established for “Zero” and

“Fence”, using a Leica Viva GS1o dGPS. This allowed us
to transform all points taken in the local grid system
into UTM-WGS84 coordinates. While this recalculation
of the points in UTM coordinates facilitates better plan-
ning of future excavation work at Dinka, we decided not
to rename all the loci excavated at Dinka in 2016, nor to

40 Kreppner/Forster/Squitieri 2016.
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View of Qalat-i Dinka from the north. The excavation area is visible on the western slope. Photo by Janoscha Kreppner.

Fig. C2: Magnetograms of Qalat-i Dinka superimposed on a Satellite image by Bing, accessed in June 2016, with the 2016 excava-
tion trench indicated in red on the western slope. Magnetometer survey with a Smartmag SM4G-Special caesium-magnetometer,
sensitivity +10 picotesla, in variometer (duo-sensor) configuration. 40 x 40 m grid, spatial resolution 12.5 x 50 cm, interpolated to
25 x 25 cm, intensity of total Earth’s magnetic field at the site: 47,290 nT #30 nT. Prepared by Jorg Fassbinder and Andrea Squitieri.
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Fig. C3: Magnetogram of the western slope at Qalat-i Dinka, with the excavation trench marked in red. The red arrows in the
southwest indicate a borderline, possibly a fortification wall. Magnetometer survey with Smartmag SM4G-Special caesium-mag-
netometer, sensitivity +10 picotesla, variometer (duo-sensor) configuration. 40 x 40 m grid, spatial resolution 12.5 x 50 cm, inter-
polated to 25 x 25 cm, intensity of total Earth’s magnetic field at the site: 47,290 nT #30 nT. On the western slope, in red, the 2016
excavation trench. Image prepared by Jorg Fassbinder.
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Fig. C4: View of the 2016 excavation trench at Qalat-i Dinka from the east. Photo by Janoscha Kreppner.

Fig. C5: Orthophoto of the excavation area at Qalat-i Dinka, with indication of the loci. Prepared by Andrea Squitieri.
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change the square number 100000, in order to avoid con-
fusion and reduce the risks of errors in the analysis.

C2. The 2016 excavation results

The 2016 excavation area has a T-shape and consists of
three intersecting trenches, named the eastern sector, the
western sector and the northern sector (Fig. Cs).

Topsoil consisting of a soft brown-grey soil covered the
entire test trench (Figs. C6-C7). It yielded many large
stones and a large quantity of pottery sherds dating to
the Iron Age as well as to other periods. We soon real-
ised that the large stones encountered in the topsoil came

from the stone walls of the Main Occupation Period that
the looters had damaged and sometimes dismantled. As
visible in Figure C1o, the looting activity disturbed the

Fig. C6: Topsoil of the western sector, view from the east.
Photo by Janoscha Kreppner.

deposits under the topsoil across the whole excavated
area; these disturbed deposits have been grouped into
the Locus Group 1 (LGR:0001). One of the looting pits
(Locus:100000:004, part of LGR:0001) contained a plas-
tic bag and a biscuit package, both found c. 1 m below
the surface. The biscuit package bore the production date
1999 and the expiry date 2000, making the year 1999 the
terminus post quem for the looting activity.

Inside the looting pits we found a large quantity of
human bones and some small finds including an open
copper-alloy bracelet (Fig. C24). These remains seem to
originate from graves, which the looters irremediably des-
troyed.

One of these graves (Locus:100000:0021), although se-
verely damaged, was sufficiently well preserved to show
that it was not cut into the beaten floor (Locus:100000:030)
associated with the Main Occupation Period. It is there-
fore stratigraphically younger. This grave yielded several
small objects, which are discussed below. Because of the
disturbance caused by the looters, the bones were found
in a very bad state of preservation and it was not possible
to reconstruct the position of the skeleton (