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GEOPHYSICAL SURVEY
ON ARCHAEOLOGICAL SITES
ON SIR BANI YAS ISLAND, ABU DHABI (UAE)

GEOFYZIKALNS PRUZKUM NA ARCHEOLOGICKYCH LOKALITACH
NA OSTROVE SIR BANI YAS, ABU DHABI (SPOJENE ARABSKE EMIRATY)

Roman Kfivdnek

To apply geophysical survey on very remodeled desert landcsape,
if seems fo be very difficult from many points of view. The results
of it must be everytime limiled by conditions and possibilities of
measuring. Experimental opplication of magnetometric survey
during archaeological excavations gave an fdea about more and
less destroyed parts of observed sites. The resulis showed that in
case of bettey preserved subsurface loyers and archaeological
Jfeatures it ix possible (o identify "non-magnetic” clayst or
coral walls in monofonous non-magnetic sandy background. Suc-
cess of identification of their low positive magnetic anomalies is
dependent only on non-presence of another higher anomalies
caused by recent changes and activities.

1. INTRODUCTION

Between beginning of March and first half of April 1995 I took a
part in forth seasen of Abu Dhabi Archaeological Survey Project.
The Abu Dhabi Islands Archacological Survey Project
(A.D.1.A.S.P.) was established in 199! and is charged with re-
search into the archaelogy of the coast and offshare islands in the
Western Region of Emirate of Abu Dhabi. Project is undertaken
undrer the patrenage of UAE Chief of Staff Lieutenent General
Sheikh Mohammed bin Zayed al Nahyan and is sponsored by a
number of major local and british companies. During the 1992 to
1994 season archaeological survey and excavations were carried
out on the island of Dalma, Merawah and on a number of smaller
islands in this region. One from the most interesting excavations
started on the big island of Sir Bani Yaz (see Fig. {).

Sir Bani Yas island is situated 170 km west of the capitol
Abu Dhabi only 9 kin offshore. The whole island 17 x Sk is a
private residence of Sheikh Zayed without any present structure of
settlement (except one camp of workers in Khor Da sah Bay). The
preliminary archaeclegical survey of the island of Sir Bani Yas
began in 1992. During the first season a 1otal of 34 archaeclogical
sites were identified. Most of them were situated in open coastal
areas which have rapidly altered by bolldozing and plantation ac-
tivities which have lead to the creation of an artificially flat
landscape. The first rescue archaeological excavations of these
sites began during the 1993 season. After three seasons of the pro-
ject it became clear that the development of fuether plantations
and the loss of archaeological localities was increasing dramati-
cally. For this reason jt was decided that the applicalion of a
peophysical sutvey could enable a more efficient strategy to be
pursued in relation to future excavalion/sarvey work. It scemed
lhat problems would be encountered applying a resistivity survey.
The information resulling from such a resistivity survey would
probably in these dry desert conditions (together with irrigalion
sysiem and waler lemminals for plaats) oot facilitate the simple
discernment of anomalies and allow the possibilily of identifying
archaeclogical fealures. An experimental magnelometric survey
was therefore carried oul
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2. CONDITIONS OF MEASURING

Magnetometric survey in srchaeology is an applied geophysical
method which observes changes in the magnetic field within the
first few metres beneath the soil surface. It alfows the discernment
of sources of magnetic anomalies of different materials, and thus
could allow the separation of differest archaeclogical featnres
from their matural background. Optimal conditions for magne-
tometric survey are:

1) ability to distinguish magnetic anomalies of archacologi-
cal features and material differences from their background,

2) a quiet magnetic field without magnetic disturbances and
irregular variations, :

3) homogeneous and low magnetic material forming the 30§l
and bedrock,

4] flat ot low lying slope arcaz without deep tertain-steps
and blocks of stone on the surface .

5) a minimal amount of recent anthropogenic activities
within the survey area.

For the magnetometric survey at Sir Bani Yas island, condi-
tions no. 3) and 4} were acceptable. From the physical point of
view all of the coastal sediments (corals, limestones, sandstones)
have low magnetic properties. The material used for constracting
bwildings is often actually the same as the bedrock and therefore
the clear identification of structures is only possible in the case of
well preserved remains. Another problematic point for magne-
tometry was the variation in the magnetic field during the day,
which was dependent mainly on the degree of sun activity. The
best geophysical results obtained within archaeology are generally
those carried out on opes preserved original landscapes without
substantial changes present to their ground-relief, and thus without
damaged archaeological layers and structures, Unfortunately, Sir
Bani Yas island is largely an example of an artificially flattened
landscape. Changes of origin desert to organised nnnatural garden
are really suprisingly unsensitive, dramatic and very fast. Recent
plantations and the bulldozing of the surface, as welk as the cutting
of a system of trenches for water pipe-lines, will all influence the re-
sults of geophysical measuring and sampling. With regards to this
teality there was not easy to find optimal methodology of measuring.

3. METHOD OF MEASURING

For observing the magnetic field in absolute readings T [aTT a in-
gle magnetometer was notmally used. Changes in the level of the
maguetic field at Sir Bani Yas island was the principle reasos why
it was important 1o measure the vertical gradient of intensity of
the magnetic field 8T {aT] with two parallel magneiometers. This
gradient system, in contrast to measnring with a single instrument,
allows magnetometric survey to be cartied out also in areas with
changeabie levels of magnetic field (see Fig. 2). It was possible to
realise at feast in two ways:



$IR BANI YAS

Fig.I. Sir Bani Yas island map with the position of the archaeological sites where has been applied peopfysical prospection. The areas
signed /// demonstrate deep changes of the origin landscape by buldozing and plantation activities.
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Frg.2. Diagram illusteating the measured absolute inlensity of the magnetic field T [0 and its gradient §1' [nT) at thie same time on 22
March 1995 (--- - momisg. _ - noon, p. - control profilet,

Fig.i. Dragram of the sinusoidal type of variation exhibited by the
to 4 April 1995

magnetic field T {aT] during measuring carried out between 12 March



1} by parallel measuring with one portable magnetometer
tnoving along the profile and the second obscrving changes of
magnettc field on variation station

2) by parallel measuring with two portable magnelomelers
moving along the profile without any other later corrections heing
requirerd.

By my previous expericnce the idea no. 1) with using of re-
sults of variation station for calenlation of the venical gradient is
not always {in case of varying magnetic field) withont mistakes.
The real verical gradient can he guaraniee only by measuting
with two parallel magnelometers {cuils) at the same time. For the
field survey two portable PM-2 proton miagnetomclers, kindly
loaned by the Instilule of Archaeology, Prapue, were wiilized.
Prior to underiaking the magnelometric survey it was important to
picpare (e surface, removing al! visible metalfiron ohjects and 1o
eslablish a nniform grid systemn across the entire survey area using
wooden pegs.

Due to the faet that there was ro one infoanation about ex.
petience wilbin magnetometric survey in shmilar conditions in
Arabian Gulf Region there was necessary to lest the area ar first.
The mosl optimal configuration for measuring was selecred after
testing of the instruments (with various distance and height of
coils above the surface and various density of measured points) on
part of the area cxcavated during the 1994 season on silc 9.1. The
best results were with the wniform vertical distance between the
upper and lower coil being 1.5 1, with a uniform beight for the
Tower coil of 03 m oand for wpper 1.8 m above the surface of the
terrain, bath coils having a unifoon orientation towards noeth, The
orientation of measured profiles in a grid was selected after seein g
the tecrain surface and traces of the previous seasons's excava-
tions, which assisted in the prediction of the probable orientation
of futire potential archaeologica! features. The mapnetotnetric
survey was carried out in a uniform rectangular prid-system se-
lected with regards o achaeclopical interest as well as the
amonnt of available tinie. As die intensity of the ruagnetic field
was changeable during the day, it was very important to ohserve
these chadges on a conlrol-profile at the heginning and end of the
measuring procedure each day., From ihese resuls was con-
stucted a diagram which showed a sinuscidal change in the
intensity of magnetic field T [wT] over a timne period of a month
Lhat measuring was carried ont (see Fig 7).

4. MEASURED SITES
4.1 Nite 9.1

The largest archaeological site is situated on a wide plateau on the
eastern coast of the island (Al Khior), The whole area is fenced
and reused for 4 plantation with irigation system {lines and prob-
ahly cnches). Tn 1993 trisl trenches were niade al Lhe sile to
examine tlhwe general size of Whe locality as well as o investigale
how well it was preserved. A full archaeoiopical excavation began
al the site in 1994 which uncovered part of a settlement corplex
dating to the pre-lslamic period {between 5th and %th century
AD} Part of this settlement complex (which had been backfiiled
al the end of the 1994 season) wus chosen for preliminary experi-
mental measuring W establish the Lest configuration and
“possibilisies for undertaking magnelometne survey. Anoarea of 10
10 m o was measured with dilfering densitics of measured puinis,
amt with different distances and heights between the coils. The
best configuration proved 1o be tiat with a vertical distance be-
tween the coils of L5 o, the height of the lower cail being 0.3 m
abuve the terrain. The density of measured points is the most cru-
cial point which depends lacgely on tlwe size, Nickness and depth

of the surveyed structutes. For exampte, o sunvey density of 0.25

% 0.25 m is & times more accurale than that wilh a density of | x ]
m, but you will spend 16 times as tong measuring the same area,
This means 1hat you cannol generally efficiently measnre large
areas using a high density approach. It is therefore very important
Lo combine global geophysical measuring of the whole arca with
more delailed measuring of some selected areas of interest. A (otal
of 77 prid squares, each measuring 10 X 10 1n, were measured in 2
uniferm grid-systern of .5 x 0.5 m on site 9.1.

A systematic survey on the platean was oriented to the naal,
west and south of the identified settlenent and 1995 excavation
arca. Il was clear after observing the surface that various receat
activities might have inflitenced the magnetomatric siurvey. [From
the overall map of processed magnetometric esolls it is clear thal
most of the area tas been maoddified in recent times (see Fig. ). 1n
recently reused areas it is very difficult (o identify and sepatate ar-
chacological struclures with low levels of magnetic anomalies
from broad and high ancmalies above more solid recent features.
Stone structures are very oflen scatlered as separate blocks of
stone. The best results for archaeology achicved by the tnagne-
tometric survey are in the westem and southern surronndings of
the excavated area in 1995, where there appeared Lo he fewer
modem water trenches, 1o this area it was possible to identify sev-
eral pants of polential archaeolopical leatures,

The best results were oblained within the arca of grids 7.10,
L11, 712, 726, 277, 728, Z30, 731, 232, Z34, Z35 and 736
where poteniial walls and the comer of large building were by
very low posilive magnetic anomalies (+1 to +3 D) identified
(see Fig.5a). On the detailed picture of prid ZY0 are visible linear
anomalies of best preserved remains of walls of large building
(see Fig. 3b). Subsequent archacological excavation, after £eo-
physical measuring in choosen pads of prids Z10 and 211,
uncovered part of a pre-Islamic choreh - 7the centrald;uilding
within the setilement. It is expected that further remains of strue-
tures will also be found in the non-excavated area situated 1o the
W ol this building ard 1o the § and W of the 1995 excavations.
For example a detailed picture of grid 259 showed another poten-
tial remains of walls (see Fig. 54) and detaited pictitre of grid £51
identified a probably well preserved remains of rectangnlar fea-
ture (see Fig. 5c). In all of the alormentioned locations a mixture
ol archaeological material was identificd on the surface (incl. ce-
ranucs, flints, and coral), which Lad probably been scattered by
bulldozing and modern renching, The results of this geophysical
survey can be used in future fof the selection of hetter preserved
arcas with potential archaeological structures, as well as to climi-
nale Whose areas badly damaged by plantation, trencliing and other
nulitary aclivities {sec Frg. 6).

4.2 Site 24

The site is situated on a platean on the northern coast of the jsland
(Halat al Maskr}. A vornplex of islamic period praves was identi-
fied on a flat open flint-rocky desent platean between two cuted
relicts of the origin wadi in 1993, Magtctometric SUIvey was
tryed ont on area of 25 moon the 22nd March 1995, Lxperimental
measuring was carried ont of one of the best preserved graves
overa 5 X 5 area, using a prid-system of measuremcents for each
0.25 % 0.25 . For such small features with only surface acenmnu-
lations of stones it is reasonable not o expect excellent shaped
anamnalies. This magactometric survey identifivd an acenmulation
aof stones which were casily distinguishable anomalies [ormed hy
aceumittations of stones frone the central volesnic hills of Sir Rani
Yas island. By these anomalics it is possible to identify the vuler
vorner of a grave (see Fig. 7).
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Fig. 4. Map of processed magnetomeiric results for the whole area around site 9.1, (1 grid = 10 x 10 m).
Fig. fi. Schematic interpretation of magnetometric survey in grid-sysiem around site 9.1 {___ - potential archaeolstmctures, ... - water

pipe-line trenches, /// - areas with recent landscape changes). Archacological trenches from 1993 and excavations from 1994, 1995 are
shadowed (! grid = 10 x 10 m).
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Fig. 5. Detailed maps of processed resalts from the magnetometric survey on site 8.1: a - map of grids 210, Z11, Z12, 226, 737, 228,
Z30, Z31. 732, 734, Z35 and Z36 (area 30 x 30 m) identifying the remains of walls and the comer of the W wing of the church: b - map
of grid Z10 (area 10 x 16 m) with visitle linear anomalics of the besi preserved parts of walls of the church; ¢ - map of grid Z51 (arca 10
x [0 m} where were ideatificd walls of rectangular feature; d - map of grid Z59 (area 10 x 10 m) illusizating patential remains of walls,
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4.3. Site near the airport

" The fenced site is siteated on the south-western coast of the island

aear to the airport buildings (AWAFIT). On a flat parily eroded and
weathered surface there lies a collapsed stoney prehistoric struc-
ture dating by piece of pottery to the ?2nd millenium BC. A
magnetometric survey was carried out over an area of 15 x 15 m,
using a grid-system of measurements of 0.5 x 0.5 m. Unfortu-
nately the primary recorded data were influenced by the
snrrounding iron fence. After filtering these resulis, however,
wilhin a selected 10 x 10 m area above the siruclure, it was possi-
ble t¢ idenlify beneath ihe secil surface the remains of guite well
preserved rectangular building, probably without any visible inter-
nal divisions (sce Fig. 8).

3. SUMMARY OF RESULTS

Between the Bth March and the 4th April, 1995, a total area of
7950 m? was surveyed, 7700 m? at site o1, 225 m? at site near the
airpozt and 25 m? at site 24, Unfortenately, it was not possible to
use magnetometers on the other excavated sites, as at site 2 large
accnmnulations of iron shrapael were recovered during excavations
and at site 7 the fenced area was toc small and close to the exca-
vations and its surrounding iron fence posts. The total number of
measured points during the entire magnetometric suryey was
33,500 (including daily control profile measuring and experimen-
Lal measuring al site 9.1).

The efficiency of the magnelometric resulls was very much
limited by condilions of measuring, and in particular by the rapid
artificial changes being made to the landscape. At first there was
important to find optimal methodology of magnetometric survey
without any previons experience there. This first implementatioa
of magnetometric methods in archaeology within this area of the
Gulf with its extreme clitnatic conditions will assist in the accu-
rate prediction of lime estimates for the fulure snrvey of potential
siles in similar areas and conditions. Our average surveyed area
(including data processing) each day was between 300-400 m
{using a grid-system of measurements each 0.5 x 0.5 m square). A
limiling factor proved to he the life of the batteries within the
ficld. The working capacity of the batteries during temperatures
exceeding 30 °C was 2-3 times shorter than during a typical Euro-
pean climate. This was the main reason why a similar work
strategy was adopted each day. Field servey was mosty carried
out only in the moring, whilst afternoons and evenings were used
for data processing and re-charging of batteries.

The overall resnlts of the magnetometry survey show that it
is possible to use it for the identification of varicus types of ar-
chaeclogical structures {including non-magnelic), but its success
is largely dependent upon their siate of preservation, level of mag-
netic field of background as well as that of their surrcunding
original landscape. In desert areas where the landscape is still
relatively well preserved and Lhe depth of archaeological features
ranges frem 10 cm down to a few metres, il is possible that after
global geophysical survey grealer success may be achieved by
ulitizing more expensive geophysical methods of measuring -
such as electromagnetic resistivimetry, seismic or by more de-
tailed magnetic susceptibility survey. Radiometry, gravimelry,
thertnometry or classic resistivimetry are not suitable in such dry
and menotonous formed desert areas. Unfortnnately, in the case of
Sir Bani Yas island, which has had its landscape dramatically re-
modelled by a combination of fencing, plantations, bulldozing and
trenching aclivities, the implementation of geophysical methods
over a wider area is probahly 100 late,

The underaking of geophysical survey was realised only
due to good open cooperation between the School of Oriental and
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African Studies at University of Loadon and the Institute of Ar-
chacology in Prague. I should like to thank 10 Dr. G. R. D. King
(Director of A.D.I.A.8.P.} and Dr. Peir Sommer (Director of Insti-
tute of Archacology in Prague) for giving me possibility to take a
part in the fourth season of this project. T am obliged for help to
many other people but especially T have to thank to Mark Beech
(Archaeczoologist of A.D.ILA 5.P.) and Peter Hellyer {Co-otdina-
tor of A.D.LA.S.P.).

SOUHRN

Obsahem vy3e uvedeného Elfnku je pFehled a diskuse vysledici
geofyzikdlniho meéfeni uskuteénéného v rdmei #vrté sezdmy ar-
cheologickych v¥zkumd projektu A.D.I.A.S.P. na ostrové Sir
Bani Yas v arabském emiritu Abu Dhabi, které jsem mohl usku-
tefnit diky vsificné spolupréci ARU Praha a School of Oriental
and African Studies pfi University of London. Agkoli se jedni
geograficky i ideologicky o kraj velice vzdileny béinému zpiso-
bx uvaZovéni a jedndini v zemich evropskych, nezbyinost ochrany
archeologickych pamitek je i zde stejnd akutni a vedeni zdchran-
n¥ch archeologickyeh vyzkumi nékolika zahraniZnimi expedice-
mi zdstdvd m jedinm a ¢asto poslednim pocineny, ktery se sna¥i
néco uchovat z nekontrolovatelng meénéné krajiny.

Britsky projekt A T.A S F. pod vedenim dr. Kinga se dlou-
hedobé vénuje archeologickému prizkumu, dokwmentaci a piede-
viim vpravd# zdchrannémn vyzkumu na ostrovech leZicich
v zdpadai £4sti $elfového mofe nejvédiho emicdtu Abu Dhabi. Ci-
lem geofyzikdlniho prizkumu bylo pfispét na vybranych lokali-
tich ostrova Sir Bani Yas k ovéfeni tnofného rezsahu osidleni
ponejvice z 6.-R. sioleti n.L., které by efektivngji esmérnilo postup
vyzkumi) zapofatych jif v roce 1994. Buldozery rekultivovand
poudtni krajina dnes jiZ 1éméf ncobsahuje netknnté povsghové po-
zistatky archeologickych objektd. Navic extenzivai preména re-
liéfu ostrova intenzivni v¥sadbou stromi s ryhati pro meliorace
dokdzala pii pobifefi naruit vétiinu podpovectiovych situaci. Pies
fadu (&chio mdivych vlivd se podafilo dsp&né aplikovat geofyzi-
kélni méfeni na tiech zvolenych lokalitdch,

Z objektivnich pii€in byla experimentélné aplikovina mag-
netometrie. Bez mofnosti vychézet z jakychkoli podobnych pred-
chozich aplikaci geofyziky v oblasti bylo ifeba nejprve vytvofit
a ofestavat nejvhodnéiEi metodiku méfeni. Na ploiné nejsledova-
néjii lokalité 9.1. dok4zala mapnetometrie kromé éetnych melio-
ratnich linif vysledovat na zachovalefich £dstech plochy projevy
ofekdvanych podpovrchovych relikid kamennych objektl a zdi.
Na zdkladé tichto vysledkd bude moZné usmémit vedeni ploiného
vyzkumu i do budoucich sezén projektu, stejné jako eliminovat
¢4sti plochy nejvice recentné naruiené. JeSt& tehoZ roku 1995 byla
mald &dst proméfené plochy odkryta a v mistech linjov¥ch anomi-
lif byla identifikovdna E4st ohvodovéhio i interniho zdiva a podlah
zhotené sakrilni stavby - kostela leficibo dle piedpokladd v cen-
i daldich skupin ohjektii odkryvanych od rokn 1994, Vyslediy
experimentding vedeného magnetometrického privzknmu prekva-
pivé ukdzaly i mo¥nost identifikace ,nemagnetickych' mélce pod-
povrchovych suwuktor. Jejich peojev je viak moiné zarepistrovat
pouze za pliznivych okolnosti souvisejicicll s klidnym magne-
tickym polem a dobrym stavern zachovdni podpovrchovych Casti
2d¥nych objektll v absoluing homegennim nemagnetickém okel-
nim prostfedi. Takové souvislé plochy jiz na ostrové Sir Bani Yas
neexistuji.

Mélo-li by byt pro nds kupf. Mostecko stdle otevienym me-
meniem technokzatického naloZeai s krajinou, pfirodnim i kulbsr-
nim bohatstvim, pak pravé ostrov Sir Bani Yas mit¥e byl jednim
z mooha dikazd, fe mocenské zdjmy ncrovoomdmé bohatého
svéta Ziji 1aké v zemich Perského z4livu a tnohou, bohoiel, naby-
vat pod bezproblémovou byl jednositannou skonomickou prospe-
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Fig. 7. Comparison of magnetometric survey results with a simple sketch of the selected grave on site 24 {area 5 x 5 m).

Fig. 8 Comparison of magnelcmelric survey results with a simple sketch of the fenced site near the airport (area 10 x 10 m),
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riton podob jedté dramatitijich. Na rozdil od nagi spoleinost,
pE absolutni absenci informovanosti o mofaych dopadech, smy-
slu ndkterych zmén, pii absenci zodpovédného a zasvEcendho
rozhodovini, nulové ochrand a zdjmu legislativy je Sance pro
vychodisko z takového stavu v zemich Perského zdlivu i do
nejblizEf budovenesti minim4lni.

PiedloZeny Eldnek si nemohl (a ani nechu&l} klsst za cil oslovit
tirokou tuzemskou vefejnost. Jeho problematika je z4jmu stfedo-
evropské archeologie p#ili§ vzdilens. Aviak z hlediska vieohecnd
ochrany kuiturmmiho dé&dictvi a zejména z hlediska provéfeni
daliihe zpisobu aplikace geofyziky v archeologii zisk4v4 poifeba
presentace vysledkd své opodstatnéni. Také proto byl zvoles Ea-
sopis Pamdtky archeologické s podrobeym komentstem v Jazyce
anglickém. Za wito moZnost presentace bych rid redakci podékoval.
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