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In the last few years modern non-destructive prospection methods have been applied to the site of Abusir — satellite photography,
geophysical examination and 3D surface modelling of the cemetery and individual archaeological features. In this article we discuss
the benefit of employing these methods in tandem with current archaeological field excavations. The analysis and synthesis of the
obtained results have mainly enabled us to observe the evolution of the burial-ground of South Abusir throughout time, then to furt-
her study the structure of the cemetery in connection with the social status of the individual tomb owners and also to more closely
specify the significance of the burial-ground in South Abusir for an understanding of the whole Abusir-Saqqara burial area. Amongst
the main results that have as yet been produced are georeferenced photogrammes of the main investigated features, a complete 3D
map of the area with all of the features visible on the surface (by means of Arcview 8.3), a geophysical map and satellite photo-
graph including not only the area of Abusir, but also the sun sanctuaries in Abu Ghurab and the pyramid fields in Saqqara and
Dahshur. Mutual comparison and interpretation of the obtained data shows, that the individually used methods are complementa-
ry and consequently irreplaceable. A satellite photograph in the appendix is also part of the article as is a series of detailed secti-
ons in the text.

Old Kingdom - pyramid fields - Abusir - geophysical prospection - satellite imaging

V nékolika poslednich letech se na lokalité Abtsir aplikuji moderni nedestruktivni prospekéni metody - satelitni snimkovant,
geofyzikdlni prizkum a 3D modelovdni terénu pohiebisté i jednotliviyjch archeologickych objektil. V prispévku diskutujeme o prino-
su nasazeni téchto metod v ndavaznosti na probihajici terénni archeologické vyzkumy. Analyza a syntéza ziskanych vysledkit umoz-
nila predevsim sledovat vjvoj pohrebisté jizni Abtisir v case, ddle studovat jeho strukturu v zavislosti na socidlnim postaveni maji-
telil jednotlivych hrobek a také blize specifikovat vyznam pohrebisté v jiznim Abtsiru pro poznani celého abtusirsko-sallarského
pohiebniho aredalu. K hlavnim dosavadnim vysledkiim patii georeferencované fotogrammy hlavnich zkoumanych objekttl, komplet-
ni 3D mapa oblasti se vsemi na povrchu viditelnymi objekty (prostiedi Arcview 8.3), geofyzikalni mapa a satelitni snimek zahrnu-
Jict nejen oblast Abusiru, ale i sluneénich svatyni v Abu Ghurdbu a pyramidovych poli v Sakkdre a Dahstru. Vzdjemné srovndni a
interpretace ziskanych dat ukazuje, Ze jednotlivé pouZité metody jsou komplementarni a tedy nenahraditelné. Soucdsti ¢lanku je i
satelitni snimek v priloze a rfada detailnich vyrezii v textu.

Stara riSe - pyramidova pole - Abusir - geofyzikalni prospekce - satelitni snimkovani

1. Introduction

The presented study is the first officially available
general outline of the basic methods and results of the
surface, geophysical and long-distance survey that was
carried out in 2001 and 2002. We are dealing here with
activity which took place at the Czech Archaeological
concession in Abusir, approximately 30 km south of
Cairo. Abusir is a site situated on the west bank of the
Nile, at the transition of the Western Desert plateau
into the fertile Nile valley. Four pyramid complexes
were built here for the Fifth Dynasty kings. Subse-
quently, extensive necropolis of the members of their
families and officials of the Ancient Egyptian State of
the time gradually grew up around it (see generally
Barta - Krejéi eds. 2001; Verner 2002).

The southern part of the concession was selected in
order to test the methods in question. This area is
currently one of the principal centres of activity of the

Czech Institute of Egyptology and the Czech National
Egyptological Centre of the Faculty of Arts, Charles
University, Prague. An extensive necropolis which
grew up over a period of several centuries is situated
here. It contains non-royal tombs with sources, which
have a fundamental significance for our understanding
of the third millenium B.C. period. These sources are
relevant both for an understanding of the evolution
and structure of the early Egyptian state, and for the
end of the of the Old Kingdom period. Apart from
members of the Czech Institute of Egyptology and the
Czech National Centre for Egyptology specialists from
the Archaeological Institute of the Czech Academy of
Science in Prague, the University of John Evangelist
Purkyné in Usti nad Labem (Laboratory of Geoinfor-
matics in the Faculty of the Enviroment) and the
Institute for Archaeological Monuments Care in Most
continue to participate in this project.
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pyramidy (M. Bdrta).

The area of South Abusir represents an integral part
of what we call today the Abusir — Saqqara cemetery
complex (Bdrta - Krejéi eds. 2001; Coppens ed. 2002).
Topographically it can be delimited as follows: in the
south and east it is separated from Saqqara by Wadi
Abusiri whose northeastern end lies by the village of
Abusir, in the north by a plain, on which the Abusir
pyramids of the rulers of the Fifth Dynasty are built
and in the west by the inselberg (the so-called Lion’s
Hill).! Geologically Abusir is an integral part of Saqqara,
the so-called West Saqqara geological formation. Here
Upper Eocene sediments dominate, mainly hard,
brownish, dolomited and silificied limestone (locally
termed tafl), which alternates with layers of clay. This
formation is called Maadi. On it lies the pliocene
formation Kom el-Shelul. The present-day surface of
the desert is formed by thick layers of gravel and sand
(Youssef — Cherif — Boukhary - Mohamed 1984, 127 -
Fig. 2 and 136 - Figs. 4-5; Said 1962, 98-99; 1975: 12-
13; Klemm - Klemm 1993, 72-73; Svoboda 1993, 167).
Over the past several millenia the surface of the desert
has often been exposed to flash floods, rainwater,
which gathered on upland plateaus of the desert and
drained away through wadis to the Nile Valley; this is
confirmed both by objects destroyed by water erosion

! In the coordinates of the maps of the area drawn up by the
Ministére de 'Habitat et de la reconstruction, Le Caire H 21 and
H 22 this area is delimitated in the south by the following system
of coordinates UTM - 3 306 800 m and on the north 3 308 400 m.

Plate 1. The area of Abusir South looking north from the pyramid of Djoser (M. Bdrta) — Tab. 1. Oblast jizniho Abdsiru pii pohledu na sever z vrcholu DZoserovy
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situated on the slopes of theses wadis, and by the
results of geological surveys carried out in the area of
Western Saqqara (Plate 1).

Until recently South Abusir played only a marginal
role in our archaeological understanding of the sites
forming the so-called pyramid fields of Ancient Egypt.
If we disregard the uncovering and documentation of
the pillared court of the tomb of the mortuary priest
Fetekty from the end of the Fifth Dynasty which was
discovered in the mid 19th century by the Lepsius
expedition (1842-1845), we can envisage this area as
being without a past. This fact is also reflected in the
contemporary literature of the 19th and beginning of
the 20th century. On the map published by K. R. Lep-
sius in his monumental work Denkmdiler aus Aegypten
und Aethiopien (1849-1858) it is possible distinctly
distinguish the Abusir pyramids in the north and in
the south, deep in the desert, under number 1, only
a place indicating the position of the Fetekty’s tomb
(Fig. 1; Lepsius 1849-1858, vol. I, pl. 32). The large-
scale excavations of A. Mariette in Saqgara in the
second half of the 19th century did not impinge on the
area of South Abusir in any way; Mariette’s excavations
stopped close by its southern edge as is also distinctly
shown by a map of the excavated area published in
1889 (Fig. 2; Mariette 1889, pl. 1I). Maps of the whole
Memphite necropolis which were published in 1897 by
the French scholar de Morgan also did not change this
situation (de Morgan 1897, pl. 10). In 1936 G. A. Reisner
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K. R. Lepsiem (Lepsius 1849-1858, Denkmaeler |, pl. 32).

published the work The development of the Egyptian
tomb down to the accession of Cheops, which also con-
tained Appendix C from W. M. Stevenson Smith devoted
to the topography of the Saqqara burial ground. This
work presented an attempt at the relocation of tombs
which had already all been investigated in the 19th
century. Some of them were also placed within the area
of present day South Abusir (Smith 1936, Appendix C,
390-411 and a map of the Saqqara cemetery). A. J.
Spencer resumed Stevenson Smith’s work in 1974
attempting to bring into agreement hitherto attempts to
map and locate the individual tombs which had all been
found in the immediate surroundings of the area of
South Abusir (Spencer 1974, 1-11 and tab. I).

In 1991, with the significant support of the Egyptian
authorities, the Czech Institute of Egyptology started
a systematic survey of the site. The area had namely
recently been threatened by illegal activity. During the
following twelve years it was possible to document and
in the majority of cases also restore tombs of several
high officials of the state. Prominent amongst these
were particularly the tombs of the Commander of the
Army, Kaaper, the mortuary priest Fetekty, the overseer
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Fig. 1. Map of the Abusir cemetery published by K. R. Lepsius (Lepsius 1849-1858, Denkmaeler I, pl. 32) — Obr. 1. Mapa pohrebisté v Abusiru publikovand

of the granaries of the Residence Ity, the property
custodian of the king Hetepi and the burial complex of
vizier Qar and his sons (Plate 2; Fig. 3; summary see
Barta 2001; Barta - Vodéra 2002; Barta 2002a; Verner
2002, 206-223). At the present time it is being revealed
that South Abusir played a significant role in its time:
its location at the transition between the burial ground
in Abusir and Saqgara predestined it for the gradual
building of tombs throughout the greater part of the
period of use of both the Abusir and Saqggara necropo-
lises during the third millenium B.C. A further signifi-
cant factor was that this part of the burial ground has
never been officially excavated in modern times.
Bearing in mind the historic significance of the area in
question to our understanding of the history of the
Ancient Egyptian state during the third millenium B.C.
and the exposed location of the monuments it was
necessary to conceive a long-term plan in 2000 for an
approach to their study as a whole. This plan was
intended to make it possible to document the main
surface features of the site in advance of intrusive
archaeological activity. A further imminent require-
ment was collecting data of such a nature that would
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A. Mariettem (Mariette 1889, Mastabas, pl. Il).

facilitate the most effective archaeological excavations
in the future.

Gradually a two-year harmonogram of surface
investigation of the site was drawn up. It included
a detailed geodetic survey, the creation of a detailed
topographic plan, the production of photograms
(photographic documentation of the individual archaeo-
logical features with the aid of a so-called Swedish
Tower), geophysical survey, a method of long-distance
survey of the Earth (photographing the site from an
observation baloon by remote control with picture
control on the ground and satellite photographing of
the site with a high degree of distinction in several
multispectral bands). All this took place in combination
with continuing archaeological work.

These methods were not chosen by chance, in each
case it was a matter of their ability to contribute to the
analysis of the questions, which were set as the long-
term aims of the project. Of these we can name in this
context:

1. how did the burial ground develop through time;

2. what were the spatial divisions of the burial ground
dependant on time and the social status of the Ancient
Egyptian dignitaries buried here;

3. how is the burial ground in South Abusir connected
with analogous burial grounds in Abusir and Saqqara
(both with regard to development through time, and
space);
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4. was there a relationship between the burial ground
in South Abusir and the Old Kingdom settlement? If
so, how did it manifest itself?

At present, that is at the beginning of 2003 we find
ourselves in the situation where we can examine the
site and the features that have been investigated so far
as part of a more significant whole from two view-
points: in 2001 a surface survey and identification of
archeological features was undertaken with the parti-
cipation of M. Barta, V1. Brtina and P. Cech within the
framework of a detailed topographic survey. A year
later, a month of the autumn season in South Abusir
was dedicated to a geophysical survey, which was
carried out in cooperation with the Archeological
Institute of the Czech Academy of Science in Prague, as
represented by R. Krivanek and M. TomaSek. The
results obtained during these two past seasons have
fundamental significance not only for the understanding
of the site as such, but also for the optimal orientation
and selection of research strategies in the future.

2. The task of geoinformatics in Abusir
archaeological excavations

Geoinformatics is orientated towards the development
and application of methods for the solving of specific
problems in the geosciences with special emphasis on
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Plate 2. The Central Mound of Abusir South with the tombs of
s hrobkami Kaapera, Hetepiho a Mastabou MM (M. Bdrta).

the geographical position of the features. The basic
element is the so-called geofeature that is a feature
related to a part of an area on the surface of the earth.
It can be differentiated from other features with the
help of:

a) geometry = spatial position;

b) topology = spatial relationships;
c) thematics (attributes);

d) dynamics = time changes.

During the archaeological excavation in Abusir
methods and techniques from the field of geoinformatics
have been applied, which in the last ten years have
encroached on the otherwise all in all traditional and
conservative discipline of archaeology. New approaches
like geographical information systems (GIS), 3D-com-
puter-modelling, methods of long-distance survey of
the earth (Remote Sensing, RS), digital cartography
and the use of satellite receivers Global Position
System (GPS) to determine the position of the observer
on the surface of the earth together with tried and
tested classical geodetic methods have been employed
(Bruna 2002; Jeffreys - Tavares 2000; Mathieson 2000).

It is necessary to emphasize, that geoinformatics, or
if you like geoinformatic technologies, are the only aid
to support the solving of the determined aims and
hypotheses of the research. These methods which
bring new perspectives to old questions, provide non-
traditional processes and skills to enable the docu-

Kaaper, Hetepi and Mastaba MM (M. Bdrta) — Tab. 2. Centrdini pahorek v jiznim Abusiru
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mentation and interpretation of the individual steps of
the research and the carrying out of the analyses and
syntheses.

Geodetical work - past and present

The cooperation between geodesists and Egyptologists
already has a more than forty-year-old tradition. It
began in 1962 during rescue excavations in Nubia
(Tlusty - Vosika 1963) and later continued in the area
of the Czechoslovak (today Czech) concession in Abu-
sir. A brief account about the application of geodesy in
archaeological excavations in Egypt is given by B.
Vachala and M. Prochdzka (2003).

Up to the year 2001 geodetical work was always
carried out at regular intervals of several years. This
primarily consisted of the building-up and maintenance
of a point field in the local system of coordinates, the
planimetric surveying of uncovered archaeological
features and structures, including the gradual plani-
metric and hypsographical surveying of the Abusir
area (for more about the building-up of a geodetical
net, its precision and the methods of measuring see
B. Vachala and M. Prochdzka 2003). The result is
a hypsographical map on a scale of 1 : 2 000 with a basic
contour line interval of 1 metre (Svec - Vosika - Prochdz-
Ica - Vomelova Praha 1995). An integral part of the geo-
detical work was also the method of surface photo-
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Fig. 3. Map of Abusir: 1 - Mastaba MM, 2 - tomb of Hetepi, 3 - tomb of Ity, 4 - tomb of Kaaper, 5 - burial complex of Qar and Inty, 6 - Mastaba KK (Archive
of the Czech National Centre for Egyptology, V. Brina) — Obr. 3. Mapa Abusiru: 1 - Mastaba MM, 2 - Hetepiho hrobka, 3 - Itejova hrobka, 4 - Kaaperova hrob-
ka, 5 - pohfebni komplex Kara a Intiho, 6 - Mastaba KK (Archiv Ceského ndrodniho egyptologického centra, V. Brina).
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Fig. 4. 3D model of Abusir South with surface features noted during the survey in 2001 (Archive of the Czech National Centre for Egyptology, V. Brina)
— Obr. 4. 3D model jizniho AbUsiru s objekty zachycenymi béhem povrchového prizkumu v r. 2001 (Archiv Ceského ndrodniho egyptologického centra,

V. Brdna).

grammetry which was applied at the excavation in
Nubia (Tlusty - Vosika 1963) and during the survey of
the mastaba complex of Ptahshepses (Martincdk 1976).

From the autumn expedition in 2001 geodetical
activity significantly expanded and was made more
effective by using new instruments and methods. The
results of the geodetical work are the basic database for
other fields of geoinformatics - GIS, RS, cartography,
3D modelling and spatial visualisation. A set-up was
devised for geodetical work which was composed of
an electronic laser distance meter (total station) LEICA
TCR 307 and accessory equipment. It consisted of a 77
distance meter, which allows measuring up to a distance
of 80 m without the use of a reflecting prism. This
attribute was mainly used when surveying inaccessible
places and when working in the interior of tombs and
underground. The total station has basic geodetical
software in its equipment, which immediately determines
the spatial coordinates of the measured points, including
the defined attributes in question, during classical
geodetical processes (tacheometric measuring, zoning,
and so on). The database of coordinates is then imported
into the GIS software (see below). The accuracy of the
station is sufficient for the creation of archaeological
maps and plans.

The following tasks were dealt with:

1. detailed planimetric and hypsographical survey
of the South Abusir area;

2. spatial survey of the surface and underground com-
ponents of archaeological features, which had alrea-
dy been uncovered and examined;

3. determination of the spatial position of the archae-
ological features and structures that were subjectively
interpreted in the South Abusir area.

ad 1) a detailed field survey was carried out in the
current local point field, which consisted of more
than 6 000 spatial points in an area measuring
around 600 x 400 m. The database of points was

imported into the GIS software, where it was
further processed (see below);

ad 2) using classical geodetical methodology - the mea-
suring of points - the surface features, ground
plans and base lines were gradually surveyed. For
underground measuring, it was a matter of shaft
tombs, the mining survey method was used
whereby two points determined in the coordina-
tes were transferred in a shaft from ground level
to the bottom and one of these subsequently
formed the starting point when surveying the
underground space. This measuring was under-
taken without the use of a reflecting prism. The
results of the measurements - a database of spatial
coordinates, including an outline, are being gra-
dually worked on in the CAD and GIS media and
the result will be 3D spatial models of the
underground structures;

ad 3) archaeological structures have been identified by
subjective field interpretation in the South Abusir
area and their geodetical survey has been carried
out. The results have been imported into the GIS
software where they have been further analysed.

Geodetical work is not a separate part, but constitutes
the basic groundwork for the creation of spatial data for
further application in the GIS software, furthermore for
the analysis of RS data and last but not least they serve
as the foundation data for cartographic output.

The Geographic information system forms the basic
applied method and takes in two different concepts. In
the first we see GIS as a technology, that is as the
hardware and software equipment necessary for the
creation and conducting of the second application. We
understand GIS as an application and information
system based on geodata, which serves as the ground-
work in the decision-making process of the organi-
sational entities. Geodata are spatial figures in digital
form, which are made up from graphic attributes, non-
graphic (text) attributes and related data (Tucek 1998).
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Plate 3. Photogram of the tomb of Hetepi (Archive of the Czech National Centre for Egyptology, P. Cech) — Tab. 3. Fotogram Hetepiho hrobky (Archiv Ceského
ndrodniho egyptologického centra, P. Cech).
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Plate 4. Photogram of the burial complex of Vizier Qar and his family (Archive of the Czech National Centre for Egyptology, P. Cech) — Tab. 4. Fotogram
pohiebniho komplexu vezira Kara a jeho rodiny (Archiv Ceského ndrodniho egyptologického centra, P. Cech).
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Fig. 5. The overall magnetogram of the investigated site of Abusir South (ca 11.5 hectares).

The north-western area of the archaeological excavations with the tomb complex of Vizier

) 4 Qar, his family and Judge Inty best documents the extent and variability of the identified

T S - A features (Archive of the Czech National Centre for Egyptology, Krivdnek 2002) —

o f i L Obr. 5. Celkovy magnetogram prozkoumaného Gzemi jizniho Abdsiru (cca 11,5 ha).

’ . - 1 SZ plochy archeologickych vyzkum@ s hrobovym komplexem vezira Kara, jeho rodiny

h - i a soudce Intiho nejlépe dokumentuje rozsah a variabilitu identifikovanych objektd (Archiv
v i EE Ceského ndrodniho egyptologického centra, Kiivdnek 2002).
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Generally speaking, GIS allows the mutual conne-
ction of graphic and tabular data. Any kind of archae-
ological feature, which can be expressed in vectral form
as a point, line or polygon, carries further attributive
information and metadata with it. We can mutually
analyse, connect and integrate these features accor-
ding to their attributes and create variant solutions in
the GIS software. The feature can also be represented by
a raster record, which can be analysed separately, in a
group or combined with other forms of records.
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Fig 6. Various types of tombs of different sha-
pes, dimensions, orientation and amplitudes of
magnetic abnormalities were distinguished, the
illustrated south-eastern part of the area
(ca 1.7 hectares) in this extract from the mag-
netometric surface survey includes the tomb of
Hetepi, which was archaeologically investi-
gated at an earlier date (Archive of the Czech
National Centre for Egyptology, Kfivdnek 2002)
— Obr. 6. Riznymi tvary, rozméry, orientaci
i amplitudami magnetickych anomdlii bylo
rozliseno vice typ( hrobek, zobrazend JV &dst
tzemfi (cca 1,7 ha) ve vyfezu ploSného mag-
netometrického prizkumu zahrnuje | diive
archeologicky zkoumanou Hetepiho hrobku
(Archiv ceského ndrodniho egyptologického
centra, Kfivdnek 2002).

The Abusir GIS Project has been implemented in the
software of the Arc View 3.2 and Arc GIS 8.3 program by
the ESRI, Corp. company. It is a user-friendly program,
which also contains basic extensions - Arc View Spatial
Analyst, Arc View 3D Analyst and Arc View Image
Analysis. Data from the geodetical measurings are
imported into this software and are further processed.

The basic task was the creation of a contour plan of
the South Abusir area. The database of coordinates of
detailed points was imported into the GIS software, in

PAMATKY ARCHEOLOGICKE XCIV, 2003
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Fig. 7. Significant differences in the magnetic properties of individual featu-
res of the same constructional material were recorded using profile measu-
rements of apparent magnetic susceptibility using a kappameter in situ
above the remains of various types of masonry made from unfired bricks
that were visible on the surface: 1 - circumferential masonry of the earlier
investigated tomb, 2 - masonry from features that were distinguished during
the surface survey, 3 - circumferential masonry from the Vizier Qar tomb
complex, 4 - internal masonry from the Vizier Qar tomb complex — Obr. 7.
Profilovymi métenimi zddnlivé magnetické susceptibility kappametrem in
situ nad povrchové patrnymi pozdstatky riznych zdiv z nepdlenych cihel byly
zaznamendny velké odlisnosti v magnetickych vlastnostech stejného staveb-
niho materidlu u jednotlivych objektd: T - obvodové zdivo dffve prozkouma-
né hrobky, 2 - zdivo objektd rozlisitelnych pri povrchovych prizkumech, 3 -
obvodové zdivo hrobového komplexu vezira Kara, 4 - vnitini zdivo hrobové-
ho komplexu vezira Kara.

which the processing of data was undertaken in combi-
nation with the existent small-scale planimetric and
hypsographical plan. With the help of the Arc View
Spatial Analyst extension the database of points was
transferred to the TIN® format and in a further step
contour lines with an interval of 20 cm were generated.
This was made possible by the high density of the
measured points. Amongst other things a spatial model
of the site (3D model) was created with the help of the
TIN model. It makes up one of the basic thematic layers
in the data structure of the Abusir GIS Project.

Another task was the creation of a GIS database of
identified archaeological structures - features. The sur-
face survey itself was carried out through the gradual
subjective reconnaissance of the area, during which
the identification and interpretation of the archaeological
structures - features was carried out. Every identified
feature and structure was geodetically located, in either
point, line or planispheric - polygon form. Apart from
the geodetical survey, the photographic documentation
of features and registration of other characteristic
information was undertaken. This data thereafter
became part of the GIS database.

* TIN - Triangulated Irregular Network - also implies a specific
storage structure of surface data. TIN partitions a surface into
a set of contiguous, non-overlapping, triangles. A height value is
recorded for each triangle node. Heights between nodes can be
interpolated thus allowing for the definition of a continuous
surface. TINs can accommodate irregularly distributed as well as
selective data sets. This makes it possible to represent a complex
and irregular surface with a small data set.

Further processing took place in the GIS software
consisting of:

a) the creation of individual graphic thematic layers -
points, lines and polygons;

b) the creation of a database for the individual records,
the assignment of matching attributes and their
connection to the digital photographic database;

) the creation of legends and basic graphic readouts.

During the surface survey a whole range of archaeo-
logical information and features were identified and
recorded. It was not only a matter of ground plans and
tomb masonry (made of limestone and bricks of Nile
mud or tafl), but also dumps, concentrations of poterry,
human and animal bones, pockets of wind-blown sand
and isolated artefacts (i.e. a concentration of stone ves-
sels fragments). It was thus possible to document more
than 150 features of different values and interpretati-
ve potential.

For example, the ground plans of tombs with cha-
pels and the estimated size of the built-up ground plan,
in combination with the already uncovered features,
enable the making of a prediction of the cemetery deve-
lopment through time. This is mainly achieved on the
basis of typological changes in the tomb architecture
during the Third - Sixth Dynasties (around 2 700-
2 200 B.C.), their decoration, inscriptions and spatial
distribution. Dumps and accumulations of sherds
indicate places where intensive robbery clearly took
place. In many cases we have documented dumps, but
the archaeological features themselves are not distinct,
so the dump becomes an indirect indication and someti-
mes the only indication of a feature that is unmarked
on the surface. The resulting configuration of the the-
matic layers of the archaeological features has been
imported into the GIS database part of whose output is
the location of the archaeological features on a 3D
model of the terrain (Fig. 4).

The long-distance earth survey method is another
component from the field of geoinformatics that has
been applied during the excavations at Abusir. It is a
matter of getting information about features and
phenomena from a distance - without direct contact
with them:

- a person, either alone or with the help of a device, is
able to gain qualitative and quantitative information
about the phenomena and features surrounding him;

- every such phenomenon or feature influences its
surroundings in some characteristic way.

The RS system creates:

- a subsystem for the collection and transference
of data - the technical side of the procedure;

- a subsystem for its analysis and interpretation -
a method for processing spatial information.

Analogue and digital records comprise spatial infor-
mation in a similar way to a topographic or thematic
map. The records contain two kinds of information:

1. information about the position of the displayed
feature, their shape, size, distance from other
features and so on;
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Plate 5. The Lake of Abusir area with unexcavated tombs 24 hours after the rain (M. Bdrta) — Tab. 5. Oblast Abusirského rybnika s doposud neprozkouma-

nymi hrobkami 24 hodin po desti (M. Bdrta).

2. thematic information - the kind of vegetation on the
site in question, nature of surface and so on.

RS together with geophysical methods helped with
the development of so-called non-destructive archaeo-
logy. The records show the mutual relationships and
connections between present-day and archaeological
features. They contribute to the prediction of the extent
of rescue excavations, their topographic location and the
structure of the area with the archaeological features.

In the Abusir area the RS method is gradually being
applied at three different levels. The basic one is
photographic recording from the so-called Swedish
tower. From this analogue and digital photographic
records are gathered from a height of about 7-8 m above
ground level (Plate 3 and 4; Cech 2002). The use of a kite
balloon with a telecontrolled photographic device is in
the test stage. This system allows photography from a
height of around 5-60 m above the ground.

The last level is the use of satellite records. The aim
was to gather high resolution data and therefore we
ordered a set of aerial views provided by QUICK BIRD
system of the Digital Globe Corp. company (www.digi-
talglobe.com). The satellite was pre-set on the basis of
parameters supplied by us to record the area of interest
from north to south and including the pyramid fields of

Abusir, Saqqara and Dahshur. The record was taken at
8.45 a. m. on 23. 2. 2003 in high quality, the resolution
in the panchromatic zone is 0.64 m and 2.56 m in the
multi-spectral zone (Catalogue ID1010010001A99901,
Image location - vertex, latitude, longitude: 1. south-
west 29.7732, 31.1555; 2. northwest 29.933, 31.1554;
3. northeast: 29.9298, 31.3393; 4. southeast 29.769,
31.3378; 5. center 29.8512, 31.247; cloud cover 8 %,
quality 50 - fair, off-nadir 13 degrees). The area is 65 km®
in size (Plate 6).

The results of all the types of recording are analysed
in the PCI program for the digital image processing or
with the help of the AV Image Analysis extension in the
ArcView 3.2 (most recently 8.3) program. After the
basic editing of the data it is imported into the GIS
software, where analytical and synthetic tasks are
carried out together with further topographic and
thematic themes.

Global Position System

The Global Position Systems (GPS) allows us to
determine the coordinates of the observer on the
surface of the earth on the basis of the reception of
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a signal from satellites. The Laboratory of Geoinforma-
tics of John Evangelist Purkyné University owns
a Trimble GeoExplorer 3 receiver which is used at
archaeological excavations in places where geodetical
precision is not required. That is in the case of the
alignment of photogrammetric points for the satellite
picture georeference, in the case of the need to quickly
determine feature positions and one of the most recent
tasks was using GPS when aligning topographical and
thematical features in the region of Bahariya Oasis in
spring 2003. The receiver allows the surveying of
points, lines or polygons, including the definition of the
attributes of the individual features. The measured
data are preprocessed in the GPS Pathfinder Office 2.7
program, differential correction is subsequently carri-
ed out with the help of the Trimble GPS Pathfinder
Express service (http://wwuw.gpspathfinderexpress.com)
and the corrected data are exported into the Arc View
GIS shape file program format.

The future of the application of geoinformatical
technologies

The first results demonstrate an unambiguous
benefit for the work of archaeologists, who effectively
obtain overall results in tabular or graphic form. Several
methods and procedures have been applied over a very
short period of time (the majority of them for the first
time in Abusir). Their results form an inseparable part
of the archaeo-logical documentation.

A large amount of data has been assembled in digital
or analogue form within the framework of both expedi-
tions and now the data are being gradually sorted and
analysed and cartographic output is being created. The
first analyses and the evaluation of the component
parts of the GT application project are being prepared.

3. Geophysical survey in 2002

After the first early applications of geophysical
methods for use in Egyptian archaeology by Albert
Hess in Mirgissa and generally by Lambert Dolphin in
1974 and 1977 (for a summary see Mathieson 2000,
33ff.) the Czech (then Czechoslovak) Institute of
Egyptology was one of the first to specifically apply it
during the survey of the Abusir pyramid field and the
shaft tombs of the Late Period in the south-western
part of the concession. The geophysical surveys led by
V. Hasek had been undertaken in 1979-1980 and
1981-1982 (Hasek - Verner 1981; Verner - HaSelk 1981,
Haselk - Verner - Obr 1983; HasSek - Obr - Prichystal -
Verner 1986; HaSek - Obr - Verner 1988). The majority
of these geophysical results has been checked by
archaeological excavations so that the region of the
Abusir pyramid field can be considered as the most
surveyed part of the Czech concession.

The aim of the geophysical survey carried out in
October and November 2002 was to create geophysical
maps of the features - mainly tombs - in the South
Abusir area and their entering onto the archaeological

map of the Abusir site. The appendant geodetical work
during the geophysical research included a gradual
setting-out of a square grid of 50 x 50 m, placed into
the existing local co-ordinate system (see above). The
results of the geophysical survey were imported into
the GIS database, in screen form they together with
other thematical data form the individual topographi-
cal and thematic features of the archaeological site
map.

One of the analyses was also the comparison of the
results of the geophysical measurements with the
results of the surface survey and the map of the featu-
res created on their basis. The analysis was carried out
in the GIS software and a high concordance between
the subjectively identified features during the 2001
survey and the results of the geophysical prospection
was revealed.

The aims and methods of geophysical survey

As well as the choice of sites for the geophysical
survey also the beforehand undefinable aims of the
individual surveys were initiated by the requests and
needs of the Egyptologists. These included:

1. the precise spatial identification of the subsurface
preserved features and other ascertained situations;

2. proving of the continuation of the features and
monitoring their dimensions, form and orientation
in the landscape;

3. determination of the extent of anthropogenic activity,
as the case may be cemeteries, in the surroundings
of archaeological excavation places - determination
of archaeologically prospective zones;

4, differentiation and determination of negative areas
or areas without distinguishable anthropogenic
activities.

On the basis of the existing evidence the archaeolo-
gical aims could then be enlarged by some methodical
questions concerning the possibilities and ways of
exploring features in an arid environment. A basic aim
apart from the general identification of underground
relics of archaeological situations was therefore also:

5. finding the optimal way to explore the features
present (tombs, as the case may be other mudbrick
buildings composed of different materials) in the
given desert conditions and;

6. assessment of the possibilities and limitations of
geophysical research methods when monitoring
other areas within the limits of the Czech concession
in Abusir.

Apart from the experiences in Abusir it was, however,
also posssible to use results attained by some other
archaeological expeditions carrying off geophysical
field surveys in Egypt or on the broader territory of the
Near East and published mainly in the last few years
(Krivanek 1997; Becker - Fassbinder 1999b; Schmidt-
Colinet - Plattner 2001). Qualitatively new possibilities
for the large area use of modern geophysical devices in
arid regions, their high profitability and new perspectives
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Plate 6. Satellite Image of Abusir, Saggara and Dahshur
(see Appendix and Plates 7-13) — Tab. 6. Satelitni snimek
Abdsiru, Sakkdry a Dahsdru (viz piiloha a tab. 7-13).

Plate 7. Close - up of the satellite image — the area of Abu
Ghurab and the pyramids of Abusir: T - Sun Temple of Neu-
serre, 2 - Sun Temple of Userkaf, 3 - Pyramid of Sahure,
4 - Pyramid of Neferirkare, 5 - Pyramid of Raneferef,
6 - Pyramid of Neuserre, 7 - Mastaba of Ptahshepses,
8 - Late Period shaft tombs — Tab. 7. Detail satelitniho
snimku — oblast Abu Ghurdbu a pyramid v Abusiru: T - Niu-
serre(v slunecni chrdm, 2 - Userkafdv sluneéni chrdm,
3 - Sahureova pyramida, 4 - Neferirkareova pyramida,
5 - Ranefereova pyramida, 6 - Niuserreova pyramida,
7 - Ptahsepsesova mastaba, 8 - Sachtové hrobky z Pozdni
doby.

Plate 8. Close - up of the satellite image, the area of Abu-
sir South and North and Central Saqqara: 1 - Mastaba MM,
2 - tomb of Hetepi, 3 - tomb of Kaaper, 4 - tomb complex
of Vizier Qar and his sons, 5 - tomb of Tj, 6 - Ptahhotep’s
mastaba, 7 - Pyramid of Userkaf, 8 - tomb of Hesyra — Tab. 8.
Detail satelitniho snimku, oblast jizniho Abusiru a severni
a centrdini Sakkdry: 1 - mastaba MM, 2 - Hetepiho hrobka,
3 - Kaaperova hrobka, 4 - hrobovy komplex vezira Kara
a jeho synd, 5 - Cujova hrobka, 6 - Ptahhotepova mastaba,
7 - Userkafova pyramida, 8 - Hesireova hrobka.

Plate 9. Close - up of the satellite image, the area of Djo-
ser's complex: T - Qisr el-Mudir, 2 - enclosing wall from the
2nd-3rd Dynasty, 3 - Djoser's complex, 4 - Sekhemkhet's
complex, 5 - Pyramid of Unas, 6 - New Kingdom necropolis —
Tab. 9. Detail satelitniho snimku — oblast DZoserova kom-
plexu: 1 - Qisr el-Mudir, 2 - ohradni zed' z obdobi 2. a? 3.
dynastie, 3 - DZoser(v komplex, 4 - Sechemchetiv komplex,
5 - Unisova pyramida, 6 - nekropole z doby Nové fise.

Plate 10. Close - up of the satellite image - South Saqqa-
ra: 1 - Pyramid of Pepy |, 2 - Pyramid of Djedkare Asosi,
3 - Pyramid of Merenre — Tab. 10. Detail satelitniho snimku -
Jizni Sakkdra: 1 - pyramida Pepiho I, 2 - pyramida DZedka-
rea Isesiho, 3 - Merenreova pyramida.

Plate 11. Close - up of the satellite image - South Saqqa-
ra: 1 - Pyramid of Pepi Il, 2 - mastaba of Shepseskaf, 3 -
Pyramid of Iby, 4 - Pyramid of Khendjer, 5 - Pyramid of
Sesostris Il — Tab. 11. Detail satelitniho snimku - jizni Sak-
kdra: 1 - pyramida Pepiho I, 2 - Sepseskafova mastaba, 3
- Ibiho pyramida, 4 - Chendzerova pyramida, 5 - pyramida
Senusreta Il.

Plate 12. Close - up of the satellite image - Dahshur: T -
Red Pyramid of Snofru, 2 - a field of mastabas from the 4th
Dynasty, 3 - Pyramid of Amenemhet Il — Tab. 12. Detail
satelitniho snimku - Dahgdr: 1 - Snofruova Cervend pyra-
mida, 2 - pole mastab z doby 4. dynastie, 3 - pyramida
Amenembheta Il.

Plate 13. Close - up of the satellite image - Dashur: 1 -
Bent Pyramid of Snofru, 2 - Black Pyramid of Amenemhet
Ill, 3 - Old Kingdom period cemetery with the Mastaba of
Lynefer — Tab. 13. Detail satelitniho snimku - Dahsdr: 1 -
Snofruova Lomend pyramida, 2 - Cernd pyramida Ame-
nemheta Ill, 3 - pohiebisté z doby Staré iide s mastabou
Lynefera.
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for the computer processing and the presentation of
the measured data have been repeatedly established
by new surveys in Egypt (Becker - Fassbinder 1999q;
Becker - Fassbinder et al. 1999; Fassbinder - Becker -
Herbich 1999; Kamei - Atya - Abdallatif - Mori - Hemt-
havy 2001; Mousa - Abdallatif - Hussain - El Bassiony
2001; Herbich 2002; Pavlish - D’Andrea - Weeks 2002).
The absolutely first-rate and convincing results of
modern geophysical surveys, in several cases also
supported by the positive results of the archaeological
test excavations, have also become a valuable guide-
line when chosing a method for field measuring.

The following geophysical instruments of the Archaeo-
logical Institute, Prague, were selected for the geophy-
sical surveys in the southern part of the Czech
concession in Abusir in 2002:

1. A pair of Smartmag SM-4g, Scintrex, Canada cessium
magnetometers. This modern device constructed for
a gradient method of coherent magnetometric
measuring allowed a fast, sufficiently detailed and
large-scale, wide-ranged survey of the selected areas
in South Abusir. Similar devices had already been
used successfully on other geophysical surveys in
Egypt (Becker - Fassbinder 1999a; Becker - Fassbin-
der et al. 1999). The principle of the method was the
same (as with the proton magnetometers used earli-
er at the site), established by observing local chan-
ges in the intensity of a magnetic field or its gradient.
Bearing in mind previously documented dissimilari-
ties in the magnetic attributes of some building
materials in contrast to the surrounding environ-
ment (HasSek - Verner 1981; HaSek - Obr - Prichystal
- Verner 1986) by using this method it was possible
to assume the successful detection of all underg-
round relics of mudbricks or, as the case may
be, of granite or vulcanic minerals. A standard
magnetometer survey was undertaken in a grid of
about 1 x 0.25 m, a detailed survey then also in a
net of about 0.5 x 0.2 m, so that during one single
day there about ten thousand measured points
were accumulated and an area of up to 1 ha was
explored.

2. An EM-38B, Geonics, Canada device for the contact-
less electromagnetic measuring of the apparent
specific conductivity (as the case may be also magn.
susceptibility). A DEMP device without the necessity
of contact electric measuring and stronger sources
(with a restricted maximum effective depth below
floor of 1 m) was used to verify the possibility for
detection and differentiation of lowly/highly conduc-
tive or highly/lowly resistive materials. On chosen
smaller areas with a presupposition of several kinds
of building materials the possibility of differentiation
of stone, most often limestone or dried unburnt
bricks and the sandy environment was tested.
A supplementary electromagnetic survey was carri-
ed out in a grid of 1 x 1 m, as were other partial test
profile measurements at random intervals or in
more detail.

3. A kappameter for measuring the magnetic suscepti-
bility in situ KT-5¢, Geophysics Brno, Czech Republic.
A simple device for the detailed contact measure-
ments of changes in the apparent magnetic suscep-

tibility in uncovered archaeological situations in
particular (surface measuring with a very restricted
maximum effective depth below floor of 10 cms) was
tested in different conditions of field use. Like with
earlier successful measurements with the kappameter
in Abusir (HaSek - Obr - Prichystal - Verner 1986;
Hasek - Obr - Verner 1988) similar measurements
were used for the differentiation of different magne-
tic materials within the framework of the uncovered
situations and the obtaining of a conception about
the perspectives of a planned magnetometer area
survey. In addition, the kappameter was used to
observe changes of magnetic attributes in the brick-
work of unburnt bricks from several excavated
tombs, for the vertical measurement of sections in
uncovered situations and for detailed surface surveys
of selected parts of the tombs. A supplementary
detailed series of measurements with the kappame-
ter was undertaken in a grid of 0.2 x 0.2 m to 0.5 x
0.5 m consisting of profile- and test measuring at
random intervals.

Results

The geophysical survey in South Abusir took place
from October 30th till November 30th, 2002. For the
first non-destructive survey, five areas were selected in
the southern, southeastern and central parts of the
Czech concession mainly in the close vicinity of earlier
identified and archeologically investigated tombs. In
order to link current and future field data, a newly
generated vector basis was used, utilizing the integra-
ted orientation of the coordinates facing the cardinal
points and a functional division of the area into 50 x 50 m
working squares (Fig. 5). Over the course of 23 days of
field measurements (alternating with days of data
processing on a computer), we were able to explore an
area of ca 17.5 hectares (745 961 face measured
points).

A major part of the area of the Central mound in
South Abusir, where most of the so-far investigated
archaeological features are concentrated, was surveyed
with field magnetometry. Here, under very variable and
formidable field conditions (several places bordered on
the limits of the useful application of the equipment),
an extensive area of ca 11.5 hectares was investigated.
We did not utilize field magnetometry survey on areas
that had evidently been shaped in modern times (areas
of archaeological excavations, mounds, dumps or
gaffeer houses) and places near to recent metals that
strongly interfere with the magnetism (fencing of the
excavation sites or tombs, a lighting mast, concentra-
tions of metal waste, etc.). In spite of the local rugged-
ness and variability of the hilly slopes of the terrain,
most of the relief changes are not differentiated becau-
se of a relatively homogenous sandy and slightly mag-
netic environment; this did not affect identification of
the archaeological situations. On the other hand, in
the results of the surface magnetometry measure-
ments, we have been able to distinguish many linear
and, as regards shape, typical magnetic abnormalities.
These marked and at the same time very extensive con-
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Plate 7. Close - up of the satellite image — the area of Abu Ghurab and the pyramids of Abusir: T - Sun Temple of Neuserre, 2 - Sun Temple of Userkaf,
3 - Pyramid of Sahure, 4 - Pyramid of Neferirkare, 5 - Pyramid of Raneferef, 6 - Pyramid of Neuserre, 7 - Mastaba of Ptahshepses, 8 - Late Period shaft tombs
— Tab. 7. Detail satelitniho snimku — oblast Ab Ghurdbu a pyramid v Abdsiru: T - Niuserredv slunecni chrdm, 2 - Userkafdv slunecni chrdm, 3 - Sahureova
pyramida, 4 - Neferirkareova pyramida, 5 - Ranefereova pyramida, 6 - Niuserreova pyramida, 7 - Ptah$epsesova mastaba, 8 - sachtové hrobky z Pozdni doby.

PAMATKY ARCHEOLOGICKE XCIV, 2003 17



Bérta - Brlina - Kfivanek, Research at South Abusir ... 3-12

s | \ L el ] = i
R Y. N e '
Plate 8. Close - up of the satellite image; the area of Abusir South and North and Central Saqqara: 1 - Mastaba MM, 2 - tomb of Hetepi, 3 - tomb of Kaa-
per, 4 - tomb complex of Vizier Qar and his sons, 5 - tomb of Tj, 6 - Ptahhotep’s mastaba, 7 - Pyramid of Userkaf, 8 - tomb of Hesyra — Tab. 8. Detail sate-
litniho snimku, oblast jizniho Abusiru a severni a centrdini Sakkdry: 1 - mastaba MM, 2 - Hetepiho hrobka, 3 - Kaaperova hrobka, 4 - hrobovy komplex vezira
Kara a jeho synd, 5 - Cujova hrobka, 6 - Ptahhotepova mastaba, 7 - Userkafova pyramida, 8 - Hesireova hrobka.
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Plate 9. Close - up of the satellite image; the area of Djoser’s complex: 1 - Qisr el-Mudir, 2 - enclosing wall from the 2nd-3rd Dynasty, 3 - Djoser’s complex,
4 - Sekhemkhet's complex, 5 - Pyramid of Unas, 6 - New Kingdom necropolis — Tab. 9. Detail satelitniho snimku — oblast DZoserova komplexu: T - Qisr el-
Mudir, 2 - ohradni zed' z obdobi 2. aZ 3. dynastie, 3 - DZoserdv komplex, 4 - Sechemchetiv komplex, 5 - Unisova pyramida, 6 - nekropole z doby Nové fise.
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centrations are proof of intensive anthropogenic activi-
ty and exploitation of the elevated and rugged plain
east of Qar’'s tomb complex as well as in the lower
eastern part of South Abusir (Fig. 6). The results of the
geophysical survey have undoubtedly proved the
concentrated occurrence of relics close to the surface
and the continuation of a necropolis over the next
7-8 hectares. It can be presumed that the majority of
the identified positive linear magnetic abnormalities
have their source above all in the brickwork made of
Nile silt, and this fact is obvious at first sight when
looking at the results which show the strikingly
unequal distribution of the squarer magnetic abnor-
malities, which vary in dimensions, shapes, amplitu-
des, and different orientation. Preliminarily, it can be
presumed that: several different types of tombs from
various periods of the Old Kingdom are concentrated
here; the tombs vary in the quality of their preservati-
on; the distribution of individual types of tombs is pro-
bably not a coincidence; and the repeated use or modi-
fications of some areas cannot be ruled out.

The biggest north-south extended rectangular
magnetic abnormalities without obvious internal
segmentation of the area are concentrated in the
highest parts of the terrain in the western and eastern
surroundings of the archaeologically investigated
tombs of Kaaper, Ity, and Hetepi. Only the filled in
parts of Hetepi’s tomb (except for two shaft openings)
were included in the comparative area within the
surface survey. On the basis of the merely thin line of
circumferential mudbrick walling that has been distin-
guished, we may presume that the similar narrow
magnetic lines on four sides of the larger and smaller
rectangular features (i. e. mainly tombs) will simply
constitute mudbrick walling made of Nile silt while the
homogenous internal parts of the objects will probably
show proof of the presence of non-magnetic materials
(limestone chips, tafl). The area above the identified
large rectangular tomb in the southwestern end of the
area of the westward-elevated tomb of Kaaper was
investigated by means of electro-magnetic exploration
as well.

The results of this survey provided evidence of a dis-
similar fill at two points on the inside of the tomb and
verified one of the possible methods of geophysical
analysis of the non-conducting (stone) structures
within the tombs as well. Another type of large, slight-
ly rectangular and internally structured magnetic
abnormality or tomb will probably be the feature to the
east of Hetepi’'s tomb (Fig. 7). However, a better, full-
area magnetometer survey of the feature was not pos-
sible in this place due to a stationary iron lighting
mast. The subsequent uncovering of the ground plan
of the feature confirmed that during the process of
construction of this mudbrick tomb, the same materi-
al was also used for the multiple segmentation of the
internal area of the tomb. Prior to covering the area,
detailed test surface measurements were taken on
smaller parts of the large-scale feature using an in situ
kappameter.

The results of these measurements above the pre-
sent mudbrick and limestone parts of the tomb east of
Hetepi helped us to assess the extent of the diversity of

the magnetic and non-magnetic materials from the
surrounding area and the potential for surface magneto-
metry measurements. Over the whole area of this
atypical tomb we can distinguish a third type of smaller,
extended and internally structured rectangular magne-
tic abnormality. Only some of the smaller tombs, which
have apparently been better preserved and consist of
strongly magnetic brickwork on all four sides, are well
definable. Other tombs have only slightly magnetic to
almost undistinguishable lines of rectangular brick-
work, and they are only identifiable in fragments (this
characteristics is diagnostic for tafl brickwork). Another
probable type of large north-south oriented rectangular
to trapezoidal magnetic abnormality with identified
magnetic (Nile mudbricks) materials inside the tombs
was distinguished next to the eastern border of the
investigated area. The features are already situated
outside the terrace-like raised zone on more slightly
inclined terrain which slopes down to the north
towards the supposed edge of the extinct Abusir Lake,
where no further indications of rectangular buildings
or line shapes are apparent.

Furthermore, we can identify other very narrow and
extended rectangular magnetic abnormalities which
concentrated along the elevated border east of Vizier
Qar’s tomb complex and north of Kaaper’s and Ity’s
tombs. These tombs have strong magnetic and almost
disconnected circumferential brickwork with a different
orientation than the northwest-southeast features. The
last distinguished type of rectangular feature is repre-
sented by the separate internally structured rectangu-
lar magnetic abnormalities dispersed over the middle
part of the hilly area. The rectangular features or
tombs are oriented northnorthwest-southsoutheast
and they are characterized by strongly magnetic cir-
cumferential brickwork. More indefinable linear objects
—magnetic parts of other possible features - occur in the
elevated broken terrain and also under the terraces on
the inclined slopes.

If we take into account that it was common to use
various types of construction material (Nile sile mud-
bricks, limestone, tafl brickwork) for the construction
of the tombs over the whole area of South Abusir, then
the great concentration of various features displayed in
the results of the survey of the vast area only repre-
sents part of the features that are in fact hidden below
the surface of the terrain. Significantly less magnetic
abnormalities or underground remains of archaeolo-
gical objects were identified in the middle of the open
plain under the knolls on the lower terraced level of the
northwestern area of the current excavations. It appe-
ars that the rectangular and internally multiply divi-
ded magnetic abnormalities only define the magnetic
parts of the features that were undoubtedly construc-
ted from more types of construction material, which is
apparent both from surface survey and from the
results of the complementary electromagnetic measu-
rements. Furthermore, the lowest valley area of the
east-west running wadi, which extends from the pre-
sumed edge of the extinct Abusir Lake northeast of
Vizier Qar’s tomb complex, can be regarded as an area
without clearly recognizable remains of buildings or
further anthropogenic activities.
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Plate 10. Close - up of the satellite image - South Saqqara: 1 - Pyramid of Pepy |, 2 - Pyramid of Djedkare Asosi, 3 - Pyramid of Merenre — Tab. 10. Detail
satelitniho snimku - jizni Sakkdra: 1 - pyramida Pepiho I, 2 - pyramida DZedkarea Isesiho, 3 - Merenreova pyramida.
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4. Conclusions

Surface, geophysical and long-distance exploration
of the site enables us, even in this phase of analysis of
the cemetery, to try to preliminarily formulate the
answers to some questions that were set out in the
preface of the study.

The cemetery in South Abusir continuously developed
from the end of the Third Dynasty (2 650-2 575 B. C.)
at the latest, when the first tombs of distinguished
dignitaries (Hetepi, Ity) were built. Later on, at the
beginning of the Fifth Dynasty (¥ 2 465 B. C.), the
tomb of Kaaper followed. In the middle of the Sixth
Dynasty (2 250-2150 B. C.), the tomb complex of Vizier
Qar and the adjacent tombs of his sons (Inti, Qar
Junior and Senedjemib) were constructed. These
tombs gradually occupied dominant topographic loca-
tions from the south-east to north-west, which
undoubtedly made these buildings very impressive
structures at that time. Simply put, these structures
constitute a certain southeast-northwest axis, which
respects both the natural topography of the mound
and possibly even the proximity of the Abusir Lake,
which could have formed the main access route to the
area during the Old Kingdom period.

Meanwhile, a hiatus clearly arises between the
beginning of the Fifth Dynasty and the middle of
the Sixth Dynasty among the tombs of the Central
mound, which was, based on the evidence, reserved
only for highly distinguished dignitaries. However, the
spatial disposition of the tombs indicates that it is
possible to find the missing chronological horizon in
the area northwest of Kaaper’s tomb and southeast of
Vizier Qar’s tomb. This area undoubtedly contains an
extensive tomb with a small chapel in the southeastern
corner with a serdab west of it, which, however,
according to the drift sand fill, had been robbed. With
regard to its size and location, it may be presumed
that it belonged to a distinguished dignitary, and it
appears on the basis of the chapel’s disposition (it is
likely that the chapel has an L-shaped ground plan)
that, chronologically, we are dealing with more or less
the same period as in the case of Kaaper’s tomb.
Tombs with this type of chapel are a sporadic occur-
rence in the Abusir and Saqqara area, and at the
same time they form a very specific group of tombs
(Barta 2002b).

Significantly smaller tombs were built on the frin-
ges of these main tombs. They were not built from
limestone, as were the main monuments, but from
Nile silt or tafl bricks. These tombs have so far been
archaeo-logically documented close to the northeas-
tern corner of Kaaper’s tomb, east and south of Hete-
pi’s tomb and finally also to the north and north-east
of the Qar’s complex. In addition to this direct evi-
dence, some indirect evidence for lesser tombs may
be added. It comes from the fill of the burial shafts of
the Qar’s family members. Numerous blocks were
found in these shafts with inscriptions and/or reli-
efs, which must, because of their occurrence, have
originated in the surrounding smaller tombs. On the
basis of this indirect evidence, it may be considered

that these tombs belonged to dignitaries of a lower
social status and that the given blocks were used
secondarily as the fill of the shafts at the time, when
these tombs had already been robbed or even dis-
mantled, perhaps still during the fall of the Old King-
dom. Also, it cannot be excluded that in some cases
we are dealing with decorative elements which origi-
nated in the rock-cut tombs.

A cemetery for the lesser officials was founded at the
end of the Fifth Dynasty north of Qar’s tomb, on the
opposite side of the east-west running wadi. These
officials, mainly priests, were taking part in the mortuary
cult of the Fifth Dynasty kings in the Abusir pyramid
temples (Fetekti and Hetepi) and in Menkauhor’s
complex (which indirectly indicates that this complex
would have been located in the area of present-day
Saqqgara).

The tombs of the dignitaries Hetepi and Ity from
the end of the Third or beginning of the Fourth Dyna-
sty unambiguously prove that at that time the buri-
al-ground of the high officials of non-royal origins
from the northern part of Saqgara (Quibell and Firth
Cemetery) was transferred to Abusir South. Here we
are dealing with tombs of the so-called ‘transitional
type’, which combine two different philosophies for
the creation of the access routes to the underground
burial chambers - staircase and shaft. The beginning
of the Fifth Dynasty in Abusir corresponds with
the development in Saqqara, because restoration of
the building works in the cemetery occurs mainly in
the area north of Djoser’s tomb complex. The con-
struction and exis-tence of Kaaper’s tomb is comple-
tely consistent with this development. Currently, we
have no evidence that would cover the remaining
period of the Fifth Dynasty in Abusir South. It is
highly probable that most of the non-royal tombs of
the time were constructed on the pyramid field in
Abusir and its close vicinity. For the period of the
Sixth Dynasty it is premature to consider defining
the nature of the links to the main cemetery in
Saqgara. However, at a given point it seems that digni-
taries in the positions of court judges, etc. were buried
in South Abusir.

A significant contribution of the detailed contour
plan and 3D model of the cemetery is that it mables to
detect several access routes which led to the cemetery
from the Abusir Lake, e.g., from the north-eastern part
(for more details see Bdrta 1999, 107-116) of the area.
These routes can be defined as follows:

- they lead to the main, dominant tombs of the ceme-
tery;

- they are located so as to guarantee access into the
main parts of the cemetery and also to their less
frequented parts;

- the course of these routes differentiates them from
natural wadis, which were created as a consequence
of the natural formation of the geomorphology of this
area: they have different slopes and courses; the
surrounding human made features/tombs respect
these routes;

- features occur alongside some of them. They can be
associated with cultic cemetery activities: it is a matter
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Plate 11. Close - up of the satellite image - South Saqqara: 1 - Pyramid of Pepi I, 2 - mastaba of Shepseskaf, 3 - Pyramid of Iby, 4 - Pyramid of Khend/er

5 - Pyramid of Sesostris Il — Tab. 11. Detail satelitniho snimku - jizni Sakkdra: 1 - pyramida Pepiho Il 2 - Sepseskafova mastaba, 3 - Ibiho pyramida, 4 - Chen-
dZerova pyramida, 5 - pyramida Senusreta 1.
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Plate 12. Close - up of the satellite image - Dahshur: T - Red Pyramid of Snofru, 2 - a field of mastabas from the 4th Dynasty, 3 - Pyramid of Amenemhet
Il — Tab. 12. Detail satelitniho snimku - Dah$dr: 1 - Snofruova Cervend pyramida, 2 - pole mastab z doby 4. dynastie, 3 - pyramida Amenembheta I,
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Plate 13. Close - up of the satellite image - Dahshur: T - Bent Pyramid of Snofru, 2 - Black Pyramid of Amenembhet Ill, 3 - Old Kingdom period cemetery with

the Mastaba of Lynefer — Tab. 13. Detail satelitniho snimku - Dahsdr: 1 - Snofruova Lomend pyramida, 2 - Cernd pyramida Amenemheta Ill, 3 - pohfebisté
z doby Staré fise s mastabou Lynefera.
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of smaller deposits of pottery fragments or a offering
basin (in one case).

In several cases, it is apparent that some main
access routes branch out in places where there is
convenient access to the different parts of the cemetery,
which are always dominated by one of the principal
tombs (Mastaba MM, Hetepi, Ity, Mastaba KK, Kaaper,
Qar). These routes are always laid out so as to come
from the southwestern side of the Abusir Lake towards
the cemetery, i.e. towards the southwest. There are
also other archaeological indications that suggest that
this water surface was used for the entrance to the
cemetery in Abusir South and Saqgqara in the area
north of Djoser during the Old Kingdom period.

A significant number of tombs, which were identified
in the northeastern part of the explored area and
which are axially oriented in a northwest-southeast
direction, remain unknown. No doubt they belong to
the main chronological horizon of the cemetery
existence. At the same time, it seems to be apparent
that, similarly to the tombs in some other areas of this
part of the Abusir-Sagqara complex, they respect the
location of the Abusir Lake, which could have repre-
sented one of the main access gates to the cemetery.

The mutual comparison of the surface survey, geo-
physical measurement and satellite imaging provides
interesting indications, which are relevant for the
complete evaluation of the results. The results, which
were obtained through surface survey, show that its
significance consists especially in the interpretation of
the bigger features (tombs), in the identification of
specific structures-shapes of the cult chapels, and in the
plotting of the individual major burial shafts or concent-
rations of bone fragments, pottery, etc. This is caused by
the fact that the tombs are usually made of Nile silt mud-
bricks or limestone blocks. In both cases their eroded
crowns leave clearly coloured traces on the surface of the
desert. In the case of rains, signs of overgrowth and the
differentiated absorbability of the terrain help to identify
these features (Plate 5). Complications occur in the case
that the brickwork is built from tafl bricks, which is not
markedly apparent on the surface and which is difficult
to identify through geophysical exploration as well. As for
the tomb chapels and shafts, as a rule they were indisc-
riminately robbed and are filled (as a direct consequence)
with yellow drift-sand, which is a very obvious desert
phenomenon. In these cases, their wall crowns form
slightly elevated mounds, whose internal surfaces have
the shape of a shallow concentric depression.

A significant weakness of the surface survey became
evident on the slopes, where the features are less appa-
rent owing to geomorphological processes, especially
washing and erosion. The survey is also subjectively
affected by the optical properties of light, the season and
time of day. The disadvantage of the slopes, light and
time of day significantly hinders geophysical measure-
ment and satellite monitoring, too. Finally, another disa-
dvantage consists in the particularization of the results:
on the surface, many features were recorded by means
of shorter lines; the other two methods are much more
effective in creating polygons (totally closed structures,
e.g., the ground plans of the tombs).

In the case of geophysical measurement, its signifi-
cance consists not only in the fact that it facilitates the
verification of the results of the surface survey but
primarily in its ability to detect an array of smaller
features. It is also very effective in the identification of
possible internal structures of the individual features.
The only weakness of magnetometric measurement
consists in the mapping of the tafl structures, which
was not very successful because these are physically
almost identical with the properties of the tafl subsoil
of South Abusir. Geophysics was unexpectedly very
successful even on the slopes, and so it has signifi-
cantly contributed to the completion of the archaeolo-
gical plan of the site. A smaller-scale comparison of the
achieved results immediately to the southeast and east
of Hetepi’s tomb also provides interesting results.
Whereas in the south-east, two smaller, tightly fitting
tombs with a brick coat and internal sand and lime-
stone waste fill were detected through geophysical
survey, they were not detected at all during the surface
survey, probably because of the very undulating terrain
at this part of the site. On the contrary, it appears that
the surface survey was more successful on the relati-
vely flat surface east of Hetepi’s tomb. This could have
been caused by the fact that the tombs here are built
partly of tafl brickwork, but especially because there
are many relics from robberies, which help to identify
the main spatial features of the tombs (excavation
dumps, shafts and pottery concentrations).

The satellite photography has several comparative
advantages: a) the whole explored site was recorded at
one moment in time, b) it is not dependent on the sub-
jective human factor, and c) it captures the entire area.
Through this means it is possible to identify and verify
the existence of not just the bigger dominant structu-
res (the tombs MM, Hetepi, Ity, Kaaper and the com-
plex of Vizier Qar and his sons stand out in the pictu-
re), but so do smaller structures. However, the picture
has its greatest significance for the analysis of the ove-
rall properties of the explored site, e.g. basic compo-
nents of the site, their spatial distribution, the geo-
morphology of the terrain and its interraction with
human activity, and last but not least even for the
analysis of the communication system. In this case,
the previous conclusion is clearly confirmed: that the
cemetery in Abusir South was accessible from the north-
east through several routes, which led to the major
groups of tombs in the burial zone.

A satellite picture does not detect all components
and sometimes not even those that are detected
through geophysical and/or surface survey. Therefore
we can allow ourselves to state that its overall value is
realized only when all three methods are linked.

The collection of data that has taken place over the
last 2-3 years, will require just as much time for
evaluation and interpretation. However, it is already
evident, as this review shows, that with the aid of these
methods it will be possible to significantly improve the
quality and effectiveness of further archaeological
activities so that they will be able to help us in parti-
cular to provide answers to the lesser known aspects of
Egyptian archaeology in this area.
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Souhrn

1. Uvod

Predkladana studie je prvnim oficidlné pristupnym obecnym
piehledem o zdkladnich metodach a vysledcich povrchového, geo-
fyzikalniho a dalkového priizkumu zemé uskute¢néného v letech
2001 a 2002 na ceské archeologické koncesi v Abusiru, pfiblizné
30 km jizné€ od Kahiry. Abusir je lokalita situovana na zapadnim
brehu Nilu, v misté pfechodu plata Zapadni pousté do trodné nil-
ské nivy. Zde byla vybudovana mista posledniho odpoc¢inku - roz-
sahlé pyramidové komplexy - nejméné ¢tyr panovnikt 5. dynastie
(2510-2370 pf. n. l.). Kolem nich postupné vznikaly rozlehlé
nekropole ¢lenti jejich rodin a uifednikt tehdejsiho staroegyptské-
ho statu (obecné viz Bdrta - Krej¢i eds. 2001; Verner 2002).

Pro testovani prospekc¢nich metod byla vybrana jizni cast
koncese, kde dnes probihaji jedny z hlavnich aktivit Ceského
egyptologického ustavu (dale CEU) a Ceského narodniho egyptolo-
gického centra (dale CNEC) Filozofické fakulty Univerzity Karlovy
(dale FF UK) v Praze. Nachazi se zde rozsahla nekropole, kterd se
vyvijela po dobu nékolika stoleti. V hrobkach na nekropoli se nacha-
zeji prameny, které maji zasadni vyznam pro poznani doby 3. tis.
Pr. n. 1. Jsou vyznamné jak pro poznani vzniku a postupné struktu-
race raného staroegyptského statu, tak i pro zanik jeho prvniho
vrcholného obdobi, doby Staré fige. Kromé ¢lentt CEU a CNEC FF
UK v Praze se projektu uc¢astnili odbornici z Archeologického tistavu
Akademie véd Ceské republiky v Praze (ddle ARU), Univerzity Jana
Evangelisty Purkyné v Usti nad Labem (Laboratoi geoinformatiky
Fakulty Zivotniho prostfedi, dale UJEP) a Ustavu archeologické
pamatkové péce v Moste€.

Oblast zvana jiZzni Abusir predstavuje integralni sou¢ast toho
co dnes nazyvame abusirsko-sakkarsky pohtebni komplex (Bdrta
- Krejéi eds. 2001; Coppens ed. 2002). Topograficky muZe byt
vymezen takto: na jihu a vychodé jej od Sakkary oddéluje
tzv. Abusirské udoli, jehoZ severovychodni konec je ukoncen
vesnici Abusir, na severu nahorni ploSinou, na které jsou posta-
veny abusirské pyramidy panovnika 5. dynastie a na zapadé
horou (tzv. Lvi hora).® Geologicky je Abusir soucasti oblasti
Zapadni Sakkary. Dominuji zde usazeniny z mladsiho eocénu,
kde prevlada tvrdy, nahnédly, dolomitizovany a silificikovany
vapenec (mistné€ nazyvany tafla), ktery se stfida s vrstvami jilu.
Tato formace se nazyva Maadi. Na ni navazuje pliocenni formace
Koém el-Selill. Dne$ni povrch pousté tvori velké vrstvy Stérku
a pisku (Youssef - Cherif - Boulchary - Mohamed 1984, 127 - Fig. 2,
136 - Figs. 4-5; Said 1962, 98-99; 1975, 12-13; Klemm - Klemm
1993, 72-73; Svoboda 1993, 167). V uplynulych nékolika tisicile-
tich byl povrch pousté ¢asto vystaven tzv. bleskovym zaplavam,
destové vodé€, kterd se nahromadila na nahornich planinach
pousté a odtékala tdolimi do nilského udoli; to potvrzuji jak
objekty ponic¢ené vodni erozi situované na svazich téchto wadi,
tak i vysledky geologickych prazkumti provadénych v oblasti
zapadni Sakkary (tab. 1).

Jizni Abusir hral donedavna v archeologickém poznani lokalit
tvoricich tzv. pyramidové pole starovékého Egypta pouze okrajo-
vou roli. Odhlédneme-li od odkryvu a dokumentace pilifové siné
hrobky Fetektiho, zadusniho knéze panovnika Neferirkarea
z konce 5. dynastie objevené v poloviné 19. stoleti Lepsiovou expe-
dici (1842-1845), predstavovala tato oblast tizemi ,bez minulosti®.
Tato skutec¢nost se odrazela i v soudobé literature 19. a poc¢atku
20. stol. Na mapé publikované K. R. Lepsiem v jeho monumental-
nim dile Denkmaeler aus Aegypten und Aethiopien (1849-1858) je
mozZno na severu zretelné rozeznat pyramidy v Abusiru a na jihu,
hluboko v pousti (pod €. 1) pouze misto oznacujici polohu hrobky
Fetektiho (obr. 1; Lepsius 1849-1858, vol. I, pl. 32). Rozsahlé
vyzkumy A. Marietta v Sakkare v 2. pol. 19. stol. se rovnéZz oblasti
jizniho Abusiru nijak nedotkly; jeho vyzkumy se zastavily tésné
u jizniho okraje, to zfetelné ukazuje i mapa zkoumané oblasti

* V koordinatech mapy oblasti vypracované Ministére de 'Habitat
et de la reconstruction, Le Caire H 21 and H 22 je toto izemi na
jihu vymezeno soufadnicemi v systému UTM - 3 306 800 m a na
severu 3 308 400 m.
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publikovana v roce 1889 (obr. 2; Mariette 1889, pl. II). Ani mapy
celé memfidské nekropole zvefejnéné v roce 1897 francouzskym
badatelem de Morganem tuto situaci nezménily (de Morgan 1897,
pl. 10). V roce 1936 publikoval G. A. Reisner dilo The development
of the Egyptian tomb down to the accession of Cheops, které obsa-
hovalo i Appendix C od W. M. Stevensona Smithe vénovany topo-
grafii sakkarského pohfebisté. Tato prace predstavovala pokus o
relokaci hrobek zkoumanych vesmés jiz v 19. stoleti. Nékolik
z nich bylo umisténo i do oblasti dnesniho jiZniho Abusiru (Smith
1936, Appendix C, 390-411 a mapa sakkarského pohrebist€). Na
praci Stevensona Smithe navazal vr. 1974 A. J. Spencer, ktery se
pokusil o konkordanci dosavadnich pokustt o mapu a lokaci
jednotlivych hrobek, které se vesmés nachazely v bezprostredni
blizkosti oblasti jiZniho Abusiru (Spencer 1974, 1-11 a tab. I).

V roce 1991 zacal se soustavnym prizkumem lokality CEU,
a to za vyrazné podpory egyptskych uradu. Jednalo se totiz
o oblast ohroZenou recentnimi ilegalnimi aktivitami. Béhem nasle-
dujicich 12 let tak mohly byt zdokumentovany a ve vétSiné pripadti
i restaurovany hrobky velmoZzu, z nichZ vynikaji zejména hrobky
velitele armady Kaapera, zadusSniho knéze Fetektiho, spravce
reziden¢nich sypek Iteje, spravce kralovskych véci Hetepiho
a hrobovy komplex vezira Kara a jeho synt (tab. 2; obr. 3; prehled
viz Bdrta 2001; Bdrta - Vodéra 2002; Barta 2002a; Verner 2002,
206-223). V soucasné dobé se tak ukazuje, Ze jizni Abusir hral ve
své dobé vyznamnou roli. Jeho poloha na prechodu mezi pohie-
bisti v Abusiru a Sakkare ho predurcovala k tomu, Ze zde byly
postupné budovany hrobky po vétSinu doby trvani jak abusirské
tak sakkarské nekropole béhem 3. tis. pf. n. 1. DalS§im vyznamnym
faktorem bylo, Ze tato ¢ast pohrebisté nebyla v moderni dobé
nikdy oficidln€ zkouména. Vzhledem k historickému vyznamu
dané oblasti pro poznani dé&jin staroegyptského statu v dobé
3. tisicileti pfed Kristem a exponované poloze pamatek bylo v roce
2000 nutné vypracovat plan, jakym zptisobem pristoupit ke zkou-
mani tizemi jako celku tak, aby bylo moZno zdokumentovat hlav-
ni povrchové rysy lokality dfive neZ zaniknou vlivem archeologic-
ké ¢innosti. Dalsi imanentni potfebou byl sbér dat takové povahy,
ktera by umoznila ekonomické a maximalné efektivni zaméreni
archeologickych vyzkumt v budoucnosti.

Postupné byl vypracovan dvoulety harmonogram povrchového
prizkumu lokality véetné podrobného geodetického zamérenti, tvor-
by detailniho vrstevnicového planu, zhotoveni fotogramn (fotogra-
fické dokumentovani jednotlivych archeologickych objektti pomo-
cl tzv. Svédské véze), geofyzikalniho prizkumu, metod dalkového
pruzkumu Zemé (fotografovani lokality z upoutaného balénu dal-
kové ovladanou aparaturou s kontrolou obrazu na zemi a druZi-
cového nasniméani lokality ve vysokém stupni rozliSeni v nékolika
multispektralnich pasmech). To vSe v kombinaci s probihajicimi
archeologickymi pracemi.

Tyto metody nebyly vybirany nahodné. PokaZdé Slo o to, aby
byly schopny prispivat k analyze otazek, které byly stanoveny jako
dlouhodobé cile projektu. Z nich lze v tomto kontextu jmenovat
néasledujici:

1. jakym zpusobem se pohrebisté vyvijelo v Case;

2. jaké bylo prostorové ¢lenéni pohiebisté v zavislosti na ¢ase a soci-
alnim postaveni zde pohrbenych staroegyptskych hodnostaiti;

3. jak souvisi pohrebisté v jiZnim Abtisiru s obdobnymi pohiebis-
ti v Abusiru a Sakkare (pokud jde o vyvoj v ¢ase a zejména
v prostoru);

4. existoval vztah mezi pohfebiStém v jiZnim Abusiru a osidlenim
z doby Staré¢ riSe? Pokud ano, jakym se projevoval zptisobem?

V soucasné dobé (tj. na po¢atku roku 2003) jsme v situaci, kdy
muiZzeme na lokalitu a doposud zkoumané objekty nahliZet jako na
soucast vétsiho vyznamového celku ze dvou pohledui: v roce 2001
probéhl v ramci detailniho geodetického méfeni povrchovy
pruzkum a identifikace archeologickych objekttl, jehoz se tiéastnili
M. Barta, V. Brana a P. Cech. O rok pozdgji byl mésic podzimni
sezény v jiznim Abusiru vénovan geofyzikalnimu priizkumu, ktery
byl provadén ve spolupraci s ARU AV CR (R. Krivanek a M. Toma-
Sek). VysledKky ziskané v ramci téchto dvou uplynulych sezén maiji
z4sadni vyznam nejen pro poznani lokality jako takové, ale i pro
optimalni zaméreni a vybér vyzkumnych strategii do budoucna.
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2. Uloha geoinformatiky pfi archeologickém vyzkumu

Geoinformatika se zameéfuje na vyvoj a aplikaci metod pro
reSeni specifickych problému v geovédach se specialnim durazem
na geografickou polohu objektti. Zakladnim prvkem je tzv. geoob-
jekt, tj. objekt vztahujici se k ¢asti prostoru na povrchu Zemé. Od
ostatnich objektt jej 1ze odliSit pomoci:

a) geometrie = prostorové polohy;
b) topologie = prostorovych vztahti;
¢) tématiky (atributt);

d) dynamiky = ¢asovych zmén.

Pri archeologickém vyzkumu v Abtsiru byly aplikovany metody
a postupy z oblasti geoinformatiky, ktera vstupuje v poslednim
desetileti i do jinak celkem tradi¢ni a konzervativni archeologie.
Spolu s osvédéenymi a klasickymi geodetickymi metodami jsou
vyuZivany nové pristupy jako jsou geografické informaéni systémy
(GIS), pocitacové 3D modelovani, metody déalkového priizkumu
Zemé (Remote Sensing, RS), digitalni kartografie a pouZiti satelit-
nich pfijima¢tt Global Position System (GPS) k urceni polohy
pozorovatele na zemském povrchu (Briina 2002; Jeffreys - Tavares
2000; Mathieson 2000).

Je tfeba zduraznit, Ze geoinformatika, resp. geoinformacni
technologie jsou pouze prostiedkem pro podporu feSeni stanove-
nych cild a hypotéz vyzkumu. Prostfedkem, ktery pifinasi nové
uhly pohledu na reSeny problém, poskytuje netradi¢ni postupy
a dovednosti jak jednotlivé kroky feSeni dokumentovat, interpre-
tovat, provadét analyzy a syntézy.

Historie a souc¢asnost geodetickych praci

Spoluprace geodetu a egyptologa ma jiz vice nez Ctyricetiletou
tradici. Zacala v roce 1962 pfi zdchrannych vyzkumech v Nubii
(Tlusty - Vosilkka 1963) a poté pokracovala v oblasti ¢eskoslovenské
(dnes ¢eské) koncese v Abusiru. Stru¢nou informaci o aplikaci
geodézie pri archeologickém vyzkumu v Egypté pfinaseji B. Vacha-
la a M. Prochdzka (2003).

Geodetické prace probihaly do roku 2001 vzdy v pravidelnych
nékolikaletych intervalech. Zahrnovaly zejména budovani a udrZzbu
bodového pole v mistnim soutfadnicovém systému, polohopisné
zameérovani odkrytych archeologickych objektt a struktur, véetné
postupného polohopisného a vysSkopisného zaméreni tizemi Abtsiru
(bliZe o budovani geodetické sité€, jeji presnosti a metodach méreni
viz B. Vachala a M. Prochdazka (2003). Vysledkem je vySkopisny
plan v méritku 1 : 2 000 se zakladnim intervalem vrstevnic 1 metr
(Svec - Vosika - Prochdzka - Vomelovd, Praha 1995). Soucasti geo-
detickych praci byla i metoda pozemni fotogrammetrie aplikovana
pii vyzkumu v Nubii (Tlusty - Vosikka 1963) a pri zamérovani kom-
plexu mastaby PtahSepsese (Martindk 1976).

Od podzimni expedice roku 2001 se geodeticka ¢innost vyrazné
rozsifila a zefektivnila vyuzitim novych pfistroju a postupt.
Vysledky geodetickych praci jsou zakladni datovou bazi pro dalsi
oblasti geoinformatiky - GIS, RS, kartografii, 3D modelovani
a prostorové vizualizace. Pro geodetické prace byla porizena
sestava, sloZzena z laserového elektronického dalkomeéru (total
station) LEICA TCR 307 a prisluSenstvi. Jedna se o 7” dalkomér,
ktery umoznuje do vzdalenosti 80 m méreni bez pouZiti odraz-
ného hranolu. Tato vlastnost byla vyuZzita predevSim pri zameé-
fovani nepfistupnych mist a pfi pracich v interiérech hrobek
a v podzemi. Totalni stanice ma ve svém vybaveni zakladni geo-
deticky software, ktery pri klasickych geodetickych postupech
(tachymetrickd méfeni, rajon atd.) okamzZité uréuje prostorové
soufadnice mérenych bodu, véetné prislusnych definovanych
atributti. Databaze souradnic je poté importovana do prostredi
GIS (viz niZe). Pro tvorbu archeologickych map a planu je pres-
nost stanice dostacujici.

Byly reSeny nasledujici tilohy:

1. detailni polohopisné a vySkopisné zaméfeni oblasti jiZniho
Abtsiru;

2. prostorové zaméreni nadzemnich a podzemnich komponent
archeologickych objektu, které jiz byly odhaleny a prozkoumany;

3. uréeni prostorové polohy archeologickych objektti a struktur
subjektivné interpretovanych v oblasti jiZzniho Abusiru.

ad 1) ve stavajicim lokalnim bodovém poli bylo provedeno podrob-
né terénni meéreni, které na ploSe cca 600 x 400 m repre-
zentovalo pres 6 000 podrobnych prostorovych bodti. Data-
béze bodl byla importovana do prostfed GIS, kde byla dale
zpracovavana (viz niZe);

ad 2) klasickou geodetickou metodou méfeni podrobnych bodt
byly postupné zameéfeny nadzemni objekty, putdorysy
a zakladni linie. Pro méfeni v podzemi, v Sachtovych
hrobech byla vyuzZita metoda mining survey, kdy byly ve
svislé Sachté preneseny z trovné terénu na dno dva body
urcené v souradnicich a z nich se nésledné vychazelo pii
zaméfovani podzemnich prostor. V tomto pripadé€ bylo
vyuzito méfeni bez pouziti odrazného hranolu. Jeho vysledky
(databaze prostorovych souradnic), véetné nacrtu, jsou
postupné zpracovavany v prostiedi CAD a GIS a vysledkem
budou 3D prostorové modely hrobek;

ad 3) na uzemi jizniho Abusiru byly subjektivni interpretaci
terénu identifikovany archeologické struktury a probéhlo
jejich geodetické zaméreni. Vysledky byly importovany do
prostredi GIS a zde dale zpracovavany.

Geodetické prace nejsou samostatnou ¢asti, ale tvori zakladni
bazi tvorby prostorovych dat pro jejich dalsi aplikace v prostredi
GIS, dale pro analyzu dat RS a v neposledni rad€ slouZi jako
podkladova data pro kartografické vystupy.

Geograficky informac¢ni systém tvori zakladni aplikovanou
metodu a zahrnuje dva rizné pojmy. V prvnim z nich vidime GIS
jako technologii, tj. hardwarové a softwarové vybaveni nutné pro
vytvoreni a provozovani druhého - aplikace. GISem jako aplikaci
rozumime informacni systém zaloZeny na geodatech, ktery slouzi
jako podklad v rozhodovacim procesu organizac¢nich jednotek.
Geodata jsou prostorové uidaje v digitalni formé, které se skladaji
z grafickych atributd, negrafickych (textovych) atributti a relac-
nich tdajt (Tucek 1998).

Obecné feceno, GIS umoziuje vzajemné propojeni grafickych
a tabelarnich dat. Jakykoliv archeologicky objekt, ktery muZe byt
vyjadren ve vektorovém tvaru ve formé bodu, linie ¢i polygonu,
s sebou nese dalsi atributové informace a metadata. V prostredi
GIS lze tyto objekty dle atributti vzajemné analyzovat, propojovat,
integrovat a vytvaret variantni reSeni. Objekt mtiZe byt reprezen-
tovan i rastrovym zaznamem, ktery lze analyzovat samostatné¢, ve
skupiné€ nebo ve spojeni s jinymi formami zdznamau.

Projekt geografického informaéniho systému Abusir (Abusir
GIS Project) je realizovan v prostfedi programu Arc View 3.2
a Arc GIS 8.3 firmy ESRI, Corp. Jedna se o uZivatelsky jednoduchy
program, ktery obsahuje i zdkladni extenze - Arc View Spatial
Analyst, Arc View 3D Analyst a Arc View Image Analysis.
Do prostredi tohoto programu se importuji data z geodetického
méreni, kterd se zde dale zpracovavaji.

Zéakladni tulohou byla tvorba vrstevnicového planu oblasti
jiZzniho Abusiru. Databaze souradnic podrobnych bodt byla
importovana do prostfedi GIS, ve kterém probéhla Gprava dat ve
spojeni s existujicim polohopisnym a vySkopisnym planem
malého meéritka. Pomoci extenze Arc View Spatial Analyst se
databaze bodu prevedla do formatu TIN' a v dalsim kroku byly
generovany vrstevnice o intervalu od 20 cm, coZ umozZnila vysoka
hustota namérenych podrobnych bodti. Pomoci TIN modelu byl
vytvofen mimo jiné i prostorovy model lokality (3D model), ktery
tvori jednu ze zakladnich tématickych vrstev v datové struktuie
Abusir GIS Project.

Dalsi tlohou bylo vytvofeni GIS databaze identifikovanych
archeologickych struktur - objekti. Samotny povrchovy prazkum
byl provadén postupnou subjektivni rekognoskaci terénu, pri
které probihala interpretace - identifikace archeologickych struktur
- objektt. Kazdy identifikovany objekt, struktura byl geodeticky
zaméfen a to bud ve formé& bodové, liniové nebo plosné - polygo-
nové. Vedle geodetického zaméfeni probé&hla fotografickd doku-
mentace objektu a zapis dalSich charakteristickych informaci,
které se staly soucasti databaze v GIS.

* TIN - Triangulated Irregular Network - nepravidelna triangulaéni
sit.
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V prostredi GIS probihalo dalsi zpracovani sestéavajici z:

a) tvorby jednotlivych grafickych tématickych vrstev - bod, linie,
polygon;

b) tvorby databaze k jednotlivym zaznamtim, pfifazeni odpovida-
jicich atributti a propojeni na digitalni fotografickou databazi;

) tvorba legend a zékladnich grafickych vystupt.

Béhem povrchového prizkumu byla identifikovana a zazname-
nana cela rada archeologickych informaci a objektt (tab. 5).
Jednalo se nejen o pudorysy a zdiva hrobek (z vapence, cihel
z nilského bahna a nebo z tafly), ale i o vysypky, koncentrace
keramiky, lidskych a zvifecich kosti, ¢o¢ky vatého pisku a izolo-
vané artefakty (napf. koncentrace zlomku kamennych nadob).
Celkem tak bylo moZzno zdokumentovat na 150 objekt1 s rtiznou
vypovédni hodnotou. Tak napfriklad ptidorysy hrobek s liniemi
kapli a odhadovanou velikosti zastavéného ptidorysu umozZnuji
v kombinaci s jiZ odkrytymi objekty modelovat a analyzovat vyvoj
pohrebisté v ¢ase, a to zejména na zékladé typologickych zmén
v architekture hrobek béhem 3.-6. dynastie (ca 2 700-2 200 pf. n.
1.). Vysypky a akumulace keramiky zase oznacuji mista, kde zfej-
meé probihala intenzivni zlod&jska ¢innost. V nékterych pripadech
mame doloZeny vysypKy, ale samotné archeologické objekty
nejsou zretelné, vysypka se tak stavA nepfimym dokladem
existence objektu, ktery nevykazuje Zadné povrchové priznaky.
Vysledna sestava tématickych vrstev archeologickych objektt
byla importovana do GIS databaze a jednim z vystupu je i lokali-
zace archeologickych objekti na 3D modelu terénu (obr. 4).

Dalsi oblasti geoinformatiky, aplikovanou pii vyzkumu Abusi-
ru, je metoda dalkového prizkumu Zeme. Jedna se o ziskavani
informaci o objektech a jevech na dalku - bez pfimého kontaktu
s t€mito objekty a jevy, na zaklad€ vyuziti dvou poznatki:

- ¢lovék sam ¢i s pristroji je schopen ziskavat kvalitativni i kvan-
titativni informace o jevech a objektech, které ho obklopuji;

- kazdy tento jev nebo objekt néjakym charakteristickym zptso-
bem ovliviiuje své okoli.

Systém RS tvori:
- subsystém sbéru a prenosu dat - technicka stranka véci;

- subsystém jejich analyzy a interpretace - metoda zpracovani
prostorové informace.

Analogové a digitadlni zaznamy zaznamenavaji prostorovou infor-
maci podobné jako topograficka nebo tématicka mapa. Zaznamy
obsahuji dva druhy informaci:

1. informace o poloze zobrazenych objektt1, jejich tvaru, velikosti,
vzdalenosti od jinych objektti, apod.

2. informace tématicka - druh vegetace na dané plose, povrch
komunikace, apod.

RS pomohl spolu s geofyzikalnimi metodami rozvoji tzv. nede-
struktivni archeologie. Zaznamy ukazuji vzajemné vztahy a souvis-
losti mezi sou¢asnymi a archeologickymi objekty, jsou pfinosem pro
predikci objemu zichrannych vyzkumnt, jejich topografické lokali-
zace a struktury tizemi s archeologickymi objekty.

Na tizemi Abusiru je postupné metoda RS aplikovéna ve tiech
mefitkovych drovnich. Tou zékladni je fotografické snimkovani
z tzv. Svédské véZe. Z ni jsou porizovany analogové a digitalni foto-
grafické zaznamy z vySky cca 7-8 m nad trovni terénu (tab. 3-4;
Cech 2002).

Ve stadiu zkousek je vyuZiti upoutaného balonu s fotografic-
kou aparaturou fizenou na dalku. Tento systém umoznuje foto-
grafovani z vy$ky kolem 5-60 metri nad terénem.

Posledni tirovni je vyuziti satelitnich zaznamu. Cilem bylo pori-
zeni dat s vysokou rozliSovaci schopnosti a proto byl objednan
zaznam ze systému QUICK BIRD, spolec¢nosti Digital Globe Cor-
poration (viz jeho nahled na wwuw.digitalglobe.com). Druzice byla
naprogramovana na zakladé nami dodanych parametrt na sni-
mani tzemi od severu k jihu - Abusir, Sakkara a Dahsur. Zaznam
byl porizen v 8.45 rano dne 23. 2. 2003 ve vysoké kvalité, rozliSo-
vaci schopnost v panchromatickém pasmu je 0,64 m a 2,56 m v
multispektralnim pasmu (Catalog ID 1010010001A99901, Image
location - vertex, latitude, longitude: 1. southwest 29.7732,
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31.1555; 2. northwest 29.933, 31.1554; 3. northeast: 29.9298,
31.3393; 4. southeast 29.769, 31.3378; 5. center 29.8512,
31.247; cloud cover 8 %, quality 50 - fair, off-nadir 13 degrees).
Uzemi ma rozlohu 65 km? (tab. 6 a detaily tab. 7-13).

Vysledky v8ech typu snimkovani jsou analyzovany v programu
pro digitalni zpracovani obrazu PCI a nebo pomoci extenze
AV Image Analysis v programu ArcView 3.2. Po zékladni tpravé
dat je proveden import do prostredi GIS, kde jsou ve spojeni
s dal8imi topografickymi a predmétovymi tématy provadény ana-
lytické a syntetické ulohy.

Global Position System (GPS)

Globalni poziéni systémy (GPS) umoziiuji na zakladé prijmu
signalu s druZic urcit souradnice pozorovatele na zemském povr-
chu. Laboratof geoinformatiky UJEP vlastni pfijima¢ firmy Trimb-
le, GeoExplorer 3, ktery je pfi archeologickém vyzkumu vyuZivan
tam, kde neni poZadovana geodetickd presnost. Je to v pripadé
zameéreni vlicovacich bodt pro georeferenci satelitnich snimku, pri
potiebé rychlého uréeni polohy objektt1 a jednou z poslednich tloh
bylo vyuziti GPS pfi zaméfovani topografickych a tématickych
objektt1 v oblasti odzy Baharija na jafe 2003.° Prijima¢ umoziuje
zaméfovani bodti, linii nebo polygonti, véetné definice atributi
k jednotlivym objekttim. Namérena data se predzpracovavaji v pro-
gramu GPS Pathfinder Office 2.7, néasledné se provadi differential
correction pomoci sluzby Trimble GPS Pathfinder Express
(http:/ /www.gpspathfinderexpress.com) a korigovana data jsou
exportovana do formatu shape file programu Arc View GIS.

Budoucnost aplikace geoinformacnich technologif

Prvni vysledky ukazuji jednoznaény prinos pro praci archeologu,
kteri efektivné ziskavaji souhrnné vysledky, at uz ve formé
tabelarni nebo grafické. Ve velmi kratkém c¢asovém obdobi bylo
aplikovano nékolik metod a postupti (vétSina poprvé v ceském
egyptologickém vyzkumu), jejichZz vysledky a vystupy jsou jiz
neoddélitelnou soucasti archeologické dokumentace.

V ramci obou expedic bylo shroméZdéno velké mnozZstvi dat
v digitdlnim ¢i analogovém tvaru a nyni se data postupné tridi
a analyzuji, vytvafi se mapové vystupy, v prostredi GIS se provadi
prvni analyzy a pripravuji se hodnoceni dil¢ich ¢asti projektu
aplikace GT.

3. Geofyzikalni prizkum v roce 2002

Po prvnich ranych aplikacich geofyzikalnich metod pro vyuziti
v egyptské archeologii Albertem Hessem v Mirgisse a obecn€ Lam-
bertem Dolphinem v letech 1974 a 1977 (souhrn viz Mathieson
2000, 33 ff) byl Cesky (tehdy Ceskoslovensky) egyptologicky
ustav jednim z prvnich pfi jejich konkrétni aplikaci pfi prizkumu
abusirského pyramidového pole a Sachtovych hrobek z tzv. Pozd-
ni doby (711-333 pf. n. 1) v jihozapadni ¢asti koncese. Geofyzi-
kalni prizkumy byly pod vedenim V. Haska realizovany v letech
1979-1980 a 1981-1982 (HasSek - Verner 1981; Verner - Hasek
1981; Hasek - Verner - Obr 1983; HasSel - Obr - Prichystal - Verner
1986; Hasek - Obr - Verner 1988). V sou¢asné dobé je vétsina téchto
geofyzikalnich vysledkli ovéfena archeologickymi vyzkumy.
Oblast pyramidového pole v Abusiru mtiZeme dnes pokladat za
oblast nejvice prozkoumanou z celé ¢eské koncese a archeologické
vyzkumy zde budou probihat i v nejblizSich letech.

Cilem geofyzikédlniho priizkumu provadéného v fijnu a listopadu
r. 2002 bylo vytvofeni geofyzikdlni mapy objektt - hrobek
v oblasti jiZniho Abtusiru a jejich zaneseni do archeologické mapy
abusirské lokality. Doprovodné geodetické prace pfi geofyzikalnim
vyzkumu zahrnovaly zejména postupné vytycovani ¢tvercové sité
50 x 50 m, umisténé do stavajiciho lokalniho souradnicového
systému (viz vySe). Vysledky geofyzikalniho prazkumu byly impor-
tovany v rastrové formé do prostfedi GIS, kde spolu s dal$imi
tématickymi daty tvori jednotlivé topografické a tématické
soucésti archeologické mapy lokality.

® Jednalo se o ¢innost béhem priizkumu oblasti El-Hayez v jiZni
¢asti odzy Baharija, kdy byly mapovany vSechny dostupné arche-
ologické pamatky, a to ve spojeni s vytvarenim zékladni topogra-
fické mapy oblasti.
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Jednou z analyz bylo i porovnani vysledkti geofyzikalniho
meéfeni s vysledky povrchového priizkumu a na jeho zakladé
vytvofené mapy objektu. Analyza probéhla v prostfedi GIS
a ukazala vysokou shodu mezi subjektivné identifikovanymi
objekty a vysledky geofyzikalni prospekce.

Cile a metody geofyzikalniho priizkumu

Volba ploch pro geofyzikalni priizkum i predem vytCené cile

jednotlivych pruzkumut byly iniciovany poZadavky a potrebami

egyptologti. Mezi hlavni patfily:

1. pfesnd prostorova identifikace podpovrchové dochovanych
objektt a dalSich zjiSténych situaci;

2. prokdzani pokracovani objektdl, pripadné sledovani jejich
rozmeéru, tvaru a orientace v terénu;

3. vymezeni rozsahu antropogennich aktivit (popripadé piimo
pohrebist) v okoli mist archeologickych vyzkumti — vymezeni
archeologicky perspektivnich ploch, respektive

4. identifikace a vymezeni ploch negativnich ¢i ploch bez rozlisi-
telnych antropogennich aktivit.

Na zakladé dosavadnich poznatki o dil¢ich tizemich pak
mohly byt tyto konkrétni archeologické cile rozsifeny o né€kolik
metodickych otazek tykajicich se mozZnosti a zptisobu prazkumu
objektu v aridnim prostfedi. Vedle obecné identifikace podpovr-
chovych pozutstatkli archeologickych situaci bylo proto zakladnim
cilem také:

5. nalezeni optimalniho zptisobu prtuzkumu pfitomného typu
objektd (hrobek, popi. dalSich zdénych staveb sloZenych z vice
stavebnich materialtl) v danych pousStnich podminkéch a

6. posouzeni moznosti a omezeni metod geofyzikalniho priizkumu
pii sledovani dalSich terénti v ramci ¢eské koncese v Abusiru.

Kromé zkuSenosti v Abusiru vSak bylo mozné vyuZit i dalSich
poznatkul ziskanych predevsim v poslednich letech pfi terénnich
geofyzikalnich prazkumech v rdmci zahrani¢nich archeologickych
expedici ptasobicich v Egypté anebo i na SirSim tizemi Blizkého
Vychodu (Krivanek 1997, Becker - Fassbinder 1999b, Schmidt-
Colinet - Plattner 2001). Poslednimi prizkumy v Egypté byly
opakované prokazany kvalitativné nové moznosti velkoploSného
vyuziti modernich geofyzikalnich aparatur v aridnich (poustnich)
oblastech, jejich vysoka rentabilita i nové perspektivy pocitacové-
ho zpracovani a prezentace namérenych dat (Becker - Fassbinder
1999a; Becker - Fassbinder et al. 1999; Fassbinder - Beclker -
Herbich 1999; Kamei - Atya - Abdallatif - Mori - Hemthavy 2001;
Mousa - Abdallatif - Hussain - El Bassiony 2001; Herbich 2002;
Pavlish - D’Andrea - Weeks 2002). Velice kvalitni a presvédcivé
vysledky novodobych geofyzikalnich prazkumti podporené ve vice
piipadech i pozitivnimi vysledky ovérovacich archeologickych
vyzkumu se staly cennym voditkem i pfi volbé metodiky terénni-
ho meéreni.

Pro geofyzikalni prizkumy v jizni ¢asti ¢eské koncese v Abusiru
v roce 2002 byly vybrany tyto geofyzikalni pfistroje ARU Praha:
1. Dvojice cesiovych magnetometrti Smartmag SM-4g, Scintrex,

Kanada. Tato moderni aparatura sestavend pro gradientovy

zpusob spojitého magnetometrického méreni umoznila rychly,

dostate¢né podrobny a plo$né rozsahly priizkum vybranych
tzemi v jiznim Abusiru. Podobné typy aparatur byly jiz tiispésné
vyuzity i pri dalSich geofyzikalnich priizkumech v Egypté

(Becker - Fassbinder 1999a; Becker - Fassbinder et al. 1999).

Princip metody je zaloZen, stejné jako u dfive na lokalité pou-

zivanych protonovych magnetometrti, na sledovani lokalnich

zmén intenzity magnetického pole resp. jeho gradientu. Vzhle-
dem k jiZ dfive prokdzanym odliSnostem magnetickych vlast-
nosti nékterych pritomnych stavebnich materialti oproti okol-
nimu prostfedi (HaSek - Verner 1981; HaSek - Obr - Prichystal

- Verner 1986) bylo mozné piedpokladat pii pouZiti této metody

uspésnou detekci vSech podpovrchovych pozustatkti suSenych

nepalenych cihel z nilského bahna, popf. také Zul ¢i vulkanic-
kych hornin. BéZny magnetometricky priizkum byl realizovan

v siti cca 1 x 0,25 m, podrobny priizkum pak také v siti aZ cca

0,5 x 0,2 m. Béhem jediného dne tak bylo nashroméaZdéno néko-

lik desitek tisic méfenych bodu a prozkouména plocha az 1 ha.

2. Pristroj pro bezkontaktni elektromagnetické meéfeni zdanlivé
meérné vodivosti (popr. také magn. susceptibility) EM-38B, Geo-
nics, Kanada. Aparatury DEMP bez nutnosti kontaktniho elek-
trického méreni a silngjSich zdroji1 (s omezenym hloubkovym
dosahem max. 1 m) bylo vyuzito pro provéfeni moznosti detekce
a rozliSeni malo/velmi vodivych resp. vysoce/nizko odporovych
materialti. Na vybranych mensich plochéach s predpokladanym
vyskytem vice druhti stavebnich materialti byla testovana moz-
nost rozliSeni kamenného nejcastéji vapencového zdiva ¢&i
kamennych bloku od suSenych nepalenych cihel a piscitého
prostiedi. Dopliikovy elektromagneticky priizkum byl realizo-
van v siti 1 x 1 m, dalsi diléi testovaci profilova méfeni pak také
s nepravidelnym krokem i podrobnéji.

3. Kappametr pro méreni magnetické susceptibility in situ KT-5c,
Geofyzika Brno, CR. Jednoduchy pristroj pro kontaktni
podrobné méfeni zmén zdanlivé magn. susceptibility zejména
v odkrytych archeologickych situacich (méfeni povrchu s velice
omezenym hloubkovym dosahem max. 10 cm) byl testovan
v riiznych podminkach terénniho vyuziti. Stejné jako jiZz pri
- Obr - Prichystal - Verner 1986; HasSel - Obr - Verner 1988) bylo
podrobnych meéreni vyuZzito pro rozliSeni rizné magnetickych
materialti v ramci odkrytych situaci a ziskani predstavy o per-
spektivach planovaného ploSného magnetometrického pruzku-
mu. Dale bylo kappametru vyuzito také pro sledovani zmén
magn. vlastnosti u zdiva z nepalenych cihel vice odkrytych hro-
bek, vertikdlni méreni na fezech v odkrytych situacich
a podrobné plo$né povrchové prizkumy nad vybranymi ¢astmi
hrobek. Doplitkova detailni ploSna méreni kappametrem byla
realizovana v siti 0,2 x 0,2 m azZ 0,5 x 0,5 m, profilova a testo-
vaci méfeni pak s krokem nepravidelnym.

Vysledky geofyzikalniho prazkumu

Geofyzikalni prazkumy v jiZni ¢asti Abusiru probéhly ve dnech
30. 10. az 30. 11. 2002. Pro prvni nedestruktivni priizkum bylo
vybrano 5 ploch v jizni, jihovychodni a také stfedni ¢asti ceské
koncese predevsim v bezprostfednim okoli dfive jiZz identifikova-
nych a archeologicky zkoumanych hrobek. Pro soucasnou
i budouci mozZnou provazanost vice druhti terénnich dat bylo pri
geofyzikalnich prizkumech vSech tzemi vyuzito nové vytvoreného
sourfadnicového systému s jednotnou orientaci souradnic ve
sméru svétovych stran a s praktickym rozclenénim plochy na
pracovni ¢tverce 50 x 50 m (obr: 5). V prubéhu 23 dni terénnich
méfeni (stfidanych se dny prubéZzného zpracovavani dat na poci-
taci) se podarilo prozkoumat plochu cca 17,5 ha (745 961 plo$né
mérenych bodu).

PloSnym magnetometrickym prizkumem byla prozkouméana
prevazna Cast plochy tzv. Centralniho kopce (Central mound)
v jiznim Abusiru, kde se koncentruje i vétSina dosud zkouma-
nych archeologickych objektti. Zde byla ve velice variabilnich a
nelehkych terénnich podminkach (v nékolika mistech témér az
na hranici rentabilni aplikace aparatury) prozkoumana rozsahla
plocha cca 11,5 ha. Z ploSného magnetometrického priizkumu
byly vynechany pouze plochy s evidentnimi novodobymi tiprava-
mi terénu (plochy archeologickych vyzkumti, haldy, vysypky
nebo stavba tzv. gafirny — domku hlida¢t)) a mista v nejbliZSim
okoli siln€ magneticky rusivych recentnich kovti (oploceni vyzku-
mu nebo hrobek, stoZar osvétleni, kovovy odpad aj.). Pres lokal-
ni ¢lenitosti a proménlivosti sklonti kopcovitého terénu neni ve
vysledcich diky pomérné homogennimu pis¢itému, pouze slabé
magnetickému prostfedi vétSina zmén relié¢fu rozliSitelna a neo-
vlivnila identifikaci archeologickych situaci. Ve vysledcich plos-
ného magnetometrického méreni naopak muZeme rozlisit velky
pocet linearnich i tvarové charakteristickych magnetickych ano-
malif, jejichZ vyrazné a pfitom ploSné rozsahlé koncentrace svéd-
¢i o intenzivni antropogenni ¢innosti a vyuZiti vyvySené ¢lenité
planiny vychodné od Karova hrobového komplexu, ale i vychod-
né&jsi nizsi ¢asti jizniho Abusiru (obr. 6). Vysledky geofyzikalniho
prazkumu nepochybné prokazaly koncentrovany vyskyt mélce
podpovrchovych pozustatkli objektli, resp. pokracovani pohie-
bisté na dalSich 7-8 ha. ProtoZe lze u vétSiny identifikovanych
kladnych linearnich magnetickych anomalii predpokladat, Ze
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jejich zdrojem bude predevSim zdivo ze suSenych nepdlenych
cihel, ve vysledcich je na prvni pohled napadné nerovnhomeérné
rozloZeni vice pravouhlych magn. anomalii, které se liSi nejen
rozméry, tvary a amplitudami ale i nestejnou orientaci. Pfedbéz-
né se muZeme domnivat, Ze na prozkoumaném tzemi je soustie-
déno nékolik odlisSnych typu hrobek z raznych obdobi Staré rise.
Tyto hrobky nejsou pod povrchem stejné dobie dochovany. Také
rozloZeni jednotlivych typti hrobek patrné neni nadhodné a bylo
podminéno nejen dobovymi trendy, ale i socidlnim postaveni
majitelti. Vylou¢it nemtZeme ani opakované vyuzivani ¢i upravy
nékterych ploch a objekt(i/hrobek.

Nejvétsi S-J protazené obdélné magnetické anomalie bez patr-
ného vnitfniho ¢lenéni plochy jsou soustfedény v nejvySsi casti
terénu v zapadnim i vychodnim okoli archeologicky zkoumanych
hrobek velitele armady Kaapera, spravce sypek Iteje a knéze Hete-
piho. Pouze zasypané ¢asti hrobky knéze Hetepiho (mimo 2 vnitini
oteviené vstupy) byly zahrnuty jako srovnavaci plocha do plo$né-
ho prazkumu. Podle rozliSené pouze tenké linie obvodového zdiva
z nepélenych cihel miiZzeme predpokladat, Ze podobné tizké mag-
netické linie po obvodu velkych i menSich obdélnych objektt
budou predstavovat pouze zdiva ze suSenych cihel z nilského
bahna, homogenni vnitfni ¢asti objekti pak budou pravdépodobné
svédcit o pritomnosti nemagnetickych materialti (vapencu, tafly).
Plocha nad identifikovanou velkou obdélnou hrobkou v JZ cipu
plochy zapadné od vyvySené hrobky velitele armady a urednika
Kaapera proto byla podrobena rovnéz elektromagnetickému
prazkumu.

Jeho vysledky prokazaly nestejnou vypln ve dvou mistech ve
vnitini ¢asti hrobky a provérily jeden ze zptisobtit mozného geofy-
zikalniho dohledani i nevodivych (kamennych) struktur v ramci
hrobek. Jinym typem velké mirn€ obdélné a vnitiné ¢lenéné mag-
netické anomédlie, resp. hrobky, bude pravdépodobné objekt
vychodné od hrobky Hetepiho (obr: 7). Lepsi celoploSny magneto-
metricky prizkum objektu vSak v této poloze nebyl mozny diky
pevné instalovanému Zeleznému stoZaru osvétleni. Nasledné
odkryti ptadorysu objektu potvrdilo, Ze pfi vystavbé této hrobky
s obvodovym cihlovym zdivem bylo stejného materialu vyuZivano
také pro vicenasobné rozélenéni jeji vnitini plochy. Pred skrytim
plochy bylo na mensi ¢asti rozsahlého objektu také realizovano
testovaci podrobné plosné meéreni kappametrem in situ.

Vysledky méfeni nad pfitomnymi cihlovymi i vapencovymi
¢astmi objektu pomohly posoudit miru odliSnosti magnetickych i
nemagnetickych materialti od okolniho prostfedi a moZnosti plos-
ného magnetometrického meéfeni. V okoli této na celé ploSe prii-
zkumu atypické hrobky pak mutiZzeme rozliSit treti typ mensSich
protazenych a vnitfné c¢lenénych obdélnych magnetickych
anomalii. Dobfe vymezitelnych je pouze nékolik mensich hrobek,
které jsou patrné lépe zachovalé a jsou po obvodu tvoreny velice
magnetickym cihlovym zdivem. Dalsi hrobky pak maji linie
obvodového zdiva jen slabé magnetické aZ nerozliSitelné a jsou
identifikovatelné pouze torzovité. Pii vychodnim okraji zkoumané
plochy byl rozliSen pravdépodobné dalsi typ velkych protaZenych
S-J orientovanych obdélnych az lichobéznikovitych magnetickych
anomalii s identifikovanymi magnetickymi (cihlovymi) materialy
uvnitf hrobek. Objekty se jiZ nachéazeji mimo terasovité vyvysSené
uzemi na mirnéji sklonéném terénu svaZujicim se severnim
smérem ku predpokladanému okraji zaniklého abusirského
rybnika, kde jiZ nejsou patrné dalsi nadznaky obdélnych ¢i linio-
vych staveb.

Jiné velice tizké a velmi protaZené obdélné magnetické anomalie
muZeme identifikovat koncentrované podél okraje zvySeného
tuzemi vychodné od hrobového komplexu vezira Kara a severné od
hrobek Kaapera ¢i Iteje. Tyto objekty (hrobky) maji silné magne-
tické aZ nespojité obvodové zdivo s odliSnou orientaci objekttt SZ-JV.
Poslednim rozliSitelnym typem obdélnych objektu jsou jednotlivé
nejmensi vnitfné ¢lenéné obdélné magnetické anomalie rozptylené
ve stfedni ¢asti kopcovité plochy. Obdélné objekty, resp. hrobky,
jsou orientovany SSZ-JJV a vyznacuji se siln€ magnetickym obvo-
dovym cihlovym zdivem. Ve vyvySeném ¢lenitém terénu i pod tera-
sami na uklonénych svazich se dale vyskytuje vétsi pocet bliZe jiZ
nevymezitelnych linearnich utvara - magnetickych ¢asti dalSich
moznych objektti.

Pripustime-li, Ze na celém tzemi jiZniho Abtusiru bylo béZné
pouzivat pii stavbé hrobek vice stavebnich materidlti (susSené
nepalené cihly, vapenec, tafla), pak velkd koncentrace rtiznych
objektu ve vysledcich magnetometrického prazkumu rozsahlé plo-
chy reprezentuje pouze ¢ast objekttl ve skute¢nosti skrytych pod
povrchem terénu. Podstatné méné magnetickych anomalii, resp.
podpovrchovych poztistatkti archeologickych situaci, bylo identifi-
kovano uprostied oteviené planiny pod pahorky na nizZ§im teraso-
vitém stupni SZ ploch dne$nich vyzkumui. Obdélna a vnitiné vice-
nasobné ¢lenénd magnetickd anomalie nejspiSe vymezuje pouze
magnetické ¢asti objektu zbudovaného nesporné z vice stavebnich
materialli, coZ je patrné jak z povrchového pruzkumu tak z vysled-
ki1 dopliikového elektromagnetického meéfeni. Za oblast bez zcela
patrnych relikti staveb ¢i dalsi antropogenni ¢innosti mtizeme pak
povaZovat nejnizsi tidolni oblast V-Z protaZeného wddi (tdoli) vycha-
zejiciho od predpoklddaného okraje zaniklého abusirského rybnika
SV od hrobového komplexu vezira Kara.

4. Zavéry

Povrchovy, geofyzikalni a dalkovy pruzkum lokality umoziuji
pokusit se jiz v této fazi analyzy pohrebisté predbézné formulovat
odpovédi na nékteré z otazek stanovenych v tivodu studie

Pohrebisté v jiZznim Abusiru se vyvijelo nepretrzité nejpozdéji od
konce 3. dynastie (2 650-2 575 pf. n. 1), kdy vznikaji prvni hrobky
vysoce postavenych hodnostart (Hetepi, Itej). Pozd€ji, na pocatku 5.
dynastie (¥ 2 465 pf. n. 1), byla postavena hrobka velitele armady
Kaapera a v 2. poloviné 6. dynastie vznikl hrobovy komplex vezira
Kara a prilehlé hrobky jeho synti (Inti, Kar Junior a SenedZemib, 2
250-2 150 pf. n. 1.). Tyto hrobky obsazovaly postupné od jihovy-
chodu k severozapadu vyrazné topografické polohy, které z téchto
staveb ve své dobé nepochybné uéinily velmi ptisobivé dominanty.
ZjednodusSené lze rici, Ze vytvareji urcitou osu ve sméru od jihovy-
chodu k severozapadu, ktera respektovala jak pfirozenou topografii
Centralniho pahorku, tak snad i blizkost Abusirského rybnika,
ktery mohl ve Staré 1iSi tvorit hlavni pristupovou komunikaci
do pohtebisté (tab. 8).

Mezi hrobkami na Centralnim kopci, ktery byl podle dolozenych
titultr vyhrazen pouze vysoce postavenym hodnostartim, zatim zre-
telné vyvstava hiat — mezera ve vyuzivani lokality mezi pocatkem 5.
dynastie a pol. 6. dynastie. Prostorové rozmisténi hrobek ale
naznacuje, Ze chybéjici ¢asovy horizont je moZzno hledat v oblasti
severozapadné od hrobky Kaapera a jihovychodné od hrobky vezi-
ra Kara. Zde je nepochybné rozmérna hrobka s malou kapli v jiho-
vychodnim rohu a serdabem’® zapadné od ni. Soudé podle vyplné
vatym piskem byly vSak jiZ vykradeny. Vzhledem k velikosti a polo-
ze hrobky lze predpokladat, Ze patrila vysoce postavenému ured-
nikovi. Na zdkladé dispozice kaple (kaple ma pravdépodobné ptido-
rys pismene ,L“) se zd4, Ze by mohlo jit o ¢asové viceméné stejné
obdobi jako v pripadé Kaaperovy hrobky. Hrobky s timto typem
kaple jsou v oblasti Abusiru a Sakkary ojediné€lé a zaroven tvori
velmi specifickou skupinu hrobek (Bdrta 2002b).

Na periferiich téchto hlavnich hrobek vznikaly stavby podstatné
mensi. Nestavély se z vapence, jako hrobky hlavni, ale z nepalenych
cihel vyrobenych z nilského bahna nebo jilu - tafly. Ty jsou zatim
archeologicky doloZeny u severovychodniho rohu Kaaperovy hrobky,
na vychod a jih od Hetepiho hrobky a kone¢né i v prostoru na sever
a severovychod od Karova komplexu. K pfimym diakaztim lze pridat
nékteré nepiimé, které pochézeji z vyplni pohiebnich Sachet ¢lent
Karovy rodiny. V Sachtach byly totiZ nalezeny ¢etné bloky s napisy
/nebo reliéfni vyzdobou. Vzhledem k frekvenci vyskytu museji tyto
bloky pochazet z okolnich mensich hrobek. Na zidklad€ neprimych
dokladtl je moZno uvaZovat o tom, Ze tyto hrobky patrily hod-
nostartim v niZ8im socidlnim postaveni a Ze dané bloky byly pou-
Zity sekundarné jako vypln Sachet v dobé&, kdy byly vykradany -
snad jiZ na sklonku Staré fiSe. Nelze vyloucit ani to, Ze se v nékte-
rych pripadech jednalo o vyzdobné elementy pochéazejici ze skal-
nich hrobek.

° Pavodné arabsky termin pouZivany pro oznaceni zazdéné, nepii-
stupné mistnosti pobliZ kaple hrobky, slouZici pro umisténi sochy
nebo soch zemrelého a prip. i ¢lent jeho rodiny.
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Severné od Karovy hrobky, na opac¢né stran€ vychodozapad-
nim smeérem ubihajiciho wddi, bylo koncem 5. dynastie zaloZeno
pohrebisté knéZzi, vykonavajicich zadusni kult v abusirskych pyra-
midovych chramech (Fetekti a Hetepi) a v Menkauhorové zadus-
nim komplexu. To také nepfimo naznacuje, Ze by tento komplex
mohl byt umistén v oblasti dneSni Sakkary.

Hrobky hodnostarti Hetepiho a Iteje z konce 3. a nebo poc¢atku
4. dynastie jednoznac¢né dokazuji, Ze v této dobé se do jiZniho
Abusiru premistilo pohiebisté vysokych hodnostart nekralovskeé-
ho ptivodu z oblasti severni Sakkary (Quibellovo a Firthovo
pohrebisté). Jednalo se o hrobky tzv. prfechodného typu kombi-
nujici dvé rtzné koncepce prii tvorbé pristupovych cest do
pohfebnich komor, a to schodisté a Sachtu. Doba pocatku
5. dynastie (ca 2 500 pf. n. 1) je na pohrebisti v Abusiru opét
zcela v souladu s vyvojem v Sakkare - po intermezzu v Gize
dochazi k obnoveni stavebnich aktivit na pohfebisti zejména
v oblasti na sever od DZoserova komplexu. S tim je zcela v soula-
du i stavba a existence Kaaperovy hrobky. Pro zbyvajici dobu vlady
panovnikt 5. dynastie zatim v jiZnim Abusiru neexistuji archeo-
logické doklady a je velmi dobi'e mozné, Ze vétSina nekralovskych
hrobek v této dobé vznikala na pyramidovém poli v Abusiru a v
jeho bezprostfednim okoli. Pro dobu 6. dynastie je zatim pred-
¢asné uvazovat o definici a povaze vazeb k hlavnimu pohfebisti
v Sakkare. Dnes se ale zda, Ze v jiZznim Abusiru byli pohrbivani
ufednici v postaveni soudcu u kralovského dvora a dalsich funk-
cich obdobného vyznamu.

Vyznamnym piinosem vypracovani detailniho vrstevnicového
planu a 3D modelu uzemi je skutecnost, Ze je moZno detekovat
nékolik pristupovych cest, které vedly do pohtebisté od Abusir-
ského rybnika, tj. od severovychodu (k tomuto problému viz Bdrta
1999, 107-116). Predpokladané cesty lze definovat nasledujicim
zpuisobem:

—vedou k hlavnim, dominantnim hrobkdam v pohfebisti;

— jsou poloZeny tak, Ze zarucuji pfistup do hlavnich i do méné
frekventovanych ¢asti pohtebiste;

- svym prubéhem se odliSuji od tdoli, ktera vznikla v dasledku
prirozeného utvafeni geomorfologie lokality - maji odlisSny sklon
i pribéh;

— tyto cesty jsou okolnimi hrobkami respektovany;

— podél nékterych z nich se vyskytuji doklady lidské ¢innosti,
které je mozno spojit s kultovnimi aktivitami na pohrebisti - jde
o mensi depoty fragmentti keramiky nebo (v jednom piipadé)
o obétni bazének.

V né€kolika pripadech se hlavni pristupové cesty vétvi v mis-
tech, odkud je vyhodny pristup do rtuznych ¢asti pohiebisté,
kterym dominuje vZdy jedna z hlavnich hrobek (Mastaba MM,
Hetepi, Itej, Mastaba KK, Kaaper, Kar). Ve vSech pripadech jsou
tyto cesty zaloZeny tak, Ze vychazeji od jihozapadniho okraje
Abusirského rybnika smérem k pohrebisti, tj. smérem k jihozapadu.
Archeologicky jsme tak ziskali dalsi indicii naznacujici, Ze v obdobi
Staré riSe se tato vodni plocha pouzivala pro vstup do pohrebisté
v jiznim Abusiru a v Sakkare, v oblasti severné od DZoserova
hrobového komplexu.

Neznamou zatim ztistava znacny pocet hrobek identifikova-
nych v severovychodni ¢asti zkoumané plochy. Tyto hrobky jsou
svymi hlavnimi osami orientovany ve sméru severozapad-jihovy-
chod a nepochybné patii k hlavnimu ¢asovému horizontu trvani
pohrebisté. Zaroven se zda byt zfejmé, Ze podobné jako hrobky
v nékterych dalsich oblastech této ¢asti abusirsko-sakkarského
komplexu respektuji polohu Abtusirského rybnika, ktery mohl
ve 3. tis. pr. Kr. tvorit jednu z hlavnich pfistupovych bran do
pohrebisté.

Zajimavé indicie duleZité pro komplexni analyzu vysledki
povrchového prizkumu, geofyzikdlnich meéfeni a satelitniho
snimku poskytuje jejich vzajemné srovnani. Vysledky dosazené
povrchovym priizkumem ukazuji, Ze jeho vyznam spoc¢iva zejmé-
na v interpretaci vétsich objektti — hrobek, identifikaci specific-
kych struktur - tvarti kultovnich kapli, a mapovani jednotlivych
vétsich pohrebnich Sachet nebo koncentraci fragmentua kosti,
keramiky aj. Je tomu tak proto, Ze hrobky jsou budovany obvy-
kle z nepalenych cihel vyrabénych z nilského bahna nebo

z vapence. V obou pripadech zanechavaji jejich erodované koru-
ny na povrchu pousté jasné zbarvené stopy. Béhem desti napo-
mahaji navic k jejich identifikaci porostové pfiznaky zptisobené
rozdilnou nasakavosti terénu (tab. 5). Komplikace nastavaji
v pripadé zdiva postaveného z taflovych cihel, které neni na
povrchu vyrazné znatelné a rovnéz geofyzikalnim prizkumem je
obtizné identifikovatelné. Pokud jde o hrobové kaple a Sachty,
pak plati témér bez rozdilu pravidlo, Ze byly vykradené a jsou
tedy vyplnéné navatym zlutym piskem, ktery je v terénu pousté
velmi napadnym jevem. Koruny jejich zdi vytvareji v takovych
pfipadech mirné vyvysené valy, jejichZ vnitfni plochy maji tvar
koncentrickych prohlubni. Vyrazna slabina povrchového pri-
zkumu se projevovala na svazich, kde jsou objekty vlivem geo-
morfologickych procest (zejména splachti a eroze) hufe znatel-
né. Prizkum je také subjektivné ovliviiovan optickymi vlastnost-
mi svétla, roénim obdobim a denni dobou. Tyto negativni vlivy
do znaéné miry odpadaji u geofyzikalniho méreni a satelitniho
snimku. Posledni dilé¢i nevyhoda povrchového prizkumu spoci-
va v urcité partikularizaci vysledkt: na povrchu bylo identifiko-
vano mnoZstvi kratSich linif, ve vytvareni polygont (tedy celko-
vych uzavienych struktur jako jsou napf. ptidorysy hrobek) jsou
geofyzikalni prospekce a dalkovy priizkuzm zemé mnohem efek-
tivnéjsi.

Vyznam geofyzikalniho méreni tkvi nejen v tom, Ze umoziuje
oveérit vétsinu vysledki povrchového priizkumu, ale zejména
v tom, Ze dokaZe zachytit fadu mensich objektti. Velmi efektivni
je i pri identifikaci pfipadnych vnitfnich struktur jednotlivych
staveb. Slabina magnetometrického méreni spocivala pouze
v mensi UspéSnosti pri identifikaci taflovych struktur, jejichz
fyzikalni vlastnosti jsou témeér totozné s vlastnostmi taflového
podloZi jizniho Abusiru. Geofyzika byla oproti o¢ekavani velmi
uspésna i na svazich a vyrazné tak prispé€la k doplnéni archeo-
logického planu lokality. Zajimavé vysledky prinasi komparace
dosazenych vysledkt1 v prostoru leZicim v bezprostrednim jiho-
vychodnim a vychodnim sousedstvi Hetepiho hrobky. Zatimco
na jihovychodé zachytil geofyzikani priizkum dvé mensi, tésné
k sobé priléhajici hrobky s cihlovym plastém a vnitfkem vyplné-
nym piskem a vapencovym odpadem, pri povrchovém priizkumu
nebyly jejich konstrukce viibec zachyceny. Dtivodem snad muize
byt i zna¢né zvlnéni terénu v této Casti lokality. Na relativné
rovné ploSe na vychod od Hetepiho hrobky byl povrchovy pri-
zkum uspésnéjsi. Mohlo tomu byt proto, Ze zdejsi hrobky jsou
postaveny castécné z taflového zdiva. Zejména se tu ale nachazi
mnoho relikta zlodéjské ¢innosti, které napomahaji k identifika-
ci hlavnich prostorovych rysu hrobek (vykopané haldy, Sachty,
koncentrace keramiky).

Komparativni vyhoda satelitniho snimku spoé¢iva v nékolika
faktorech: a) celé zkoumané tizemi bylo zachyceno v jeden ¢aso-
vy okamzik, b) neni podminéno momentalni subjektivni roli ¢lo-
véka a c¢) zachycuje tzemi v jeho celku. Prostrednictvim snimku
identifikujeme nejen vétsi dominantni stavby a aredly (na snim-
ku vynikaji hrobky MM, Hetepiho, Iteje, Kaapera a komplex vezi-
ra Kara a jeho synt), ale i struktury mensich. Nejvétsi vyznam
ma ovSem snimek pro analyzu celkovych prostorovych souvis-
losti zkoumané oblasti: odhaluje zakladni komponenty lokalit,
jejich prostorové rozmisténi, geomorfologii terénu a jeji prolina-
ni s lidskymi aktivitami. V neposledni radé pak umozZnuje ana-
lyzu komunikaéniho systému tzemi. V tomto pripadé se jasné
potvrzuje predchozi zavér: pohrebisté v jiZznim Abusiru bylo pri-
stupné od severovychodu prostfednictvim nékolika komunikaci,
které vedly k hlavnim skupinam hrobek v pohfebnim arealu. Ani
satelitni snimek nedokumentuje v§echny komponenty - v nékte-
rych pripadech nezachytil struktury detekované geofyzikalnim
nebo povrchovym prizkumem. Jeho celkovy prinos je vSak zfej-
my v okamZiku propojeni vysledktl vSech pouZitych prospeké-
nich metod.

Sbér dat, realizovany béhem poslednich 2-3 let, si vyZzada
nejméné stejn€ dlouhou dobu potfebnou k jejich vyhodnoceni
a interpretaci. JiZ nyni je ale zfejmé, Ze s jejich pomoci bude
mozné dalsi archeologické aktivity vyrazné zkvalitnit a zefektivnit
tak, aby umoZnovaly odpovidat zejména na ty nejméné znamé
problémy egyptské archeologie v dané oblasti.
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