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Ab stract
Geo phys i cal in ves ti ga tions in West Saqqara area were part of the ar chae o log i cal field work of the Pol ish-Egyp tian ar -
chae o log i cal mis sion dur ing the cam paign in 2012. The main pur pose of geo phys i cal prospection us ing the ground-
pen e trat ing ra dar (GPR) was to de ter mine the lo ca tion of po ten tial un der ground se pul chral struc tures. Dur ing the GPR 
sur vey, op ti mal depth pen e tra tion was achieved due to dry rocks and mono lithic struc ture of the lime stone pla teau on
which the an cient cem e tery was lo cated. Us ing an tenna of 100 MHz, the depth of pen e tra tion was up to 45 m and with
an tenna of 250 MHz, up to 15 me ters. Three main groups of ar chae o log i cal struc tures were iden ti fied: sar coph agi and
mum mies, burial shafts; mo bile ob jects (solid rock blocks as frag ments of tombs). One of the main goal of the GPR sur -
vey was to track the route of the west ern part of the Dry Moat, ex pressed by a wide and shal low de pres sion spread ing to -
wards north-south. The re sults of geo phys i cal in ves ti ga tions sug gest that Saqqara pla teau is an ideal site for us ing GPR
sur vey ing tech nol ogy.
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IN TRO DUC TION

Ne crop o lis in Saqqara is con sid ered as one of the most
im por tant ar chae o log i cal sites in Egypt and in the world. Nu -
mer ous royal tombs dated to the Old King dom pe riod (about
2600–2100 yrs BC) are pre served in the cem e tery area with a
dom i nant step pyr a mid com plex built in the 3rd Dy nasty by
Djoser-Netjerykhet about 2650 yrs BC (Fig. 1).

The area sit u ated im me di ately to the west of the se pul -
chral com plex of the pha raoh Netjerykhet has been the ob ject 
of in ves ti ga tions by the Pol ish-Egyp tian ar chae o log i cal mi-
ssion headed by Pro fes sor Karol Myœliwiec since 1987. The
east ern bor der of the ex ca va tions lines up with the en clo sure
wall of the Step Pyr a mid and the west ern one with the west -
ern edge of the so-called Dry Moat (cf., Myœliwiec, 2006;
Swelim, 1988, 2006; Fig. 2). In the course a dozen of field
sea sons, the team of Pol ish and Egyp tian sci en tists has un -
cov ered a sec tion of an ex ten sive ne crop o lis dated to the Old
King dom pe riod (about 2200 yrs BC), the so-called Lower
Ne crop o lis (Myœliwiec et al., 2004) and su per im posed on it
in the up per lay ers is a Greco-Ro man burial ground (so-
called Up per Ne crop o lis: Myœliwiec, 2002; Radomska et al.,
2008).

PRE VI OUS GEO PHYS I CAL RE SEARCHES
IN SAQQARA AREA

Geo phys i cal in ves ti ga tions in West Saqqara area have
been a part of the ar chae o log i cal field work ever since their

first ap pli ca tion dur ing the mag netic sur vey per formed by T.
Herbich in 1987 (Myœliwiec & Herbich, 1995). The main
pur pose of this re search was to de ter mine the lo ca tion of po -
ten tial un der ground se pul chral fea tures. The re sults of this
sur vey al lowed to a dis cov ery of the richly dec o rated tomb of
Merefnebef from the late Old King dom pe riod (cf., Myœli-
wiec et al., 2004). Ex ten sive geo phys i cal sur veys per formed
in Saqqara area by J. Mathieson and other re search ers should
be also men tioned here (Fassbinder et al., 2001; Mathieson,
2007; Price, 2008; 2009; 2012a). These stud ies re sulted in a
dis cov ery and lo cal iza tion of hun dreds of un der ground stru-
ctures from var i ous pe ri ods that have im proved our knowl -
edge con cern ing spa tial de vel op ment of the ne crop o lis in
Saqqara.

One of the new est meth ods of geo phys i cal prospection,
the ground-pen e trat ing ra dar (GPR), has been used to sur -
vey ing Saqqara ne crop o lis lately. This method has been suc -
cess fully ap plied by the team of Miller and co-work ers
(Miller et al., 2005) dur ing ex am i na tion of a small area lo -
cated to the north of the tomb of Ptahhotep. GPR was also
used to a lim ited ex tent dur ing one of the last field sea sons of
the Saqqara Geo phys i cal Sur vey Pro ject – SGSP (Price,
2012b).

Geo phys i cal sur vey us ing the GPR re mote was one of
the most im por tant ob jec tives dur ing the cam paign in 2012 of 
the Pol ish–Egyp tian ar chae o log i cal mission in West Saqqara 
(Kowalczyk et al., 2012). The main aim of this re search was
to de ter mine the re la tion ship be tween the geo log i cal struc -
ture of the West Saqqara lime stone pla teau and ar chae o log i -



cal fea tures lo cated there, es pe cially those that still re main
bur ied un der the sand.

RE SEARCH METH OD OL OGY OF GPR
SUR VEY IN SAQQARA

Ground-pen e trat ing ra dar is a geo phys i cal method that
uses high-fre quency ra dar pulses for cre ation of im ages of
un der ground struc tures. GPR uses elec tro mag netic ra di a tion
in the mi cro wave band (UHF/VHF fre quen cies) of ra dio
spec trum for de tec tion of sig nals re flected from un der ground 
struc tures, ob jects and lithological bound aries. The elapsed
time be tween when the ra dio pulses are sent and when they
are re ceived back is mea sured (in nano sec onds). It al lows
pre cise lo ca tion of ob jects bur ied up to sev eral me ters depth.

GPR can be ap plied to the ex am i na tion of struc tures
com posed of var i ous ma te ri als like rocks, soils, ice, wa ter as
well as other de pos its and con struc tions. This method is also
very use ful to lo cate un der ground fea tures at ar chae o log i cal
sites (Conyers, 2004).

Though the first GPR de vices were con structed at the be -
gin ning of 20th cen tury, the pe riod af ter the Sec ond World
War saw their dy namic de vel op ment and wide ap pli ca tion,
mainly by geo log i cal sur veys. Since 1980s it has also been
used in non-in va sive ar chae o log i cal prospection, es pe cially
to lo cate un der ground struc tures, such as burial shafts and
burial cham bers (Conyers, 2004). A good ex am ple may be
the search for mod ern graves of Basque whal ers in the Red
Bay on Lab ra dor (Vaughan, 1986) or the at tempts to lo cate
the buri als and set tle ments in Gunma pre fec ture in Ja pan
from the 6th cen tury AD (Imai et al., 1987).

De spite the fact that the func tional prin ci ples of GPR are
rel a tively sim ple, the meth od ol ogy of mea sure ment and data

pro cess ing is time-con sum ing and very com pli cated. This re -
sults from com plex na ture of elec tro mag netic wave re flec -
tion phe nom e non, in ter fer ence (sig nal en hance ment and
suppression), very low strength of reg is tered sig nal and con -
cur rently large num ber of fac tors which may po ten tially dis -
turb it (Karczewski, 2007).

Due to spe cial soft ware, the GPR op er a tor can see on the
com puter mon i tor un der ground struc tures with approximate
depth given. This in for ma tion is not avail able in other near-
sur face geo phys i cal meth ods. Spread ing of elec tro mag netic
waves de pends on elec tric, phys i cal and chem i cal prop er ties
of dif fer ent ma te rial in the ground, which sub stan tially af fect
the depth of the prospection. For good con duc tors of elec tric -
ity, the elec tro mag netic wave will be sub ject to a large
attenuation and its prop a ga tion will be low. So, as con duc tiv -
ity in creases, the pen e tra tion depth de creases. The depth of
me- dium pen e tra tion is thus de pend ent on elec tri cal prop er -
ties of the me dium and ap plied an tenna fre quency. Higher
fre quen cies do not pen e trate as far as lower fre quen cies;
how ever, they pro vide better res o lu tion. The strength of re -
flexes ob tained as a re sult of GPR sur vey on the echogram
de pends on the re flected sig nal strength from the bor der of
two me dia. The strength of sig nal re flec tion is de ter mined by
the con trast of di elec tric (rel a tive di elec tric permittivity –
RDP or di elec tric con stant – DC) prop er ties. The higher the
dif fer ences in me dia di elec tric con stant, the stron ger are the
re flexes vis i ble on the echogram.

Dur ing the geo phys i cal sur vey in Saqqara, the Swed ish
MAL� GPR ProEx sys tem was used (Fig. 3). Con trol unit
was an in te grated ground pen e trat ing re mote, fit ted di rectly
onto a shielded an tenna and pow ered ex ter nally. All GPR
pro files were car ried out with 100 and 250 MHz shielded an -
ten nas and Panasonic CF-19 com puter.
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Fig. 1. Gen eral plan of the ne crop o lis in Saqqara with marked area of geo phys i cal sur vey con ducted on the area of  the Pol ish ar che o log i -
cal con ces sion. Drawn by F. Welc
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Fig. 2. De tailed plan of the ar eas ex am ined us ing GPR on the Pol ish ar chae o log i cal con ces sion lo cated di rectly to the west of Djoser from
the pe riod of 3rd Dy nasty (ca. 4600 B.P.). Drawn by F. Welc



In terms of meth od ol ogy, more than 30 ar eas were se -
lected for geo phys i cal sur vey in West Saqqara, all of them
within the bound ary of the Pol ish ar chae o log i cal con ces sion.
A to tal of 25 ar eas were lo cated in the south ern part of the
con ces sion and the re main der in north ern one. Most of the
areas were straight strips of ap prox i mately 75 me ters in
length and 7 me ters in width, ori ented in ac cor dance to the
car di nal di rec tions (Fig. 4).

Dur ing the field sur vey the GPR an ten nas were gen er ally 
in con tact with the ground for the stron gest sig nal strength.
All ob tained elec tro mag netic pro files were ini tially ar chived
by us ing spe cial soft ware, Ground Vi sion pro- gramme. In
the next stage, all pro files were pro cessed into pro fes sional
GPR soft ware, ReflexW View of the Sandmeier com pany.

All in di vid ual GPR pro files (depth sec tions) col lected
over the sur veyed area in Saqqara can be used in fu ture to
con struct quasi three-di men sional or tomographic im ages.
The data may be pre sented as three-di men sional blocks or as
hor i zon tal or ver ti cal slices. Hor i zon tal slices (known as
“depth slices” or “time slices”) are es sen tially plain view

maps iso lat ing spe cific depths. Time slic ing has be come
stan dard prac tice in ar chae o log i cal ap pli ca tions, as hor i zon -
tal pat tern ing is of ten the most im por tant in di ca tor of cul tural
ac tiv i ties.

For com par a tive pur poses, the same pa ram e ters of re -
flected waves reg is tra tion and so-called sig nal as sem bly
were used in or der to strengthen weak am pli tudes of use ful
re flexes and lim i ta tion of the pos si bil ity of reg is tra tion of co -
in ci den tal and low-am pli tude noises. Reg is tra tion of the
routes was con ducted in a few time win dows de pend ing on
the fre quency of an tenna used. The ex am ined me dia, usu ally
loose sands and car bon ate rocks, were char ac ter ized by dif -
fer en ti ated val ues of di elec tric con stant and soil elec tric con -
duc tiv ity which sub stan tially af fected the depth of pros-
pection (Ta ble 1).

GPR SUR VEY IN WEST SAQQARA

The area searched by the Pol ish-Egyp tian ar chae o log i -
cal mis sion in West Saqqara is a lime stone slope partly trans -
formed by hu man ac tiv ity (an an cient quarry op er ated there
dur ing the Third Dy nasty, in ef fect a se ries of rock ter races
were cre ated, – cf.,  Welc, 2011, slop ing at an an gle of ap -
prox i mately 5–7 de grees down to the west (Youssef et al.,
1984). The al ti tude is be tween 48 and 53 m above sea level.
Nat u ral and anthropogenic de pos its ac cu mu lated on the slope
are dif fer en ti ated both in thick ness and lithological com po si -
tion. In the cen tral part of the site, that is, di rectly to the south
and east of the tomb of Merefnebef, sand and rub ble lay ers
reached 2 m in thick ness. The thick ness by the en clo sure wall 
did not ex ceed 2.5 m. At the west ern edge of the site, which is
also the low est part of it, by the edge of the Dry Moat, the lay -
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Fig. 3. Per for mance of the pro files us ing GPR on the OB 1 area, view from south – west. Phot. F. Welc

Ta ble 1
The val ues of di elec tric con stant for se lected geo log i cal

lay ers (Jol, 2009) ob served in the ex am ined area

Rock \
me dium

Atenna fre quency
(MHz)

Di elec tric con stant er

(-)
Ver ti cal res o lu tion

(m/ns)

lime stone
(dry)

100 4-8 0.27-0.38

250 4-8 0.11-0.15

sands
(dry)

100 3-6 0.31-0.43

250 3-6 0.12-0.17



ers mea sured no more than 0.5 m in thick ness (Myœliwiec et
al., 2012).

Dur ing the GPR sur vey, op ti mal depth pen e tra tion was
achieved due to the dry sandy lay ers and mono lithic struc ture 
of the lime stone out crop on which the an cient cem e tery was
lo cated. Us ing an tenna of 100 MHz, the depth of pen e tra tion
was up to 45 m and with an tenna of 250 MHz, up to 15 me -
ters. It sug gests that Saqqara lime stone pla teau is al most an
ideal site for us ing GPR sur vey ing tech nol ogy.

It may be noted that com par ing the echograms ob tained
us ing both an ten nas from the same pro file, the im ages recei-
ved us ing the an tenna of 250 MHz are char ac ter ized by con -
sid er ably better sig nal res o lu tion. The outline of re flec tion
sur faces is re flected more pre cisely com pared to echograms
ob tained from the 100 MHz an tenna. Higher num ber of vis i -
ble de tails in the ground was ob tained as a re sult of pros-
pection us ing an an tenna of fre quency of 250 MHz. This al -
lowed more de tailed in ter pre ta tion of un der ground geo log i -
cal and ar chae o log i cal struc tures up to 15 m in depth.

Better pro fil ing re sults received us ing 250 MHz an tenna
are mainly due to the fact that the ex am ined tomb struc tures
were lo cal ized at a con sid er ably low depth, max i mally up to
5 m. These struc tures (burial shafts, cham bers) were par tially 
im mersed in a com pact lime stone, which is the me dium that
ab sorbs elec tro mag netic waves only to a low de gree. In con -
trast to the shafts, burial cham bers are usu ally and only in part 
filled with rock de bris as was noted dur ing ex ca va tions.
There fore, they emit strong re flexes on echograms due to
con sid er able con trast of di elec tric con stant be tween com pact 
rock and rock rub ble and air that usu ally par tially fills these
struc tures. Di elec tric con stant and elec tri cal con duc tiv ity for
lime stone are 4–8 and 0.5–2 ms/m, re spec tively, while these
val ues for air are 1 and 0 ms/m (Da vis & Annan, 1989). This
is con firmed in the study con ducted by Cham ber lain et al.

(2000) per formed us ing a 100 MHz an tenna and by pros-
pections of El-Qady et al. (2005) ob tained us ing a 200 MHz
an tenna (both prospections con cerned lo cal iza tion of the
caves hewn in lime stone and their 3D pro jec tion).

The ob tained GPR ex am i na tion re sults in Saqqara con -
firm the high use ful ness of 250 MHz an tenna in lo cal iza tion
of shal low bur ied ar chae o log i cal ob jects and in re con struc -
tion of the ex am ined area paleogeomorphology. It should be
also em pha sized that it is pos si ble to ob tain 3D mod els of un -
der ground geo log i cal and ar chae o log i cal struc tures for the
ar eas where pro files were con cen trated in suf fi cient num bers
and with ap pro pri ate interspaces (not less than 0.25 m).

RE SULTS AND IN TER PRE TA TION
FOR SE LECTED FRAG MENTS

OF RE SEARCH AREA

Se lected echograms from some ar eas ex am ined by GPR
in West ern Saqqara are dis cussed be low. These al low us to
pres ent the pos si bil i ties of an ap pli ca tion of the dis cussed
method on typ i cally desert ar chae o log i cal sites. More over,
the echograms pres ent var i ous un der ground anthropogenic
struc tures, which may be marked and in ter preted (Fig. 2).

The echograms in ter pre ta tion was strongly fa cil i tated by 
the re sults of ex ca va tion works and geoarchaeological sur -
vey car ried out in the area in ques tion. These works al lowed
elab o rat ing a syn thetic lithostratigraphic pro file of the West
Saqqara ar chae o log i cal site which is as fol lows (Welc, Trz-
ciñski, 2013):

1. lay ers of marly and pelite lime stone, dated to early
Paleogene – Up per Eocene age,

2. lay ers of rub ble-muddy flows of thick ness vary ing
from 0.5 to 3 m, dated to the late Ho lo cene – Old King dom
pe riod,
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Fig. 4. Per for mance of the pro files us ing GPR on the Dry Moat area, view from the south-west. Phot. F. Welc
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3. lay ers of ae olian lam i nated and mas sive sands of
thick ness from 30 cm to a few me ters, dated to the late Ho lo -
cene – from First In ter me di ate Period to the Greco-Ro man
time.

Ar chae o log i cal struc tures in the ex am ined area of the ne -
crop o lis may be di vided into three main groups, and the most
abun dant are:

1. Greco-Ro man buri als – sar coph agi, mum mies bur ied
di rectly in the lay ers of ae olian sands, in sparse cases de pos -
ited in hol lows cut di rectly in lime stone bed rock – they give
strong re flexes (mostly char ac ter is tic hy per bo les) on the
echograms,

2. Brick-stone re mains of cult cha pels and ac com pa ny -
ing burial shafts cut in rock of dif fer ent depth (from a few to
over 20 m) dated to the late Old King dom pe riod – they gen -
er ate dif fer en ti ated kind re flexes on the echograms,

3. Mo bile ob jects such as solid lime stone blocks, parts of
tomb equip ment – due to their small size, it is not pos si ble to
dis tin guish them from the ob jects gath ered in point 1.

As stated above, the searched area in West Saqqara is
var ied mor pho log i cally. The dif fer ence in the al ti tude be -
tween particular parts of the area reaches a few me ters and in -
creases to wards the top of the slope where the ar chae o log i cal
site is lo cated. The echograms pre sented do not take into ac -
count the so-called top o graphic ad just ment de spite of ten
con sid er able drops, be cause area to pog ra phy con sid er ation
con sid er ably im pedes an in ter pre ta tion and leg i bil ity of the
echograms.

As it was men tioned above, one of the main goal of the
GPR sur vey in 2012 was to track the route of the west ern part
of the Dry Moat, which is man i fested as a lon gi tu di nal wide
and shal low de pres sion, con cur rently con sti tut ing the west -
ern bor der of the Pol ish ar chae o log i cal con ces sion in Saq-
qara (Fig. 2).

Re sults of the GPR re search of the Dry Moat are pre -
sented on echogram DM 5 (Fig. 5) which was made, like all
other echograms pre sented in the ar ti cle, us ing 250 MHz an -
tenna. This is the pro file of a length of about 120 m, ori ented
west-east which per pen dic u larly crosses the Dry Moat struc -
ture (Fig. 2). The out line of side edges of this huge hol low is
clearly vis i ble on the cur rent pro file be tween 10th and 70th m.
Up per ae olian lay ers of a thick ness of about 1–1.5 m may be
dis tin guished within the Dry Moat. Be low the sands, the hol -
low is pre sum ably filled with rub ble-muddy (slope deluvial
se ries) lay ers strongly ce mented with cal cium car bon ate (on
these lay ers cf. Trzciñski et al., 2010; Welc & Trzciñski,
2013). Nu mer ous Greco-Ro man buri als are dug into this
layer which are marked on the echogram as small char ac ter is -

tic hy per bo les. Since slope deluvial lay ers con tain con sid er -
able amounts of clay frac tion with pre dom i nant clay mine-
rals, this causes con sid er able sup pres sion of elec tro mag netic
waves re sult ing in a low er ing of the depth of sig nal pros-
pections from GPR an tenna. There fore, it is dif fi cult to de ter -
mine the to tal depth of the Dry Moat in the ex am ined site.
There is no doubt how ever that it is deeper than 5 m and in
other places the depth is (see be low) more than 10 m. Fine
bed ded lay ers of lo cal marly and sandy lime stone are vis i ble
be tween 70th and 80th lin ear me ter of the pro file. In turn, the
anom aly which may be in ter preted as a kind of reg u lar, pre -
sum ably anthropogenic hol low cut (prob a bly tomb court -
yard) in the rock of a width of ca. 30 m and depth of ca. 3 m, is
clearly vis i ble in the west ern part of the pro file, i.e. be tween
80th and 100th lin ear me ter. Nu mer ous re flexes within the
area are gen er ated by the bor ders be tween sub se quent al ter -
nate lay ers of sand and rub ble fill ing the de scribed struc ture
com pletely, which is prob a bly a cult court yard cut in the rock
re lated to an un iden ti fied tomb complex.

The cross-sec tion of the Dry Moat was also dis played on
the echogram of DM 9. This east-west ori ented pro file is
about 40 m long (Fig. 6). East ern part of the Dry Moat is
clearly vis i ble, with its rocky bot tom falls sys tem at i cally to -
wards the west at a small an gle. In the cen tral part of the
echogram, the bot tom is set at depth of over 10 m. The dis -
cussed sec tion of Dry Moat is com pletely filled with rubble-
muddy lay ers (slope de pos its), and from a depth of about 2 m
up to the top with a se ries of bed ded ae olian sands (Fig. 7). The
same strati graphic ar range ment of the lay ers was reg is tered
in a deep ex ca va tion trench made dur ing the ar chae o log i cal
sexcavations in the close vi cin ity. Dur ing this re cent ex plo ra -
tion work the west ern edge of Dry Moat was cleaned. Some
of late Old King dom (about 4200 yrs BC) cha pels were hewn
in to it. About 3 me ters thick layer of ae olian sands, clearly
bed ded, was doc u mented inter alia above the thick rub ble-
muddy sets fill ing of the dis cov ered ar chae o log i cal structu-
res (Fig. 8). Like in the case of the echogram dis cussed above,
small hy per bo les re veal the buri als from Greco-Ro man pe riod
dug di rectly into the lay ers of ae olian sand and into slope rub -
ble-muddy lay ers. At ten tion should also be paid to the distin-
ctly man i fested rub ble-sandy fill of the burial shaft sit u ated be -
tween 4th and 6th me ter of the GPR pro file.

Area of the east ern part of the Pol ish ar chae o log i cal con -
ces sion in Saqqara ap pears a bit dif fer ent on the ob tained
GPR echograms. The main pur pose of pro fil ing per formed in 
this place was to es tab lish the depth of the rock bed ding and
lo cal iza tion of most im por tant un der ground burial struc -
tures. For this pur pose, a strip of a to tal length of 200 m that
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Fig. 7. Frag ment of echogram of pro file 9 from area DM 9: lam i na tion of ae olian sands is very well vis i ble.



ran north-south, di rectly ad hered the dam aged mon u men tal
en clo sure wall sur round ing the com plex of the step pyr a mid
was ex am ined inter alia. Echogram no 20 (Fig. 9) of south-
north ori en ta tion on the dis cussed area re vealed a dis tinct
bor der be tween mas sive lime stone bed rock and above lay ing
rub ble-muddy lay ers of about 3 m thick ness. At ten tion should
be paid to the strong sec ond ary re flexes that con cur rently dis -
turb the mea sure ment, with the source set just un der the sur -
face. The geoarchaeological sur vey con ducted at this site
reveald the pres ence of nu mer ous blocks of white lime stone
of dif fer ent size ly ing both on the sur face and just be low it, at
a rel a tively small depth. This ma te rial orig i nates from par -
tially pulled down en clo sure wall. These blocks prob a bly
con sti tute the main source of strong anom a lies reach ing ca. 1
m in depth. A clear dis con ti nu ity in the top of Eocene lime -
stone out crop is vis i ble be tween 165th and 185th me ter of the
pro file, which was pre sum ably formed as a re sult of anthro-
pogenic ac tiv ity. It may be con sid ered with a high prob a bil ity 
as an anom aly gen er ated by a rel a tively large burial struc ture, 
prob a bly a burial shaft of con sid er able di men sions. It seems
that it is jus ti fied to re late the anom aly de scribed above to a
clear out line of a burial struc ture, i.e. shaft mouth which was
lo cal ized in the same place dur ing the sur vey con ducted by
Mathieson (Mathieson, 2008). A sim i lar anom aly, how ever,
less un equiv o cal in in ter pre ta tion, is vis i ble be tween the 95th

and 110th lin ear me ter of the pro file de scribed.
Above-dis cussed pro file no. 20 crosses other GPR pro -

file no. 17 of a to tal length ca. 70 m, so-called area OB 3 (Fig.
10). The echogram ob tained there dem on strates very sig nif i -
cant re sults con cern ing the ar range ment of the top sur face of
the lime stone out crop. It pres ents dif fer en ti ated roof of Eo-

cene rocky for ma tion with hol lows reach ing, at some places,
a depth of about 4–5 me ters. It is note wor thy that the sur face
of lime stone rock falls to ward the east, i.e. goes deep di rectly
un der the en clo sure wall of the step pyr a mid com plex. It may
be in ter preted as a kind of en trance ramp to an un known tomb 
or more plau si bly as an ef fect of quar ry ing ac tiv ity. This is -
sue is dif fi cult to de ter mine with out ar chae o log i cal ex ca va -
tions con ducted at this site, which would ver ify the re sults
ob tained dur ing GPR sur vey. In the east ern part of the ana -
lysed echogram there is very clearly vis i ble pre-Qua ter nary
top sur face of lime stone out crop and above it are par tic u lar
se quences of lay ers and de pos its over laid by lam i nated ae -
olian sands ly ing just un der sur face. Par tic u larly high con-
centration of anom a lies is vis i ble be tween the 35th and 65th

me ter of the pro file. Nu mer ous buri als and larger frag ments
of de bris and stone blocks prob a bly gen er ate these anom a -
lies. In ad di tion, the pres ence of burial shafts is sug gested to
oc cur be tween the 40th and 50th meters.

FI NAL RE MARKS

The con ducted GPR prospection in the area of the Pol -
ish-Egyp tian ar chae o log i cal mission in West Saqqara con -
firmed high use ful ness of this mod ern end ef fec tive method
of non-in va sive re search of the cem e tery lo cated in the desert 
area, es pe cially when us ing 250 MHz an tenna. It should be
how ever em pha sized that the large depth range and high res -
o lu tion, ob tained dur ing the sur vey, re sulted to a high de gree
due to fa vour able geo log i cal con di tions, i.e. strong con trast
of di elec tric prop er ties be tween lime stones and lithologi-
cally dif fer en ti ated Qua ter nary over ly ing rub ble and sandy
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Fig. 8. South ern wall of the ex ca va tion in the vi cin ity of DM 9 area: lam i nated ae olian sands in the up per part are well visible. Phot. F.
Welc
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sed i ments. Very dry con di tions, and thus low wa ter content
in the searched sediments were also significant.

It may be thus con cluded that cur rently ap plied GPR sys -
tems, how ever com pli cated and rel a tively ex pen sive, be long
to one of the most com mon and con cur rently the most per -
spec tive meth ods of non-in va sive ar chae o log i cal prospec-
tion. It should how ever be em pha sized that the above pre -
sented pre lim i nary re sults should be ver i fied us ing archaeo-
log i cal probing research.
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