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CHAPTER 7

REPORT ON THE 1987 FIELDWORK
A FURTHER RESISTIVITY SURVEY AT EL-AMARNA

by

Ian J. Mathieson

7.1 Introduction

At the request of Barry Kemp and the Egypt Exploration Society and with the help and co-
operation of the Egyptian Antiquities Organization and their local Inspector, Ahmed Galal, I spent
ten days in March, 1987 running resistivity profiles over two areas of interest as directed. The
areas to be investigated were: (a) the location of the probable centre of a well being excavated at
the start of a track leading to the Workman’s Village (site Q48.4); and (b) the westward
continuation of the Great Palace in the Central City, to be done by running several resistivity
profiles from the edge of the ruin ficld to the bank of the River Nile through the cultivation,
secking (i) indications of any extension of the ruin field under the cultivation; (ii) to plot the
slope of the old desert topography; (iii) to search for signs of the former course of the river.

7.2 Methodology

As in a previous season at Amama (see AR I: Chapter 8, where the theory is briefly outlined)
and others at Memphis, the method used was to run overlapping traverses consisting of linear
arrays of twenty-four copper electrodes forced into the ground at 2-m intervals, controlled by a
multi-selection switching device. The ohm-metre values were read on a Strata-Scout analogue
resistivity meter and the results computerized for smoothing and removal of background “noise”.
The information was then plotted through the computer using a software program which gives
maximum flexibility in scale and notation. As the resistivity readings can range from zero to
infinity in the space of 10 to 15 m, the ability to plot at normal vertical and horizontal scales, but
also to switch to logarithmic when required, is most desirable. The graphed results were finally
interpolated with the topographic surface contours and a plan drawn of the interpretation for
further discussion.

7.3 Survey area 1: the well at Q48.4

The situation and record of partial excavation of the well at site Q484 are described in
Chapter 1. It lies within the excavation grid of 5-m squares designated no. 1, the shaft occupying
grid squares G-I/11-13 (Figure 2.1). By the time of the resistivity survey the excavation had
already started, and from the pottery count and general site inspection it was evident that the well
really did lie within the squares delineated. As this covered an area of at least 225 sq m it was
desirable to locate the approximate centre to avoid extensive excavation, and — given the
uncertainty and hazards which inevitably attend an attempt to excavate a possibly deep shaft filled
with soft sediments — to contribute any other information about depth and shape which could be
added to such results as the excavation itself managed to obtain. A total of five lines was set out,
shown in Figure 7.1. All the horizontal distances are measured to base 500 m. Line 1 was used as
a base and control line for the resistivity readings as it was assumed that the well did not lie
under this line, Lines 2 and 3 were of a similar nature, forming a triangle round the probable
centre, Lines 4 and 5 were sited to cross at the “best guess” position of the well centre.

From the readings obtained from lines 1, 2 and 3 and from inspection of the uncovered face
of the excavation on the west side it appears that the site lies in the geological position of an
ancient wadi bed. The strata consist of gravel and boulder lenses caused by flood run-offs
scouring the bed of the wadi and depositing sand in graduated layers with fine mud separation as
the heavier sand dropped near the gravel lenses. This situation is ideal for well excavation as
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Figure 7.1. Outline plan of the well site at Q48.4 showing locations of the five resistivity lines
(cf. Figure 2.1).

once the bed level has been obtained the moisture continues to run for many months after the
wadi has dried out on the surface. If there should be spring-fed water in the limestone hills at the
start of the wadi the seepage could provide a constant supply free from evaporation effects.
However, the variation in consistency of the strata, both vertically and horizontally, makes
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interpretation of resistivity readings very difficult, for the fluctuations between adjacent natural
deposits can be as great as between natural and man-made features and can have the effect of
swamping the latter. The difficulty of interpreting this set of readings contrasts markedly with the
second set, derived from the cultivation beside the Great Palace.

Traverse 1 (Figure 7.2). The readings along this line stand in sharp contrast to all of the other
traverses at both sites in that most of the fluctuations occur within the 2-10 ohm-metre range,
with the highest reading of all peaking at the 17 ohm-metre value. This implies a greater degree
of sub-surface homogeneity on the low desert plateau on which the building of Q48.4 is situated
than in the neighbouring area of the well, where the values can rise much higher and are
generally scaled up to between 40 and 80 ohm-metres. At 0-2 m depth the ohm-metre values rise
to form small peaks of resistance at 18 and 35 m. When transferred to the site contour map, these
are places where one would anticipate that the mud-brick enclosure wall and its lateral spread of
rubble would cross the line of traverse. Below this level the peaks and troughs of the 6, 8§ and 10
m depths can be resolved into low-value sand layers at the 15 and 30 m positions, and a
relatively high-value (still only 17 ohm-metres) gravel layer at the 28 m position.

Traverse 2 (Figure 7.2). With the remaining traverses the degree of variation is generally
greater, presumably reflecting the greater sub-surface variation of an ancient wadi bed. Sand can
probably be recognised at 6, 8 and 10 m depths at the 15 m position, gravel lenses at 10 and 12
m depths at position 25 m, and at 8 m depth at 30 m. The rise in ohm-metre values at 2 m depth
in the last 15 m (from about the 30 m position onwards) is due to the mound of cast-out spoil
from the digging of the well in antiquity. A secondary rise around the 22 m position must reflect
the narrow erosion channel filled with gravel that runs into the well from the west in the middle
of the west side.

Traverse 3 (Figure 7.3). This traverse, beside the location of the well but not actually across
it, brings out dramatically the degree of local variation in the natural wadi deposits. The saw-
tooth appearance of the graph is due to the line being, after about 12 m, roughly along the edge
of the old existing bank of the wadi which is a conglomeration of gravel and sand with a large
lens of highly resistant material at 10-12 m depth at the 25 m position. There is also a general
increase in resistance with depth overriding the sudden variations. This degree of natural variation
provides a poor background against which to detect disturbance from man-made features.

Traverse 4 (Figure 7.3). This is one of two lines which cross the middle of the well site. The
subsequent continuation of the excavation revealed that the well shaft occupies the space between
the 17 and 26 m positions. In contrast to the previous traverse a set of low readings (almost zero)
obtains over this distance at the 2 and 4 m depths, reflecting the fill of the well with soft dry
sediments, and remains low for much of the distance on either side, showing a local geology of
sandy or marly deposits, offering only light resistance. Even the readings at the lower depths of 6,
8 and 10 m are generally low, broken principally by a sudden peak around the 25 m point,
suggestive of gravel lenses. From their horizontal position they probably occur in the bedrock just
behind the side of the well, thus outside the limits of the well shaft and its fill. The degree of the
suddenness of the drop in resistance at 8 m depth could be an indication of the water level. Of
particular interest is the shape of the curve at 12 m, which dips to low values exactly over the
deepest part of the well shaft. This could be an indication that the shaft, which was excavated
only to 9 m depth, really extends downwards for at least 3 more metres.

Traverse 5 (Figure 7.4). This line also crosses the well, which occupies the space between the
25 and 35 m points. The same low values at 2 and 4 m are seen over the desert to the
south—west and over the well shaft, but both rise markedly immediately beyond, in the zone
between the northern edge of the well and the mound of ancient spoil. By comparison with
traverse no. 2 we can suggest that the tail of this spoil heap had slumped down to form part of
the fill of the well shaft. At lower levels individual high readings occur over the shaft,
presumably a result of detached lumps of bedrock present in the fill, and perhaps through
catching the stones of the rough staircase that was subsequently shown to be probably present. A
series of lows around the 25 m mark at 6, 8, and 10m, however, could mark penetration through
the soft fill sediments of the shaft, although they are a little more to one side of the well than one
would expect.
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Figure 7.2. Resistivity profiles along lines 1 and 2.
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Figure 7.3. Resistivity profiles along lines 3 and 4.
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Figure 7.4. Resistivity profile along line 5.

The traverses were carried out at an carly stage of excavation and quickly offered reassurance
that the site did indeed contain a well shaft, located in square H13, with a predicted water table
at 41-42 m local datum, i.e. a depth of 8-9 m from the surface. The resistivity results were, in
detail, much affected by pockets of high resistance at different depths, probably localised gravel
lenses, and do not, therefore, provide as clear a picture as one would like. They do, nonetheless,
contain information which is not otherwise available. The contrast between traverse no. 1 and the
others (apparent when allowance is made for the difference in scaling) can be interpreted as
showing that the well occupies the line of a wadi whose weakly sorted deposits descend very
deeply, implying that its capacity for greater underground water conductivity was appreciated
anciently. Traverse no, 4 is the one which, after the excavation was completed, was found to have
crossed the deeper part of the well shaft. But whereas the excavation was able to reach a
maximum depth of only 9 m, and that over only a very small surface area, the traverse produced
readings which suggest that the shaft descended for a considerably greater depth, to at least 12 m
below the surface.

7.4 Survey area 2: the cultivation beside the Great Palace

The second area chosen for the investigation lay to the south of the village of EI-Till between
the edge of the ruin field west of the King’s House and bridge over the Royal Road, extending
through the cultivation to the east bank of the River Nile (Figures 7.5 and 7.6). The bridge leads
into an extensive area first of brick walls and then of gypsum foundations for stone buildings that
collectively are known as the Great Palace, excavated by Pendlebury between 1934 and 1936
(COA 11I: Chapter IV). As recorded by Pendlebury and as still visible today the natural ground
level slopes away down towards the river more steeply than was convenient for the builders, who
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made up an artificial floor level by terracing (see AR III: 93-95), although the foundations of
major walls rested on the natural surface. This is particularly apparent at the northem end of the
Broad Hall, the part called Weben-Aten, where Pendlebury’s photographs show wall foundations
about 2 m below the level of the surrounding fields (COA III: Pl. XXXV.3 and .4, and p. 51).
The main value of these observations is that they imply that whilst the modern cultivation might
have encroached upon and therefore destroyed the raised floor level of the Great Palace, the
original ground level should run well beneath the level of the modem fields, and might perhaps
still preserve architectural remains of Akhenaten’s time,

The land beside the Great Palace is intensively cultivated by private landowners in narrow
strips running between the ruin field and the river bank at a marked angle to the latter, In order
to avoid crop damage the survey lines were located along the routes of the narrow irrigation
ditches which follow the alignments of the strips, and with prior agreement with the pump
attendants we had no opening of ditches for irrigation when the cables and electrodes were in
position. The method proved very satisfactory and as can be seen from the plan a considerable
arca was covered. In the diagrams which illustrate this part of the survey (Figures 7.7-7.10) each
traverse is illustrated in two forms: the upper version includes the symbols to identify the depths
of individual lines; in the lower these are omitted in order 10 increase the clarity of the overall
effect.

Line 6-12 (overlapping traverses 6 through 12; Figure 7.7). This is the most northerly of the
six lines and runs from the Weben-Aten as shown on Pendlebury’s plan to the river bank. In
detail we see that there is considerable ground disturbance down to the 6 m depth between the
515 m mark and the 550 m position, which suggests archaeological debris. At the 550 m distance
there is a rise in resistivity of the underlying layers which could be interpretated as the old desert
edge and start of the ancient flood plain; at 640 m we obtain a saturated reading of the lower
layers.

Line 13-18 (overlapping traverses 13 through 18; Figure 7.7). The line was run at close
proximity to line 6-12 to act as a check base for the ohm-meter readings. As can be seen, it is
very similar to the previous line, only losing a portion of the disturbed ground as the start pin
was some 30 m further west. There are no large variables and the water table appears at the
590-610 m position.

Line 19-28 (overlapping traverses 19 through 28; Figure 7.8). This line starts at the edge of
the cultivation and for 130 m shows considerable disturbance when compared to the two previous
lines, suggesting that the ruin field extends for a significant distance beneath the cultivation at this
point. The similar rise in resistance of the lower layers appears to mark the old desert line, and
the water table comes in at the 700 m position. Two auger holes at 560 m and 618 m would
verify the extension of the ruin field.

Line 29-35 (overlapping traverses 29 through 35; Figure 7.8). Starting from the edge of the
visible ruin field the resistivity observations confirm that this is more or less the actual limit, with
the edge of the old desert at 540 m.

Line 3645 (overlapping traverses 36 to 39, and 42 to 45; Figure 7.10). As a general check on
the readings this line was run in the reverse direction from the others. The water table appears at
the 80 m mark, with a high anomaly showing at 6 m depth at the 623 m position. This could be
a large stone at 6 m, as there is no indication above or below of any unusual readings. At 660 m
the line enters the ruin field with some quite high readings which were confirmed by a check line,
40-41.

Line 40-41 (traverses 40-41). A short line at right angles to the others along the edge of the
ruin field and to check the high readings on line 36-45. The results are not illustrated.

Line 46-54 (overlapping traverses 46 through 54; Figure 7.9, in two parts). Starting at the
edge of the cultivation there are signs of disturbance for 625 m until we reach the assumed edge
of the old desert. However, the ohm-meter values have dropped compared to the northem lines
showing a change in composition of the strata at the desert edge. The water table has moved
much closer, showing at approximately the 600 m mark.

This has been a most interesting exercise in remote sensing and shows how useful the
resistivity meter can be when given suitable strata conditions. The results are of almost textbook
clarity, showing the rise of resistance with the passage through the finer more conductive soils at
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Figure 7.5. General map showing the location of the resisistivity profiles to the west of the Great
Palace (which is shaded).
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Figure 7.6. Locations of the resistivity profiles in the cultivation to the west of the Great Palace,
with some notes on interpretations.

the surface to the consolidated debris, sands and rocks at deeper levels, then the reverse taking
place as the water table makes the lower strata more conductive. It is difficult to realize that you
are not looking at a topographic ground section, which would actually look like this as you
approach the river, whereas the results shown are values of resistance to electric current.
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If we study a particular graph, Line 46-54 at 510 m, the 2 m depth ohm-metre value is 105,
and by 525 m this has dropped to 18 omv, a considerable change in the rather steady values of
this area. From our empirical tests we know that this type of reading shows disturbed strata
similar t0 a ruin field. If we continue to distance 600-620 at the same depth value, we find the
ohm-metre value is greater than the reading at even 12 m depth. Unless there has been a drastic
change in the structure of strata at 12 m depth the assumption must be that water has made the
strata more conductive. A problem in this area could be that the surface soil has had most of the
minerals leeched out by constant irrigation and has become more electrically resistant, but at this
point there are several hundred meters of similar readings to base your assumptions on.

The general interpretive picture can be seem on Figure 7.6. It looks as if the town and palace
area extends to the line marked “edge of disturbed ground”. Between this line and the existing
river there is a definite change in strata structure which could be interpreted as the old desert
banking where the river used to run or where it used to flood.

If this work is to be extended I would suggest that auger bores be put down to a depth of
9-10 m at positions (A) and (B) to check the extension of the ruin field, and at (C) and (D) to
check the resistivity changes in the strata and if possible prove the water table. A small trial
sounding could be made at the crossing of lines 40-41 and 3645 to investigate the high anomaly
at that point.

Looking at the general direction of the assumed old desert edge it appears that the westemn end
of buildings 042.2 and 042.1 must be close to where the river bank could have been, and also
where the road between the Coronation Hall and building O43.1 joins at this point. It might
therefore be productive to run a selection of lines across this area.
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