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ABSTRACT 

By sampling apparent resistivity at two mutually 
perpendicular orientations. the "square array" technique 
(Habberjam and Watkins, 1967) attempts to provide a more 
orientatationally stable measure of apparent resistivity (the 
mean value pl and, at the same time, provide some check 
through the Azimuthal Inhomogeneity Ratio (A.l.R.) on the 
existence of lateral effects. 

An archaeological resistivity survey was carried out In 

Dalton Parlours ~illa (W. Yorkshire) and the results 
obtained were interpreted using contour maps of the mean 
apparent resistivity, and the A.I.R. with very good results. 

Since the resistivity was affected by the soil moisture 
variatIon, all the earth resistance measurements were 
normalised to overcome this problem. 

1. OBJECTS OF THE SURVEY 

Since archaeological features express themselves in the soil, 
the resistivity method has long been established as a useful 
technique for detecting and describing archaeological 
phenomena. However, in the archaeological resistivity 
surveys, little use has been made of the square array 
electrode design and the resulting special data manipulations 
this design allows, such as the azimuthal inhomogeneity 
ratio. 

The response of an archaeological target to the resistivity 
method can be influenced by a number of factors. These 
factors are: the size of the array used, the nature of the 
site investigated and the nature of soil cover. 

Two arrays are to be used, the 1.00 and ~.OO metre square 
sides. The site investigated is the South margin of Dalton 
Parlours villa. The Iron Age ditches, which were filled in 
by Romans, and the stone buildings suggest the resistivity 
targets. The ditches, cut in the weathered limestone, filled 
in and concealed by a thin layer of soil, will be a good 
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target. because they are a good ~xample of a body of 
relatively good conductivity within a poorly conducting 
medium (limestone). There is ~ concentration of current flow 
through the refilled ditches in pr~ference to limestone, and 
a corresponding di~turbance in the potential distribution in 
and around the ditches, which can be measured at the surface 
if the ditch is large enough and not too deeply buried. 

On the other 'hand. stone buildings suggest a higher 
resistivity target within a relatively poor resistivity 
medium. 

During the first part of the survey a stripped area was 
investigated. where the targets are known, In the second 
part an "unknown" area was investigated, and the results 
obtained from the stripped area were used to interpret the 
results obtained from the "unknown" are in order to.locate 
ditches. buildings, etc. 

The soil cover in the "unknown" area should be fairly 
homogeneous, but it is its moisture content that perhaps has 
a major influence on the soil resistivity. Since large 
vari3tions in the water content from one day to the neMt will 
correspondingly produce a variation in soil resistivity, the 
soil moisture variations ""ere monltored, and all the 
measurements were normalised to overcome this problem. 

2. THEORY OF RESISTIVITY METHOD 

Earth resistance measur~ments made at the surface of the 
ground are commonly conducted by pa~sing current beteween two 
points A and B and measuring the potential difference between 
two other points M and N. 

The ground resistivity is 

p = 2nRG (1 ) 

-1 

configuration 
r r factor 

..here · ~::-JBM AN (2) 

The resistivity in equation (1) is the true ground 
resistivity only if the ground is homogeneous and isotropic. 
However this value represents the "apparent resistivity" in 
the practical case of making a measurement at the earth's 
surface where the ground is not homogeneous. 

By sampling apparent resistivity at two mutually 
perpendicular orientations, the "square array" technique 
(Habberjam and Watkins,1967> attempts to provide a more 
orientationally stable measure of apparent resistivity (the 
mean value p) and. at the same time. provide some check, 
through the Azimuthal Inhomogeneity Ratio (A.I.R,) on the 
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existence of lateral effects, 

Considering ~he configuration of Fig. 1, let the electrodes 
be numbered 1,2,3 and 4 in anti-clockwise direction, then 
there are 24 ways In which A,B,M and N can be arranged 
amongst them. 

For any particular arrangement interchanging the subscript of 
either the potential <A,S> or current (M,N) electrodes 
separately alters the sign but not the magnitude of both the 
resistance R and the configuration factor G (see Equn. 1), 

By a generalised form of Helmholtz's Reciprocal Theorem. 
interchal'ge of current and potential electrodes does not 
affe~t the value of the"measured resistance, and therefore 
there can only be three basically different resistances for 
any four electrode configuration. Also, from equation (2). 

and interchange of current and potential electrodes does not 
affect either the sign or magnitude of G, and therefore there 
are only three apparent resistivities for any four electrode 
configuration. 

These three basic arrangements are shown i" Fig. 1, ~Jhere A 
is the unit current source, 8 the sink and M and N the 
potenti31 electrodes. 

:--- <1­

,::T-­ .. 
~J jN 1 2 3 11 

<>. 

J __ (1 A M N B 
1 '2 

13 A B N M 

Y A M B N 

Fig. The square configuration and the possible modes 
of connection for resistance measurement. 

The tripotential condition that 

Rel(a> '" RB (4) ... R't <a) < 3> 

holds and can be used to check resistance measurements. 

Using equation (1) the apparent resistivity for the 
configurations a and e can be calculated 

2na 
pa(a) ------- Ra (0) <Ohm.metre) (4 ) 

2- (2 
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Similarly, 
2na 

p 13 (a) ------ RI3 (a) Ohm. metre} (5) 

2- 2 

Whilst these two resistivities could be used separately, po 
(a) is more heavily weighted to easterly potential variations 
and PI3 (al to northerly components. This lack of symmetry is 
removed when the mean resistivity p (a) is formed as : 

2na (Ra ( a) + R13 (a) 
p (a) (6) 

2­ E 2 

On the square configuration the resistance R¥ (a) has the 
special significance that its magnitude is dependent on the 
e~istence of lateral resistivity variation. 

The lateral inhomogeneities which exist in the ground can be 
expressed by the Azimuthal Inhomogen~ity Ratio 

ER¥ (a) 

A. I.R. (7) 

Ra (a) + RI3 (a) 

The AIR is a measure of the lateral inhomogeneity of 
resistance in the ground expressed as a function of R¥. If 
the AIR is negative then RI3 is the dominant resistance, if 
positive then the Ra dDminates. It is, in fact, a measure Df 
an apparent direction of resistance. Obtaining this however 
does not require the R¥. Value a ration of Ra to R13 or vice 
verca will do the same job. 

5. FIELD PROCEDURE 

The survey was carried out in two parts. During the first 
part an e~cavated area was investigated using the 1.00 m and 
4.00 m square arrays. Eleven traverses 2 m apart using the 
1.00 m square and taking a reading at every 1 m, were carried 
out. Six more traverses 4 m apart using the 4.00 m square 
and taking a reading at every 4 m, were carried out (Fig. 2). 
All the traverses had an E-W direction. 

The AS side of each array for the configuration was 
orientated to a S-N direction, orientation which kept the 
same during the whole survey. 

The station N482-E306 (i.e. the 1m square, the centre of 
which was at that point) was the control station for the 4 m 
square (it is shown in Fig. E as control A). At the 5tart of 
each day of field ~ork the frame was returned to this 
position and e measurement was taken. 

lhe station N490-E300 was the control station for that area 
fer the 1m ':5q'.Io!l,-e lit- ie" sl,o.m in Fig. 2 as con~rol B). 

On completinn of 
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was Cdrri~d out at right angle~ to the traverses direction 
(first station : N~70-E286.5. last st~tion N4 Q O-E286.51. 

During the second part of the ~urvey an Munkno~n" g,·as5 area 
wa~ investigated (Fig. 3). Si~teen traverses 2 m apart using 
the 1.00 m square and taking a reading at every 1 m ~ere 

carried out. Eight more traverses 4 m apart using the 4.00 m 
~quare and taking a reading at every 4 m ~ere carried out as 
well. 

The station N44S.30-E320 was the control station.for ~he 4 m 
square (it is shown in Fig. 3 as control C). and the station 
N44~.30-E319.50 was the control station for the 1 m square 
(it is shown in Fig. 3 as control 0). 

On Completion of the investigation of the area a tie-line was 
carried out at right angles to the traverses direction (first 
station N~25.30-E320.60, last station N45S.30-E320.60); 

At the beginning of each day of field work the stake 
resistance was measured between each palr of electrodes. 
Measurements were also taken when the tripotential rule was 
not met or when the "Megger" could not be balanced. Iii such 
situations the electrodes were penetrated deeper into the 
50 i 1. On comp I et ion of the survey the "Megger Earth Tp.ster" 
was calibrated in the laboratory. 

DATA PROCESSING 

The met;hod, whiCh was chosen as the normalising technique to 
be employed in this inv~stigationJ is e~pressed as follows 

Rai 
Ra. nor ~ Rac 

Raci 

....here Ra,	 nor the normalised Ra at a position 

Pal	 the Ra measu,-ed at a position i 

Raci	 the Ra measured at the control station related 
to Rai 

Rac	 the Ra measured at the control stati9n on a 
specific day. 

This e~pression reletes all values to a specific value taken 
as reference-va~ue. Similar e~pressions can be used for RB 

.and R¥. 

All the measured resistances of the stripped area were 
normalised with respect to the last day's field work in that 
area, while all the measured resistances of the "unknown" 
area were normalised with respect to the first day's field 
work in that area. 
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7. INTERPRETATION 

7,1 Presentation of results 

The following right maps, illustrating the relults obtained 
from both areas, have been drawn: 

Two contour maps of the 4.00 m 5pacing mean apparent
 
resistivities, one for each are (Fig. ~, Fig. 7).
 

Two contour maps of the 1.00 m spacing mean apparent
 
resistivities, one for each area (Fig. 5, Fig. 8)
 

Two contour maps o~ the 1.00 m spacing AIR (Fig.6, Fig.9). 

All eight maps are drawn at a scale of 1:200. 

The normalised apparent resistivity maps are contoured on a 
lorarithmic scale. The logarithmic contour interval was 
chosen because· the apparent resistivities showed a variation 
from low to high values that would be best described by a 
logarithmic scale than by a linear one. The scale chosen for 
contouring is based on the number 2 1/4 and the log to the 
base 10, thus the contour intervals used are: 10, 11.89, 
14.1~, 16.8E, 20, 23.78 etc. 

The A.I.R. maps are contoured on a linear scale. 

The contour intervals used in both areas are selected in such 
a way that they could be comparable. 

7.2 Interpretation of contour maps 

Correlating the 1.00 m apparent resistivity map of the 
stripped area (Fig. 5) and the site plan, (Fig. 2) the low 
apparent resistivity region corresponds exactly to the 
ey.cavated ditch. The high resi~tivity region shown in the map 
cannot be considered as a stone building, purely because no 
building have been round in that particular region. Therefore 
it can be interpreted as the effect of the outcropping 
bedrock. 

The 4.00 m apparent resistivity map of the same area is 
illustrated in Fig. ~. There is a general trend fr~m low to 
high resistivities corresponding to the excavated soil cover 
(the resistivities are higher where the bedrock outcrops). 

Having in mind that the major archaeological features expre~s 

themselves on the 1.00 m apparent resistivity map. while the 
4.00 m map descrfbes better the geology, and correlating 
these maps one could propose that the low resistivity regions 
are due to refilled ditches of the Iron Age. This is clear 
enough at the top left corner of the 1.00 map, where the low 
resistivity region can be related only to archaeological 
features (such as ditches) and not to geology features, 
because in the ~.OO m map this region is a high resistivity 
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one. 

The change~ from low to high resistivity value~ are shown in 
the A.I.R. (Fig. 61 as well. although the correlation is less 
distinctive. However this map can give a picture of the 
lateral inhomogeneities of the ground. 

The 1.00 m apparent resistivity map of the unknown are (Fig. 
Sl shows a low resistivity region surrounding a high 
re~istivity region. Another one high resistivity region is 
shown at the to~ left corner of the same map. 

The 4.00 m apparent resistivity map (Ffg. 71 shows again two 
high resistivity regions. but in general terms there is no 
large variation from high to low resistivity values. 

The A.l.R. map of the 1.00 m spacing (Fig. q) shows the 
e~istence of lateral inhomogeneities and ~ome changes in the 
resistivity, but once more the correlation is less 
distinctive. 

When relating the above information to the information 
OQtained from the interpretation of the stripped area, one 
Can propose that the low resistivity regions shown in Fig. 8 
are due to tMe existence of buried ditches. Unfortunately 
the hlgh resistivity region in the middle of Fig. 8 can be 
considered as a deflection of the surrounding lo~ resistivit~ 

:one or eVe" as it is due to the local geology (see also 4.00 
m reslstivity map, Fig. 7). However the possibility of the 
e~istence of a buried stone building is not negliglble. 
Another promlsing region seems to be the hi~h resistlvit\" 
region at the top left corner of Fig. 8. 

CONCLUSIONS 

ihe resistivity method using the square array electrode design 
has proved 5uccesful in defining archaelogical features. which 
e~press themselves in the soil. 

The techniQu~ used provided a more orientationally stable mea~ure 

of ~pparent resistivity (the mean value p) and. at the same time, 
provided some check throuQh the A~imuthal Inhomogeneity Ratio 
<A.I.R.) on the e~istence of lateral effects. The use of AIR maps 
during the interpretation gave a good picture of lateral 
inhomogeneities of the ground. special in reQious where there are 
changes from low to high resistivity values. 

According to the interpretation of AIR maps there are promising 
regious where there are resistivity lows. probably due to the 
e~istence of buried ditches. 
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