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APPENDIX VI

: ‘;/fya P _ «Cesium Magnetometer Survey
at Kingscote, Gloucestershire, England
by

Blizabeth K, Ralph

o g _ ; .
Air photogrnphs from the multi-spectral experiment mounted jointly by the
Royal Conmlqalon on H1stor1cn1 Honumeuts (England) and the Muscum of the Unlver91ty
of Pennsylvania revealed crop growth anomalies in one large fleld in an area called

Ashel Barn, a farm now owned by Mr, G,H. Nichols.

The fleld,.measurlng approx1mate1y 5 x 300 metres,’wﬁs chosen for a
comparis9n between a grovnd survey with magnetometers ahd aeridl'photo—intef—i
pretation. The Survey was conducted from September 12th to 17th, 1971 by
members of the Museum Applied Sclence Center for Archneology (MASCA) - namely,
Froel1ch Rainey and Dllzabeth Ralph, and volunteers Marina Bernaut and Sheelagh

Murnaghan, assisted by R.C.H.M. staff, The magnetometers used and-the method
of surveying grids are described below. o = 0
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in a gradiometer arrangement or it may be placed in a fixed.

_ counting interval. The readings are no longer in gammas (y),

MASCA CESTUM MAGNETOMETERS

1. Varian Associates Precision Portable Cesium Magnetometer

Model 4920.

This instrument was designed svecifically for archaeolo -

gical prOSpecting B} Varian Associates (611 Hansen Way, Palo
- Alto, California 94303, U.S.A.) at the request of the_University
'Museum, University of Pennsylvania, The’bomponents are the read-

‘out, cesium sensor (or sensors) and 30 volt battery pack., It

is llghtweloht and readily portable Its maximum sen51t1vity

-.w1th one sensor is 0.1 gamma, The pr1nc1p1es of oueratlon as
" well as its appllcatlon in the search for Sybaris in southern'
- Italy are descrlbed.by E. K Ralph, Frank Morrison, and D, P.

:O'Brien in "Archaebloyical Surveying Utilizihg a High-Seﬁsi-

ey

tivity leference Magnetometer", Geoexoloratidﬁ{fvel. 6 (1968)

pp. 109-122,

The Model 4920 contalns also a dlfference circuit for

 use with two sensors.'.The second sensor may be used elther

} i

location in the center of a grid The second sensor serves
to eancel out dlurnal and other extraneous magnetic varlatlons,
and only the difference between the flxed and movable sensorsj
is read When opereted as a differepce magnetometer, the'.

second sensor replaces the crystal oscillator to regulate the

[




but are adjucted to an erblLrary base readlng of 80, 000 units
when Lhe magnetic field at the two sensors is equnl,f31he read-
"ing of the movable sensor may be converted to change in v by .
the formula:
Ho
F
[

§67566 N - S0,0QO]

 AH =

. .

ZWhele AN is the difference in v between the flxed and movable
'sensors, HF is the Lotal fleld lntenSLty (1n y) of the flxed

sensor only; and N is the 1nstrument readlng in units, Slnce '

the total field 1ntens1ty at ok Klngscote ‘ _.wasl:- bf'
'-epprox1mate1y 47800 v at the tlme of the survey, -in the dlf—
e.ference mode of operatlon, the sen51t1v1ty of the 1netrument
z-ls roughly double ( 0.6 7/un1t) than w1th one sensor only-
At 51tes w1th 1arge anomalles'of the order of, 100 Y or :
:more. this extra sen51t1v1ty is not requ1red but use of the.'

.

'dlfference circuit ellmlnates‘the tedlous process of correctrng
i readlngs for dlurnal changes. %he great advantage of ce51um_fmi
and of other alkall vapor magnetometers over proton magneto- .

- met01s is speed , The measurement dlsplay interval 1h thlsr
5instrument may be selected on the basis. of desired speed of
.operation, flomla mininum of 1.5 seconds to ‘infinite (or manual),

A built- -in memory c1rcu1t ”holds" the former % adlng after.lts L. 5
.second measurement cycle In practlce the xeadlngs can be

viewed contlnuously by the OPGrOLOL who can see when significant

anomalics are encountered and slow down to record changes in

s




readings when anomalies are large.  This prevents. measurement

slew fe sulting from the avexaglng done by the ‘eadout.

Thls cesium m1gnetomete1 is espec1a11y qultable for

‘recording readings in a grid pattern.

2. Varian ASsociates Portable Search Magnetoneter Model V-4971 -

N : P

Audio Type,

Thla 1nqtrumcnt conelqts also of a readout one cesium

sensor, and battery onck. The bi& dlffvzcnce is w1Lh the readvh
'ouL ' Thi rtadout is vcry much sma11c1 and Slmpliflcd It'
' contalns an osctllator whlch can be varied with a control knob

‘to match the Larmor frequency from the sensor. This match is

made by obtaining a "null" or zero beat frequency on the read
out's built-in cpeaker.' Then a readlng can be taken from the

callbrated dial attached to the control knob The dlal ranoe

. A

”15 from 1 to 1000 and each unit is aporoxlmately equal to 1% +.
;1;(There is a coarser control for brlnglng the d1a1 1nto range

~in any paxtlcular magnetlc fleld ) This readout 1q partlcularly

sultable for doing rapid cxploratory 11nes. One scts the dial

~at "null" and then while ﬁalking along, one nced only listen

to changes in thé audio tone from the loudspeaker to know

whether or not anomalies exist. If desired, one may pause to

take a recading to find out the approximate magnitude of each

anomaly,
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This rcadout, referred to later as the "audio"

L

is;most uscful for preliminary exploration, and for [inding

readout .

fho

limits of sites beyond the arcas covered in detail by grids.

It is also the more suitable of the two for detecting narrow

linecar features such as shallew ditches.
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again, but with a serpentlne paLLern now five measurcments wide.

GRID_PROCEDURE: %

1n most cases, after preliminary exploration alonp lincs

with the audio recadout, grids arc laid out in the arcas of

'intcrest, to be covered in detdll w1Lh Lhe prec1510n readout.

yor cach grid, two parallel lines (one at each end of Lhe g1rid)

.
P

are marked with stakes at 10-meter intervals with tape measures. -

|
4

T.A;ropo,calibrated in 2-meteor intcrvals; is then strung between
:eﬂe endfstakee of each linc. The man carrying the sensor then

' walke elong this line.(the zero line) and the adjacent fwo— and
‘feut;metcr lines and pauses at each two-metef marker fef e reed;
ling to be taken. Upon the comoletlon of the first three read-
;lngs, hL then moves 2 meters into the grld three more readlnos

 are taken, and so on in a seroentlne fashlon along the edge of

the=gfid After the completion of three 11nes, the rope is mbved
: between the

. and strung/ next 10 meter stakes, and the sensox man- then moves

to the six-, einht- ten-, 'twelye—, and fourtecn-meter stations

at cach two»metel marker on the rope, and traverses the grid

/

Each 1undlng is cul]ed out by the man ca11y1np tho readout

and batteries, and is vaonded by a third peL son in a noLvhnuk

oricnted in the same dircction as thc grid being traversed. In

bushy or rough terrain, a fourth person coils and uncoils the

100-meter cable leading to the Fixed sensor. When the grid is

ﬁinishcd, the pages of the notchook ave then put together with




g L Ty,
M""&e

Scotch "magic-mending" tape to form the complete grid.

" The differential mode with 2 sensors is usually used for

al] rl]dh with the sccond sensor plnccd in a fixed position in

the middle of cach 0ri(l. The usual heiwht of the movable

~

”qensor is in the comfortable p051tlon at arm's length at onec's
: 51de - abouL 75 Lm above Lhe ground Grids may be varled in

Size but it is. frequently convenient: to lay them out in

100 X 100 meLtr squares. This area can be covered at’ 2 meLer .

int 1vals in a six to elth hour work day, depending unon the'

,terraln. o et W T Sl i e ' : Te e

After a grld has been taped together contour lines of .
equal magnetic lnten31ty are then drawn for easy v1su311zation

‘ of- magnctlc patterns. ~In these plots, non represents 80,000

‘units; "10" = 80,010 unitsj "990” = 79,990 units; etc. In

. most grlds, with average anomalies, contours are drawn gt . —eiz

)
inte;vals of 10 unlLs, or app10x1mate1y 5 v.

“When 5Lvora1 gllds are made, one adjacent to another, the

‘Q:average base readings may be-adjusted to be the same for cach - f
: .. 4 g '- ')

- by placing an_artificial anomaly such as a compass near the

- fixed sens or. Thus, a reading such as "40 units" in the second
i b o

or subscqucnt grids‘rcpresentq the same dlffcrence in magnetism

P——

'ﬂbOVL background w1LhouL anomalles (usually set at 20 units for

‘convenicnce) as in the Eivst grid. This aids in the interpre-
tation of the final plots of magnetic contours by allowing adja-
cenl prid maps to he connceted dirvectly together with no discon-

e o Inuite : o
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At Kingscote four grids were made, the locations of which are shown in
(3 . ;

Fig. 2. These areas were chosen to correspond with the anomalies in the

: o

aerial photographs (described by John Iampton).

Grid No. 1 was centered on the most pronounced aerial anomalies and was

done on the first day of field work, Unllke the subsequent grids, No. 1 was

- run at l-meter intervnle_for the purpose of a detailed first test of the

terrain, As one can see in Tig, 214, we did indeed detect pronounced magnetic

anomalies, One sees strong evidence of the "nngle" anomaly corresponding w1th

that in the nerinl photnprnph, but in nddition, weet of the "nnulo" therc ie a =

=iy

‘derinite roctnngulur fvnturc, which is prnhnbly reprcecntntivo of n huilding.

After this trial, we proceeded to do Grid Noe. 2, 3, and &, at 2-meter

1ntervals. The combined plots of these grids are shown in Fig. 214, 'Ii =

we overley the transparency of Flg. 21A on the aerial photograph (Fig, 21),

-'eee the good correspondence of the .angle“ anomaly as well as other magnectic

anomalles. G Hlan 0 :‘ il T g ; L - i gt &:‘,

e

i The‘fwo lines of poseible'ditcnee runningueest-west just south of the

 center of the field were not detected in Grid No. 2, but they do show clearly

in Grid. No., 4. The contoure of the latter Were drawn at 1ntervnls of 5 unlts

(rather than 10) since theee "dltch“ anomalles tend to he weaker than others

detected previously, "' Sl -i 'j', ';_,i.’

Before Grzd No. h was made, the region of the dltchee was explored w1th

the audlo readout on a very’foggy morning.

o g




' The magn >tome ter crew did short lines porpendlcular to the pos-

51blo lines of the dltches and -whi.le everyone else got lcst in
. the fog, the crew, listening to the change in froquoncy, had
Az kg O

pinpointed the lines of ditches prec1sely with bamboeo—canes.

This was revéaled about mid-day when the fog lifted. Grid Wo. 4

':.wes made subsequently to see if the ditches could be detected
Vlwith the precision readoput and £he more sensitive differentiall
nnsystem. In this grid,-they were detected, but not nearly so
f'orecisely as with the audio unit.. The_reason for this. is ‘that
ffthe grid was made at 2-meter'intervals whereés with the audio,
;the change.in tone_was monitored.continuously. The anomaiiee'

~heard with the audio were a meter or less wide, and were there-

fore, not missed as they were in the grid system at Zémeter.m-

< jintervals. A plot of the audio anomalies is shown in Fig. &...

When we first plotted and looked at Grld No. 1 GQ;g%*B%

and-also Grld Nos. 2 and 3, we wondered why the'anomalles

- were so strong. The carth was dark brown inxcolor and did not
"fappear-to be megnetic. The stones in the wall and elsewhere

. Were less magnetic. Therefore, we put the movable sensor in

1B

~a fixed position on top of the long stone wall (shown in Fig. 20;

and tested bags of earth. About 300 grams of earth ‘put on top

or under the sensor caused a magnetic change of 5 gammas. The

L

znsusceptibility of this soil was subsequently measured in the
o - _ _ .
laboratory by Mike Tite . This measurement and others for

‘comparison from other sites are listed below.

* We are gratcful to Mike Tite (Department of Phy51cs,

University of lissex) and to Martin Aitken (Research Laboratory

for Archacology and the History of Art, Oxford University)
who visited the site and transported the sample to him.

N




Sample

* Magnetic Susceptibility

Kingscote soil ‘ 5-‘  . - 110 x 10“6 emu/g y
; : I ' -6 !
"Non-magnetic" soil : e . 50 x 107 emu/g
: ‘ e : -6
Durnt house floor ; : 400 x 10 emu/g

 Fired clay from a hearth 1400 x 10"6 emu/g

As Mike Tite has commen%ed, "...the Kingscote soil is reasonably high and

consistent with the fact that the site is on Jurassic strata which would

~have a high iron oxide content.” il
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':Fig.2lA. Combined plots of Grid Nos. 2,

. 3 and 4 made at 2-meter spacing. Contours
' of Nos. 2 and 3 are drawn at 10-unit
intervals; and No. 4, at 5-unit intervals.
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. Appx. 6. Fig.
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24Kingscote , * Plot of anorialics detected with audio rendout in the
.7 . region of grid No.k, . B ‘
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