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Soil pho sphate a na l ysis is used widely in Europe and the USA 
in archaeological s ite inve s tiga t i ons . Provided s oil cond itions 
are f a vourab l e a nd post-occupa t i on land use ha s no t obscured 
" anc i ent" phosphorus di s tribut i o n , the t echnique can be used 
succ e ssfull y to delinea t e and d ifferen tiate between man
a ssoc i ated act ivity area s. 

Phosphate s urvey ha s been us ed in the U.K. as a pr ospect i o n 
; 	 method wi th some success at a number of l oca t i o ns, e. g. at 

Fenga te , Pe t erborough , where a previous l y unsuspected I r on Age 
s ettlemen t wa s revealed at the Ca t' s Water subs i te, although at 
others local soil condit i on s have pr oved unf avoura b le, e.g. l ow 
pH a nd waterlogging at Hadd enham , Cambs. Ma gnetic sus c e pt ibility 
mea s ure ment s complement phosphorus a na lys is because enhanc ement 
o f t he f o r me r i s l i nked to a r eas of b urn i ng while t he latter 
i ndic a t e s r ubbi s h , e xcret ion and the remai ns o f bodies. As in 
Br itain, soi l phosphate surveys have be en us e d i n t he Nether l ands 
wi th va ry i ng degrees o f succe s s. The range of chemical methods 
f or phospho r us analysis has been supplemented in Holland by the 
v isua l e xamina tion t echnique, due to the part i cluar nature of 
certa i n cla y soil s . 

Soil p hosphoru s analys is appears to be most useful in 
a rcha eo l og i ca l prospe ction when o t her tec hniques , such as aerial 
pho t ography a nd s tanda rd geophys i ca l surv e ys, are less 
a ppropr i ate, f or i ns t ance where archaeo l og ical features are 
over lain by c l ay de pos its as at Fengate and As sendelft. It can 
al s o be use d cost-effe ct ively to confirm and complement 
conve ntiona l archaeo l og i cal survey work if a rapid analyt i cal 
method is empl oyed. However, r e s u lts will de pend on soil type 
(and land use ) and prob lems may o ccur in area s of light, s andy 
soil s or under ac id reduc ing c ond i tions. It must also be borne in 
mi nd t hat the general arc ha e o l og ical approac h to s o il phosphorus 
analysis has , to date , be en extreme l y empirical and t ha t many 
i n t erpre t ations have be en s implist i c in the e xtreme and this 
as pect f o rms the sub j e c t of the sec ond part of this paper. 
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So i l Phosphate Measurements: problems and possibi lities. 
Pa rt 1: The Us e o f Soi l Pho s pha te Analysi s i n Archaeo l ogy. 
By Hele nT M-:-Keel ey.

INTRO DUCTI ON 

The phosphorus (P) contents of mos t mineral soil s fal ls 
betwe e n 0. 02 and 0.5% P. About half the s oi l phospho r us occurs i n 
combination with t he tops oi l organic ma t ter and t he rema inder a s 
mineral s or in inorgani c comb ination (Bear , 196 4) . I norganic 
p hosphorus is he l d in comb ination with ca l c ium (Ca), i ron (Fe ), 
a l umin i um (AI ) and titani um (Ti) and perhaps with s o il co l l o i ds. 
I n ne utra l a nd c al ca r eou s soi ls t he dominant bonding i s to Ca 
(dica lcium phosphate , octacalc i um phospha t e and the apa ti t e 
s er ies o f minera ls a re f ormed ); i n a cid soils most phosphor us is 
combined with Fe a nd Al (Cooke, 1 967 ). Because of these 
" fi xa tion" r e actions , s oluble phosphate f ertilizer s are no t 
e asily i ost f rom mos t soil s , a lthough there i s a risk of leaching 
on some l ight, sandy soil s and during conditions of wat e r logging. 

In app l y ing soi l phosphorus ana lys is to a r c haeo logy t he 
basic a ssumption i s made that the detritus p r oduc e d by t he 
a ct i vi ti e s o f man and hi s domestic animals i s rich in pho s phorus 
which is not ea s ily d i spersed by s oi l a ction, ev e n over l ong 
periods o f time . Consequently s o il test i ng f or the presence of 
phosphorus offe rs the pos s ibilty o f locating anc ien t settleme nts 
a nd s tudying the composition of archae o logica l deposits. Th i s has 
been r ecogni sed a nd a cons iderab le body of work has bu il t up 
relat ing to a rchaeo l ogical soil phosphorus ( rev iewed in numerous 
a r t ic les, e . g. Schwarz, 19 67; Provan, 1971 ; Ei dt, 1973; 
Proudfoot, 1976; Sjoberg, 1976 ; Woods, 197 7 ; Eidt , 1 977 ; 
Bakkevig, 1980 ; Zo l i tz, 1980 ; Keeley, 1981 , 1983; Eidt, 198 4 ; 
Gurney , 198 5 ). 

THE USE OF SOIL PHOSPHATE ANALYS IS IN AR CHAEOLOGY 

Worker s in this fiel d ha ve been much conce r n ed with met hod s 
of analysing s oil s f or phosphorus and va rious field and 
l aborat ory me t hods have been devised . Init ia l ly methods were 
borrowed d i rectly from soi l science (e.g. Chang and Jackson, 
1957), wh i c h is more concerned with the agric ultural r athe r t han 
a rchaeologi cal implications of phosphorus co nc entrations i n 
s o i ls. However a number of workers have produc ed me thods of soil 
phos phoru s a nalys i s f or a r c hae o l ogica l purposes, init i ally wi th 
an emphasis on rapid t e s t i ng in t he fi e ld ra ther than relat ive ly 
t i me -consuming l aboratory methods. 

The work of Lorch (1939, 19 40) and Gund l ach (1961) prov i ded a 
b a sis f or t he development of a simplifi ed fi e l d test for 
phosphorus by Schwar z (19 67 ) in Switzerland , wh ich was furt her 
modi f ied in the USA by Ei dt (19 73) a nd f ound useful not on ly f or 
ma pping hor i zonta l phospho ru s distribut ion (e . g. settlement 
bounda r i es) but al so f or ascertaining t he v e r t ica l e x t ent, i .e. 
the r e lat ive duration of settlemen t act ivit ies . The method 
compr i ses an ac i d ext r a ct i on (hyd r ochloric or ni t r i c) f o llowed by 
a color i met r i c deter mi na tion (molybdenum blue) and is at bes t 
semi -quant itative. 

Phospho r us a na l ys i s has been widely used in Sca ndinavian 



archae o l ogy, Arrhen i us bei ng one o f t he f irst to notice t he 
re l at i onship betwee n phosphorus in the soi l and s ites o f huma n 
occupation and success f ul ly l ocat i ng a nc i e n t settlements ( Provan, 
197 1 ) . It i s rus ed as a standard s urv ey method i n No r wa y 
( Bakkevig, 1980 ) a nd Sweden (Sjoberg, 19 76). Al t hough extens i ve l y 
used i n par t s of Europe a nd t he USA (e.g. Woods, 1984), 
phosphorus tes t i ng of so i l s ha s only found f a vour r ela t ively 
recent l y in Brit ish archaeology . 

The technique is us ed in two ways: 
1 • Inve s tigat i on of i ndiv idual s ites 

Phospha te testing o f known arc haeo l ogical s ites i s carried 
out to so l ve specif ic problems, e. g. del i neat i on of rubb i sh 
d isposal are a s, l oca t ion of places wher e l i vestock were kept , 
i nhumat ions i n a cid soils , invest igat ion of ma nuri ng prac t i c e s, 
etc. Total phosphoru s was measured in deposits of a t ell at 
Sitagroi (NE Greece), the tel l hav i ng 11m . depth, 180m . d i amet e r 
and r e present i ng 5 maj or occupation phases with a t i me span o f 
about 5,400 t o 2,200 c alende r years BC ( Davidson , 1973). I n th i s 
case total phosphorus was measured c o l o r imetr i cally a fte r fus i on 
with sodium carbonate. Sa mp l e s from the t e ll conta i ned much more 
phosphorus tha n surround ing so il s a nd concentra tions were higher 
in late r depos i ts, i nd icating an i ncrea s e in i nten s i ty o f 
occupation . Usi ng a f i eld 'spot' t e s t (Schwar z, 1 96 7 ), Kee ley 
(1981) ha s a c hi eved approximate l y 60 % succes s in mino r 
arc haeo log i c al phospha te i nves t igat ions . The 'spot' tests are 
c rude b u t ca n be used t o i nd icate t he be st ar ea s for follow-up 
quantita tive analys i s. 

Tota l phosphorus analysi s (Dic k a nd Ta ba tabai , 197 7 ) was 
used to i nve stigate a prehi storic enc l osed s ettle ment on Sha ugh 
Moor, Dartmoor (Ba l a a m, 1980 ) . This e nabled area s of waste 
d i s pos a l a nd pos s i b l e d raina ge outfall t o be deline a t ed and 
indicated t ha t anima ls were exc luded f r om the dome s tic area . 
Studies o f so i l phosphoru s at t he Cefn Graeanog (Gwy nedd) 
f arms t e ad site (Wh ite , fo rthcoming ), whi ch wa s occupi ed f r om t he 
I r on Age, through the Roman peri od and into t he Dark Age, e nab led 
Conway (1983 ) to sugges t that anima l s we re be ing tet hered in one 
pa rt of a Romano-Bri t i sh hut. 

Simi lar i nvest i gations are being carried out on many 
archaeolog i cal si t e s in t he U.K. and s uccess depends la rgely on 
soi l condit ions a nd post-occupat i on l a nd use, e . g.fert il i zer 
appl i cations. Pr oblems a r e mo st like ly to be encounte rd o n ac id 
sandy soil s wh e re phosphorus ha s been phy s ically or c hemic a l ly 
moved down t he prof i le and, sometimes , l os t f r om the s oil . 
Downward move me n t of c l ay and s ilt f ract i ons (wh i c h us ual ly have 
much higher phosphorus content s than t he coarser fra c tions) in 
sandy soi l s can lead to phosphorusP movement ( Zo li tz , 1980), 
espec ia l l y whe r e there i s a la rge proportion o f coarse and med ium 
soi l pore s (pore diame t e r >O.2mm.) . Heavy a pplica t i ons of modern 
phosphate f e r t il izers may obscur e soi l phosphorus variation 
related to archaeo l og i ca l featu r es, a s f ound a t t he sites o f 
Mucking (mu lti -period) and Kelverdon ( I ron Age), Essex (Ke e l ey, 
1981 ). 

2. Archaeo l ogica l Prospection 
The first major us e o f phosphate survey in t he U.K. was ov e r 

the 93 acre site at Grimes Grave s, Suf folk (S i eveking et aI, 
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1973), wi t h the object o f l ocating the occupation debr i s of t he 
prehistor i c f lint mi nes . A field me thod o f phosphorus analy s i s 
was developed t o provi de s e mi - quanti tative da ta r apidly f or la r ge 
numbers of samp les. Known Roman, Med i eval and post-Medi eva l 
occupation sites were located but no Neolith i c wa s found, because 
there had been no concentra t ed occupation of the si t e during t his 
period (Craddock et al, f ort hcomi ng) . Cl arke ( 1977 ) compared 
magnetic susceptibi l ity and pho s phorus analysi s (us ing the method 
o f Si eve k i ng e t a I , 1973) for prospection at Tadworth , Sur rey , o n 
a n I ron Age 'banjo' s ite (cha lk bedrock). Bo th surveys revea led 
areas of enhancement largely co i nc ident wi t h t he enc l osure but 
were almost mutually exclus ive, i n t ha t susceptibili t y was 
associated with t he central living a rea (burn i ng) a nd phosphorus 
with t he a nnexe - pre s umab ly where an imals were ke pt and t he i r 
excreta accumulated. 

At Fengate, near Pe t erborough, a pho sphate surve y on the 
Ca t 's Water subs ite r evealed a completely unsuspe cted Iron Age 
s e ttlement (Craddock, 198 4) , cons isting of a t least 55 buildings 
wi t h n ume rou s associated d itc he s and well s, obscured f r om aer i al 
photography by Roman fl ood clay, a lthough topso i l phospha t e 
generally reflected concentrat i ons beneath. Phospha te s ample s 
were t a ken from the subsoi l s u r f ace at Newark Road , Fenga te 
(Craddock, 1980) - pH 5 .5 to 6. 5 - and h igher phosphorus 
concent r at ions (presuma b l y der i ved from anima ls) were found 
a ssociated wi t h a drov e way than i n the s urrounding enclo sure , 
indicating cons ide rable livestock traff ic . 

Evidence f rom Fengate and Tadworth i nd icated that t he 
phosphorus conte n t of undi s turbed archaeology is relia b ly 
reflected in the topsoi l above , s o t hat fo r l ocational work on l y 
the ploughed soil surf ace need be sampled, t he e f fect of 
p l ough ing being to d i s turb rathe r than t o destroy the a rchaeology 
(Craddock et aI , f orthcoming ). At Ma xey , Cambs ., on a broad l ow 
gra vel r i dge i n the We Iland vall ey , the wel l -known multiper i od 
cropmark s ite was surveyed by fl uxgate gradiometer, f o llowed by 
soil sampling (fo r phospha te a nd magneti c s us ceptib ilty 
determina tions) on a 5m. grid (Clarke, unpub lished ) . Two areas of 
genera l phosphate enhancement were found, one as soc iated wi t h an 
I ron Age settlement a nd probably der ive d f rom r ubbi sh, t he other 
in an area blank of featur es probab ly r esult ing f rom live s t o c k , 
a nd result s could be rela t ed to feature s l ater f ound by 
conven t ional e xcavation (Gurney and Craddock , 1981). 

However a t Haddenham , Ca mbs., soil phosphorus concentrations 
were found to be ve ry l ow and unrela t ed to human a ct ivi t y 
(Hodder, pers. comm. 1982). Soi l pH is very low in th i s area 
(4. 5 to 5 ) and rapid loss of phosphorus f rom f ertili ze r inputs is 
a common agr i c ul tura l problem (Eva ns, pers. comm . 1982) i n t he 
Fens below soi l p H 5, associa t ed with a reas o f a c id peat a nd fen 
clay. In wa t erlogged soil s a considerable amount of phosphorus 
may be mobilised and removed f r om t he profile in the groundwater 
(Bea r, 1964; Zo l itz, 1980). 

In the course of 10 years' work Craddock et al (forthcoming ) 
have analysed more t han 20 ,00 0 soil sampl e s from 1 5 sites in t he 
U.K., varying from Neolithic t o Medi eval i n date, and conc luded 
that phosphorus ana lysis cannot compete with aeria l photogr aphy 
or f ield walk i ng as a s urvey t echn ique over large areas bu t gives 
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best va lue a s a locat ional technique for detailed s urvey of 
smal l er s pe c ific are a s of inte rest. 

In t he Netherlands phosphate surveys are c a r r i ed out by 
visual examinat ion o f t he subso i l, e. g . at the multi - period r u r al 
si te of Wi jk bi j Duurs t ede (van der Voort e t a I , 1979) , by 
l ook i ng for gre en and red phosphate s tains in a uger borings. In 
the Kr omme Ri j n region us i ng a vi sua l examination pho sphate 
s urvey, i n conj unc t ion with noting pre sence or a b s e nc e of 
art ifacts (e.g . c eramics ) a nd da r k humi c layer s , a r eas of human 
sett l e ment have been ou t lined a s s ociated mainly wi th l e vee s o il s 
(Poelman, pers . comma 1982). Thi s techn i q ue i s thought by ma ny 
Dutch archa eo logists and soil s u rveyors to be a us eful method of 
archaeological surve y , applicable to large areas o f s uitab le c lay 
so il types in t he Netherlands . However it is likely t o ha v e 
li ttle , if any, application in Br itish a rchaeology. 

Du r ing the Assendelft Polder pr oject , north-we st of 
Amste r dam, a uger samples were tested in the field by t he method 
o f Eidt ( 1973), which was f ound t o be useful in del i neating 
s ettl eme nt a r e as (Bra ndt , pers. comma 1982) , ma ny of whic h we re 
ob scured f rom aer i al pho t og r aphy by a medi e va l clay layer . 

Attempts have been made to use fr a ct ionation techniques to 
disti ngui s h human phosphorus deposi t ion from na tural soil 
phos phorus a nd to identify types of features and land us e (Wood s , 
1 977; Eidt, 1977 and 1984). Eidt (1 977 , 1984 ) s ugge s ted t hat his 
rapid f ie l d tes t s hould be u s ed init i ally to identify s e tt l e ment 
areas , foll owe d by a phosphorus fracti onation method, ba s e d on 
that of Chang a nd Jackson (1 95 7 ), on selected samples . This 
method is supposed to di s tinguish bet ween "natural " phos phorus 
and " human " p ho sphorus , and conclus i ons relating to land use a r e 
d rawn f rom t he d istr ibution of phos phoru s in the various 
f r a c tions. 

It is certain l y t rue that the archaeo logical approach to 
soil phosphorus analysi s has been , to da te, very empi rical. 
Li tt l e attent ion has bee n paid t o other soil factors and 
s impli st i c inte r pretations are d r awn from what must be e x t remely 
comp l e x soil e nvironments. Thi s important s ubject will be 
cons ide r e d in t he second part of t hi s paper. 
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