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by J,.-"" Sel.co . ,ttc,' 

:'::Z rR03L::: •• 

t_.� U""".,..,._t'y <.r L,,,crpocl, in ,..ec,.ht )'e�r�. 7-,,, t.:llfort I.' S 

qu��e obvi�u"ly co"�.t,..uct,,d at t.,e co{.l of ,;t.;b:;tllnti�l hw . .ll" lahor, 

8:tC pnother pr.,!l1storic Lllfort ' .. «8 b.lLt 011 t�_" Fcc;-:Lrt"_ f'.ills 

Oil " 10'0 lI(lndy rl<l..;e i"."Jcdi"tely CI<t. t of I'ec;.f�: br. L�r('. rinds Q� 

&-o"�e ",e or Iron ..,,;e ":rc .. !"ce� wn:cll C' ,ld b" ,-�rhc:t cf t .. � 

'ic t t! ... ". l� or l'.� .. ,.."" are 

str;:>tll.. and the to:_o';l'llpilY b"lo,; th� colluvial slopec (If tiLe hills is 

"""off f:r<; 
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C);",c'lire County Council �.�S for �o;'" Lnc been ccnccTned to d�tcr:�:)o 

t,l(: character of BronzO- ane Iron N:;c .I'Iettlcnent '.Horn.:: in tj'.c 

?eckforton Hilho nrea, nne: to re�oh'e U.e q"est!, n of ",,_.e� .. er 

lr�hi5torjc "ites in L�ner(ll Ilctl:a.lly cii(!. not OCCCll" On LIe C1>0.8::ir" 

i-Ltdn or .. �.et:·'l!r :cfic1 .. "ci", in t .. " tee ni'l"es and /':!Ct .Old:; of 

TTehist"ric "ror.""olo .. " acc"unt fe,- cUr ;'rc�c"t ir.sb::'llt;: tc 1::.cntify 

t!.er" It .:us t!lW; c(",,,i"er�d rc:;..:;�;:�b.:.c tc 00,..01..,,,,. .. rO"O(l)'o;1 rro:::;r�"l'c 

delSOi"ned tc prcducc rchv .. �.t intor.:ctton ttu-o�h studies (;"enorlOlly 

Cl"IHlificd ur.<Oor the torr.! :,."vlro:mcnlal Arcbeolo.:;y' tr.e stlld;:,- of the 

cnvirOnr.lcntal s"ttir><: in ... :":'0' Trier pOFuletions eldsted and ex .. rted 

influence U"on boil' �ocal lcnri.!;c.'-p"n. Given the ,ossibl .. ""-l"th;;or(; 

Bite on ita eastern =c1n, t"" toeu"" ot t:;i:: research "'''11 ccr.tcrcd 

on Fccktcrton ��Te. 

:. wicc variety ot technique:; �dnpted 1'ro, t-.c physic(ll "no 

nht=al «ie1l<'''6 are e",:>lcyed for ... =10\115 p"'";.oSCII in er. ... 1r<.:nnc"ta]. 

arc;haeoloQ'. �:.ost llre ti""iGnod to idc"tify tl:c occurrence of C:.",..:; .. 6 in 

ccolo(;ic al or clir::atic co�,ditiOfU�. Such chall!;'''' nre the" intorpreted 

by reference to t.:eir :""lItent!al to c�.co\U"a,;c or discolC'"...::;e certain 

patt�rna of cconon!c act�vity, or a� effects of h��n acti ... ties 

\!;iclt ""dified t.:e lanciac&;:e t�.reu;;h CP'lCJitation of certain r"';"Q"ceo. 

t'"r�.all�'t the natural scicnce ted:nolo.:;y !:lOst os: ecifica;·.y "j.' ro;;:"inte 

to ti:e c"�racter o� the rrohle; urder i:1VCI;:ti",lltion nnu the IUture bf 

tile "<'-.:..Tee of �v .. ; labl(! paleoer.vJu!i:...r.W data i8 e:'lo1o:"""d. In t·· ill 

study. " dieti<'cti ... o (lrpronch 'ia" used. I!t're two n.at=al (lc1cnee 

tee1":nlqUia "cre e::lployecl, ruld cue ...,a.:; "",cd to c"ntrol tne II. plie<:ticn 

• 



, 

- -

, 

of t!.e ",-,con6. 

Q1e of t!,e oor" po""rL,l <In'; fl.,�;bl" too:" u::;ed in 

env1 ron::-.cnlnl archseolo::;ict<l r .. .::oarch in wllen un.�l:·"i.�. PolIN' 

produ".,d by tile ve.;e\."ti�n of .. b:.::in <or C,K"iti n e .. ,,�, t"" l.:.od 

surra"" .. ero:;" which �·"tor i�,,..:,, before corlir�. tC' relc·t: vc r,,:c·t n 

Pec�.f"rton �; Te) aetUe.:; o:.:.t of t",,,,,cr..::;ic:: ,,�t;. oC",.. "'.tcr-"r •• r�6 r�cd 

purticle� in the lo,,'eEt pro'l of V:e bOls;", T,,,-o,;h t:..t,�, t::e l,,,.l�r: 

of succ""'"lvc per_,� aceu,",,,l,,te: .- Etrl>ticra,. . .l.e311y GU;';riClpot:ell. 

layers. Cori ..... the e.e.�O$it pro.'idea "�:."mti"lly OI"crred nm:l}llen of 

l$cdioe,'.t15 whe:;" pollen .... ,. be ex�rncteJ . ..... .:,,;, 11: t;.<:n i,ler.tified u • .d. 

"n"ly�"d I:IlgUnLcally. If no I::·�dificat1(,. o! the vc.:;ctnt1or. occurred 

durin.:: tr.e f"'riO<i of ti . . .., rep::-ese"le{ b� L .. W' ,lee , no bt, th,t�c .. lly 

si.,;nificsnt rnodifie3ticn o� t.-e ;;o.len rocurci will be ob erved in t';e 

s.,:':l'Ole •. C:.«n,:;"r; In tc,e );cn:l.s lind re�"livo frequcnc�es of ;:o:"len ilS 

o'_s pToc,>cda frOl!l th" yo,",r.;;:c::ot �'" 'I'l"s te older ou'". ho',:cvI!r, c.r� 

reco&nizablo .. s functiona of factor" v!,::c:� "r�ccted tho vebctRtion of 

thut basin of depol>ition over ti�'e. Sue;', bke'.ruI lIetlviti .. :I ;)S l=d 

elenr,,"ce or chan.;;e., in &;irle,,:t=1I1 technolcsy lIf!ect ve.:;otation 

PIIttcrns. Il."ld thu$ may be rocoru.ed a" ",odific<lti"ru; of >ellen rocurc 

seq,uoncec. 

Palynolo.:;icul inve",U.,;"U, na b.d been tmGlrta.en prior to tr,c 

initi"tion of the h,ckfortor. )·;crc rCBc<U'ch by ... i .. li!i,,_cr <'nd 

';!. Priestly. ";'CD ul,".cr.,T:ld�3tc" in be :':;;:w-tc:c:;t of �o�r"r.�Y, 

Uclver"ity of Liverr--ool. Their r:ic,s"rbtions of 1')&:> 1nvohcd .I!lO.lYEi(l 

of rollen frO!'! sedillen t cere" re<:! .. verec! fro" nelU'-"!:cre 'e,ositB lot 

&,r )-'ere . Their rc�<:arch h;>a �Cu..;ILt indic'lti"r.ll of b"r.11lJl oodificatinn 
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lr�n ,..;e8 in t:,� 

!l:1ci':erton iEll arca, but were &1.\C(:e.:l.:;f� �,.]."' to u decree. 1: .,-1, 

tt.ic; \:E .. ':; bee .. """ t" c:;;" :;tud eS "'t'ro dezi':;ned to no,-...,,,,. the rol.>1e-

of t.,O l-e:..utio,"'llil' of Li:e B:I.r Cere ,,ollen "01"":1<:(' to Ot"",. 3ritl;;h 

pollon "c'lucnces. HOI,'cvcr, th<. !l<.r I�:re �,ork d�e\l'.1 ntc;i t,:o >c:currc;,ec 

of de?Os�t1ol"ll unit:' I'!::.t.n..; het',ICM !-O:xl b.c. �:1d 120:) b,c., t _\Ie: 

d.nl>r,l':trntir..; tilt' exi .. ter£1I d iv-til !:eolithic ami Bra":>!! A;,;e �llen 

Pre- and _ PODt- VOO b.c. pelle!! r .. cerd" yleldc' evidence 

ot hu.Mn .::odificati�n of locD.l Vct;otpt1"n :;><>tterJIB ... here .. " t, e ',tIT.., 

to l..1! Bronze t.::,e did n.;,t. 

ileal tile B.:u- J;ore palynalot:il::111 rc,""ar<;t. """ not 6.efin.H1ve .'IS II 

�o .. ns of de::. nstratins b�t b\l"1on <octivity hua n<> effect on Bronze 

';';;0 veG"tati on l'attcrn� in be catcl'''''ent nre". It 8uJ.cote<l t,,� t s\Jch 

humin activity as ""'y have o<:curred die I'->t nffec� vc.::;ctnticl in t"e 

c..,.c WII.yo !lO .:ct 1O;;.n affected !lur�� ..... elll"11er !lnd late:- 1X.rio!l:;. But t�o:;e 

st:l:;lie::o were !lot d",,1.;,;ncd to. re"�l'Ve the is,""e beJcnd t":lt p�int. .'r.e 

effec� of hI""''' acUvtty duri� the :;"o:ithc ,,= identifil!d os 

ret.�ltin;; in Ii rerl"cti.on of C.e r.Ul:lber or fored trees in lhe i>;..r .:ere 

catcht:ent ar,,,,,, und furt:-,cr re�uct1"r, cf fcrest ir. tr.e il'lf'lediete 

envircn:: cf the �erc o<:cW'rcd after 1200 b.c. &;.t l3.:\r !·:cro is tho buoin 

of de.'ositic'l for" catch",ent lITeo of lIbout sixteen "quare kilor.tetcre. 

Lack cf defi'l�tive evidence for �.\JMan /!Ic<iific.'lti<>n of Vc(;ctlltion 

p<lttcrno duriIij; the }OOO-1.200 b.c. rerlod rti.;ht be elq'licable IW t"l1 

re=:llt of lack of h�n occu�tion or exploitntion, Yet i t  cu�d .1&c 

be ex;�ned as t:-.e resu.lt o.f 0. reductic" :in :i!ltc,..:;ity of land use or the 

1.." 1eoentat1ol! of a di.stine t1ve nr.;icultul"al technoloQr during t:,ia 

period. .. dually, the B:.r here )l.:llyr.clo;;ieal record (jos:! not tctglly 
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tLI! }000-1200 b.c. pcriO<!. However, be !!v!.ocn"e is co.:!ticicntly we, k 

pollen r:>in. 

s::Jaller c.�tc;.::ent nrea t, >n &.r here, .. ,d "a a result we c�"l� eX;lect 

t!.at if Gubje<:te<.. to pol�er. "b�y t',e effects c;f II.;;&l1cr tct=n 

p<lpul�tj,{)nc Cn 1vc,,1 '1e&etot on woul" be more pro:wunccd. Ho�'e'ler, 

SOr:<! 11.Llependent meant; .... as required to ccntrol pal"lIclcGical i!l'le�tibnt,L'= 

at Peckfcrt.on !·;ere til'" lir.;.; t,,,, ,,, tv th<>lle of B<:r �:�r", since te:e cur.tra&ta 

in the twu clltch!:tent nrrll si",e$ could reIH;l: i:l G"itf! disti,.ctivf! pollen 

sequence records. Tne r:I.ct ,,<,cU"e 1ndep('n�cnt linJ: betl,'ccn t'le two 

oeres in o.b:;.oh,te t�e. lcientific,.til'tl of 0'-." or "",re 6ctm",..ta of tl.c 

poUen 
< 

C�'I."encc "t PI S"Tt,,-,' 

dr,,-wn. J:;uch eo,"parison .... ould advi:;;e if s1..:ilarities in the pollen 

record$ ",ere t!:e ret;·"lt of cOllte'''poraneity .md if d!fforcr.cefl ,,'ere tr.lI 

res",l: of diet.- :cctio"s in vct;ctati<;;n of t"e t..., merell o.t the sa.::. point" 

in tiee. 

Tho chl'o,-o",,,tric tcc . . rrlque n;lrmlllly employe'; tor t�.ill purpWlC 

is r3dio-o==bon ';at-,-n .. . iladio-c"rbcn d"tin.,. ho .... ever, is both cxpe"lIivo 

and U"..e-con.o:u:::ir.<; IUld t':e rrojcct·;s n.nancial rC6o>lrCell ",ere 11r:ti.U�. 

In addition, the projeet'� eponsors lIo�ht ,-"solution of the re�earch 

"s quickly I1S possible. I'.o.gnetic r::eo."ureocnts .... ere Ile,ect"d a" pn 

expedient !:lCaM at identHl'in.; t"e te,""oral 11";: til or tr.e Peckr"rton 

�:ere evidenc". !;ot only i8 it 0. chca,er nnd faster t:ellM or d"tinJ 
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""'101 "'n 0lU;: "';>,aU","'1 lila",,,, .. ,,, 1l-'T�;.Iq u0l'so.ta JO K.1'mw.u1' 

'''n !I'J: a 9C:>.tOUl' Ire Cl 9n� .',q"qo.Id POI;I 0;: al'''', JQ .. ,un .tad amlT0"' 

l1UIl .Iaei ".wqc:nu -"1;>'" u, "�,,a.I�u1' uc '�Oln ..:at.o .u'qou,,� pau;�';>J: aCt.{ 

�"'�"1..1"d T"..I;>'qCJ a1" �uS"," alil JO a�..mo" a'-, JI ""Tdom '''n u1' ""T�'''.mU 

�H;)U� JO 0 .. 11,0.\ �li' JO uOH�unJ c s, ",,!a1,J:CC:: :>p""'}e,,, pa.uapo 

·'lWOPUll..I JO lU�.=" "'1'1 '.<:]:D'1"u",,,,'3: "d:no-t!) v 9" p",uapo KT'"CP''''.I a.rn 

3m,. tpr'" !IUU 'UOn1"0"'OP Je;, al:l1'. 0:;1 1" P1"U �1'"DU:J"W S,l.Il..ln;> "'ll .\q 

pD'·{"1'IQ'qa;> lOU "").� uo;:vnua,..Io aHa"!)V!J "80\'" "ld!:."" aql U. pa,c.I<ld.Ioo,q 

�aT01,� TV.Iau�w �;:.a"�l:l JO .unD�" ali. JO uo;:,ounj v "1' �1'u� "�u1TI'uo� 

Rn�.rrq"u n .8:';" pu o":a'1 u"np.I 01 p..onp"; ;>q \OJO ;>Id,""" a"n PioU 

0,.",,2= JO ,un",::m a':. 01' ",dOl"'" 'U8",,,>8" " JO ""dI "lil 'i\td::.,,, P"�"'S' 

"P;"',':lqo �q J:EW "�ld;'I!" .u,,",1'P�" �u'P,"n�"T JO e-R!I) U()qez,�;>u::roo 

,um.n::;>.I I�",..l""iO"l "'n JO "."''''.[1''=''''3'" 'I!01',"'PO ur ·"tvp�i.m ..l<>�na"\ 

4'''�'';)q pa,.1n'1 �.I" pm' "'Ol'loq ''';VI ''''. JO "�"J.Ialu1' .ral,,"-pnl'J ;)::;.1 1a �"�.I 

Cl 0,;08 G".1;�n..rud" 'UJ"1"!:P�S 3lil oc<n "lil i" pa"1J "'::08Dq 01 kJU;>P""l 

� "All,! "PI",J (!-!l:!:!) "1'."uO):.·", '�"U,"8.1 T".tn.;u ..l,a,!� ;)ou1''' '"�u"Ol".m�";>,,, 

�q:>u�" l.I::�o.n;. P�WP ;)q 0S'!>:! kt'Cl "QU;)Ol17;>s ;>UJ:..l."n�"I JO saTdWIlS 

"�,uvl!l!J".IJ OTI'm.I�� '1" ",,,'P;)l""' pnu;>,.IOun ,!on" JO �U1""P ""011" ",'11 pun 

'.I;>",�J'o,! 'ao,1- .IvAO p��.I".' ""1" """ uo-'''�Hou, �n�U'?>�.i """Id!:..",", JO 

Uo"."uTI�ap 8na"::',,,," "ll' J') .um.:a.tn""alJ �a.\T"t.1I":: l{O"fU\ 'gJ"..l,Un u1'1:--\ pue 

'.n=�'l "" 1lor" '8.�a�'1o ""1� p�.1;1:J JO ,"11'1<1" .. �n"u�oal!'p.ru .. a'll .IOj 

::l". '�"�.Ir.�'''''"' oq�',::",'j ;0 "�n ;" " 'il'" =lI,:';eJ "1"0"' a.I" "��l':J0IOQ"'i�..I'f 

'''''�''''J:aJtl1' ;Q ""I.I:>s �u�.InJJ'p .<OJ "m,,! '1"1"" ".-� so n"",,,'J "t.On""1'q=� 

U; ?II:? .(Ie',,;';; '�.0":1'1 p8t:J.I8JJa<1 �q ""� sl""'"'l'a" aU1'.I'l!n�"'[ JO 

"8;l.r�eiCJ:::: 01liJU .. C'l:J ""1 ;0 s''''l·,,�.tn'''''''' l"�.t;)JJ'P JO J:�a1'.Iln. 'f 

""��-""Iur.\?" T''''''1'11'PP'' ,".I"JJO 1; lNI. '�H"O"'�r a"'1:.q::m8"T 
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Yet .. nobeT fo:-:: of 

I'ravit:eB '''' index of the TclF.Uve P:-O�'Tti.Ot:.l; of t"o t�, CO'-: :Cllcnt 

fCrr:III of =S!lt!ti<:: cin[,,.,,lc. One of t;.eae is Le ... ;:rlncipal mi.r:<:-!",.l of 

iroll-I>enrin", rock, roc;'; rlellr ,m;: Bub,"r,il�. T;,,, ot'.�r � Co.. ·only 

rc�t r ltrie.In contoi"i".- t'.o Lr�t. 

If thO' co .. rc�vity r.<;as=<! �nt re..:,.�"" rtcbI .. tt.rcu.;h ti" .. , !t 8�._I"::ts 

the 80Urce of e r"ded cdi::.cnt r.l!5 recm.ned tn" soro. If it vuies, 1t 

G�';";CCt6 ooeitiClltion in the n18tjvc illj:ut of topsoil "n, "11):..&<""11 

particles to the lal<" butto:":. ..:tal.>"e� of aequ .. ntlal """,pI"" C"n t""" 

identify hori�('I!::; o� to!'80i1 c1'<;o:;ion in contr=t to IIwr':'zc= of '_"):.5011 

erocion. 

'l\ti$.,.el"S 3ru- r",re Ilt�ciy 1""01v<),, r;��.etic u.;ecrt:!.b!llty 

f.>ea8Urer.lents in �ddit ion to rellcn analyeie, ruJd II lil:!i ted ex.r,ln,uior. 

of M116netic cocrc1vity "� tlell. l:a::;net1c Busccrt1b�:aty i" rou;;;lls 

proporti��al to 1�: if there ':'0 a rC.Bc�ble zioilarity in tne mac�ctic 

miner;:>.l ",,"cnblas:cs. Since beth lk:r I':ero and >'cc',fortcn 1':e1'e I;;<ldiments 

us derived from the SI".\C ear:dntone """rc8e, JR. and ..,=cc: tibility can 

bo cor.sider ed c<X'!".arable indice::; of er"eional int .. ...,ity. ':'wi&;er'" 

re..,ulta ad'decd u� of tl,e "rob�ble exict"nce d at leloat one c:"isoue 

of intcncl.ficd "r",.:ion dur':',,.; tLc �-1200 b.c. reried. HaGnctic 

oeas=e""nts can.'1ot identify t',,, C"""""CI of any erooknnl Dr n�o-croGional 

cpillot:e, sO t;x, oxiotcncc of me or Olerc Bach e:,i8odel!l durin; poet_lIcolithlc 

ti�8 neither proved nor di�proved the exiBt""ce of h=.an sett.1clOOntd 

durl " .<; tf.e Bronu J..:.;c. In t,.e ::"ollthic sa:::pl<'s, !-wI<ever, an incr,,"se 

in c"I;lnetic ounce"tibil.1ty om: sub"oil-cerivcd m:....;nct1c ':-,0,,{)ra18 

CorrGsponced to palynolocical evi�cnce of !··re�t clearance. The 

I 
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co,.r.,,,,,,;mt'.cncc �uG,;est" th�t fore:.;t clN:.rc",c� b:, t:,o l'oolithic 

population" """""d cTo"ion to intcn�ify for ", tiee . 

I-:agnetic !Oeo:;.urc::'ler.t(; of "M.l,,]e,-, fr�: Pcc]<[orton �,cre. Hen, 

offered prospect for <i�tin� "5:3oci" ,,,<1 n"llen record::;, fOl" icicr.tificJ.H n 

of horizclill or int"l11'iified �l'Gslon in the Pecl,[orton J:ere catcr.r:l""t 

area, and for identification of "'''r�,,''''s of i"cr�=e or dec"",,:;e in 

eroding fra� the cntcr�,,�t area. Pollen 5t",::i,," Pl'ClVioU!;:y un�"rtal,en 

at &v Cere identified <it lea<Jt one ""'Y in ,"',;.icC! n .. n'� ir.nucr.cc or. 

l"c.�l ... ce;etation p,;ttcr= ci:;ht be pul;rnolo:;icully index"d, :Ina 

"""'gnetic st.lsceptibility re""urc"<mt,, ut 3m- ]·:crc l-cntificd nt lo""t 

one Bronze �e e;:i,;cuc of cro"iQn \:hich roi:;ht r�'ve "rJecn the reGult of 

h""-,3.11 :lCth'ity. But our deci,,�on to u:l""l'tnke pnl.·_'nclo:;�c81 stu(,y of 

the ?eckforto:l l:e:ce de:;:_o3:cts rel-"tiv� t� t�'" contr<:ls providet by 

a"netic Lleasurene::tts ""d the inf<;lr"8tic" obt:dne� fre" B:rr [-,era '''''5 

not witho'-lt a si[;rrific!\nt element of r,;sk. k; the catc:nmont ",rec.s of the 

t,-:o baain$ of dcpodtion are not .';ir.-.1l .. )" ir. <>11 rc',,::;ects, the l'cllen 

records of iJ,.,r l�ere ,md Feel:fert cn l':ere could \<011 )'''"."c been 30 

different t]",t v=intio!l.S oecu:c:cin,;; in t;,e t"o c:cquanccs ",i!;ht net 

allow correlation. 

me3SUl'ements ""ien coul6 be obt!Lned it'O)" the sar.;ple� ,muld not fulfill 

their intended purpose. :i:he<quip,uent available for u�c W'" not t),,,t' 

\-Ihieh has been d""iGned to rCcoveI" f>ediocnt ";3r:1;Clca control;'e<! fer 

tIle relutior.(Ohip cf the sumple tc the enrth'li rresent "'''sncti� field. 

It co",lci be "d"ptcd in u way ti,,,t L'lignt eO"'pctt!lste for this (lCfieieney, 

but only" fic:d trial eould determine if it \1Oul<l tlOrk 'nece�cfully. 
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If it foilet., t!,e "'· . ..;r.eti<: <!"clinatio" ','e"surerccnt.:l obt"i,,�d ::u�ht <>0 

\-"luelct:Jl; for "aUnG. kJ ::.::.[;1Ktie inclinsticn "'U.:l\.U"c'-,cnt 1£ " r;:c\v 

c1lEll(; t�;.r.ique \f;_�n l.L�u;::>orte<! by other r:r>�;'cci:;. \),1(:ir.,; t'.e fut;;.r.· of 

tnc Pec::.rcrtcn ,.e",:",..,,', e!"!'ort en t:.e t<UC""" .. 0: ro;nctic nc"":..re ... ,,t 

studio" cculcl provo c f .. tal fln'd iT. t:,e rC!':CRTcl: pra.,;ro.Tr.-.c. 

'l'i'lis ",,"nt "' ..... !:<'am; of oet,-r' :r..ino t.:.C Jro'::"bl,. ,-"lI.:o of 

::<>.;r..,Uc oea::a . ..-CCler.t &t'.cl.i"" in � .. , "� .. r.rc._ ."." ncco. :;�ry befcrc '" .jeT 

,.nu coatly i"v"stme:lt hI.' been "",de in tnc pollen anol;psill of the 

Pccktorton l·'ere sedim�ntll . f... decade n;;o, F.,azncbc !le&llurer-,ent:l of 

Eedi!:lcnt !Sun 1"" could enI)" be r-crforceC: un!!cr elflboretc It>boratory 

hu" bean rX-r.iaturbed fr<>n room-size to be�ch to,,-��ZC, "::Id \-!itl.!n t .• e 

p'-�t six ::lonti-!; it na" been reniat·.>ri;o;ed. to :rcrtable '·:lIl;.;e. Only lllO 

",",ch port�ble <!ev!.ces for "''"-i>''"'''t�o ,...t",aure=!:�" exist lit !,r<!ser:t, b"t 

or"" is ".wned by tne ik:;>:>rtrr"t "f ';eo.;r"rh;, c� the University of 

Livorpool and WIUl Il'lail�ble for our u�e in .;:,,1,- "782. 1':.111 device 

allo�'"d recove!"y of n�tural r .. IlInant ::.8.,!;neUa!;1 (I:Rl'i) !mel il;�ther,",!l.l 

.cr.r..,nt �ti= (IRl:) ael1S=ecents of :;ed:!.eent a.a::ples in the field 

i",,-.ediQtely upon their collection frof; tl.e "ere depocitc. 7:.is 

provitied D. '''!,id "eons of �onitorin..; t,.e 'lulu .. of til ;netic ",eoc,"r"mentll, 

"no! rrovid"d nelCibilit)" to ",�LC .. y the project re,,, ,rer. uesi.;n on 

Le s;ct or :lbando!! C.e r.)"ojact alto,;:,·t:,er if neee""ary in ree om.e 

to a COlltinUO= flo�' of �nf .. ,�th.n. 

As it turned out, no field modification \;aG relj"'iref. "n<1 the 

research proe""dcd tOl.'r.rdG posit_ ... a rC3_�lts. H::td nr.y pl<rtic"lar ntil<Oe 

ofti.e r�sr(lrch produced info=",tit.n ser':'ously c1iv r .. 11'6 fror.'! 

, 
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cXpctt"ti(�-'i .. ne. rroje"t " .. ,·d�, lilt· r!;"�i'" tee:'�.i(pe'" ",r �t 

":>,,ld IloYe been "p, lied Or �!.c reSt re', "b"r'�'lt'''o., T1.� nc.': r� I .• .ere 

st"J�y, then, sr.aald b� recor;r.lz;ec. I1.l;. C;l-li«! tc :> ""etiEc p·c.bh3. 

lI��L'rs 1�.!l DlSG�S::IO;.. held ""�n"tic """5u�c"""'nt" of tlte ",,"kfcl·t�n 

�:ere aedimeuts. ';c"c"�t�,,tc� t;.nt re"licnte :>a",pI"" uf U,,, B�lIl't "t,.."ta 

yielded CO'!-Xlreble oatn ar." tJ.U F�q, er.Unll:.' o,..dc,..e� �t",;rh" :::"el(ie<.l 

dnt;) pntcerr",. T'.i� 5u&.""te� t .� IILr� rd_'"",,, ·ly�" • •  'OuId 

&ucccB�f..u.l�· l'''ov��e e",�ir...:l�e" Q� ti,. true <oc.ti·::"'-t;· of at 1.,,"1 

80Ci1. assooi .. ted poller. record", i..vc: if t;,er c_d nct, !",U"rns in 

t ,e datu .. rra�· ""ald sup,.ort::ln in�:rect d"t�r,--, =�"t, T,d", �'a" 

sufficient to jW!tify cont:!.r.uir", t"" "orin.:; and =r::pl1no; "f t'J" 

}Jocy-forton )':"ro dopo:;1ts to the �i,.-.it" or e\'"�l,,blu time and e'JuJpment. 

In al�, 111 8"-'''ples suit,,);lo fOT i: .... J li.1ld polle" "tud,)' nnd &4 ",a.."1J-,les 

",utablc fOT l!<',; mes>;w'",:vnt11 lIore c�llect"d. They repre",,:-.t " 

dej"O,,;Uonal ""'pe!:!c" of 1j,60 ... ecr", r""ov""",; b"lov " lIu,"�rric�lI: 

"'Ioter Btrl'tU::1 1.30 "",t"rs in del th, 

1J!i-: .. nslY5is of ttl" :la{;I>etic decli""tion v .. 1""s of �I.e " ..... pl,,'" 

indicated tilDt the "",,,,,-� c:.p1oyed to adapt equipment to """,ntoi!! e 

"."citie orientd�"D rel"Uve to t;,c c"rth'� l�n"tic E"ld l. .. d root 

provod cff"clive. T:.erafore, ''''61".etie daUr.g {)f the poll,,!! rcc{)l"d w{)uld 

h"ve to dop"r.d upon i,.,c1in:lUon �"'�su)'e"ents v"lue� .. no. indirect 

&l' ... ·\lzent. f'ortunat"ly, thr"" :;t"t:ot�c .. lly I!tr':'"," petter"" \lerl 

id"ntiti"bl" in the ""' i."T..c ti c  !.,.cll�."Lc d<.t,. '::." �d rro.::;.lILcr.t occur""d 

v"ry l .. te in t:'\� c"p",-Hior.lll l'c,<ut-:lce aeA Co."l" be correlliud .. ita" 

perioi! of "".E:r.etic incU�.l:oti"" V"r'�n"" ""curri"" in t�e '�th c"r.lury. 

'1';:18 ... U" p,.ecc:ied by " )K,,.ioc. of re<;ucet. ::.a.:;.,etic ir.clinut ion, wille;, �'H" ir. tur" 

I 
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preceded by � 'lC"k�l" e�i"��e of i"c"c'a,,� '" �r th� bs,-c of t"e 

","'!ue:>ce '." ich co�ld be correlat!!d >ljtil � ,.:>"notic cri:;�de oc""1'"i,,; 

dul"�nc the centuries of Ronan occupati�n of Bri tein. 

Til" probable ""curacy of L.c 1St), ccntllry "C� ,,::t:r,··.tc CL. Ie. L., 

tc�tcd independently loy tll" ot'H'''' r'.:lb"!:ctic l!Io�"u;v·,en�". It ' . .  ;,-,,. cd t_c::l 

to do so, fer if a:l 1iit", c-.r.turJ date for irjf, yu·�'..;eI' �,·i�"cie cf 

ir,cre"sed inte)ls�ty could be confir::.cd, a RO::-."'" period "o.t .. fc,,.. :'1" older 

one ""'S Lnly unl1;'ely it tlle ccpo8itic:l,,1 "equenco had been i,.,te,..,.u,t"c. 

T .ere "liB no l\'l�'BicDl stratigraphic ""ie."'e" li_�t such an ir.t"rrurLio!l 

hod occurred. The 16th-19th century 3griculb,'al hist ory of C"cal.i;re 

:recQrd" lin increase in land use, ""0 land use l)attern" ,,,;d subse'l.uently 

bee!: modified 1)S t.-.e re�-�lt of irtl'"overoents ir. ac:ric.,ltural tectnolo::;y. 

If 11\:-, :::leasJrcrcc!!ts Bu,:;�esteci m: i ncrease in t!le ,..ate of erosi",," for the 

",-.roe cieposo.tic!!al stratu,,, as t-�e cpiso,'e cf increased "'''s!!etic l!!clin(>tio!J, 

an 1"th century date '.<ould be mo,." prob .. !)-,-" t�.<ln ar.:; otllcr d3.te. ,'urt�er, 

if a aignifiea!!t relativ" decrease in the pro!Lrtio,," of topsoil-derived 

�abn"tic ninerals �ccu�red Bubseq�ent to the de osition of tt�t atrat� 

the pr obable cause w,,�la be the intr"duction of de"p plo,,->hir.,;; Ii];d other 

19th century asricullur"l technology. In r<>ct, Lli .. . : as the Case. In 

adciition, the physical str"ti!;r<>phy of the deyon.itional sequence SIlrport" 

tho d!!tinb' a!'i:wnent. The increase in mas-netic intem:it,' values ie 

initi"te� towards th� end of an interv"l of depoEition of unlaninctcd 

Hghly or..;mllc .:;yttn alle. persists throu�h the ir.:iticl Tlh",;cs of dcpcmi'tion 

of la:.linated or.:;"nio "nd inor.:;anic codi""'nt�. Above the point of the 

m:::Gnetic intensity maxi"'u"" the l"mJlated deposit ie "uccecdod by " 

loosely t>tructurea and hiS:l1y inor,;nnic de; osition episode �·i,ic" c;mtinues t_ 

the o:ud-\"ater interface. 

Tn" IRH rn"asurer.lents supported a aEries of oth<;r tn!erence" liS 

"'ell , T,\O" .. of principal relevcnce were t"e inference th"t both the 

! 
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hac occurre<1 prior to the ';,U, ccnt'=y erosicr_ pe"", ! .lso, so",e tlL1C 

�11<"'-
d"-',-,:: the :oeriod of �T"r; ... <l i:1tcn:,i.fic8tior: o! eroEion lLe pn')"crticn�l 

a,;:ricultur"l activity folloh'Nt by s "eriod of 110'., "i:ric�ltun'l land 

u"e, followed by u 10116 period cf "r<!duClUy incr�a"in,:; land use le<ld: n", 

up to "n 18th century horizon of pe"k agricClltural �eti\'ity , Socet ,::e 

durin,:; the period of increa"irc; land uce L.e \'Cl�t bulk or tio,e cCltch,,,ent 

arc,,'" topaoil hud heen d,,'>troycd. 

deponitc, Pccl'-..forto!l I·.ere pollen records of tLnt "ntiquit;; c""ld not be 

obser�ec. But ;rollen "tuG.,V of Peckfcrton .. au;:>le" ,.et'1a_ne,l relcv"nt to 

resolution of the problems posed by our ap�"sor". Firct, it \·iaE !'e�evant 

to produce a body of pulj'r.ological dat" which "ould allow us to evalu"te 

whether or not the erosion evideaeed by L··:;netic meaB�reo·.cr.te ·.·aa 

ar.thropogenic. Second , i t  \-It!,; n�t ur.likely t.c.at SOCIe rreans cr ccr!"elatin;; 

the po,;t-1200 b.c. pollen records of Ber j:ere and tile ,.eCGl'�" from 

Peekfortcn t:ere eo�ld be id"ntiried, I1Hu t,,�s W0U.l� slIm: t)-oe Pec):fortor. 

I,ere reccrd to be us�c: ,,,,, contI"<ll d"t� for interpretati�n of t;le 

3O<XJ-1200 h.c. pollen dota r,.�viousl'y recavered fro;., Bar Ler". 

F\l.ndin;; allo,,�d for t,_e extracti�n. obser"'lation and cCCl.�tin;; 

of 32 pollen ca::;ples out cf the 111 t.�"t had beer. collected at 

Pcekforton !tore. To "ccoClplinh t:-:e cort" of st&ti"tic"l operation" 

, 
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thou....:,t to be ncce1;SM", to c�ntrol 1nt�r ...,t"Uon of t�e ilrOll:<.f' 4;<, !,ullN' 

record 'ro::o fur �:er", til" Pe;kr"rton �-:;::'l<'s i'�:J t be o;"ctcrcd into 

I'Opulation- incc.rporatir.., not le�:J l '".1) 5 Gn:>r1es . To ""j.lore t .. o 

relntiu"::.lip ;'"t.;een thc 1'IIlynolocLcBl recor� ",",';' th.e =c;netic (lvi""n"c of 

e%'OlIion, "t least one of the; .. ro. uloticna had to cor """end t" tho 

horl1..on of .."c.ximal I?!: value!: an.; onl' hl<cl to corre"pond strntic:rnpb,;mll:;' 

to t:\C horizon of min.i..m:!l \·�luc" . To detemje if t,,1.' 11-,,.,,,," l�:ric.d 

erosion W�" "nused i1;y oar., II POFul .. ticm !lad t<. be identified ... :....:..ch "oul� 

stroti�rB�\icolly correspond to that oct of �snetic meOllurcnent� . �" 

pco.k I",; v"lue,,; occurred OVer II very Ghort o�ctim' of L.c cicpot'iticn"l 

""quenc ... , sa 00".1d b .. enco"'paoned b:: II , """,,,Ie po;>ulatior. of nollell 

record:; , T:\e Ro."",., reriod v:>.luel:: , hO�'ev"I' , extended ovOr a 10",(;01' 

lOecU"n and rec;u.:.red "" 11 $u,'p1c l'Ol'ulat�on, as \/" ... true of tl:e l:ll.n�"",l 

IR;,. Vllllle& nect�on . AI< tlle::c eCI:l8Jlds "CCe untcd for 27 ,r the 32 sar .•• le& 

\l;e had ol'portun:!.ty to a,,,,l),.!:e , i t  ",as nIso rossible to ana].s2.8 five 

:I&l:lple:l fro," a s!l.:lrt CO" ""tti,m in 1I:".ich rlagn<,Lc ""'''''�re ... nts indicated 

erosion at B. ""derate order of at6nitudc . 

The .... 1yn01ob"1c&1 records eXpre:Jot;ed the probable anthropogenic 

cho.r�cter or the erosionul cpillodcs in a variety of ""n""" Firat, each 

of the four popul1lUo"" cont(lill8 " .,tutil'ltic1lUy real proportion of pollen 

of tultiv"tcd tIDW (cereall'l , flu and he::;p) , ,:hi .. ::. constitutu cviccnee 

for a contcnuou.s u"e of the ?ecl(rortcn �:er1! c"tciloont ru-ell landsca .. e 

f"r asrick.llture 5i""e Ro ... .an tiCC(; . Seco.,d, the pollel' rcc�rd docW1er.ta 

a cont nuc"",, and pErai!ltel:t red"ction throu..;h ti;::;c in the pro: .. 'rt"c.1l c! 

tree and 15a..u":! t=a, su..; .. e15t1n.,; rorest clearar:ce activity . · ... .ird , the 

pro,r-ortioll of Pl<lntaI;o pollen , II IIced�- 6er.u" udal,ted t;.. t .. o d;;':,tkirbed 
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fi"lc�, correspOllds to C.(- level of ero,,:.<;n;;l 

inten:o;ity indicate': 

• pollen "."ric" historic-all:; in t.w �",_(, dr"ct�L!l£ <Ul Pl"nta'�o pollen. 

�ne inference c-ol'.nictent "Hh <:.11 L'U. " ,:,,�a i" L'E.t l'",d clear"-ncc 

activity ,""".: continuo"n in the Pec;,fortun j':�re c"tc:'�1ent area t:il"ouCi\O�t 

the <1epositinlal inter .. "l �ar.::::lcd, , ... ",= c"ltiv::ti"" of v'r�"u� e,o: 

;>l"nts . Durin.; tLe r�ri"d of n.i r..i"al <'ro"ic-Il, both aeti,," tie" \:�r<' 

lEad int�nni.,e . '�l,e probable 10tl: cent"ry <1<.te for t .e period of l'cuk 

erosicm<l "ct�vity is palynolo"jc"lly inciic�tcd by LIe OCCUrrellce of 

informaticn which could b<, inter,reted fur rccollctructicll of land USe 

and eronionru. hiGtcry ci"ce the RCI""-ll ?crio�, \1l:ilc T\iiLcer 's !i&r r:era 

stljdy I:",d !,reduced inforuation ""ich could b<, interprelcd tD dlllilo.r 

effect for t)." !,,,riod fro::. about 3C<JO to 1200 b . o .  The roillcniu.l of 

rov� occupied tHe :ire" , -�,,:o; n"t '""finitivcl.v r"p"e�er.ted in t"e Bur r:cre 

recoru. Post-1200 h .c . de"o$it,; hue'_ been laid <lD,m ,md Ea::;pled , and 

their pollen record ""',,' I:�""';!l . ',.l",t �m'- not ir.ternally evit::e:lt, ho.,.ever, 

T.le 5�r l'cre co,e '''''. b\l�'l collectec from ,,,,,,r-s'.ore <ie' oeits at 

a !-,osition "hie a '""-:I be " part of t.le fur !;ere b", .. in thnt bcc"",e 

infilled "nd st"bilizec. so"", nilleni" er centurien ";:;0. Str(!ti3"uphic 

i:l[or.c;,tion c .. lleeted by Prie.,;tlcy in 1982 s'-lCJ;eded till:: \·.-::.s tLe ,""-,,c , 

but i� inconc1ul;ive . If the rate of _"r'0sition in the lake <.t the roint 

I 
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of collection of tHe Bo.r l-:ere core "'O� 5table '.Oubseq;;cnt to ,,",}OOO !J .c . , 

the 1 .36 meters of post-1200 b . c .  clCFositiQn could have been c"';:plctca 

by approximately 400 b . c .  llo�'ever, n.�!"" is no intern"l evidence 

that this occurred, and the near-shore pOl5itiv" of the core ""ul<i "�::;;;e,,t 

that the deposition rate "uS not st"ble but reduce': "B t)w b""i" ' .. ns 

infilled. B.�sicull,r . ther., h.'O opposins scn�r"l !:wnels of Fost-1Z00 h . c . 

deposition at the point of ti'e Bru- I:ere core exist �'i:dch c"n be ne::'t;,er 

confirmed no!' denier! froto available infor::w.tion. One :is tb.t the �.". 

�:erc reco:rd is tnUlcated at �or::e time subsequent to 1200 h . c .  ,,:::<1 pr�or 

to the present; probably prior to the Ho:c.an Pericd ""d pO!isibly in the 

fi,,:::t ",l11cniUr.J h .c . The other i,; that the entireity of the past 3200 

years is r"prese!1.ted in the post -1200 h.c. deposits sampled by tLe &.r 

Here C::>re . 

If t:,c lattor J!l(ldel is !icc:1l'ate, correepondc:;ces which exist 

bch'ecn the Peckfort"!1. ,,,,d 3:11" Mere post-1200 b . c .  pollen records can be 

granted the "tnhlll of biostratigra; ".i.e eorrelatio,.s representing ter.lporally 

equivalent modifications of v�getation in the catchment nreas of the two 

meres . If the for;;er mooel is acc1.ll"ate, su�h ccrres"onGences <:light rcpre"e);t 

....., ,d",ilar modifications of vcgct"tion. But this �'ould not be denom;trably 

probable , and �'ould necessarily repre,;cnt vegetation c:�a".;es occurri"b Dt 

different timca . At t,ds point in the rcsenrch " simple choice bec",,,e 

obvious . The effort could proceed conservatively , "$.".u,ning tile fo:'",,,r 

",oo.el to be cecurah , Or p:'ocecd liberally , assu:.ti.ns the latter \·1= 

accurate. Proceeding nlont; conserv-I<tive lines of research .... ould oifer no 

opportunity to collect inforl!Ution pertinent to the question of Bronze 

and Iron Age settlements in the areu, ae it would a6$U�e no nata 

was available for that time period. 

! 
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ProGce<lin.; /.lon,:; liberal 11nu, of r"::;c,�rc,, .'ou�d .;r .. :;t. ,.��� •. t�...1 tu 

obtain in!or=tion rertl:dmt to t'wl gue"ti':I . :out i l >1;...1(1 l.ot 

CU:U-<lntce that potential \loule be rc..:1izec , ,,;ncc t:,,,r. '.:"� n<J Il<:""r"ncc 

th�t corru5f,o!loencea \lauld exi:::t beh!ee" the pm,t-1200 \J.c. rolle� 

records ."1'0"1 &r i:�re lind tLe ""o"t-Ror.w.n Perl"" rolle"! records fro," 

Pcckforto:l l:ere . I t  Beem",] r,.,.ctical "'''; "civi�Dblc to folIo"." t)'e liber"l 

course, "�nce neither 1:; intr;':>sically ",ore ,;cicnti!ic U,'m the other . 

At hest , the llistlo!l of Ilcccptin,,; the ,u'Gur:1pticn ,:ould be cuppcrtccl by 

future ,..escorch dc�iGncd for the purpoce l<;.d the potential to collect 

infor=tion relevant to project n&�d:l "o<lld be ,..c"'liz�d . j,t \W,.",t, the 

Vli.,do," of "cccpti",.; the om;�nption ,,,,,,,ld not be ",u"ported in f�turc :md 

the �,O{)=or" 'lould be in tc:c """.e ,:oSition m. "ou�,! bo t:,,, cane if the 

consc:r-,·"e:'ve ccur�e !v", been !\:,llow .. c . 

Th" r:r-oblem of identifyin.; p.alynolocical correspondence", b"h'cen 

the l'ecl'forton I:ere ard B;.r Uere pollen oequenccs wus co'.,: licI,te(). by 

three factors . All of t. e po�t-1200 h . c .  pollen rccorGi" fNO! Bor f:ere 

contoin 5ignific"ntly hi::;h"r "rboreal pollen to non-"rbo:r-e!tl poll�/l 

retice (;u>,;;;.p) Lan is the cose fer t:,e :r-ecords frO/l Peckforton i-;ere; 

,,:1 cont"in significantly lo'.:er pToparUc:$ of STass pollen : (l,nd none 

cont,,�n a TecoTd of poll"!! of culticell2 . T.J.s could be the r,,<sult of 0 

vnriety of n�tiv" differ�nces bctl-Ie",,: t!:c t·./O catchnent ar'�as, e .;:;. t!:e 

di13tinction$ in catchI:lent arell size . Ho,�ev�r, it cculd be b"cau!3e the 

history of r::odification of t!-l" Vi!;;atution \lO� �i5t::'"ctivc in the two 

catell1:lcnt orCOB. T"ot in ,the Pcc},fortun liere ci"trict nUl>l-.t hlive been 

continuously 'Ind ,crci:;tcntly clN,red and CClltivated since Ror.,an t":'rne" 

,chile the Bur J·:erc d.i,;trict not �o used . 

Th" pollen ""qucnce " ,:ri"tio:.n.:: " .lel: are the r.istoric ,.em'.lt t.f 

, 
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eont'.r.uo= ele...r;>nce nne eultiv"t;:'on .i.n the i','c!:10,ton l:ere recorti ","c 

ioentifi:..ble by tlle trends evidenced in successive ropu1"tio.n3 . ;.r:;o�.;; 

",bore"l tIlX" , centinue":; trent;.!! of incron:;;e occur in the !lldor , n::;h and 

li<:'e pollen frequency v�lue" , a!Jd "''''''n,:; non-n,bor .. "l tc.xa co,..tinuo,,:; 

tre:1dr; of decru.Be o.c" .... :in ::;0,,0.1 , Ox;,",in nr.<i Filll)(!r.::ula . :,.0. 

Btlltieticll1 constnint i"';>08ed upon U,e po. len frcquoney \'P.ue" of <A'.er 

hlUl by these trend" ear. b .. r .. le,..!:cd by olh".inati:.,. the" fro. t:-'e pollen 

sum upon wr.ioh frequf!ncy vaJ.ucl) are C«l cLll"ted . Thoir elir..;" .. Uon fror., 

the }lollcn .t:1>Z08 of both the Peekforton Here and the Bro' Here pollen rccord" 

would not IIffect analyais if tLe hiDtory of la"d use uron veGetation 

is si<lilarly e�pre.!!aed taxonowically jn both CalleS . 

Ti;js ..,oLlld b<: tc,e e"a" ever. if the proportional cxprclSSicn of 

tl;lIt ;,j.l)tory 1a di!J'e:rent in the pollcn rccord:; of t;,e t�·" "'iatricts . 

In the Peckforton �:cTe sitU<ltion, tl,e proportional inCTeIl£lf! in alGer 

pollen frequency throUC!1 due i" 1o} .? :5J ,lo nr.d t,'c rrop<lrtic�.:U ir.c,e..::c: 

in ,,"h is 0.3:2.2. ThU5 the ald .. r fre-quency ir.cre .... e: by l"Ou<;hly 1 .4 

t;:'r.:es "hile the IIsh f,equency ,,-.,derwent n T01.l;;;'ly seven�fold increase . 

The nppo"itu Gort of relnticn::;hlp o:my hpve occurred in the Bo.r l:ere 

.!!ltu"tion . Bl;t 8�elUl'l1on of both taxa frCQ the pollen Bum ncgntes tr.e 

totnl effect , if a�v, both taxa have in constrsini� other tnxs 

If the histnrical trends evhent in tl".e Peckforlon 1·lere "'i"trict 

• 

pollen record rro si�ilar to thoae affcctint: the Bar l1ere record , tlle t;.tl' 

.!!equence,; ..,111 eppenr "",rIO cO"'p"r:>ble thl:<n other-."i"c o,:ce tl,,, constraint 

ie?Osed on other tn:(c by tllllt tr .. r.d ill totally relea.sed . 

Ot:,er eOlUltrllinir.,;; f"ctorG , how .. vcr, also exist �'lich affect the 

correspondence of tho tb"Q pollen J;equences . Ti,e ,"ost "bvio·�11 ill that tile 

I 

I 
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Peekf"rton l:er" 'JOquenee conta:.ns po11�n tc..xa k';lich de r.ut occur in 

the fur l-;ere l'o"t-1200 h .c . record. The seeo,.d i:; t;l1lt hec"u�e n.e two 

meres conbin different volu, .. ,e,; of ,,<,te, �nd their �";,, b�:;ir..:; helve 

distinctive under�'�tcr topoer,,-phies , "nd uecause Peckf<-rtcn l':erc .,"u" 

sll::1p1ed !leUr the b�sin CCllt�r l:hi1e R-r l��r� .:�a sa.;'plcd "CUr it� "Hore , 

the l'otentia1 for distinctio= in frequency vclues for pollen of "qu::Uc 

taxa is quite hiGh . To increase tr.e correspondence of the tva pollen 

sequeOlces, them, co=tr"ints [" w;t be rel"elscc by excludin� the <.quutic 

taxa, &5 ,,·ell ,,5 any pollen taxon k'hich does not occur in th� Bar Mere 

post-1200 h .c . pellen record, frm. the pollen sum. 

This �eans of data manipulation can establish co�pnrability of 

the two pollen sequences o:uy if the hidory of 1""d cle=o.ncc ,.,""0 

aet""lly similar i" both di"trict,-" since the LClnipulCltion ia ll�thir..; ,"ore 

t)"l.n a r:'.�th"""'tical "'''Y of e:lphnsi2;i".; t"e evidence of continuous lo.nd 

c1e"r"nce "hich occur" ir: t:le reckforto!l pollen ae«uence. If a "iffil= 

hi5torical pattern is >lot evidence';' in the .".llr Lere pollen record" , the 

two pollen sequences "'ill re"..ain cistinct . This should be r;1cst eVident in 

the trends for oak, birch Dnd gnws pollen values siI'.ce tl.ese a:·e the 

principal ntctic;ticllli;y :lignifico.nt uncolwtra1ned l'0llen taxa. There is, 

hm-,"ev�r, n strong p'-obability th&t the hiD sequences "culd not yield 

corresl'onde"t rem.lts even if a pnttern of ccntinu'_us land clearance 

occurred in both district". Only aix poUen reconls are 

m·,,11ab1e fro", fur ).i"re for the po"t _1200 h .c . period . Given the assumption 

discus"ed "hovc and it!) st)"stiS)"ap:ric position, the younbent Ilis �"'re pollen 

record conr.ot be ss old Sa any of the Pekefortcn l-�re pollen recorda nno 

the oleest is very likely to have h",en depo!';ited pr�or tn tile Ro"",n period . 

Thus, at best, �'C h"vc :> individual pollen records fro., Jla:o herc to c017,pare 



, 

, 

- 19 -

b .fl"t It p<>l"llltiC1i� of pollen ,.eccr�s [I"<.. kci,fc,tc� :;cr, . ,,,�.., i" 

':0 way to know if' ""y cr:e of t]". ;;ar t�re reccr� �:; tr"l�' re�TCC",..tati ... c 

_ of .. population of pollen reeor·.;s rle)03lted at tL,,: tiLe int�l"V-.l, Lore 

ott.ti, tically repre:; .t,t.>ti" c of poll"n ",c •. n: popu:!&tion , 1 k of 

oo<;",,.i,,,,, 1n tr.e tirO <;0"0," cd,;!.t n"t be co'-r-r;:bl,, : ,",i"t!nclic,,,� in tLe 

lllc>< of r�presentutivenC5::: o� on" ct" ur� o� L "  �" ,. l-:�ro ?,oll'ln N'cc,,·ds . 

Given t .8 G�ate cf "rca::'r", it �uo �nco<l.l";:cir� ",;.en �,.e !!at:l. 

"'nipulntion ... 1>4 I>nciert; "on U-.... t .. ",.-ber cf t,.enJs �·;';eh occurr.,:! 

1n tho two sc-qucnces did , in fact, corrcs"und. The proportion of ora:;:; 

pollen , fe,. e.'<.b.Lple , (eeli,.,03 "i,,:d!ic"',tly and m,bsequer.tly it 

pl!'rsJ."tontly inc,·eases to rouJ.:!.J' !ta U:,. ier level. T:lere ",·e 

of increa!'e U:ld cll;,seq_el1t decline in l:ricBce�e pollen in t .. e Feckfurton 

Ilerie" i" rcprellented in t.te fur '·,cre aries by en i"trc"�c in Tubullf1or .. r 
trends 

Bnd Pl£ntaco values . 

they re!het b-rOl!rl:y-llcnlec cCo<;yster e .r"c" . ,,:rll .. t .. " ci "r"etcr c!' 

ncn-corres_<>nde"t lre",," Il"�..;e,,tll t;\C�' ,.efleet hio,ly ,!.oc(tl.i::;� 

• 

I 
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<".i,,!,t hek e.r.y r.:;.ttcrl'l!, e: eerrc.::,onJence t.t .. l�, it ai. "':: t .. e �t� 

1:I:lI1.il'"lnti<>n pro<!=ed Le ob�erved r{l:o:.;lto beealC;e t�." I . .. t�rlc�l 

sequence ot vcr;ct"tiGn I'Iodiflc(ltion in t'le t ·  • ..:> d_strich "".� r"".;!.l:,· 

e'lu1volent . DcsFite di!ferc�e(;" in their rh,� , Le ovc"�ll t,"(!", in 

beth c. tch:::ent "re�r: I;ctwe'n 1200 b . c . ,m� t"� 1�!..., c�"tur;r . �e� t� 

have been .. decr�"lOe in t .. o rel"tive rrcq�e'lc:" of tree. tn . :·�:..cccu� 

In both .... q .cncee , b.ere t:ec':lC .. !.so to h<..ve be�" L : eriOf 

incrca&e it.$ p,.cpcrrtic,,",,1 representati<.on rell.tive to "d� "Il� l��� \"'11e 

shrubty ve;;e!"t1on (heath in the 1'&Ckt, rten cm;c "",,: Tub:'liflo,.�e in 

the &.1' ,:ere c",;e) \:,,,, able to inerellse its pr()?ortio�(ll repre3e�t(ltl"" 

vis-o.-v1� cr(l"� . J..."l a"threpo.;en:.c CD\"'C cCr. b" infcrrc<i for ti:e"e 

vegobtien !:>odifico.Um.$ in t:,o ?cc;';1orton CCiS" . It �"c,"� "cry rrobab:'c 

tl'1I.t l .. n� cle<U'lInoe """ �i 'uhrly rcr,;ronsiblc fer j'Oot-12oo 1. .0. 

ve,;et3tien d-.ae..;e ir. th,. Bar f:ere eatoMcf.t are". 

The came sort of data 1118r.i,,,lo;U'n can be """ lied t t'.t: 12OC-}OOO I;.c . 

rocord fre::. B::.;r Hc:re te id�ntity eru-licr veo:et"tion Fltt"rr. C :l<nt;c!:. T.ClS 

ilJ rele"ant, 1'8 n.e 8ar Hero !'Ollen o;tudy u,"ldert";,,,n by Tv'-... .;e'· Ct>CU2nt .. 

veGlltation pattern ",odificlIUena Ov�r t1:& 3000-1200 b . c .  period >fluen 

were e!tcet8 of b&t epio;o,jc , but identiflen.tion "'f ether vesetetien 

ei.lI.lIi>ell , particul=ly n:;y �' icll weN! induced by "'"."l. 

':r.en ti".e dat .. mmiplllation wa.:: rerfol"'.ed on te.e }00-12oo b.e • .  

data frco 3&r l�rc, three r,;equcntial dat(l p�tterG3 coald be r"co�n;� . 

Th" earlie:.;t occurs in l\Ii.;.;er 'll Pollen t.on" 3. ";.ich b";;<ln abollt yYJJ b .c . 

In the!:e pollen recordl'; , e::lk pollen values ran<;c ,,,,u,:;hly between 70 !>nd 

80 per cont or the ;.,p recerd , (111\1 the ,,"IISB pollen frequency r<l.!'l<iIH'! 

I 

I 
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.run 0 to ,.",,-,,1), '.l I cr c""_ 0: t •. t t�tnl �ollc" "".'c �n,: "v,· .. -yC� 

.48 per cent . In tLc lluhn"1uent d·,tn p�ttcrn , vt),lch occurl) i� 

TI,rib.;er '" Polltn Zc-ne� 4 Ilnd 5 , ,,(II; pollen [re"ueney iG red','cod to 

;. ""'.;" rou..;.'1ly between 60 !:"d '6 pcr ce�lt (",,,,n = 61.:. 72 ) orld t!:e 

Clean grasll vnlue 15 ir:.<::recll"d tc 7,E:, 1" 1' cc"t . S�t �ho &t",.,j·, .. d 

patter,, _ Coml't'1'�d to tr. !�r"t !'''tt�rn, the ti!:l� r�Frcr.c"to,! c': the 

sec�nti SeeC not only " rccueed pro,\o; .. t:"n of o<1k an� :In incrc(l�e in 

bra"" b,,'- sharp (lnd ,ucce=i1lc B"i.� up' .. artill Bnd dOl<lll'arda 1n t.le 

frequency vall.!< f�r oot" t:'X;I �:_ch t t o",". frequency rec'�ct1c"", ore 

e::>tehed by ;; .. '."" fr"que!:ey illcr "lie:.: , I" t._" first ";..ttor:: , oal: 

frequency roduct1u\s .re �m.ll .. r 1n scale ""d, =tc;, .. d by birc:' Or 

birch/rubulitlorn8 fre'l,jency valuo increo"c:; . Tile ti_ird l"_ttcr!: is 

re!�ectcc in only t,.e �nte.'t =;lc !ro, ':\Ii....;"r'.:-. .'<>ll�n ;.0"" j , �·,.�cn 

prc!!"""'b� Ilote:; ot .... t 12<'" b .c • •  bu� occur:; ... Le ttlO lIuhlle(tuent recor�8 

frO<J 'l'rl,;;;er' '" Pollen ..,c,w , . nero . ,"'. r.c .. len fr"G"cncy lInluc� Call .:,!; 

the " Co '" plr �el1t r"n.:>e . I, thil!l pllttern , decline " "k frequency 

" cO<T,'ens.�tcd by '" increase in ttc !re'!ue!!cy 01 ?l1lntaco pollen. 

The IIlope ,. t"e over"ll leclinilc.; tre"d ,�. r" ,ok ,,�llen 

indicate:; "Or.let"-...n..; ""t nrrreser.te.:i in H.e post�1200 Lc . record, tI),ere 

tt:e oak rrequenc�' vlO1"e .\.:; ::;tabl .. ever Il�t of a r<...o,:.,hly 2000 :,e,,:I' 

interval . It suv�e.:t" " co!!Cim.lOUD r .. ducti"n in tl" . .-. /jmcunt cf tile lllcr 

j·;cre cll.tchr:mnt landt;"""e D"pport: r .... ont f"rellt UI,til /1 time preccctin:; ' 

1200 h .c . by I,erl:are " centary cr t>:o , nfter ... del. no fu.rtJ'er eigni!ieant 

decU:;e occo.u-r,_d before t-"� 1�t_ c elltur:'· . In its earliel!lt p""l!1e , hDV�V�r, 

birch and eln , lind then tire�. alell .. , rep!"c".! t .... oak lOfit , eo e;,e 

, 

I 
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p'-Ol-,c.,rticr. of vcoded to urr.JoO<:c<! l.�nd _!l tl,� dintr.i.ct r .. ".�iMcl 

es"eIlU.lly "table . I" .. cecvnc ;:'.�3e c! fc:.rlt�t retl"�t..io". !::'uctu,,� n.:; 

,;c:ldilions of ve"ct .. Ucn c"llnG� occw"reci , ,;it" "piaodte of 

intenaifie(! oa}; dech . ., . I" U,e INiZ'lill'c:t ,r t .""''' e"is:!Cc< , 10"''' d oal: 

<;:ovt>T wo.� CO"rell.:l�te� I;y the sort or ir,Cl·"ut:G in birch .. . ....:.c: ;-'"d 

occ .... rl!rl previously . In .o IJ,ter ",1s,,�� . t .. e oak �ecline .. ,," RC<;<)fJr",nie,: 

by a decline 11\ bireh but both " "TC ccnrcn:;ate� by nn incre"" .. ill the 

covcr�e of ela. 

iJencrAlly. then, the patterll <Jf contir.u1!li: 001, woodlo.!)d re�ucti<,n 

between 3000 b.c . and the fe-.: <;:e!l�uri(!!l jUf;t l'rccedillo; �;:OO b.c . 1s net 

identifieblc 118 a continu�1l6 decline in tne pro!,ort10!! of fore.stcd lnn<.l. 

All episode 1.:1 e\'idcnt durir-.; t;o<:, seeo"d ph8"� of f"rc,·.t re d�ctio,-_ \i" en 

t"e Dmc�nt of fore"tc, Orca is sh;u-ply reduced , en, tilere 1f)8:; hav .. b<-en 

other episodca ar thi:: rort ",:;icl. arC' not reeorded .e a N .. u.lt of "i�" 

n=pl1n.c interval . While 6<.1C" episodes could be reasc . ..abl.,v interpreted :loG 

pnthroposenie , the general Pl'ttern is 60r.:e>i�"t "'ore consi�tcl1t ",itil P 

cl1"'Otic·induc .. d thll.n _ hU:lllr.-1n:l.ucecl interprct"t10n . '!'21erefwce , only O:le 

episocie of veilet�t1on r.t<>�ification resultin,; fro::l hw..nn act1vity ill 

evi�."llt bet"' .. en }OOO b .c . ""f the t .. ", cer.t�ril\g l'n'ccd:..",; 1200 b.c. Bv .. " 

if Il nUl1lber of a�ch e:'ioodeB IIct"ally occurred . it would be " casonnblo to 

lu,l&;e::;t that they d .. te to tne period aHer 2000 " . e .  

\liven tfle corre�foneor.ce bcheen the I'eckforton cud Bel' Eere pollen 

oeq-,cnces daUn... later t,"a" 1.2.w b.e . , i� io .. 180 po .. "ible to ctil�ze 

rel"tionGilip� WIdell oldst betwoen pollen and r:;"""etic r!ee"urClue"�6 data 

at Pec':!orton �:Cre to control �eU)�.ent of o)',.)15ion ir:ter"'ity in the 

fur Hero oatcltl'lont :lrCD. �urin.; the }OOO-12OO b . c . period. 1'"" [.lost 

rolnmt otaUotical I:IC!th"cl to use fer t:.io "U:;:CIl;e i_ id"!l.tific"tie� of P 

;;ultivariate correlation behle.m clu:.t,Clrtl of 

I 

I 
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eo=i<i.crntion of the entire ",et of �\leh £tnU:;tic"lly :;1r:;nitie,,,,t 

eorreloti.on eoefficient e!:tn"cli .. "e': ;;;11' tl.e Pecl-:!ort"" ,:cre doh 

in tb.e ";,,,raeter of L,,, t..:" catcilI', ,,nt crcr.", mi,;�.t stron.,;ly in!luence t;,e 

relnti.c ctren..:;thll of l'''-rtieulnr cler.cnt.o of t);e multivarinta c01'),,,la.tiCln , 

It 1s both :;ir.lplcr Ilnd �Cre e;.rr.ed'.llr.t to identify 'lual1totive d1stincti",nll 

in the 1'elationll��P bctwaen th� specific ��netie oeasurllment GC:;t directly 

Ur.ked to erooion 1ntern:lUy al..u " ll<'\ite<i �et of 9"'lynclo::;1cal data . J. 

!U' id£ntify ecrrell"ondences whlch Bre n'.·t stati"t�cally .nUd . B�t it i6 

the �ppropr1ate \Ill;' .0 I'roceed in th1a study. 

dota nrc avallsble /U"e <i�,"'i�blc ir.to fo",," ro1',-,lationll 1ndic.,t1n<l: as """".y 

cie&rc.,s of erosional ir.ten::;ity . Raco;;niz�roG l!,�t suci, " dot .. "pread m[;ht 

be too brond, the I:lf!nau:re,"cnt" h'crC rc·.:.rcuped into three clulltcr" 

ty order .. or ,.. ... �nitu·e . tbly 21 0: t;.e IIveilable ;2 <,,, .. ,,urecents could bc 

used , but t.,is ';11.\''' 0 bettEr prob.>.t:illty t ."t tI:e 'l." .. litntive v�intic."" 

in c"r,.es>, nrlent poll .. n records "c�td \.Je st"tistically mennin",;ful. The 

, , 
low IR!-, rncnsurl!nlent� (!{;9) ron..;ed bcte,�·n 10 and 20 (T:le8n�13.9 ) . thc 

• 

�crotc mclloure�nt6 ()�5) r311�ed between 100 s.d 200 (�3n:'59 .0) .,.,d 

Ccrre"pcndent pollen cam ... le clustero 'Iere treated as >opulAticn:: . To 

reduce constrai,:ts e::lpJoasizi:>.:; ci:;.::t1nctiom; bet-:een tt.e ? .. c�.forton nnd 

Bur f,ere pollen se'lucnceE, the tSXJ nnd pollcn su", util1l:cd in tll1" 

I 
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lln�l::d", \las t;,C <>no previl)u�ly ","e';' to ide"U!y cor"'N"'<m�e"cl!" i" 

vc�ctnLon ""Herll rtIOrlilicatiolUll curir.(; tic" post-12OC b .c . ,criod. 

The resultil1Q data icientined qU(lli�"'tive c""tir.etiJ!'!.t. in t',e 

>,,,llen rocord l-Ihich ccrrcs;X"m! to directiu!;ol ei:;;.n..;�c n intl!'!'_ ty of 

Cl'cs1c� , a<: "�r.jto,..ed he' t;:'recti':1::.1 cl.<.,";"'·, ir: L-,. r""s,","�""r,ts . ..  '�r 

level::: of 

erosi�!lnl i�.t"lIdty to tillit "'lWlur�,,<: noder"te 1e\"e10 W/l.1.) ,,>:'OWl! L:I ;tn 

increese in oak aM t;",b .. llifer�o �ollen ,"n� II dcc,..ea�c in t,oo l'<)11en 

frequencies of elm, Chenopodiocc3e, PolY6on�, T�bul1florae and �icaeeac , 

/J.tcrnativeJ..y, ci.an..;e from tho p�lyncloElical =pul�tiQn representin;,; 

t:<Ol!crste levels of er=10n 1"te�itJ' to thnt o �'1'esdr .... I-..i ... '> l"vel" �."" 

e"pressed by 011 increa"e �r. fre,,: r,c:' v .. lu '" for ... r�c , f'l",.,t", 

Caryoph)'llaccac , C;,clloP'ldiocel:<e , rol-,
,,cn'Jt:< t.<:,d Tubuli!lor:'e Follen [lJ,rl " 

deerCII:;e in the pollen of o::.k , bird. and 1I .. ,belll!eral . 

J.rl'lyir� t---.is :;tanda.rd to tta B:lr !:.e� 00118:1 !leq�enc(! ,  t!le 

t��ce pollen records of Pollen Zone 3 illustrate no relative variation 

11m! thu<; onte!W1bly repre:;ent erc"io" at I lIieillir level of intetl,ity . 

T�e ea -�le froc the ba>-c ot roll.,,., Zone 4 ,  however, varieG fr"" those of 

?ollen Zone 3 by IlJl 1Y1crNwe in oak , G,..n�G and Caryop'lYllaccue ValUIIS and 

Ii decrc/llSe in thQse ot birch nnd e:.ro . l'ne cl<>",e:;t :or rold.=t�on to tni:; 

pattern in ur.e Peekforton 8erie" is tt. .. t corrcscondin6 to 1l tr<>nsiticn �rva 

lo�' t<> ,.�<>tler�te level:; of uulli nnl _nt�r..:;�ty . ''''-CnHie ,;u"c", tibility 

r::ea8�re'_:ent$ of ttle B:lr r:cre COre indepol ..... "t .. y l.Jt .. ex un incro"�e :In 

crosh,: inte"dty at the bune of Foll.w .. one 4 . 

In the ,,�b"eQuent lIa;;:le fro::! Pollen Zone 4 .. t Il.:.r J.:cr<> , the 

pollen rreQu�",c:,- vulue" for el" �",c. 'L'Ub:lliflor<:e i'lcl'''a:;v Il..'ld the .;0 for 

oak, birch (in" 07 ..... " decline _ ':;.c clo.:;ts IIj;:rox1u&ti 

,-------

for �b18 p�tt£rn 
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to 101/ level.t; �f "1'001<0181 inten:;it:y . In t:lC tt.<Q l"uh �'! _"l.t 110_:::. 1".: , 

.:.en .. 5, II, ell en,!" e .. . 1200 b.c . , cor�I' nd b""t t", i' ,tter= cl 

�i..:h to r:lwer�t" t" �.), leveln of eroei�:, 1r..tcns'ty . • here " nC p!.ttern 

I·�ere sequence IUld the c�b"cquent "",.,--18:1 of Poll"n Zone 6 . . " " .. ... of the 

Pollen Zor.e 6 (po"t-1200 b .c, ) recordll , then, like t:l(� youIIQest sample 

fro" Pollen Zon� 5 ,  "ppear to cxrre3a til" occ",.r .. ,."" of high levc16 

of "recien L�ter�ity . 

T:, .. cn at r"ce value , t)lel;e p<lttorllB of variation in te,e Bar );eN! 

,oller: record o"6 ..... ,;l II con?lex e"�sion&l hi:,;tory <!uril. the 3(XXl-1200 

,;..,.;_<,,,t t _lit t"" !�ri<,d i edi .. lely borer .. 3:;00 b .c . i� t.h. Bur l:"rll 

C<ltcl1llent orca ""IS Cn� in which the level o! erot;ion Tooe . /,:; the 

Ik!'J od is J:alynolo.;icl1l.1y dl.�ti1l...,"Ui"herl. by • c:.ccline in the proportion 

of �.l", pollen, he "rt;ucd t.c.at J,eolit ic !orc�t cl.,,,rnnce &electivity 

actin.;: on dm ""'" resror-",ible for b"t:1 ef!'ects . T"e , ollen .:>r."lly;;iG 

perfor::lod here "UZ;be�t8 t: ... t in be !ir"t interval ot time subsequent to 

I 
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3000 b .c . for �'.dci. <htll i:: av,,11nble , erooicT.;..l ir::te=ity r� _i1l<,<l 

fit the s"::ce 10ve1 all th"t 'r\.;i;;.:;er identHied for t:.c l;"ollt!)ie . \:ith 

the inception of Pollen Zone It ,  hcwever , II :;erie� "r interv,.lll of 

o(;(;illntion betwe-�n e.,1�<>dcs of cuierate (l!".d l"u :.,v�':'& uf e-ro:;l ",,1 

octivit:! occurred . :l-Jrin;; t_.e ,.Urv"l of ti"'" ::-c: rn.ett�d by rc�l(';: 

Zone 5. "hieh end,) en . 1200 b.o . , .::i-·lnr occilloticr.s occlo.rT"d cxce: l t,,-t 

episode,; of muclernte and hiGh levels of erooi nnl i:1.t.1I.�ily '"ere involvecl . 

\'.'h�t :is of c onoern, howe�er, io n�l oro"ional "istc.�· uuri,,;; the 

}OOO-1200 b . c .  period per �, but the identification of epi>;;a1ell of 

increa:;ed erC>.:liolUll intensity .. +.icr . ..  re lll:ely to he a fu."'I"tion of �=<t-"'I 

be!u:.viow-. .....i$er QZ",;ued tr.at t'.c ;:;cneral C!!3.rOlct<'r of Poll"" Zon" 6 

:S"';i;:ested " lWttern of continuoWl cultjvo.tion activity 1n t:1.e &.r 1:0,.." 

cat!:ru"ent ''''"'''' GI."iJG�Uel:t to 1<'00 b . o . TilO Groun�" for thic; ':ere not tI.c 

occurrenCe of pollen of conestic .. te<! tnxe ( .. leic:·. i:; th" L"l'jll r�r Le 

$aJne cc::cllmicn for Le Rcrliln to '[;tll centw-y period (It Peo:':!orton Ler,,) 

lut the occurrence of increase:! freq"ency "alues fcr a clu:;ter ct 

herb"oeo,,:! t""l1 (s:ra�tl , Fl"-ntur,o and CLenopodiUrl) "hich \o/"u�d heve 

thri"cd ,"; ... eeds on cultiv"ted 10""'Id . !t is instructive to view the 

rel!lult:; of tne rresent 1I-'"tRl,:si .. frc� tM.a "",,,,,,"otive, w> t,.ero ere 

strlkillQ qUll;litntive d1f!e,..er.cetl ir. ti;o rei',"""e"::'""t�o,, �t t'.a:;e t,-"" 

in t'.e rec ords cr inten'als of ti: ." "";icl; tleec:.lto ,,,,Ve disL nctive 

eroeio",,1 hieto,.iea . PLnnta.;o "rod ..;r.�sa l'tlllen only c,,�occur in one cf 

the thrc<' Pollan Zon� 3 r�cords , .. nd th" t i" tllc earll.,,,t. TI."y do n�t 

cc-occur in nr.y of ete five Poll!:'n .<:.one II record", . T:"lcy do 0' -OcCur in 

t).c tvo Poll .. n Uone 5 rccorili: IU:SCG ;cd 8S iw'iC1ltivoe of" hi.;h l.,v<.'lll 

of crosicnal. i"ten.:;ity , h",,:c,,"cr, an<!. 1n the tl.rc .. succeeditl. Pollen 

Zone (; records . To.:;cn in cc.ntext , tHill �otto. fO/itt .. :->! .',u,;"e::t:: t"llt 

1:;01:1C of the �odiriolltio"a in l('vel of �rosi"nal l,.,tend ty in"_c�ted for 

I 
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H . .:. 3OOO-'2C:O b .c . l>eriod were c·,u::;e<! by ,,·,t. a,,'; ctJ."rr. '·Dr .. �. t. . 

"a=n (:ult.iv"t.ion of • Si,:;n:l.f1Cllr.t fraction of tl:c Bar r:.ore cat<: Itler.t 

�reo seems ir.diccted by tto record det:!r...; about 3:xxl b .c . ,  hut. crorion 

r::tec ceeo n;t to !".;ve been ;:'!Lcrra""d b:· t:J.c :rractice . il:Jri:c:; t;Le 

teriod of rle.i'Ositio:1 of t:,e Po:l"n ';cr.e 4 Il/l,",!,le� , t.,f' ltvel "r cr .. " ... ,,,:U. 

illten: �ty Luctu:ltcd but c',llUv...tion ic nn j."Qicate': us n caunn1 factor 

and tr.e p<ltt"r:!5 cf ve..;etution r.·"diric�ticn )"eco;",'ruct"d :;""",;,·c� thot 

cll..ntic vorisUon l:as ta:.1Jlii place . �," rl�ct,",8tiOns in cr=ior.1l1 

intensity occurrin;:; duri:':; tho period of deposition of Polbr. Zone 5 , 

on t .. " other hand , ,,,,eo to be cor!"el.ilte:l with p"1,,n010.;;(;,,1 expre�!:io= 

of both 1,,00 c1e::r�noe:l.."t:. culUvat-,-on , 

C�l:Cl\JSIC):S . Thl· object. of tlt:� !:tu:ly ,",�o to al'ply tec" niqu"" of 

e:1Viror�ntal arc:".aeulo.:J' whic;. Ifokld _l'u·Un�te two q"es�:!.(;r-". F"...rst, 

Clln D.:l exp4"pticn be offeNd for t:,e s; .:trent l.<Jck of ar<:!:.a<'olo.;icnl 

evidence in �l.e Pecl:!orton !i:!.lls are,,1 Sec !'1d, did :r:rohiatorie sites 

exis!. ond .:.lei t�,eir occupantt! ir_teract with t"e phyGic;ll et:viro:-uc.nt in 

identifiable fashion.s? Resolvir,.; t,,-f' fir"t of t""se probleM requires 

reco;:nition of tr.e I'IIly:; archneolocical eVidence is produccd. The term:; 

or o.rc:.aeolo;:;iclll e\·i�cr.�e ,",'.icl. :::,c:'t. definitively e.r.tflbllsh the loc .. ticr. , 

fom .."d c::aracter of Fre�..iet<'ric si tcr ,,:-� nsp"ct!: of past =terinl 

c;llturel'! . Remsi:l.I> of m�terJ.hl c'�ltu.re are '·roduced by the abandoru:tont 

a:I.'. 8ubl:cq�("t di,,;,ntel>Y'ation of residences,o!!."r cc�tr.,lCtiaM llnd 

artefact", . i'Le ,,,,tu,re of the ...,tcria� w<ed in artefD.ct.:; llnd con.::tr\lctic�Jl 

influencu both the t;(!,e of evi,:cncc ,:h.::ch will ",urv1vlI fer 

S,.c):o.colo,:;ic"l M l;·"ie an'; the ':c;;ree ! 1I.te<;rity of (l.8:;OC:D.tioll '""ieh 

will rerdst "'=',,:;st tLe ierlh'idu",l re: .. Ji�..3 of ...... t",.itl1 cult.� . But 

rh,)·sietll "".i. c .. ltlU'ul events >l.ue;, OCCIU' suk,equent to the !!.bandonment 

I 



..  

, 

" 

RN."ttlenent at the IocntiC'n ot' 0. priCl" settle:;.,:::t <'::It! con:;e'i.� .. "t no:"l/ 

cor.lltruct1on , for e:.<a..!<l'le , will lL'rr.clly re!:uH ,n " r.i .. -nificM:t lou; 

of eviccnr.� of the prior $ettlement . 

conbination of l" ',;:::ic<ll and cultur" (:Y<,r.t:l "-"C )·er.;oll.!liblc r"r the 

�:"re <;lIt"I;",.,nt lU'eru;. The- rrf",.,ry rr.yaical Ceree iJ:;volvcd " C'10 to be 

t',,, eroBion-induced transporUlticn 0: &edi:::ent:; fro", tOJXl;;ro_,!U.colly 

hiSher to. to"c;:;ra"hically lower poGiU:llI!l . k'oneHc ocasure"lents d:ltn 

s\I(lc;ent that variation .. in eno 1nteMity cf <'rosion M"C occurred throu.:;h 

time. ,;hen moderate and UbI. rot as of er""iuni<.l inte"",ity occurred , t!1ei.r 

principal "ffect >«Juin h�ve been dc..;ra<.lction of uF"e,. Qmj :::id:le olevaUc",,! 

topo�r8prSc depre�ionn . 

evide,�c of post-Rooan e-i:;odes of eros: � i�ten:::ofic"tion atror�ly 

&'.l<;[;est& cultural beLo.viour \,'lIL at le .... t partially relS:><>noible for tilis 

&ituation . D�rir..c those e"ilSodo� , ot lC/lt:t., �or,,�t eleara"ce o.n': t�,e 

",sa of tI"ric"'ltural technoloGY );'Licn �'ould cxpa�e more olldic.mt to erosive 

f'oreoll IlOOtl!l to Mve occurred . S,'c�, bol::,·wiou.r would ,,"ovo beon directed 

tO�'ardo t •. o 10\: hillo and rid..;ee ot t:.e elltc_""ent b:l6.i.u, tlnd t"eir 

adjacent �ontle slo;>en . T ... 'O:;II £Ii, Ile IIlovation te::o.:;r,,�hic ran.;;es 

constitute tho bulk of t'.1!! lond ,f t'.e arc" , a,-,d t_,-t "deh 18 I."IOst 

8 J.teblll fer res1conco by tlLTicultw-"l . <>pulaUon.::; . \.:"")4It se�::s 1",'ic"tod, 

CIlUIlOd, or .::t lcast eXl!cerbllted , dcntructi"r. of tf.c Illnd:;co"e /lurf"cc� 

I 
I 
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upon ... h�cr. ; . .any prehistoric 5"ttlCIO"."nts Imy have been placed , 31>d 

si",.ultuneously caUBeci, Or at lcl1,=,t h"stened, burial of lower elevatio" 

landscape "urf"c,,:; upon which other:> may howe been placed or upon "d.ch 

trmu;ported [J]ater�al cultu,e re"",ins r.""y have come to re�t. The period 

of mo:;t intenn.ive eresion , the 18th century , see"" to be th� hori,.,o" of 

tir.:e in which clestructicn and buri"l rcac:,cd un nrchacologically critical 

point , lor si£;nific<lntly O:ore ""bscil mo..bnetiC r.ri.n�r"lt; "ppoar in the 

recm' d at that ti::1c. Wncthcr ccnturi"n of p"r><istent agric>.lltur"l 

activity had alrea� "tripped the bulk of topsoil fro� the far�d 

district,; before b.e 18th century , Or the introciuction of deep ploughing 

tecl:nolosY exposed 5ubsoil deposits to l:le force of eMsien ut t:wt tit.;: 

is Ullcertuin . But either tie ncw tech"oloSY 0,' the accretive effect 

of co"ti"uous fur�ng . or both , would hnve cauced loss uf urchueolu�ical 

evidonce of prehistori� s"ttl"",cnts in t�l(!se catt:I""Gnt areas at middle 

elevotional ra"bes, and buried such evidence in topograllXic depressions, 

'.,hieh cit:ht have escaped earlier �c�truction or burial. 

0'"," preGent inability to l<><="tc prehistoric sites in the are", 

then, is principally explained by these investiguticns an tne res·�t of 

physical forces and cultural evests ... hich "'We Qet;r�dcd and tr1Insported 

the ",�terial culturc evidcnce archaeoloGists ha"e been looldng for. 

In part, it is also ex;,l:rincQ by OUT present technical in:lbili to' to 

loc:lte such evidence syste"..o.tie.,lly where it has been deeply buried. 

The ;;>ccuracy of this e�r.clusion is not dependent upon nllsur.tptionll w"ich 

were mllde in the course of the pMject to «110>1 work to proceed, for 

the p1l1eoW3snetie nnd p<llynolosicnl records dntnble to the 10th ccntury 

provide adequate basis for the conclusion seJXIrately !lB well na ill 

co::tbination. What re=ins proble[,:sticul is not the likelihood of the 

, 
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, .. ::;tructio" "nd bu.ri1l1 of L", "rc"""01<>;;ico1 recurd by tlte"e ::oans , 

"out whether the bulk of such destruction occurred il. the 1[,th "cntu.ry or 

before. 

Re:::"llfint; the second of n.e proble.� rclcv<",t to L,e Te5e,"rch project 

h"s )'equired �cceptir.;; c<lrtain ",,�u; ."tio"" "" \:ell "" apply.i.l<€: 

techniqlws of polle" a:w.ly�i� 'Ih_ch arc unu"ual ,,,,d la�k quantitutive 

ribor. Tn" conclucion dcriv"d, Own, is clc"rly und �dr,ti.tted1y 

probl"""tical. Itc greot""t "upport is that it is c"�silltcnt ,lith the 

eXpccteticas of u �odel of Bronze �e end Iron A;;e cultural events 

generated indopendently of �he archaeolocicul record of tne area. 

This "tudy aMlyzcs p"ttern"d variations ill be pollen records 

fror.l &1' �:ere in three ",ays . One yields interpret(l.tioM of the chur�cter 

of tloe catc�.rncnt area's fo::-est,, ; t"e "cc�nd identifies cLa r..:;; .. s in t,'e 

level of erClsion"l intensity throu:.;h tiOle; aad the third ideatifies 

episode" of cultivatior. activity. III COf.lbillatioa, ta.::ell together with 

the illterprct�tions cf forest histor-J alld land use provided by 7\dglier'" 

stud;; of the Bar �:erc date and the iderprctationJ5 of pollen aJ'ld "'.<l.gnctic 

O'.ea"urements dst:> from Peckforton Eere, a comrlex l"ndscnpe history for the 

Pcckfortcn Hills di�trict hUB been reco"structed. 

Prior to 30)0 b . c .  alder '�oods apparently gre>1 along the :oarGins, 

stre,,� banks and r.loister valley floors ef the nrca below oak foreat on 

the middle alld upper elevati�r.al ranLCs . The soil "urface of the oak 

forest .... ·as 1I0t st"blc, b"t caly low lc,'cls of erosiollal intcIJ/'lity 

occurr .. n. Tne ::'.ajor lr.,!>sct or :;eolitCtic nan on this pattern ",as a 

continuous selective re�uction in the frequency of elm in the aroa 's 

farc::;ts, SO"'.e evidence of c"ltivat:ioll "ctivity occurs ill the record ubout 

3000 b.�. but it is not peTsistent und does not ���est �he presence of n 

siGnifi�ant agricultural popul<.tion . DUTili!'; the period of tit·, s represented 

, 
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by 'i\d� cr'e Po Nl Zen!) I" er0ll101:0.1 intcnaity tlUCt\:3t.Co. bet'.;cc!: 

moder' te lind lo�' hv�l.!l . Th" period "itneeccd '" C"''''Tol Te,!u�tion in 

the frellucncy or oak tret'll in the oak fOr<l"t . but t! "eer. to 1; .. "" been 

CO"'perUlDted by an incr"o�e �n t:'.e freq""ncy (L birch on:: �:.ru�& to 

the effect Lilt t: ... extcr.t of ook fon,,;: c:ec!..ine:i u,..ly sli;:;:.tly . There 

it; no palynoloGic"l evidence of cultiv�Lon cctiv.ity , ad ttc e:,iGo<le 

can be ir.tcrpreted Os one of c�.tic instability in an �occu�i"d 

8rco. 

H= occupation a d U"'" of t .e Bar f:ere catc'''''''::' l1l'f!a is 

in<licilted (>t the inccltion of Pollen Zone 5 h:f evidence sail" ,e6tiro[; oW<. 

forest red"ction, c�ltivlltion .(1m! 8..'1 orecr of :::a..--nitu�e inerene .. in Le 

lev,,1 of erosional intcr..:lity . D:.<tin,s is uncertain tut h"" been cst:t:I8.teC 

",5 ca . 2COO b.c. ,a le" ... t. one e¢.sod.e of fOTest Tee",-eIj" a:,d re",",etion 

in croai�n Tate i& indiebted GUTin� the BueeeeninG half cilleniu�, but 

f�Tt)lI!T 0 k fore"t T"d;:et�on , cultivation activity am; "" increase in 

erosion are indicated about 1500 b.c . Furth,r reduction 1n the extent 

of the oak forest is not evident in tte record J'TQm t t datct to Hoo::o.n 

t:I!IeB , but t;,e level of ero:.ions.l intensity reouined hlgh an.:! evido::ee 

of COl tinuou" cultivation OCCurs . By the Homan Period, the level 

of ereaiol"bl inte1l.Sity ",.s red"ced ar.d ",cae oak woodln:ld re.,er.e,. .. t,on 

seerno tllreody to have occuTrod. 

T:,,, evidence of t .• is study , tI,er., l .. a� to the conclu.cion t·'.t 

Bronze snd Iron I.(;e D.$ricultural settle",enta were Coml�On in the 

hckforton Hilln area. Durin.;: t"e first half 611e".1= of t-is OCcL.lpat�on. 

ooe Dr .ore episode� DC abendoll.'llcnt or ),opultltion reduction may )"Ive 

occurred. But by 1500 b . c  . ..  l;i(;!'Iificllnt �unt of oclt [ore,;t cleaN:.ce 

had OIIIde IIlUC� lnnd s..;it .. l,le for crop prO<1uction. T),c level of 

"'Gricultural acLvHy 1", iCllted tor the Dron.:e A;;e 8e,,,,,,, to hove i>�en 
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probably nnt a:;a1n rcaei.ed hcror� i::l.i""beth:ln ti; .Il:; , Hi.:;., lcvolo of 

• erosi.or.al interu:ity t!lro ;no ... t th .. llro,..�e (I"� Iron .-{; .. n ... �u::'d h've 

acted cLnt�nJcWlly to da"ra':e '''''. tr ... =:x>rt t. " a=fIlCt' of t .. e l""d 

• 

t,;L t .... o.a "'��t intcnf;jvely cult;vo.tou . T;,is I'rob"bly ""<\ littlll efft'ct 

h�;hly or",<ln C t0I'-">o:l.1. B"t it '" .1d hllv" re",,,U.d in II rrc¢e�lI of 

obl1ter<lti( n of material culture evide"ce of th .. ""tUe::1ents of U, .. 

51'0:1.2;11 and Iren ;,,;e (,Op".lItiO:'-" s. n after t .... :l.r alulndoll::lcnt . TLe 

rllcon�truction t.lW5 ::,u{,.&"I:':;te. t",at t;,e bulk of Il.rch"eoioeical evidence 

of Bror;"e Dno Iron i.;;e occ'->rancy of tc.� ana ",.lI probably nlret"::y da';;;lf;�d , 

dieper!;ed and b:..ried by ROOM: t�r.les , end �ub .. e(pent "'-'''Ti��lturQI IIctivity 

he" c",",sed it to be buried furt,'cr. 

The Co="rYllt1on ne""rtr:;ent of t .e Chesl'.ire Count:" Couneil 

aponsored a l'ro.;ra;:;pe of environ.::', nt:.l llr<:"""eoloQ' research in 1982 

"'nicn :.ddre .. ced t�"O qJesLo r.s: (£» did Br<>n::e ani; Iron �e :>itee relnted 

to the hil1fort .t:iten of I:';'iden (;octle on'; lleeotQn caatle onCe oceur 

in the Pcc:<!<;.rton !LUG district , .:.nd (b) car. 0..'1 eXZ'lo.n:ttion be offered 

for t ,e "pparent 1""" Qr ar"hnoQIQgi",,1 evidence of tiloir existenee? 

E:wironm ntal !lr<:11ae<llOQ' eoph'j'1I cethoon lIud tec,'.ni'lUOll f",r reconetructin..:; 

tmJ d:.tin;; ehOJl<:eo in poleoc",-;'r<-llDents. It is nppliceble to t'.e.!le 

problc::>s , tor if .t:cttlCf.lCllts �'ere eot',"on, their oceUpllnts are likely tp hnve 
• 

affected t',e reGi"nal. ellviro!l"KlIlt in "�'S 'o'ilich could he identified by nt"dy of 

time • 
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.� earlier stud" of "edi",ent n.:.tLrles collected [.-,x" ILr ,.Cl'C r.::d 

!;Icen pe.-forwe!!., but ,Ill" not de(liG""d to ".-ovice answerc: to t:.e �'.:O 

que"tidlS of interest La the l;f.o!1(lors of t . .is rocc=ch . It su....,e:ct�" 

th<>t lleolithic lar,d wee pr"cticc" co"lci "be ':etected by pollen 3!lul:."I::is 

Were applied to de. ".oit:.: Qf Bronze J..:.je and Iron --.;e date, evicie!lce of 

forc:;t cleurs...,ce und cultiv"tion �'ould dccu'J(-nt the eY..l.stence of 

acric;.,ltural !lettlenent!l i" the "re" ut those ti CE o Thin re!learch 

prOi':rl1m! .,e flouc;ht recovery of su�h d.eposit.o "!1� �vid�:1C� at Feckforton 

M�rc . 

�:a.c"ctic .:',e,wure",e"ts of Eediroent "n .. ",le3 �r<O" P"rkforto:1 ]-:crc 

id�ntified period� of tire,,, when the r"te "f erosion in the P �kforton 

t·:"re cetclir.lent arell "liS "iGnificantly incre"s"d , ,mcl d"ted t:�ern to the 

16th century and the period of RO<!kill o(cupat:'on of llr�tain, AssGci&ted 

pollen records ineic;:te L,o c",,�e of th�,,� erosional epiEo,;es ";;:,, 

coindde!1t i:1tellSiiicutio:1 of agricultural activity. The Peckforto:1 Lere 

deposits were not as olt:! as the Eronze or Iron N;c . Ti,ey Cispl<lycd 

po.1)·,,010gica1 d<lta p"tteroo , hO\1cver, which alloh' recosnition of 

Bronze J,.;e .mcl lron Ase pallen record;; in t!l.e Bar !·;ere sediment 1la::1ples . 

The r:lost rece:1t d";ooIOi t.c; t;,a t h;;:ve been e=orined fro", fur Ler�, 

tl:ose which produce the pollen reco�s cf Pollen Zone G, C<Ul only be 

""ted as youII,5"er than 1200 b . c ,  0:1 the 1>=i" of internal evi"ence. �hey 

!:light represent the entirety of post-1200 b . c .  tiDe or only " fraction 

of thut period . Tnis research pro""""""e opcr<lted on the """u::!ption t�'<lt 

the Ponen Zone 6 palynological record extends fro'" 1200 b .� . thJ"oUC;h the 

18th century AD, and Eou;;ht to test t!w.t sS5Ulll;,tion by determiililll> if 
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pulynoloGicnl trend" occurrini: in tl,e R,,",!ln ""d po"t-:kCl"" Folle" 

record:; �ro", Packforton !·:crc alG" occUlTed in tLe "c�t�1200 1,. .0 . 

depo5it <It &u- �!ere . The r�"ults o:f the te"t su"G�::;ted t:,;", VI�" indeet: 

th� G33C . T:lUB tlle IWr l:cre pollen cequ�nc" "ppec,r3 to illcorpoT",tc 

eviccDce of pnleoonvircnrJent"l c�r.ciitio,,� "hich occurred d=ir.;:; th� B,.o,,�e 

and Iron 1-<:;"" a:: �'" 11 = "--""in.; li<'oli t'hic ''''� i'o�t-Roc,CL." til;;",: . 

lie-uIlilly"in of the fu.r J:c�e pollcn 6e�uencc c:i'lploycd a r;len.cd 

su&;estcd b:, �tterni'lh ..,hic" occurs ir. the Pockforton I':CTC IX'llen 

sequence . The re-,,-,mlycis indicates that beh:een 3CXXl b .c . and a.pproxi=tcly 

2O<X) b . c .  the number of oak t!'ees in tl,,, oak foro3t of the i>�ckfo,·ton 

Hills dictrict dl",ini"hed , b"t the amount of iorc"ted laad .... as not 

reduceci. ane cultivation :JC�,"" nd to ;,a',o been " '." cccprcc,' practice . 

Fro� about 2000 b.c . to roughly 1500 h . c .  cpi:Joccc of forc3t clearance 

and Gultivatioa a"d episoc.es of forc::;t recovery '>.rC ir.Jicutcc. Bch"'�n 

about 15C(l aa� '1200 b . c . the polhn record su..."cst" r::ajor oak forc'"t 

clcO!raccc took pl<lcc . From 1200 b .c . until sLortl:; befare t!1e Ro",,,,, 

accupaticn of Britain, ad�itional forest redUction �eens not to ru,ve 

occurred but cultivation took place <lnd soil ero3ion proceeded at a high 

rute. 

The re�=lysi" tl.u" providc� evidence that the Peckfcrton Hills 

district .,a" Dccupied durin;:; t",e Uro�;:;e ""d Iron ;;gell by people whose 

land use pc·actices cleared u sig�fic�nt a�ounl of oak forest fro� the 

land::;c"pe and re:rlaced it ,lith croplami ""d pasture::; , This supp",'ts t"e' 

conclusion ti,,,t ao-icult=al �cttle",c�,t::; exinted in the nre" w:,en the 

.:aiden C3stle lind Becstun C"stle hillforts �'erc C<;lrl-��r"cted. 

The Peckforton here pollcn sequence sugse::;t8 tLat additional 

forest clenr"nce aad plant cultivation has conti":led s�nce liO),,,,,, time!] , 

1 



, -

• 

, 

I 

• 

- . 

In IId.1 tiOD , �net:':'c e>e .. :;urer�r.u; of t,lfl J.<'c;,[crt.on j";><>1!1 t: lru:ic,"�� a 

r.lo":er;.te 10" .... =., in er06ion to"k pInel!! curir..-; Le ;:i""" n per.:. • ",;1 .. 

very 1I.r .. " incr.,=., in crxllic.""l l�tem;ity occur,.ed in tLe 1uti,-1<Jtb 

ccnturi.,c. T:.'-:; l�"t is ""�OCiQted with ('vid.,nce o!' jr."1' !,sed 01.1\)",,11 

erosion , and hos been ir:tcrprctocl as " con""quence of u,;ricLlltur"l 

inten3itic:>ticn in th" 18th century . T,,,, <:.·n<:l=:ion (!r,,-,Il. ftortl t):i. 

evitlence ill tl.,,-t t,,.. 1�r.cl8c"fc ",:.ri',c.,:; of tj'.1! port:,,:-..:; of the 

P1l"r..rorton Hil1::; district \lhich lIete l<>c"L -,= o!' Bronze: <l"d Iron J,oe 

o.::;riculturlll settl";Jents h"v<:, been de;:;rlltied Or c,,�p1,y buried, dCJ.cnd�r.s 

,n tllo1r t0J>O;;;ra hie positionn. Il".a'ln,:; e;.isodc'-' of hi4h <>ro::;i<-n nlte::l , 

prob"bly induced by acri<:lIlturul inten.:lification, be ooterilll "uetllre 

re:.,ainll of e'\rli�r ",ettlot.1onts loented on tho slopes , 10�' hills Imd 

rid�es of the nrc" ,",'ere dCGr"ded and t"'lnsportcd to ory vnllcy floors 

and .. trew.4 a"d IOcre =z'ol:;s . 7",,1'(0 thl'Y wer buried by t',e 1',co;Ur:;ccte 

traNJp<:>rted by subseq�e:;t er"sior.. Site3 ,,:Olct. e"c"red ,,-..eh destr�"tion 

"rod burilll previously did not "seal e th3� proee:;,; 1:l t!le 1<" til ee:ltw-y . 

':'1Ie 3tudy thus a"';;;:I'&t:; tt.ot =c:oaeolo,;>-ca1 evidenco of pre.l.Lotoric 

5i tca in the Puckiorton IUllo dilltrict is lnc!;.:'n::; bec�=e it hll-ll been 

rer.loved frou its orib,-""l pcaition by n " or:;bir ... ti�n of cultll!'ul event:; 

a,,� physic"l forces , tnd 1t hQ3 e�bnequontly been bur1e1 too deeply 

for t.y .. tcClStic recovcry by e:d.atln.; tcc"niques cf arci:;�eolot;l"lIl. aurveye . 
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