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\.l>getation 0) na mies of the Rainforests of \ a'a'u, Kingdom of Tonga 

Fall, P. L 

lkpartmcnl of (ja.,gral'h~ Aruuna S tale t ll1~cr lly Tcmpc, An10na 5:! 7 (l ·Al 

Tht' objcctl ~es cf thts tudy are lo d()(.·utn.:nt lhc hl'!llOf) of thc r.uoforab of thc K.mgüom of Tonga and 
"' l.lnd..-z\Wnd thr role tha\ prctll'~lOitC pcupk h3.\C pb}~d in thc de~dopmc:nt of Tonga·s modero \tgetation 
Trop1cal hl;md uc 1t.lcal pla(.;C\ to 'lltUtJy and hOla te thc effecb of human impacu becJ.use Lheu ecologtcal systerru 
OjfC pan1cuLuly \Uincrahlc .mJ tbc cftc(:l,) are oflen mcH'nlbk. Palroccological rccords from Tonga Uocument 
fl) <.han~c 111 lowl.l.nd rJtnfornh O\lcr thc p3,:!,t 7000 }CJn. ( 2) a nud-Holoccne sea leve! tugh~tand from 4600 lo 
l(,()C) ycan Jgo. and (3J thc cxtcmave bum10g of the r.unforo.b of Va\3 u begmning about 3000 years ago. 

I...(Jwland raanforc\1 ~urrounded gafe: Mar\h on thc island ofl!ta Vava'u. Vava'u. Tonga belv.een 7000 
and 3000 ycar\ ago. 'l'bc lntbt Jbundant polh:n ta"tot reprocntcd in thl~ pcriod are rJJ.nforest trees and shrubs. 
mcludmg MamlrtHJ, Elal!ocnrpat:eac, Alphlrrmitl, M,./tnumw, Sapo13cele, Mytraceac and Papalllonaccac In 
.tddllmn. 'mall Jmnunb of Anacardiaceal! (PI,.wgyruum and Rhu.\), Dymxy/um, and Gan1ga pollen are found. 
Se,·cr.ll of thc'!lc ramforcst ta.1a abundant 111 the record bctwc~n 7000 and 3500 years ago. including Mam'lroa. 
Sapotat.:cae. Myn.tccae. Elacocarpaccae and Pup11laon¡¡ccae. are much lcss frcqucnt al'tcr 2000 ycars ago. In 
add1t1on, hcrbaceou. pollen hecomes more common After 3500 yenrs ago. suggesting that the forcst was more opcn 
thcn Twu co~t.al forc~t laxa bccomc more abundant after 3500 (Corm) and 1100 (Pandaml\) years ago. l11csc 
ch;lnge-, an thc vegetauon are most hl..ely rclatcd to Polyncsian influcnccs. 

The coastnl wetland of A va•' o 'Vuna on Pangnunotu lsi:'Hld. Vava'u documcnts a lugher ea leve! 
betwtcn 4600 and 2600 )'Cars ago when marine bivnvles were dcposited between tcrrestna l sediments. 11ns 
mu:rprctauon 15 111 agrccmcnt wllh thc tinung for a mJd-Jiolocene sea levd highstand betwet:n 6000 and 3000 
)'tal'\. ago documellled for the Ha'ap1 Group. Tonga 

Changc.s m tropical rainforest vegetation on thc tropiCal ISlands of Vava'u, Kingdom or Tonga rcflcct 
human uherauon~ followmg thc arrival of Polyne~ian~. Significant incrcases in microscopic charcoal panicles 
appcar m sedimenb deposlled after 3000 years ago. suggcs t111 g the rainforcsts of Vava'u were not bumed prior to 
that tune 

Vcgctation Changcs for the last 14 centuries in Western Equatorial A fri ca deduced 
from high-rcsolulion pollcn record of Lake Kamalété, Central Gabon 

Ngomanda, A.' ; Maley, J.' ; Chepstow-Lusty, A.' ; Makaya, M.': Fontugne, M.' & Jolly, 0. 1 

1 1nMitut des 'c icncc.s de l'Evolution de Montpcllier, Un iversuy of Montpe ll ier 2. 34095 Montpellicr (Francc). 
1 Labornto1re d·Etude de Géo-Environncmcnts Marins. Univcrsity of Perpignan. 66000 Perpignan (France). 

1 l..abor.uoi re des Scicnces du Climat ct de 1' Environncmcnt. 91198 Gif sur Yvettc (France). 

'111c past 1410 1"C yrs vegctat ion changcs in westem equatorial Afri ca are reconstructed usmg a high 
rcsolu tion po llen record collected in the L..ake Kamalété locatcd in thc mosaic of forest-savanna of Lopé Reserve 
(0''43'S, ll 0 46'E), cen tre of Gabon. Our pollcn data indicatc that, over the past 14 ccnturies. the floristic 
composiuon of thc rainforcst has significantly \'aried, wherea.s savanna arcas show low and uniform fluctua tions. 
Threc d1stinct successive stagcs of the forest dynamics have bccn idcntified. At 1410 yr B. P. the establishment of 
thc rn;.nurc moist semi-C\1Crgrecn rainforest. related to forcs t colonization of savanna areas around the lake is 
cvidcnecd by high pollcn pcrccntagcs of the mature forcst trees. f.rom ra. 1360 to 500 yr B. P., a sharp dccrcase of 
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Pollen ana i) Sis of dung depo its in u desert and Late Quattrnar~ 
vegetution and clinull in amibia 

Scott, L.'; Brook, G. A..'t & Marals, E.' 

1 Dcpanma11 of Platu ctcnc . t·nl\mll) of thc Free ·utc Bk'<mtont 10 (~·'10th Aln..:.a) 
- t:nl~e!noll~ ofGn'C"pl. Athcm. r~Ygllll S.\) 

''\auon.tl \tu~t"um. Wtndh..lt" { '.tnu~1.1\ 

• 

Due to the scarclt) o( Jales nnJ v.ctlanili an thc a.nd >uth·\\ 1 lncan rt!!H.'O (l.ll . .._lul\3111, 
n•constructions are d1fficult bcc3tbC comcnuooal pt.\llcn a.nal)~h JS te"nc!rall~ n(K fk"''t'llt Ht."'"~' r. 'hdtl.'f' m 
nx:ly outcrup tn thc rtg10n yaelded h)T3\ and othcr dung dcpt'hl~ nch 1n poli n gnm:-. nnpn!! ou f.u l't.h.:l J" JO 
000 )1 BP Wh1le sever.:tl rad1ocJ.rhon cintes :m~ a~a1l:thlc poll~n lnllly .. c · o( thesc tk~lb are 111 pro~ '-\ ·\t thh 
stage the results proma)(!: to provide sorne potcntiall) hagh t"holunon JlOllCn ~«<U nc frvm th Hoh'.I'O.'CRI." l' v. 11 
a.s clucs about longcr-term vegctataon changt"'~ and chn\JUC cond111ono;. 111 lht docn during the l...1.11." PI hhlauc 
l'rchminary re ult ind1cate that cool ~hrubby elemems ~pread to the nonhcm Namtb dunns th Lc.t GIJl'IJI 
Max1mum Questions can pm\1Sionally be addrcs.~ed aOOut l) cocH.JitiOOS tn thc ·;umb llunn~ tht 1.1'-l (ilJ\.~IJI 
period. 2) lhe source aod oature of "fyntxb'' elcmcms rerordtd pre' •ou~l> m offshore ~cd11nent lltmg lhe 
Nonhcm anubian coa)t dunng tlus penad (Sh1 et ni.. ¡9<) ). and :n Holocenc cbmate l"'lnt.huons J.DÜ human 
prescoce 111 the hg.ht of obsen ed senlem nt histot) (Kmahan. J . :!000). 

SHI. N. D POt-.T. LM. BEUG. H.-J SCHNEIDER. R 199 Vcgetauoo and chm:ue change' dunng the la,t 
21000 years in SW Afnca b:l.Sed on 3 nunnc pollen r~conJ VcgeUtLion Hhtor) and Archnl'QboUiln) 1 1 ~7 - 1-m 

Kl AHA . J. 2000 Dfiures. the bummg moumam - IS!<~UCS of re~earch and coosen·alton an the Brnndberg of 
Nanubia Cimbcbas ia Memoir 9 : 1-16 

Session hS 

LONG CONTINENTAL RECORDS: THE DEVELOPME T OF "GRO 
TRUTH" FOR THE MARINE OXYGE ISOTOPE CHRO OLOGY 

Long pollcn records from northcrn California and southern Oregon, .. A. 

Adam, O. P. 

18522 Sentincl Court, Middlctown, Califom•a 95461. U.S.A 

o 

Long sedi mentary sequenccs are common in northcm Califomia and southcm Orcgon ~ a re!tult of 
regmnal tectonic extension of the nonhwcstem Great Basin ovcr thc ¡>ast severa! nulhon yc.us, and 111 response to 
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!be 1 e dcvdopmnu !be nortnan _. R•n dmcn by tbc nolnng \JJ! Anún:as F>clt )<t<m Long 
palien f<Cc>rds !>1'1' )f/luV< bccn r crcd ltOm te.:tonl Jcp• ""'ID !be nmhcm coa.,, Rlng<. !be uppcr 
Klamatb b1o1111 and tbc ""'Uienl SICml c•ad.l 

In tbc nunh<zn < oa K> , tbc pafl<n r«:ord hom (br l.;Jl< <pan; 1bc J:t,, full gbc1al C)<k. >nd 

.000. han ID ool polkn p<rccnw¡:es IIW ccrrcbt< "di ·•ttb thc úccp·.c-• o 'O ""-onl >nJ "'tb lbc 1'0'1· 
l:.nn1aD pOikn rcccxd ( flOf1f)étD Euzope, abrupt ch..lngClo ID JX'Ikn d\~mbtJ¿.c!S OCCUf dunng Ü'\~gen bor.(l('tc 

\tJgr 5 !Ad>m, I'J 8) 
l.on8- t( d 1n t.be upp('f ~ lam.tlh ba~n andudc a. nc.lfl) conhnuoo~ rn:oni from Tuldale lSbL.1you 

Countv. < :Jbf) from thc prescnt bad• t.o about 3.2 \t.t.. a-3m) fC\.:(th1 from Buuc Valle), about 30 l m v.~t of 
lhc T ulcl:~ l~ 11c 3 rc~;ord fn1m Bucl Lak~.: rn wuthcm Orc~clll th3t apptar Lo span l>Ofoph.: tagt.'S 9- 12. 3 rtcord 
(r ,m Wo..:ui M.u~h th.Oit c:l.tc:nJs 00..: ~ ólbout l m )· • a ..l0.000-)1 record from Caledonia Ml!)h m Upper Klam:nh 
l..akt:, aad Cln ·u.()()O·)car rttr.ld hum Gra.,\ Lal e The uppcr Kla m.:nh Ba.-.10 corn v.cn: collt.-ctec..l b) the author 
lor the 1J ~ e , ~ , pollt:n work r~x thc \ \.'c.x:u') '-1 .:tJ!Ih t.·ore f1on beco done b) Cathy Vv1u tlocl.. . antl the polleo worL 
for thc Gra'i Lllc core hb bcen done h)' K¡¡thryn H.tL<liJ ( r\ d.1m d a l 1 '>95). 

An :adJumnal co1e frum H.ound l...:llr.c. aho m the llppcr Klamath Basm. appca.rs to be broodl} coeval 
wuh the \V<.x:os Maf\h corc. but thc polleo from th.lt ~C<:t i ()li has nOt )el bao studu~d 

Tht: rcmam ang long ~lJon m Lhc !.tud) arca t.> a chff exposure: Jlong the Feather Rive.r tn the nonhcrn 
~ tcmt :'evada ln h.Knwlly LnoY. n a~ thc ''Mohav.L l..J l t: Bah", the deposi~ actually formed in a shallow. marshy 
ha 111 1lie prc::sent CXpoiU!C appc:ar~ to repr~nt an m ten -al frorn nca.r thc base of the Brunhes Nomulto tlu: onset 
o( thc ptnu lumatc glactauon, ba-..cd on palcomagneti<.·\, tephm. and glactal OU I'-' 3Sh deposns 

Corrcla uon~ bet'-' c:n rcc.·ord~ are ba:sed on both palcomagneucs and on extensive tephra \\ Ork by A 
Sama WOJCICLt ()ver two dmcn tden u fiablc rcphra la) ers . mm.tly from crupuons in thc Cascac.lc Rangc. providc 
fi rm hnl~ betwecn cor~s 

Thc pt)ttn LJa l for rcCO\cnng ot.her long records m thc reg1on 1s excclle01 . and rhc 11 1-. ehhood of 
e\t;tbli \ hmg lml \ bctwcen 5Hes us ing tcphro and paleomagneücs is alrcady ~c ll established. TransecLS of sites are 
J>OS\lhle bmh to s tudy lati tudina l variauons a long thc icrra cvada/Cascadcs ax is and across thc norlhem Sierra 
Ncvad:t to study clcvatJonal and nun s hado~ cffccts. Many of lhc bas an s are likely to conta1n records extendJ.ng 
back a milhon )'CIH''i or mnrc 
ADAM , l.) P. 1988. Palynology of two uppcr Quatemary cores from C lcar Lakc, Lakc Coun ty, California. U.S. 

Gcologtcal Survey Profcsstonal Papc r 1363. 88p. 
AI>AM. 1) P . llRADOURY . J P., DEAN. W.E .. GAR D ER. J.V .. & SAR A-WOJC IC KI, A.M. 1995. Report of 

1994 Worhhop on thc Corrclauon of Marine and Tcrrcstrial Records o f Climate Changcs m thc Wcstcm 
Unued Siatc,. U.S Gco log¡ca l Survcy Opcn-filc Rcport o. 95-34. 92p. 

A 60 ka high-resolution record of paleoecological change at Laguna de las Trancas, 
California' centra l coast region, USA 

Anderson, R. S. ' ; Boyle, J. F2 & Plater, A. J 2 

1Ccnter for Enviran menta l .Scienccs & Education. & Quawrnary Scicnccs Program. Northem Arizona Uoi versily, 
Box 5694. l'logsta ff. Arizona 86001 (USA). 

11)cpart.mcnt of Gcography. U ni versi ty of Li vcrpool, P.O. Box 14 7, Li vcrpool, L69 7ZT (Unitcd Kingdom). 

L1guna de las 'francas is a small wetJa nd presen tly locatcd within the coas t redwood (Sequoil1 
,H!mpen,irens) - Douglas · fir (P.H!udotsuga men:.,iesii) forest on an upli ftcd tcrrace ca. 170 m abovc and 1 km 
inland of tln:: Pacific Occan in cen tral Californ ia. Previous rcscarch (ADAM ET AL. 198 1) dcta ilcd pa li en data 
that spanncd the peri od 5 ka toca. 30 kn yr BP, making it an unusual si te for coosta l Ca lifornia . We report here on 
a ncw lOm core Lhat spans a ll of lhe last ca. 60 ka, based upon a se ries of AMS dates and the occurre ncc near the 
corc t>ouom of thc O lema Tcphra . Thesc ncw analyses includc high rcsolution poli en, geochemical and magnctk 
dala . nnd document a tcrrcstria l record that shows strik ing para llcls tO thc marine isotope record from the Santa 
Uarbara Oas in. 

Thc polleo data c loscly para ll cl thc gcochcmica l da ta, which in turn paralle l the oxygen isotope rccords 
not only from thc ncarby S:un a Barbara Uas in but a !so thc G RIP2 si tes. l llc bottom portion of the corc (MIS-4: 
prior toca. 55 ka yr BP) is dominated by Pinus {at leas r two species), with Cuprcssaceae nnd small a.mounts of 
PseudoiJuga. A l11us, Querc1u' and other shru bs. Sha llow wa ter conditions are iodicatcd by occurrcnce of 
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&Hn«o.: 
grata JmOWlb of Cu~~ c •. 
:lDd tbc ht¡:b<-;t iliplo•)lao P:ou. polkn pcr, u, '"" • •liD •; 

tarl) \1 ~-3. >S sho~n b) tbc at>und>t><< ot Brm'""'· • flooun_ k> .~ 
10 1 La }T BPJ ve .tp.¡a domm..tttd b) .u Jc..t,l t" .. ~lC> o( Par:m 'Thc-, 
tprubabl~ P. Sllc"lu-mtJ). m.a._'\tmum PlniD and rwn1mum polkn ~ ~ro 

\.b\un.um "a> 4.~nte-rcd aroa:nd ca lS .-\1- J lpcrh.lp' J ~ 
\\ uhlheoperungof \11 "-1 .11~..:a 101 L.! u .P.("IItlaf"-l(lZ ó\ 
3J'boreal poUcn a..»emhl3gcs. 'u~ ,11n_ !h<: de\ 1J-'11l('111 u1 il 

\ anaUCib m tlK ~·h n»Y1 :.mJ lt\3gtt-t1K d.lu dl."\.:urnnll ~) ·b ... ;¡l \~n u :.. l'G tb<.' nulka.n1al 
umescale.mfmtdtoN:~Inuluto0-0~~~..-1 ,cnfi Jfmmtht U;81ftw·.aB.btntBOU. 4 ~ l: '\, t;.1TI~~ 

Polleo dau shov. con tdcra~ll." m¡flennill·"-:ale \JnJ.blllt} .1.."' '-' JI. ltk'"luJ.ms: lO,;n:-.ax'"' m_(" ,..,w mJ Pu iJl, Sil 
poll~n lhilt rn..il) be hol ed 10 am.c~uda31 pcn.._"'J.., TM htg_h·~ utK"C\ Upm.a de lb Tr3.tk.-b J.tu .m: Jm{'.vt.tnl u1 

coont.""Ctmg pen<Xh of ttrro.trial bwtJ¡¡; h;mg~ \\llh C\enb &..x·umentni tn ~1tht"r ht.g.h·ft"'-~lhau~ nu.noc 4 nd t ·e 
cOK rt\.-orcb. pro\ u.J mg addtuoo.al du"O..·t C\ tdt'n¡;c ror LlnJ- ;>.J. couphn~ .;mJ gkWI chnuth.' conn~llllfl 

ADA.\1, D P . BYRI\ E. R Ll 'TI~ER E 19 1 A l.J" Pktst< ""'' .>nd Hokxcn< f'\~l·n r<:c •ú tn.~n u¡:un• <k 
las Trancas.Nort.hcrn c~ul Santn Cnu. Cooot\ , C.lbf~"lllll3 :\1a d roiio 1~ 1: ;.~ ... .., 

BEHL, R J & KE~;\'ElT, J P 19% 8 ncl mL~n.Udt~l t\Cnt~ 10 thc .lnlJ 8Jrb.lrn 1'\;btn. ' f l'\..1nfk, dunni th<­
past 60 ~)T :s'aturc 379 :?-0 -2-U, 

Palynologica l records of eogene clima te and • egelnLio n from interior 
western No r th American sites: an ltisto r ical o,·cn'icw 

Davis , O. K. 

Department ofGeosctcn cs. Una \CI1l ll) of An wna. Tucson .. An w na $57:! 1. l " :\ 

1l11! analys is of long scdimentary recorcb of Quatcm:ll) 3nd oldcr ~t.xlunc nt~ beg.1n 111 the 'mh 
America m 1956. with thc publtca tion of Kathl)n C lis by's nnd Paul Sears ' ( 19 6) 3 nlll) ~b of J sen <!' of <.'01'(' \ 

(610 m 12000 ft] 200 snmplcs) talen m the an Agustm pla)•t of v. c!l tcm Ncw Mcx1co. .S . A 1ñe pal rnolog1cJI 
analys is upon which the publica tion was b.1Sed mcr lappcd wllh thc ma.nnc tsotoptt: ~tudt~ of C'csare Enttham 
( 1955). Clisby compa.rcd thc nu nor change.s rccordcd in hcr analyscs wtth the lnrgc IS(Itoptc r'curs:ion 10 
Emiliam' s curves, m hcr 1962 presenla tJOil at thc Fi rst lPC (Ciisb) . 1962). b)by's \~ ork \\ liS follmu~d b) Pnul 
Mart in 's analysis of Safford Basm. Arizona (Marti n & Gray. 1962}, La l e Cocluse. Anzona (M:utm. 1963) and th<! 
Grcat Salt l.aLc. Utah (Manin & Mehnnger. 1965: Davis. 200:?). These e.1rly studtes. lJJ..en from df) lf' l..c bcds. 
were plagued by scdimentation gaps and poor dating. but Lhcy dcmonstr.u ed thc po tenual for \ el) long. detallcd 
rccords in western Nort h American tcCIOnic basins. 

lt was not until Thomas Van dcr Hammen's ( 1974) and GcnCYH~\'C Woll lard 's (WoJI13rd and 1ool.. , 
1982) detailcd ana lyscs dcmonstr.Hed a corrc lat ion lx! twecn tcrrcstria l and mnnnc records thnt Nonh Am~ncnn 
palynologists once again focuscd on long n •. -cords . David Adam init.ia ted oring proJcc ts in standmg wmcr rathcr 
than on dry lake bcds: Walker l.;Jke. An w na ( Oerry el al. 19 3) Clcar l.;J kc. Ca lifonua (Ad.tm and IVC>t.l 983) 
and Tulare Lakc Ca li fornia (Adam et a l,, 1989). The:se mvestig:Hions demonstr.u ed thc ¡>Otcnttnl for nu l bon ~ o f 
ycars of unintcrru ptcd pa lynological record . More rcccm invcstigations ha ve dcrnonsmucd cvcr more detnilcd and 
ancient records of vegetation and c limatic changc (Badcr. 2000: Dcan ct al.. 2002: Woolcnden. 2003). 

ADAM , O.P. et al. , 1989. T ulclakc. Californ ia: The last 3 mi ll ion years. Pnlaco. J>n lnco. Pnluco 72. 9- 103 
ADAM. O.P. & W EST. G.J . 1983. Tempcra ture and presipitation estimatcs through thc last g lacia l cycle frnm 

Clear Lakc, Californ ia. Pollcn Dnta. Science 219: 166-170. 
BADER. N.E. 2000. l' o ll en ana lysis o f Death Va lley sedicms depos ited between 166 and 114 Kn l'alynololl) 24. 

49-62. 
BERRY. R.W., MCCORMIC K. C.W. ANO ADAM, D.P 1982. Pollen dat:t ftom a 5-m uppcr l' lczstocene 

lacustrinc scc tion, Walkcr l..akc. Coconino Co., A1- USGS Open-File Repon 82-383 
CLISBY. K.H. 1962. An inpcrccpti ble PlicrPicistoccnc boundary Ahst r :..tc l'l, Jn tcr na t. Cunr. Pal)'llol. , Tucson. 

Arizona., April 23·27, 1962 (pagcs not numbcrcd). 
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!Jf::A 1 20ú1 l'r • ro global lal.c dnlbng hold> f'0'•'111lal f« giOO•I ch>.ngc r<>e.rclo FO 3 s5, 
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M-\KTI' ~:S ·C,RAY.J 1962 l,olkoan.ai.r··' .:.J( C'cnun1c ie-nce IJ7: 103-111 . 
\14-KTJ' 1' S &. "H::JUU CJF-Jt P J Jr i'Jt\~ Pkt .tuu·nc pul~ .tnal:·"'h 3nd btogrograph) of lhe South\\~1 In · 

111~\\lnght&l)lJ Jn:), QUalerrntr)OftheLnited W.tcs pp.JJJ . .t51 l~m."ctonl'm\· Pres;,.Pnncton. 
) 

VA · Dn~ IIA.\1MF~ T ¡cn-1 Thc l~l .. tt,;cne l.·han$C::\ o( ,-c:~cuuon and chmatc tn troptcal South Amen~.:a J. 
fJ Qgt<>J!raphy 1 ,_ 2r, 

WOILLARIJ ¡¡ \ 1 & MOOK 11 G 19 2 C•rboo -14 dat<> 01 Grande !~ le correlallon of l.lnJ and ;ca 
chronukJ~Jt C.,c Jt' lltt 215 159·161 

WIJ(JIH'.-:Df. ' W JI 200~ A 1 ~0.000 )Car polleo rocord from Owcns Lt~ c. CA Tcrrcstrial vcgetation chang 
un urbJLJJ ~cOJic~. Quatemar~ Reseurch 59. ·BO·.t.44 

lligh-resolution terrestrial "egetation record during marine isotope 
stagcs J-6 from Owens Lakc, California 

Woolfenden , W. B. 

USDA Forest Scrvice, Lee Vming, Cali fornia 935-t 1 (United Statcs). 

An 180,300 ycar po llcn scqucncc (corc OL..-92) from Owcns Lnkc, California (1067 m) ondocaocs that 
de:-,ert vcgcta uon had trac ked part of the last two glacia l and interglacial cyclcs, which wcre dri ven by o rbixa l 
changts nu~ now Ury Owens Lakc 1S in a closed lal..c ba~ i n illthc soulhcm cnd of Owcns Valley nanked by the 
Sae:rra Nevada and Wtuu:-lnyo Mountams. lt il es on an ccotone betwcen the cold sagebmsh desen of thc Grc:u 
ll~m :md rni xc:d shrub ho t desen of the Moja ve Desen and so its sedunents contain a hismric vegetn.t.ion archtvc 
scnsltivc 10 chmntic changc. ·nH: pollcn scqucnce indicatcs shifts in the plant associations rcprescnting warm and 
cold desert shrub. pinyon ~J UitlpCr woodland, and pmc-fir forest duríng MIS 1-6. High pcrccntages of Junipems 
(5 1 7 1% maximum) and Artemi.\ia poli en a long with low perccntages of wa rm dcsertscrub pa lien (Ambrosio , 
Chcnopodiaceac-Amarall//1/ls, Cerrot'arp tu/Pur.\llia) dunng thc imerv:tls of about 180-130.2 ka and 80. 1- 17 .7 ka 
altcrnatc wuh low pcrccntngcs of Junipenu and Artemü ia polltn, and rclatt vely high perccutages of dcscrtscrub 
pollen dunng the antcrvals of about 130-126.5 ka and 17 .7~ 10.2 ka Pinus and Abies pa lien varíes invcrscly with 
Jzmipt' fiH ovcr thc long tcrm. ·ntc interval of about 126.5-80. 1 ka is charactcri zcd by the hi ghes t abundances of 
Pimn and Abie\ for the pcriod of record. while abundaoccs of Juniperus and Artemisia and warm dcsert taxa 
nllemnte between 1wo shoncr intcrva ls. 

As the palien sequence is in terprctcd, during glacial and stadial climates, pinyon-juniper and big 
S :l g~o;bfu Sh woodland dominátcd tite ~outhcm Owtns Vallcy, apparently having expandcd 10 lhe south and 
down Jope lo replace warm dcscrt shrubs. At the samc time uppcr montanc and subalpine forcsts in thc arid luyo 
Mountains expandcd, and much of lhe forcst in the Sierra 'evada was appnrcntly displaced by the ice cap and 
pcriglacial condítions. Convcrscly, du ring interglacial aud in tcrstadial climates warm desert plants expanded their 
rnngc in thc lowlands. j un ipcr. pinyon and sagcbrush rctrcatcd upslopc. and montanc and subalpine forests 
expanded in the Sierra cvnda. Y:lrirt tions in Chenopodiaceae-Amaram/ws pa lien bc twcen glacial aod stadial 
pcriods may part ly rcncctthc changing extent of vallcy habita! duelo lake leve! nuctuatíons. 

Tñc Lime inlcrval from 132.1 10 122.4 ka spans Lhe traosition from lhc pleuiglacial (MIS 6) into thc last 
iniCrglacial (MIS 5). According to thc palien sequencc, as surfacc tcmpera turc mcrcasedju nipcr dccrcased ovcr a 
thuusand-year period unt il 130 ka whcn taxa rcp rescnting wann dcscn vegelation surged within 200 years. as if a 
threshold was reachcd. l11csc laxa diffc rentially decrcascd about 4000 ycars 1ater as surfacc tempcrature declined. 
The early imerglacial (MIS 5e) appears to ha ve bccn s lightly warmer and wctter than thc Holoccnc beca use of thc 
grcatcr abundancc of Ambrosia aud Quert u.r polleo. This is possibly due 10 low-pressure anomalies over the 
castern Pacific nnd more frcqucnt summer nnd fall rainfall from humid air masscs brought in by southcrly now. 
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Tbc recrm~uu..:tcd \Ncuuon. h1 ... 1 ll'\ JctDJihtr:ak:- .t r ..:hauu .. 
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u·-g Utum Jnd gk:.hal dun.tte ~ban~"C' al ort"-1UI _ .,;~. 

Sin'"·~~ Lb.t antcrgl.t~·J:tll )lm1bJ 11 thc H~x·rnc lhC' polku t , n ~ u~....t fill a '"~.s. U'• 
tud~ of ~~ and modem \tgeutJOO anJ o~.hnutc d'namk~ Ul h Jc."!>m.:'lo o( ,outb ('-3 ... te'I'D kfi.'WTn2 '\f.l .. .'h 2 .. tuJ\ 

a.-. Ut1J)Oft.lnt l0\\3rd ufldcr.,tanJ.mg dmlat \cgttall\m &nt.cra ... UOib f.:w futurt" p c~o."1Jl1Cl- n( l "("(JU ('' 4,1( 
human-mdu~ gJoNI..:hlnge 

A 60,000-) ear record of dimatl' chan¡tc from Lnl.e Tulane. Florida. t ,' \ 

Grlmm, E. C1
; Wans, W. A.'; Jacobson, G. L.(Jr.)'; Hansen, B. C. S.' ; 
Almqulst, H.' & DieHenbacher-Krall, A. C.' 

1 11hnor~ Statc= Museum. Re cnrch a.nd C'o1k~UllO!. C'l'nte!t. 1011 E.ht ·\ .sh Str«l. SpnngficiJ.IL6~~0.1 ll !l:\1 
~Depanmcnt of ROl."'· Tnnll\ Cotlci:!e. Dublm 1 {lre-IJnd) 

~Ciirnatc Changc luslitute-, l'nl\erstl) of Ma1n·e. RT)a~d Glol~l S~.:lt'tt...'Q Center. Orono, \ lE (,)..W.()l) ll S ) 
-4l.Jmnological Re..,carch Centcr.l'OI\l'nill) ofMmnesotJ. 2.!0 Ptlhbun Hall. 310 Pllbhur\ DnH-, S f 

Mmneapoh~ . MN 55~ -s t l"S.-\ l · • 

In an earher papcr (GR L\1M ~~al 1993) '"C' tdL·nuticd pe3l..!> 111 p1ne polleo fmm L1l.. Tul.lne F-lond.t 
that were COC\•a l wuh the Heanrich C\ CDI1:. In that p:~pcr "" sugg~tOO thJt puu: peal.~ l.:lliTt'"lxmdcd \\llh ti' r nf rht 
1-ltmrh:h eventS (H 1- H5) and that :ln e'<tra pmc peal perhaps correlarcd \\ uh m mor peal.s tn thc hlluc gr:un~ from 
DSDP 609 betwecn HJ and 114. ' Ve nl:e;o suggc~tcl.l thJt thc pollt:.n tllta tndtc:ncd \\t'tter .1nd oolcr chmatc m 
florida dunng the Hcmrich C\'ents. 

Detai lcd a n nly~cs ofa U('W core from l~ J... c Tulane v.1 th 55 A~ l 'radu:x:arlx.ln da tes indic;ue tha r the St\ 
Lakc T'u lane pine pha.se-s we.re. m fact coeval v..ll h the ~ix Hcmnch C\'en ts l llc- ne" eon· .. ,,an:s the pa.:.t óO.OOO 
ycars Con\'cn t.ional radiocarbon dating of our ongmal ore tl •d not rcn~al suddl!n ;ump~ 111 ngr th.l t oc ur nt ba~cs 
Tu lane ptnc phases 3 and -1 . \\ lüch rcsuhcd in enors in our ongutal agc model Although the~c;umps ma} mdll'3te 
luu tuses in sedimcnult ion, thcir cocvnhty wllh thc Laschamp and M ono Lake gcomagn('UC cxcui:\IOns suggc' l' 
that they werc owing 10 major varinuons tll atmo~ ¡ hcnc 1 ~C conccntra tion 

Dunng thc P1cistocenc. ook-scruh and prame phn!>e~ at L.1 J... c Tulanc wcrc OC\ al \\llh long. lll lt'O'oC 
Dansgaard-Oeschgcr intcrs tadut ls (warm pcnods) tha t rn itia ted Bond cyclcs Pmc pha ... es were cocva l wuh thr 
Nonh At lalllic long stadia lo; (cold pcriods) that t ndt.·d Bond cyclcs and \\ere termmated b) 1-femrich nents 
Analys1s of aqua t.k and wctland rrmcrofossils ind1ca te that lnl..c leve!~ "·ere tngher dunng p1nc phascs, confirmmg 
our earl ier mtcrpreration that cl imalc was wcuer. llowevcr. numcnca1 aual)ses of thc pollen dnt:t suggest that 
climatic condit ions dunng the He111 rich cvcnts wcre simi lar 10 thc la te Holocene. wbr t:lt was wct and wam1 
Climate was cookr du ring the scmb ook-prru ric phascs Titcrcforc, clunau: nt L.1 l..e Tu lane ~h O\\'Cd a Jttrong 
antiphase rela rionsh1p with Lhe Non.h Atlantic region Pcrhnps dim.1nution of thcnnohal1nc circu l:t tt\10 befa re aud 
during 1 k inrich evcnts rcduccd northward heat transpon and retn incd wanmh 111 thc subtropical Atbntic :~. nd Gulf 
of Mcxico 

GRIMM, E. C.; JACOBSO • G L., JR.; IVATfS. W A; HANSEN. 13 C S. & M AASC'II, K. A 1991 A 
50,000-year record of climatc oscillauons from Florida and its temporal com:Jauon w1t h thc llcmnch 
eveots. Scicnce 261 · 198-200. 
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Dan ing to dirTtrenl be al : ' eget<ltion communil~ responses lo orbital- aJe clima te 
fordng in thc Att tralian Quatcrna~ 

Kershaw, P.'· Van der Kaars, S.': Snlderman, K.'; Wagstatf, B.'; Mos.s, P. T.t: 
Harte. K.' & D'Costa, D. ' 

1
( mttc far P.o~lynoh..g) anú Pal.s e'-) ~hnol ,f Gcngraph) and En,-ironmcntaJ ~-ien~. 

\1ooas,h DI\JCI"Sil), \'¡~ JROO (AU~tr.lJia' 
1t.>t:panrtlént ofGcogr.¡phy, l'ni\Cf'>JI) ol V.J><'OO>Jn·\IJdJs.on \1adi>On Wl 53706 (L SAl 

C'SIRO Su,t .. nabl< Ec<J>\)t<rn>. GPO ~o' 2~. Canbem ACT 2601 IA""ualia). 
•s.~.htXll o((jcog.rapby and LO\llutu~nul ~~1en..:c, Cmvers.ll) ol Audland, Aud..l.and (:\e\\ Zealand) 

lkt~ulul pal)nolog.u.:al r(t:CJrd). predc~man•tntl) from rronne and volcanic crater sediments, cover a 
ub!.t•.tnUal pJtt uf th~ Quatcrnaf} uf nonhem nnd ot.nheastcm A~traha and f!:<tend rrom humid to and 

cn-.arunn~ent.\ Compan on~ are m.Jdc: \l.llh thc nuriue oxygcn I.)Otopc str.uigraph), andarectly 'Mlh tcm:~tnal 
rc:t:uni'i ;snd dm:dly wrlh rn.arint record~ 

1-'rcdrt:l.Jbly, the 100.000 yc.;tr eccentnt:ity cycle l.!. \'C.ry C\1dent, and fre.qucn tly donunanl, in Middle tO 
La re l'lt:r\toctnt \et¡uente't. reflccung ícc \'Oiume forcrng opcr:uing Iargcly through ea leve! v:uiauon 111 the nonh 
uf Au.,t1'3 ha ilnd a combmauon of sca lcvc-1 and global tempcrature variauon 111 the sou theast of thc contincnt. 
(jlac.:Jotl pcnoc.h wcrc \Ub\tJnhally dner than Hllerglacials 

llowevcr m 1he nonhtast of Lhe con tinent. a 30.000 yta r frcquency predominates in tropical con1fer 
and charcoal components over thc las.t 300.000 years. that 1~ at tnbuted toa strong Pncific Ocean E O signa!. 
Convchdy. m·er t)u ) \3nle penad. savannn vegetauon m nonheastem Australia exh1bits c lear sou them 
hern1sphere precessJonnl forcang. auribu ted to monsoon mfluences from Lhe Indino Occan, but then altcrs to global 
ice: volume forcing back to at least 500.000 ycaD Bl') 11 is possiblc that this ' mid· Brunhcs' evcu t is thc rcs ult of ::t 
combln3t lon of vanat1 ún 10 the arnpl1tude of precessJonnl C)'clcs re:lated to thc 400,000 ye:ar eccentriCI IY frcquency 
nnd :Jitc:r3.uon of ntnlO".pheric and oceanic circu lat ion paucms with !he development or expansion of the Wes t 
Pac¡fic Warm Pool lnc:reascd climatic va riabllity within thc last 300.000 years has led 10 majar t hangcs in fire 
rcg.¡mcs and n.:-.uhcd 111 a more opcn vegeration Tlus trcnd has becn exacerbated by Abonginal bummg within at 
lea" thc la\! 50,00(1 years. 

In Southea.stem Australia , therc i cvidcncc for southcrn hcmisphcre precessional forcing of both 
dtvcrsc r.unforest. now virtually cxtinct 10 the region. and sclerophyll vcgetation from the bcginning of thc 
Quatemary until nbout 1 1 mlllion yea rs ago 11lere is liule relationship shown lO the mari ne isotopc record 
Throughau t thi s petiod, the major c lirrute variat.ion was in precipilation and there is li ttle evidence of major 
ch.angt:.s in tcmpcrJturc . Thc prcscnce of annual laminations, ;¡ r.uc fca turc in Austra lian Quaternary rccords 
gcnerally. s uggest~ th:n thc climmc was vcry scasonal. 1t is hypothcsizcd that 1 with littlc variation m g lobal ice 
volumt: and rcduced Pact fi c E SO acuvity, thc lnd1an ÜCC3 n monsoon may ha ve exerc ised domi nan! control ovcr 
thc climatc of this mid -latitudc rcgion. Afte.r a Lransition period. lasting until about 0.9 Ma. globa l ice volume 
forcing beca me the dominant innucnce on thc vcgetation in the Middle and Late Pleistocene with marked vari ation 
between cool, dry glacial and warm wct intcrg lacia l periods. lntcrglaci:tls witness sorne e:<.pansion of depauperatc 
and areally rcs tticted rai nforest pa tches. 

An cnvironmcntal his tory of thc hurnid tropics of Northcastcrn Australia for thc lasl 
500,000 ycars (oxygen isolopc slagcs 1 to 13) based on lhe ODP 820 marine core 

Moss, P. T. 1 & Kershaw, A. P.2 

1Dcparunent of Gcography. Univ rsi ty of Wiscons in, Mad ison, 550 Non h Park Street, Madison, \VI 53706, USA . 
1School ofGcography and Envi ronmcnta l Scicncc. Monash Univcrsity. VIC 3800. Aus tra lia. 

A cont inuous, though gcnern lizcd record of vegetation, bum ing and climate changcs for the humid 
troptcs of nonhcastcrn Australia ovcr the las t 1.5 mi Ilion ycars has bccn produced from thc ODP 820 mari ne corc 
(Kershaw et al. 1993). A more dctai lcd polleo and charcoal analysis has bcen undertaken for the last 500,000 years 
(oxygcn isotope stagcs 13 to 1) and compnrcd with an equally dc tai led oxygen isotope record from the core 
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A continuou outhern Occan terrest r ia l polleo record pro' iding opportun ity for 
inter-hcmisphcric comparison of mid-late Qua tcrnlll') cl ima tic change 

Newnham, A. M. 1
; Vandergoes, M. J. 2 & Preusser, F;' 

, ' chool ofGcogruphy. l n11crs11) of PI)Jn.>uth (llK) 
~clim:ue C'hnngc lnMttute, L'm\·c:rsll) of ¡\b•ne (LSA) 
' lnstitute of GeoiOglcal Sctl'nccs. Dcm (S'' 117erl:md) 

Thc lbSumption that the maJar QuntetllU.f)' chmate l.'r.lflSIUotu occurrtd S)nchronoush het\1.1!(-tt nonhem 
(NH! and sou them ~em•sphcres (S I~) is an •mponntH omllar) to the Milanl o,•tch orhual hm:mg hypothe\ IS 
Tesung the nssumpt1011 1 problcmauc. howe,er, bccause of a pauclly of SJI rl! ord:) \\hne dattng 1.s not rrliant 
u pon_ ' tuning' to prcsumcd NH or global stgnals. A ncw mdcpe:ndcntly dated pollcn record of chm:tte changr from 
Okant.o, southwestcm Ncw Zealand, spanning much of thc last 1\\0 gh:tcl:'II·Jfllerg lnc i;ll cydes (Fig. 1 ), pm\lde:; a 
SH benchmark for companson both with 1hc mannc isotOplC record and wuh equ1Htlent long conu nuous rollen 
records from thc NH. In rhi s papcr, " 'e focus on comparison with cla.sstc polleo rccords from \\CStcm Europe 1l1c 
corrcspondcncc bctwccn these records prO\'ldes strong C:'' idcnce for a closely cou pled occan ·atmosphcrc-tcrre.stna l 
~ystcm in the mid·latitudcs of the SI I with vcgclatJOn úcvclopmcnts that cx:curred broodly m synchron)· wuh thO'iC 
~n thc _NH . Ncvcr~heless thcre are omc signific:-mt diffcrencc bctwccn the Okanto record and H ('OUnlcrparb. 
1ncludmg an carhcr onset and longer duration 10 cooling during the l.a~t Glacial Mn.ximum and thc l;td. of a 
prono~mced thrr?1a l ~naxirnurn d uring thc Last lnterglacial. These une.xpccted findmgs requíre c'(plnnat 1ons and 
havc 1mportant 1mphcatJOilS for understanding how c limalc changc is propagated nround thc globc. lfcrc we 
consider thc ro le of loca l insola tion in modulating Lhe nor1hen1 insolation 'dri\'cr' . 
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f<l¡. 1 \1¡d-l.at.: {)u~rern..ry clurutc pi!J~)' recOJds. fmm left 10 ngh1 OSDJl Srte 594 pollt::n, li 1'0 Cpllnl"tic) md cak:ium 
c;ubou.IJc rt.xonb v~.;ebnn rt •'· IY'H. lku~'\("r ¡ancJ \,m dc.r (iecr. IIJ9..it; OUnto SUllllW) ponen diagr.tm Sho\lrinl: (kft lO rig.ht) 
CW\Ct fur foreu uet1o. ~b1o. ¡¡ni.J dr)Land hc:rb1o . \'())10 ll:~r.t.twc (l>t:ut et al. 1999); Manne core \ID 900963 61'o ~ord 
fli~urnoc el ,,J .., 191.}4 ¡, ~unvcr in_ ol.tlibn .,ilhJ(, ror .tO''S and 63 ':\ (\.1 -F Loutn: pcn; conun). M.uioe isOlope sta~s in eolumn on 
lo~1 ny)lt Sa«e cnfT('fe~'lun or Jlolocenc u·ction nfOkaritn Pakihi r~ord to :ud or~anson. 

llASS INOT, F (.' et otl 1994 'Thc a~tronom t cal thcory of clima. te and the age of Lhe Brunhcs-Matuyama rnagnetk 
tt:..,cr ... ul Earth and J'luncta ry Scicnce Lctter.s 126: 9 1·1 08 

II E.t :ssER, L ~- & VAN DER GEER, G 1994 Dircct corrclauon ofrcrrestria l and manne pa laeoclimatic records 
frum four glacial ·íntcrglactnl cycles- DSDP sue 59~ sou thwest Pacific. Quat. Sci. Rcv. 13: 273-282 

NELSON, C S e l al 1985 Near-synchroneity o f New Zcaland alpine g lacmtions aod nonhem hemtsphere 
conuncm.a l glactat ions d uring thc pas l 750 ka ' a tu re 3 18 . 36 1-363 

PETIT J R el a l 1999 C hmatc aod Atmos phenc History of the Past 420.000 year.; from !he Vosto k Ice Core. 
Antarcuca N;tture 199. 429-436. 

Vegelation history of the last 300,000 yea rs for Kamiyoshi, Kyoto, Japan, 
based on pollen from a long peat core dated by tephra laycrs 

Takahara, H.1
; Tan lda, K. 1

; Oanhara, T. 2 & Uemura, Y.3 

1 Kyoto Prefectura! Uni versi ty, Kyoto 606-8522, Ja.pan . 
2Kyoto Fission Trae k Co .. Ltd .. Kyoto 603-8832. Japan . 

1Dukkyo Uni vcrsity , Kyoto 603-8301 , Japa n. 

We h:we ta ken a long core ovc r 350.000 yr BP from Kami yos hi Basin near Kyoto City in western 
Japan. Thts corc will providc a continuo us vcgctation his tory of the glacia l-interg lacia l circles from the Marine 
lsotopc Stagc (MIS) 3 to MIS 9 . ·n1c chrono logy was bascd on widcsprcad tephra (AT: 25 ,000 , Aso4: 84,000. K­
T>. 91.000. AS0 - 1: 260,000 and Kkt: 330 .000 yrsBP, age o f the tcphrJ after Machida and Arai (2003) ) and 
scvcrnl AMS '"'C dates. In this pnper, we re fer 10 thc vcgctaLíon history sincc the MIS Se. During the M IS 5e, 
forcsts wcrc charactcri zcd by do minnncc o f Crypromeria j aponirll and evergreen oaks with lir, hemlock. <md 
bcech. Also. severa! pcrccnwges for pa lien of Lngersrmemia were detec:tcd during the MIS Se. Modem 
dis tribution o f thi s gcnus is thc subtropica l zo nc from China 10 the southcastcrn is lands of Japan . So, du rin g the 
MIS Se, both subtropical aud cool-tcmperate genera werc coex istcd around thc Kamiyoshi bas in. In the boundary 
bctwcc n thc MIS 5e to 5d , c vergrccn oaks and tempera te conifer forests were abruptly changed to tempera te 
forcsl" composcd of Sciadopiryx \'ert icillata (urnbrcllá pinc) and Cryptomeria japonica associat ed mainly with 
C uprcssaccae . spruce Lrccs and dcciduo us oaks. Te mperal.c conifer fo rests werc composed primarily o f 
Cryptoml'ria j apo11if·a with Sriadopirys verrir illma and C upressaceac trces the period rrom thc M IS Se 10 5a. 
Pinaccous coni fc r vcgctation do mi nated by Tsr~ga. Pin a. ami Pj,w,, subgcnus Haploxylon was dominan! during 
thc M IS 4 . Around 60 kyr BP. thi s was follo wcd by cool-temperate deciduous broad-leavcd forests composcd 
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M.ACHIDA. H and ARA l. F ( ~003 ~ Atrus. of tl"phr! to JnJ :uounJ J.t¡un \~,~~ Ntth'W'I). l ni\el'st\ Tt ~ 
Press. Tok)o · 

TAKAHARA. H and KIT -\GA \\ -\. H (~0001 \ <¡;<Ullon '"d chnut hht<~ '"'" thc ~ t IDt<r¡:l.l<•~l u> l>un:<A 
Lo"' land. westem Japan P3beogeog:r.trh~. Pa.l3 lmut lo~. P31J olog). 1 ~: ...,¡ 1~1.1 \J 

A high resolution multi-proxy lacustrine record (pollen, diatoms, l5180 .s) of dinulle, 
vegetation and lakc lc,•el chnnges in lbe Massif Ccntrn l (France) from the r ' ian late 

glacial lo the end of lhc &miaJt 

de Beaulieu, J . L.1
; Andrleu-Ponel, V.'; Rloual, P2

; Rlettl..Shall , M.'; Batlarbee, R. W.'; 
Cheddadl, R.' ; Rei1le, M. 1

; Svobodova, E.' & Shemesh A.' 

1lmcp.UMR 61 16C\;RS. Europólede l'Arbo1s. Pa"llon \ tll<nun. BP '0, 
13 ..$ Aix-e.n-Pmven e C'ede"'< 04. France 

2En,•ironmcntal Changc Rc-st·arch Centre, l 1naYtt\ll) CollcgC' London. 
.6 BcdfordWa). Lond0t1 WCI OAP. U J.. 

3Depnnment of Ennronmenta l Clr-nces and Ener&)· Resrarch, 
The \Vei1.mann lnsti tutc o f Sciencc. Rehovo t 76 1 OO. lsra~l. 

4 lscm. lnslitut de Sctenccs de I'Evoluuon ( MR RS 5554), Um n :rsitt Mon tpcll icr 11 -
Placc E Bataillon. C P. 6 1. F-34095 Montpclhcr Ccd~'· Frnnco. 

sBotan ica l lnstitutc. CZ·25243 Pruhonicc, Prague. C.1.t: h Republic 

The compan son or a new htgh Tt".Soluuon polleo daagram of R1 b3 111s wuh baolo¡dcal nnd geochem1 a l 
data delívcred by the snme core, a llow us to obta in det:ai lled palaeoccologtcal and pa lat.uhmaticnl informallons 
for the last ca 140 000 years . 

At the cnd or thc pcnultimate g laciation. thc landscapc was chnrnctcritcd by n d rnma1mg opcn 
vegetation wi th steppics and sorne sparse mesophi lous trees th ~u cou ld dcve lop nt lower aluntde. C'hmnte 
rcconstructi on ind icate lo w annua l p rccipitations and a high annu:~l tc mpcrn turc amplitudc. Lncustri nc waten. of 
the palaeolac o f Ribai ns wcrc vcry cold as it is provcd by Lhc domi na tion of (_):r/ot~lla rm,q"j amo ng di utom 
assemblages. 

Pa lie data and 5 110~,~ vn lues indica re that the begi nning o f the Bcam an correspond to a v.-arm period 
carac terized by high precipitnt ion anda lo w annual temperature. 

Ouring thc Carp inus phase, thc climatc bccomc more con tincnlal (low :lnnua l prccip H:l tion, low nn nu nl 
tempcrnture mean. high annu:tiiCmpcrn turc ampluude). 

When Picea popu lations expand. a seri ous dec line in tempcraturc occurs especial! y during summe.r. and 
the chmate gmw wett.cr. This trend is dcmo nstratcd by ÚlC drop ofthe 0 110~ curve. Althc end o rlhe llliCtglacml. 
as the vegetation 1s dominatcd by a borea l con ifcrous forest, a s tmultaneous a nd trnnsi tory risc of organic ma ttcr 
and Pirea percentages is obscrved. This evcnt, not record cd by thc &110 .1 of the Ribains d iatoms but prcs;cnt in 
other Eu ropean pa lien and isotopc pro files, co uld be rclatcd to a sho rt warming o f the clirnalc 
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Abstro<t XIIPC 

ÜJrrelation or tb climatt changt-, o' er the last 200 !..a recorded in long 
lot -palato'>IJI polleo profilb and · R-dated marine deposits of :-..orthem Eura ia 

Bohkhovskaya, N. S ' & Molodkov, A. N' 

lk.~"lJtk"ntofCjropapby, Mase .., Swtc OI\Cí 11 .. JIQ:! M, K: • Ru .. 1.1 

i lrutltutc of <.lmlogy rullinn Tcchnt\.31 tDI\Cf'\11), 1014\ Talbnn. E!~t0013 

ll.e ~me span <•f ohc 1" 1 201J Ll h.h bccn marke.J h) man> wrgc-scale global and rc¡uonal dmuoe 
ch.angn. bet""ttn "-arrncr and coolcr condtuons Al thc Sall'lC nrnc, long and conunuou!t terre~tnal pro'C.y chn\!Ht 

ft\:Ord thr gh thn IIIIIIC wtcf\'al are r.arc A fe\\ l'llt)!.l complete: IOC!>S pabeosol ecuon) are ~ttu.1tcd in the gl;tl..'tJI 
nd t.\U~ la<.1al JOflc'5 or thc f-...a,¡ Europcan PL:un At pn:"Srnt. thc')e are among thc: longC'\t and pal)nologa~.:all)' 

hrn IUdoeJ """'" IBOUKJ 10\ ~K~ YA 19'l5J. Pe<:uhmlle. of ph)lOCO<nOIJc and chm.mc succ oon; and 
compo\Jlluo of dur-.u.:tcn~tk u.-.a OH'T che: la 1 200 ¡.¡¡ are: cOlbitkretl 1n thas stud} on the t.umple of t\1.0 rnc::bt 

I)'JllCliil tr.Uorc:f:Jon uf the cc..-ntral pan of the Ru ... -.aan Ptun - thc Northem Central Ru ~tan glacul locs!t reg1oo 
and thc: M1ddle 1 na gl:tcJalloess regwn 

Thc: pJI)n~tratigraphu:al ra:ord dtn,·C'CJ from long conunuous IOt:~>-pJiacosol sequences was 
c.,¡hhr;~h:d for agt: by cunclaunn to Lhc mollu "'·ha-.cd ESR"i.:hronQ!¡tratigrnphacal record m which Y•arm-chm:ue­
rd•ttc:d C\'tr•h v.-ere fistc:d by f:SR on more lhan 170 \Ub(Os!tll mollu.)c ihell samples ta ~en dircctly fmm the 
llan!!.gn: li\'C manne )CduncnL'i Wc: tuve .ttternpted to hnk mJnne mollusc-ba~cd age Jnai)SIS from thc two last 
Mlacral mtcrv<~li and an intcr~lacial bet\l.ecn thcm Ydth thc palacochnutic data dcrivtd from the pollen-b:bcd 
\•c:gc:wunn ll!Oah of tme-.tnal rnvnonmcnt from thc F..a\t Eumpean loess pro\JOCC. ·lllc hnkagc of these tY.O 
indepcndent c.:hm:mc recorili has provided beucr m~rght into palaeoenvrronmentnl cha.nges dunng the las t two 
gLu.:1al pcrioch whcre mdiOtnttrically da tcahle rn.1teriab typrcally are scarce both in terrestrial and marine 
r.t."íírmcnl"S 

lhmg pollcn and mollu~c-ba.sed ESR llata. wc have idenllficd palacocnvironmcntal cvcnts that we 
belrcH: 10 corrch:ue wíth a numbcr of large-scalc late. Míddlc and Late Pletstoccnc c limat1c fcaturcs m Nonhcm 
Lura\ra. uu:ludrng th~ penulumatc g lacial pcriod {l)nrcpcr/Sa.ale, 01 6) wilh !luce warmings within il. las t 
mltfl:!l:&cral (M rkulrman/Eemian, OIS 5), and ~ ubsequcn t glac iaVperrgladal pcriod (Va ldaian/Wcichselian . OJS 4-
0IS 3), rnterru¡Hed by at lta.\1 ~ix relauvcly wam1 eprsodcs of in terstadral rank 

Thc pollcn response 111 thc ~cuon s examrned rn this paper documents a strong climatic signa ls bottom­
up, covering an rntcrval from OI.S 6 to OIS 2. The Omcpcr glac ial rh)'thm is dividcd by an intennediatc 
uucr!.tad13l into two (Onicpcr and Moscow) stages wrth the Early Dnrepcr and Late Moscow imcrstadials withrn 
them Dunng inters:tndaals prnc, pinc-barch and birt:h light pcriglacial forests dominated in thc glacial-periglacial 
7.0ne of thc H:u~~1an Plain. In the locss arcas in Lhe south of the Russian Plain the periglacial woods. forcst-stcppcs, 
.!a tcppe\ and cxtraglacial light forc.sts wcrc spread dunng thcsc warm interva ls. Cold (glacial) phases are 
chnrac tcri )ed by the spread of tundra- teppcs, tundra-forcst-stcppes, periglacia l forest -steppes, pcriglacial steppes 
and_ penglacial scma-dcsens Thc time of the Valdat glacia l pessímum is characteriscd by development of 
pcnglacial tundras. pcriglacial forcst-tundrJs, tundra -steppes. tundra-forcst-stcppes and periglaciaJ sleppes. Warm 
(ln tcrglacial) phascs are characteri sl-d by success ions of interglacia l forests, forest-s tcppes and stcppcs. 

·nlC data obtaincd dcmonst.r.uc also that thc last imcrgladal cvcnt in Nonhcm Eurasia may ha ve bccrr 
long lasting. corrcl::ning most likcly with thc wholc of isotopc stagc 5 and the final phasc of stage 6 r.uher than 
substagc 5c only. During most of thc period the vcgctation covcr has cvidcntly been of imcrglacial charactcr in 
Eastem E.uropc. At the samc time. pollcn and ESR rccords suggcst that this intcrg lacial was variable rnthcr than 
)tablc in nrrture During this interglacia l pcriod the warm climatc was rcpcat.ed ly intcrruptcd by cold pha.c;es. 

Cooling.s during thc last interglacial lll<IY ha ve bccn quite dccp although of rclmivcly short durat ion and 
appcar to 1.>c lcss dramatic In Northcrn Eurasia than suggcs tcd by the oxygcn iso1opc variability in thc dccp-sea 
isotopic rccords. Our ES I~ studics show that during these inLra-intcrglacial co ld periods of isotopc stagc 5 coastal 
1\rcas of Euras ran Nonh wcre partly occupied by transgress ivc basins. Time-dependcnt frcqucncy distribution of 
a llthc ESR-datcs obtarncd fol' the la.st interglacial also disp lays severa! intervals that can likely be corrclatcd with 
thc coolings and pitases of sea rcgress ion . 

llOLJKHOVSKA YA, N.S. 1995 . Thc Evolution of Locss·l'aleosol Formation of Northem Eurasia. Moscow 
UnJversuy Prcss, Moscow. 270 pp. 
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A -'00.()(}()-yrs polleo l'ffOrd from \u.ano 

Oonegana, M.'; RavllZ.ZJ, C.'; P.ni. R.1
; A gllano. R1 & Pac•flco. P.'. 

C'R ~ l'\.IHui Dtn.J.rnu. PI\ e~'· mbi 
.z Olp ·aenu (ie\: ~bt' e l~t 

l Dl(\l!tlOlalloCx: .,_, 

A f(''wll long pol~ ro..-ord!. u>\cnn ~ Ut 1,.\Cl .. t -roe-- l..at \t1Jd 1 
nonhcm luh 1\ H'UE.'DER ET Al. 19%. A\ IORO. 1 ET U 19<>'11, d P'''' ot> P' 
lndccd. tht' ~e_gt-uuon rn~ord t.'f the ~thcru ~~Jt o· tht ~lp") .~u l\4'). 1:. ..ktt: ·un,: .. 
ould <h<ll<r ~unn~ ~ .nd co!J pmo.!> <•i oh< Quat<m~ 

In the fraflll!'\loorl of the CARG P'r"o:IO:I ,upd.tt n( thc )nl ... ll 9..:-.11 p ~'* lt11 • a' :'C'I.lm\h,"''h 
cored borc:ho\c \\"3..5 camed OUt ID ~()()~ b) tht t·m, of t\ho IR th(' fnuh.:m 31 U\lll pbm t:'\E Po f'1J.ID) -~~()~m 
long cort" v.-a reahzed at Azz.J.oo r>.x-tmO. J()()'l, of ~~mcn~ "3.) rc-tnc,C\J 1bc ~tr.lu~rarhr ... · ID\(' ug th.lll \lll 

tha~ \.U"e rnvoho lhe l·n¡, of l'danc P:tdo\3 Tn~tt Roou .tnJ lht" ("~R-IOPA. tht la! 1 lo .. trtu1 txmg. .. h.u :'C'\1 
1or pollen :mlli))IS 

The )Lf311gnptuc scqucncc sbo"") tv.o ln.lJilr lnnii.pc'!ot~l\.C·~~~l'r C) -lo Th(' .. t~mc.·ntar) 
cn~rronmcnb andude s1lt) e by mannc tun . lnlnii.tUooal-.:oast.al anJ bntnl fa .. ~lo "lth ~nd~ ).tdu1lC1ll1h~o."lO, 
and lammated ilts of flu\-_Jal onym Y.rth peat 1 \Cb 1 llf)tng_ to k"K,~J llUf'hn "' -

Se\"Cil conH:nuooal 1 e daung· v.-e-re dettmlln~ tn'm pt".l.l ll,~('f'"S ID tht up~ ·'o m oflht \.:t'lre Th 
ages span from 27.160 uncll )TS BP to > 46.000 )TS nr Othcr 1 daungs ll'C cuomtll) 10 progn-s 

150 polleo sampks Y.Ct"C annl)":ted \torc tha.n 100 polleo~~~~ "('ft' uJcnttftN ¡qadat.: rt"~.-.l.t'\i 
polleo graan of Earl)· Ptel)toct:ne age (T.\uga. Cru)a. l,t(ntt·ar;.a. Liq111at~mbar) ...... :tn he dr ... unguishcd oo thc ba."~ 
of thc1r different degree of preservation evcrnlt)-pes of microf ·srls bclong:mg 10 Fontnumfcra. dmOC)""· fTC"Sh· 
water algae (Pr!dimtrrtm, Sp~rogJra, Mouge"tJtla) wt:rc counted 

lñe 1ra1igraph1 di tnbuuon of ¡)()!len a~)cmblag~ and thc sea le' ti rt'Cord )Ug$~ 1 thJt thc m:un 
palynologic changes are chmattc:ally-dn"cn and rcbted 10 MIS 2 to 11 A prc,tous J"t:\:"ord from thr- f\1 pl.rn 
(AMOROSI ET AL 1 999) also confinns tlus picturc 

Atthc ba~c of the polleu diagr:un a pha~e of rnr'cd contf~·r-b")Jd Jea-.cd tltt" (()C'-OIS '-'llh Pmu,. l'i rn, 
Abw\, Fagus, Alnu~. Qunnu deciduous. Ultmn and 7'iltn t) r('lated 10 MIS 11 h's follo~~ by a Pmu .. \. ·\nn,u.ua 
and Gr.omineae-dominated polleo asscmblage SU!'!'csung a o id an~ dr¡ phas relate.! lo M 1 1 O. 

A uew phase of expansion of rruu"d forcs~ 1s rel:ncd to MI 9 cool-tcmpc.ratc fon-sb '-'lth ll-rt t'a, 

Fagus and Carpimti are followed by JUJ"(cd comfer-brood lea ved forests \\1th Abtl'"'.f. QuucUJ d~. Cm)lu\ l 'lmu\ 
and Trlla Then a shon mtervnl wtth PtntJ.) nnd Artl'IIÜ ia ts related to MlS 8. The followrng 65 meters, rdnted 10 
MIS 7, includc a sequence of three phases of cxpansion of brood·lea\cd tfC'C's n.nd two <."old pha.scs marlcd by lht 
abundante of Pimu, Picea, Abie.s and Bt tula An intcrval w1th complete ab~en e of broad-le:a,·cd trtcs and 
domanancc of Piuu ~ n.n d xcrophytes . related to MIS 6, is followcd by a cler ponen succe.ssron typ rcal of MIS S A 
detatlcd pollen stra tigraphy du ri ng MIS 5 in -ltnly ts obtamcd for the fi rst mne. enablrng to s how sub.-, tanuBI 
differences with thc. nonhcm sidc of the Alps. Continental dcp<,)llS spanniug thc: upper 32 m of lhc c.ore ) tCid 
maanly highcr pollen % o f conifcrs and xcrophytes and can be relau~d 10 thc lasl gl:lc1al pcnod 

Thc An.ano Decirno core offcrs a dctnllcd pal)'llOstrntigm phac record for the Late Pler .. toccnc - l...:tte 
Middle Plcistocene which can be uscd as a rcfercncc in nonhcastcm ltaly. 

AMOROS J, A., COLALO GO. M.L .. FUSCO, F .. l'A !NI. 0 . & FLOR IN J. F 1999. Glncio-eustau control of 
contincntal-shallow marine cycl icity from late. Quatc.mary dcposits of the Southca.~tcm Po Plain, Northcm 
Jtaly. Quat. Res. 52: 1· 13. 

MÜLLENDERS. W., FA V ERO. V .. COREMANS. M & DIRI KX. M. 19% Analyses pollinoqucs de sondages 
a Venise. In: Gullentops, F. (Ed.), l'leisoocene Palynostr:uogr.ophy. Aardk. Meded. 7: 87· 1 17 
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Different re<>po!be!. of \frican dimate 10th intensilication of the '>orthern 
llemi,phere glaciation around 2.6 :\la 

Dupont, L M. 

l'he J•raclll doly (,)DdiiiOD (1( bipolar El· 131100 (.har.tdro~c::d b) rilpld a.nd largt Clim3lc nuctuJIIOO • 
hcpn at Lhc md r the PhO!.:cne "'llh the IOtc.n tfh.:auon oJ the ~ )(thcrn Jknusphcrc·~ etmllntnul glilCI.JliOO The 

J•>bal cuolmg lCJ ol thc PJJoccne lu.\C' beco dor.:umcnted m numcnlll., 'iilUd1 of ODP ne~ from the northan 
llmusph('fC' 'llus tUd) pr c.-ni., ncw pull('ll dJta fr<)m (J[)P Sth: 1 Og2 (:! 1 S 12 E) pro' td1ng a Pltocene l'«l'lf'd of 
V~<IJ!JOII change rn Soutb<m Afn,l 1 c<>rnpJre thc polkn rc.:onl< or ODP Sil<> 65 (1 '' \\ 11 . 1 :rnd 10 2 10 
!0\o flpl( thc rn:pon of Afn'-"~ chTTUh: north and M)Uth or thc equator. "'-hl<.:h wm out to ~ remarlahty 
dtft rau m unung Uct\oloCCO 3 25 and 2 6 MJ 'onh Afncan clinu.u: be-came progressl\·t.l) drier and and 
oruJatiuus t:ulrniruttd ;at Sta~c 11)..1. (2 6 \la) From th1:n on the pollcn dtagram of ODP Stte 658 dtspl3)'~ ume­
trans~e 1\C uta~1rna mtcrprrtcd a\ repcuuvc \OUthw.:ud hilh ol the SJhar.m-Sahdidn boundary In southcrn 
Afnca. the rc~o.urd of ODP Sue: 10~2 \U¡!gt: b northY.illd \hllb of thc )3\J.nna dunng Lhc: cold stages HOV~ e' e-r. the 
mmt prumme:nt ch.Jngc towartJ dncr condlUon oc,urretl Jl:! 1 \1a l'<>nh:mpor.mc.."'U..'>1)' wllh a drop tn sea surfacc 
lt'm¡>eraturc.."\ mar ng thc start of thc: modcm Benguela upV~dhng ))')ttrn 

Vcgeta tioo re!.ponsc to lo\ler Plel<;tocene climatic cyclicity in the 
Lamonc Rivcr Va lley (northern pennines, Italy). 

Fusco, F. 

DcpMtrncm uf Earth and Gcologtcai-En\'ironmental 'cu!ncc Unl\cn.ity of Bo1ogna. -'0 127 llologna (ltaly). 

The rc~u lts of a palynologica1 study carricd out on marine dcposits of the Lamonc River Val ley are hcrc 
rcportcd TI1c L.arnone succcs\aon consistli of m:mne grcy-bluc c:lays of the Argille A1..7urre Formation. 
outcroppmg on the footh ills of the northem Apcnmnes. On the b.1sss of foramimferal contcnt (V AlA 1 & 
\ ENEZlA 1999), the studaed dc~u~ are rcfern:d to 1o"'cr Plcistoccne. 

Po lleo data documenta cycllc vcgetnuon dynamics in "hich four differcnt polleo assemb1ages 10 tu m 
spread and rctreat, llldlcating parallcl vegctauon changcs. A vcgetation cyc1e sta.rts with the cxpansion of mix.ed 
dcc1duuu~ forcst, dommated by Qutrrul. folloV~cd by an expansion of Juglandaceac and T.\uga, md1cating at first 
an mercase uf tcmpcrJture, and then of humidlly Succcssivcly, a mountain conifcrous forest domimHed by Picea 
~prcadc;, tcsufymg a drop 111 tcmpcraturc towardo;¡ cooVcold chmate conditions. The Picea-forcs t phase is followcd 
by thc diffusion of shrubby·hcrbaceous vcgcuuion with Artrmi.\'ta and Ephedra . mdicating a drop in humidi ty. The 
lowc\1 pollcn conccntrdtion va lues are rccordcd dunng tlus laucr vcgcta tion phase. suggesting a forcs t rctrcat . 

111is cyclic vcgcLation dynamics reflccts the cyclic cllmauc oscillations. and nuc tuat ions from fores t to 
opcn vcgetatinn rcvcal intcrglac iaVglacia l cyclcs. In t.he Lamone succession. two complete cy le are documentcd. 
sn corrcnsondcnce of the appea.rance of thc benthic foranlin ifcr llyalim:a baltica (VA IAN1 & VENEZIA 1999), 
rnarker for thc Santcru ian\Emi lian boundary (- 1,5 Ma) (I'ASIN I & COLALONGO 1994). 

Comparison wi th othcr lowcr Plcistoccnc Jong~pollcn series from ltalian silcs shows wider spread of 
Pwt•a and minar cx.pnnsion or opcn vcgctation in northcm ltaly wilh respect to southcrn ltaly. suggcs ting the 
hypmhesi" of more humid cl imatc condition. 

Ta'<odmcec (most1 y Ta:codium-type) are continuously rcpresentcd fro m thc base to the top o f thc 
L..1rnonc succcssion. ex.hibiting valucs of -4% on average and maximum ex.ceeding > 11 %. Thc prcsencc of 
Ta.x.ochnccac ill thc lowcr Pleistoccnc is also documcntcd in othcr llalian sitcs, and their disappcarnnce in ltalian 
rccords can not be considcrcd as a chronos trnt igraphica l cvent for the Plio\Picis roccnc boundary. 
PASI l. G. & COLALONGO. M.L 1994. Proposa1 for thc erect ion of the Snntcrn ian\Emil iau boundary­

stmtotypc. Boll . Soc. l'alcout.lt. 33 : 101 - 120 
VA IANI. S. & VE EZIA , P 1999. L-1 sezione ple is tocenic:t del L•unone (Appcnniuo Romagnolo): associazioni a 

foraminiferi ed cvolu7.ione palcoambicnta lc. Boll . Soc. PalconL lt. 38: 39·57. 
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) cli cbang in th l!lt roo n H.,..tation of lb 
Ptolemab BD>ln tnonhem Gre d 

Kloostert>oer-Van Hoeve, . L; Steenbnn J '; Tuente.-. E.' & Vlsscher, H ' 

The lat :\eogcoe (Lit ~h ·cnC",l·Mh l"bl ·.:nl•) "-C'\lun,.-nUJ). .. a ~· ...... lCl ofthC" mtrilJJ).)DLlD Pt ~m.at .... 
Ras.rn 10 nonhem (irct\:"e dhpl3~' a da,ttn ·u,e JltcrnJtJOO "t hput J b .. u .. tnn mar lJthok'~~h.;a.l ... h b~ 1) 1. 

controlled b) orbual pm: ... ¡oo and .:an he J(:CUfJtc1~ :-orrrUtñl V11t.h th' J.~ll'tXhn'Wk'll .. ~ .: 1 U~Jk'<.. .. 'Jlc"" nrutc-J 
for lhc bte Srogent' ('J.D \'u~ t ;d, JQ9:-i; J.nd StC'CUNln ct 11. JQ9Q¡ Tbc p3lyn'll..:~"'1""·1l m.·\yJ (n.\Rl -.c\cO 
COOS«Uli\C e~ dO, CO\CI'lOg th~: U~ lnlCT"\.11 bc-t 1: D 5 .t.J J.OJ 5 :.~ \ 1.1. 1"(\~,.: h ''~nali~.U\t n;,pt'la' "' t\1 

rtlOUOlJ.IO. 1dc H:gc.-tlt100 10 orb1UJ f1.ll"...:tn_g:. TJUIOI) r«'-' 'lllfl fTt:qu n~·~ 3n.tl~-..t' lf('lm J JkllkD t'«lY..f trom lt'"fl 

con!t«uU\e ~d~ mort.: upV~""l!d m thc. ~u~n.: . co\ nn_g tht.: rcn""lJ from..:. _,(l w 4 lb \t.l ...tkN .1~n rmm thot' 
suong tmpad ot pre":b~10n. ccc~ntn.::lt\ b Y.dl a.. .. V~t:J. ~I.J~ull) ~tpa.tl 

1lle obsmed }che u~nd~ m tht r lJ.u'c 3~mJ.u\('( ol ' l!er_,u,"ln.al ekmcnb .u \. ~ .. 1&..-rcJ ''' t\pl .. 
penodtc \3nauon in SOII mossture 3\J.tlabsht), n!'i-Ulllng ln"Wn ch.1ng~ 10 c,·..-o~ra['lhK \lrotntcnunt rr 1pll..11h"'ft .o\t 
procot.. \anau~ m r.unf.1ll t.Junng thc: V~lnh:r tn th(" Eobt ~1cl.ltcrr.mcJ.n ~."lnJ~I.1ntb ~ rclatnl hl 1' mcndh)() 1 
shafb of the l.r3jt\:10rtC::> of pr« .. "'-1ptl3UOO·l.It.kn ") .. :lonc:s th.lt ar~ il~'l'll.·aatcd \\lth thc :'\orth AtlJntt~· l),("¡IIJII\'111 J.DJ 

:!) the fom1Jt10n of e~ e loo . ong¡na11ng from th \tcdUCJT.lllC'3.n S J. \\t' propc.~ that ~1lh ttk: \itlf1h -\tlanuc 
tdccounecuon Jnd thc fonmng of Medllc1T3ncan c~~.·km are re .. Jll.mc;abl t"tlr thl." n"1.·t:'lfhtrud00 k\n¡;:·tcrm 
procipllatlon \1l.n3.Uons m southcm Eumpe 

VA Vt/GT. ~ . ET AL .. , 199 . ~ I JgrtL'IOMraltgraph~·tw•,ell. ~tronomK.tiiUntng of thl' cad) Ph\\..'l'O la~.u .. tnn 
se<hments of Ptolcmats (~\\ Grccc::el and hed-to- bc...'tl orrtl:uwn \\ilh thc n\..lnnc r .,,rtl Eurth amd 
l'lanc tnr) ciencc Lcttcr., 164 353·551 

STEENBR I ' K. J ET AL !999 ccJamcntal) qt.:h~) and \Okanu~ a-..h hed· m the IO\\Cr J>lu:>cCnl' lJ~u .. tnne 
succession of Ptolcmats (N\\ Grcecc): Oto;crepancy b<t\\~n tOAri'•Ar amt .l'itmnnnu~..-.11 .1~n 
Pa laeogeography, Palarocli.Jnatolog). l.,alaeoecolog) 152. :! 'J.:\0."\. 

The Pianengo corc (Po pla in, norlhern ltaly): a record of vegetation 
and di mate changes during tite Early Pleistocene and preliminnry 

compari on "ith MI chronology 

Plnl, R. 1
' 

2
; Ravaul , C.1 

1 C.N.R.-bt1tuto pcr la l)w:unaca dt·t Procc::>~i Amblt:n t.th. Milano (lta ly). 
2 1)cpanmcnt of Gcologica1 Sciences and .emcchnologu!s, Un" crsny of M alano- liacocca ( h.liy) 

Withm thc prOJCCt for thc updating or thc gcological map of ltaly. long corcs \\Crc rcc.:cntly drillcd in 
the Po plain. to describe thc Quatcmary sLraugraphy of thc Po basm Muludasciplannry tm·csugauons are curre.n t1 y 
going on, nnmely scdi rnentology, pctrography. b1o- and magnc tostrnugmphy. pollcn analyw;. Magncto, trnugrnphy 
is uscd to build up a chronological framc and to set unconfonniues recogniLt'<i by setsmic profilc~ 

cveral in"estign.tions were carned out on a 200m-long corc from P1aucngo (l..omb;udaan plJm) A 
main cha.ngc in vcgeta tion structure, depositional cnvironmcntS and rivcr palaeogcography occurs ac.:ross a 
regional scqucnce boundary. rcprcscnted by a scismic surfacc (namcd "R surface"). The agc of 1he equence 
boundary was magnctosrraugraplucally con.straincd bctwccn thc Urunhcs/Matuyama boundary and thc Jarnrru llo 
top, to about 0.87 Ma. The bnse of the Jaramillo subchron wa also adenuficd in Lhc sarnc corc. Tiu maJOr 
environmcnta l changc is re1ated to MIS 22, thc first pro mmcm Pleistocene evcm of glac io-eu\tauc low'itand 
lndccd. MIS 22 rccords the end of thc ' Mrd-PiciStoccnc rcvolution• (llERGER ET AL 1993). thc trans itJon from 
clima1e cyc les (orced by a 100.000 years penoclícuy to cycles of 40 000 years Gcologtca l and b10SLraugraph1cal 

Vol. N (2004) 26 1 



do~ fron; Pwlén¡;o "'" m~<tp<<tcd "' tn~cd b) • IIUJ<.l' < m:. .tung< P•»>•bl~ »>><:Utod "'"h • ma¡or 
c.pomroo ~( !1re IIQlby "l¡ntle nllcy gbctcn ~HJTTO. 1 ET ... L 2003¡ 

s .. •e¡ct>t <}'deo <>n be obscncd m tb< ~lltn d1agnm from !lre ba>< oi !lre rore up to !lre R 
surf e The b<pnnrng of • cyclc u cl"'r><.'t<nud b) lhc <X¡»mi(Jfl of nu.cd ool "-ood forest:.. domrnatcd b~ 
Qunt u da11.Ju . UilfUif. TliUJ, C..arpmu~ «t&JM.s, fratuan llu~ plu.:,c is foUo\locd b)' the deHiopmcnt oi 
Jugland.lcc...c furo • 'IAith (ilf)a, Punlf. arya, and JugJanJ. SutKcqucntl)', ccxufcr foresb \loilh Pmu., 
_[lt'lfrull'lwJII, P111u1 Jf.lplox)\oo type. Put'fJ anJ .-\btl'J wl.c thc pl..b;e 01 [OC'li)et Jugbndacc:tc stand~ Thl! 

c.Ipa.n»>n c•f xcruphytd (t\f1t·nuua, Chc.nopodtaccat'.lltppophiu, Ephednt.:.eac) nurk.s thc cnd of a C)de C'llmatc 
change md e than¡n tn thc ~truc.1urc of vegeuuon Ever) cycle repr~ts t.he lnln.SiliOO from warm--dr)­
~mpu;ue condmoru lO wllfm·"c:ry 't\e1 ones. from cold lempcnue to ,.Cf) cokl-dr)· condJuons Only l~O of the 
c)de$ omcrved ta thc Planengo corc are complt'tr. e g the four ~teps of thc C) le are all represerued The mher 
cyclci pJnlally m1~.\ m coar~ ~unen u beanng no polten 

A prchmuury correbuon can be propo.cd bc::r"'<<n lhc ~llen dtagru.m and MIS chronology. 
Veget>tion and chQ};lllc pluses obscned m the ~lkn dl3gru.m of l~anengo nuy relate to MIS 22ro 26 and :v!IS 
31 A wet·tcmperate phasc oceumng bc::r"'c:en 152-14<> m d<pth nuy be related to imponant sea- lc\'el high tands 
of MIS 31 1l1.1s 1nterpreuuon i\ supponed by sedunentological ~\·idenc~. E."<panslon of conifer forc-sts at 105m 
and 93 m dcpth can be relatcd to MIS 26 and 24 rcspectivcly Thc de,·clopment of Juglandaceac forests under 
warm-vcry mo1>1 lcmperatc cond1Uons. occumng at 103-99 m depth and at 89-84 m dcpth. may relate 10 MIS 25 
and MIS 23 Thc srrongesr fores1 wuhdrawal descnb<d '" thc ~llcn d•agr:¡m occurs ¡usr b<low 1he R surfacc:, 
\ltlh1ch 1s m:lgnet~t.raugraphlcallydattd lO MIS 22 

The Ptanengo record !.uggcsts that thc fi~t Quatemary major glacial advance on the ltalian Alps 
occurred dunng 1he la1c Early Ple•stocene. llus picture agrees with mvesugntions carried out in the last years m 
nearby prealpme SII<S of N· ltaly (l<ffc: RAVAZZI & MOSCARIELLO 1998), where. apan from a possible 
Phoccne glaciation. only clirnate changcs of modcrutc amplitudc are docunu:nted during thc first half of Lhe 
Quntcmary. 

BERGER, W lf .. BICKERT. T , SCIIMIDT, JI. & WEFER, G. 1993. Quatcmary oxygen isotope record ofpelagic 
foramuurcrs· S ate 806, Ontong Java Plateau In (Bergcr. Krocnke, Mayer ct al., eds). Proceedings of the 
Ocean Dnlhng Progr:¡m, Scicntific Results. College Station, Texas. Ocean Drilling Program. vol. 130:38 1-
395 

MI.!TTONI, G .. CARCA O. C .. GARZANTI, E .• GHIELMI, M .. PICCIN. A., PI l. R .• ROGLED I. S. & 
SCIUNNACII . D. 2003. Onsc1 of major Pleisroccne glaciations in 1he Alps. Geology 3 1(11): 989-992. 

RA V AZZI. C. & MOSCARIELLO. A. 1998. Sedimentation. palaeoenvironmental cvolution and time duration of 
earliest Pleistoccnc chmatíc cycles in thc 24 . 56 rn FM·core uuerval (Leffe Basin, nonhem Jtaly). 
Mcdcdclingcn Nederlands lnst ituu t voor Toegepaste Geowetenschappen 60: 467-490. 

Pollen analysis of the Pleistocene lacustrine succession of Piimico-Sellere 
(nortbern ltaly) 

Rossl, 5.1
; de Beaulleu, J . L. 2

; Brauer, A. 3
; Ravazzl, c.• & Rellle, M. 2 

1 Di p. di Scicnzc CC.FF. MM . Univcrs iw degli Studi de ll ' lnsubria. 22 100 Como (ltaly). 
1 1MEP (CNRS 6 116). Faculté des Scicnces St. Jérdmc. 13397 Marsei ll e (France). 

3 GcoForschungsZcntrum .. 14473 Potsdam (Gcnnany). 
'CNR IDPA . 24044 Dalmine BG (lta ly). 

""lbc Pitlnico-Sell~re Basin ncar Bcrgamo (calcareous Prc-Alps. northem haly) represents a unique 
enviran menta l record, covcring an cntire intergl3cinl predat ing the Holocene with an annual resolu l.ion. This si te is 
known sincc the middle of 19th ccmury. mainly for the exccptionally wc ll pre.served fossi l con1ent (flora and 
fau na) . The lacus trine deposits wcre considered ""'thc bes! examplc of thc Riss· WUrm interglacial south of the 
Alps" (LONA & VENZO 1957). In 1998. an intemationa l working group (Pianico-Sc llcre Worki ng Group) was 
creatcd .. For Lhe fi rs t time the site was invcs tigated with a multidisciplinary approach, including polleo analyses 
(ROSSI2003). Our rcsearch lcd us to define the biosLraligraphical and cli matostratigmphic.al units (ROSS I 2003). 
The scdi mcnta.ry scqucncc outcrops along thc Borlez.za River and includes lacust:rinc dcposi ls. dc fin ed "Pi~n ico 
f'Ormat.ion" (MOSCAR IELLO eral. 2000). The Pihnico Formation consisrs of 4 lithostral.igraphical unirs, which 
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un11 >tepbr;l b)<r" Pf<'CD~ d.r•cd !>)K-v _t -9"' IJ 
A h•gh-m<>luuon p<llko J\,, ol _ 

~\l0.3.l \eg-etJU(J[J hut..""ll). fn tht kNet ¡un o( tbt 
lllr:>O-tbamopb¡lúu> " >.lbn.b nu,cJ . .,.· nd homt-am " •mh 
percttiUbO of B~tud 1nJ1 te 1M prc. n .. :c of 1Jc·di~tnbutcd B.w.nu frnna 
., m!Crgb<lal pcnod (l'l.ln~<o.\ellere mr<rJ:U.: 1~ -.b< • ka~th" < u 
COUDUDf "'J"h: IDtaghdU I..S IDlemJptC'd ~ .!n lhrupt lJhJ han ... 'f."lkl in. l 0n lbt: lr.. ,lbc." pt: 't\ 

altcmaung phobt'!) domtn.aJcd tn twn b~ !'u w. lkruln. Pil r.1 fonn.It.K'Ih \lotth 'terJ'( ~ .. ,lJ.D.;i: .. cJ t"-) M J. 
lccntd forests \'at"\c C\:lUDUng pfU\hk~ tht UolC" 'Jlan r'"-rn·. "oteJ t't ca.;:b N, .loJ "~td !,.t Jcfm thc 
dur.uion of the 'cgeuuoo ~h.tngcs Thc tr.tn .. uh."'-'1" k1;v.("('U dJIIC1cnt f.:MJ(h'C'I :tv-c:mt- , ...... 1Ir!'N «.'\ ... '· 
300 yen. 

Tbe mt~lacial rcprocotcd b) thc \OIF'\l~ ~'-Jucnet· hb bccn tc:m.1Uhl~ ,·~l.lttJ \Uth 1~ 11\.lnElc 
Ol.) g«.·n 1Wlople >lagc \ 115 1 q and ""'llh lhc Cromcnao ,,:ompk\ l'f th<' ... )llhDmt.al ~trahp3ph) Our ~l.t rcrrt. nt 
30 imporunt conmbution to the ln \\IOOc ofth1~ pc.xw-1~ lno"n ~t"ol.;-.g~<.: J pcn..:~ lnJ h1~hh~ht lh l"""lt'ltht~ h..\ 

detcct mmor hmauc nucluatioo:. m thc Pdni.:-o-- ·enm ),u..: ·c~:-.loo 

BRAL'ER, A 1999 Rap&d t"nnronmcnul nu~t~IIOO\ anJ thc:"lr rt"llUt)f'llll ('hmal(" \'3fl.ththt~- n IDH"'llplton tll 
vancd lake sediment records l"npuNishai h.Jt't•ht:t.tion th :i:l t'nhC'f""lt~ f J b.J.lm. Jn.,tltUI(' t.lf 
Geosciences. 196 pp. 

LONA. F & \"E.'\'ZO, S 1957 L.t MJllon mtl!rglJ.~Iltre de PtJn1co- ~!llt-1"(' 'NJmcnh bcu..,lrn l tnH.:nl\.t.J'\'C'~ 

a\·cc ph) lhtes et pollen . de Punaco t"n pro,tnu d~ Rcrglm.1. In A:\, \ \ Cuide de la tt~nl\' F ' rursion 
Ph) togéogra phique Internutionnle .. \ lpb Orientnl~. pp. ~9-ló hututo IWunico. Mf('nu· 

MOSCARIELLO. A <1 al. !000 A long la.:u;tnne rn:onl from lh< ~~~meo·- llcr< JJ.,m (~llddle L1i< 
Ple1stoccnl". Northcm haly ). Qusuern. Jm . .,.,,n..¡ .f'L68 

PINTI. D L ,., al 200 1 K·Ar tbung of an c.lrl) Mtddlc Ple¡st()Cene .1ge d1-..1al tcplua tU tht lnh'tf.l.ICIJl \Jnc..t 
succcssion of Pianico (Southem Alps. hnl)). Eart.b Plnn('L Sd. L{'tt . Rl9. 1-7. 

ROSSI. S 200 . Annlisi polh01 a dc-lla cqurn1.a la;:usl.f(" pka\IOl."C'n1ca d1 l~imc:o-S~llc:rr (haha). ltahan·Fn-nch 
unpubh hed PhD thesis. Um\ drgh Studt d1 MaJano. :!91 pp 

Tinúng of "egeta tion change during thc penultimate wa rm tage 
(nús 7) in Southern Euro pe 

Roucoux, K. H. 1
; Tzedakls, P. C. '; Shackleton, N. J 2 & de Abreu, L1 

1School ofGeography. Umversll ) ofl.ccd;, Leeds.I..S! 9JT. l !K 
2Depanmcnt of Earth Sctcnees. Godwan L1boratory. Utuvcrsity of Cnrnbndgc, 

New Museums Sllc. Cambridge, C l3 2 3SA. UK. 

A ncw d,:cp occun scdnnent con: from thc Portugu~.:~e margin (MDOI -2-143) ha~ cnahlcd u~ to gcncrntt 
the fir.a po lleo record of vcgctmion dcvclopmcnl in southcm Portugal during the penulumate wam1 stngt·. Mnnnc 
lsotope Stagc (MIS) 7. In .~iru correlation with thc marine proxy rccords of ~ca surface tempcraturc ilnd ict 
volumc, gcncratcd within the s:une core. pcnnit thc di rect asscssmcnt of phnsc rclallon~ht¡>s bctwccn cllmatc 
changes and the vegcta tion re. ponse In th1s way wc bypas thechronologicnl uncertaiOtiCS inhcrcnt in corr~bt i ons 

that rnust rely on absolu te age models. sincc the 1cmporal relationship between thc rccords is unproblcrnauc am.l 
limitcd only by thc rcsolution of thc scqucncc Wc u~c thc land-occan rcla lionslup c~tablishcd hcrc to pla e 
another, this time tcrrcstrial. record ofthe pcnu l! imate w:mn stagc mio thc rn:tri ne straugmphic conrcxt. the marine 
palien record acting as a stcpping slOnc. A ncw core, 1-284. from thc loonnina basin in nonhwcst Grecce has 
provided thc opp011unity to devclop a complete, high rcsolution polleo record of MIS 7. Continuous nnd rnp ad 
scdiment accu mu lation m thi s síte has lcd to thc accumulauon of a dct.alled archive of regton!ll \•egctauon 
deve lopmcnt du ring the glacia l-intcrglacial cycles of al least the las t hal f-million years; work on thc uppcr 100m 
of this cure has already produccd dctailcd records of 1hc las t 135 kyr (Progley et al.. 1999; Tz.cdak.i s er al. 2003; 
Lawson et t1l. in prtss) . l11c work prcscntcd hcrc forn~ part of a prOJCCl wluch :tims to cxtcnd tlus record 10 
cncompass MIS 6 nnd 7 nnd, crucia l! y, 10 corTelate this with thc high rcsolution mnnnc polleo sequence from the 
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mar n l'l:lllal ..W) of !be U 7 me of 1 !M .., cmbk u ID c:twa.:trn>< thc pattml and 
tl<lll ~ ID thc tp<Xt ao COII>Iwuuoas f global d iii\Alac paromc:ocrs l•llllO>phc:n. C1lbon 

fume) tn acb of lbo Ml~ 7 u •• , :ond danfy the rebU\e 'e¡¡cuuooal and chm.mc 

f'l(()(,l.f;Y, M 11 . TZfi>AKI~ , I' C . JH-.A TU:\ ·¡ fl 1-. ( 1'1'191 ( o mate -an hobry rn north,.est Greocc dunn~ the 
Lut ID!cr bt..:aal Snrtu ' • !ls5 1 1 9 

I.AW~O , 1, f·R()()LEY. M , BRYA"I. C, PREECE, R and lZEDAKIS . C Thc LatcgbClal and lloloccne 
cnvmmmcntal h1 uwy of the Llanmoa ba~1n, nonh ··-'~1 Greece Quatt'mo~· Sclt'nrt Rt!' tt'M' j In prcss 

1ZU>AKIS PC . FR()Gl.f.Y, \1 R , HEATO:-.. T HE 1~003¡ La;r lnterglacoal condouons 10 soothern Europe: 
C:'rld~o. ncc from loannma, northv.c~t Grccce Global and Pltult!rary Chm1gt'. 75 1· 14 

Ra t~, cause<. and mechaoisms goYeroiog loog-term pa tterns in plant species richoess: 
cvldcocl' from tbe 320,000 )ear polleo record of Pula Maar , Huogary 

Wlllls, K. J.'; Kleczkowskl, A.1
; New, M.' & Wh ittaker, R. J .' 

1 School ofGeography and lbe Envtronmenl, l :niVersuy ofOxford. Oxford, OXI 3TB. (U .K) 
1 Dep.utmenl of Pillnl SCience;, lJnovcrsuy of Cambndge, Cambridge, CB2 3EA, (lLK.). 

f"'r too long there has bcen a major gulfbetween models used lO idenlify and understand thc proccsses 
and mcch,tnism~ goveming spattal pattems of p1ant specics nchness and 1hose goveming temporal pattems. In 
many spa1ial model~. the temporal sea le 1S nt worst ignored. at bcst thc assumption is made th:H thc data is too 
coorM: 111 sca.le 10 provtdc any meaningful ecolog•cal re. .. ults. In tempora l models, thcre are far too many cxamples 
wherc modelhng of the long·tcrm fossa l rccords ha ve focused cntirely upon lheir use in c limatíc reconsttuct ion 
wuh hule or no anenllon pa1d rhc O\ierall pauerns m spccie:, richness observable through rime. 

ln lhis paper, new modclhng of lhe long-tcrm palaecological data from Pula 1naar, a 3 million-year-old 
crntcr lake tn nonheastc:m llungary (W ILLIS ~~al 1999a, 1999b), will be prescntcd. Thc sedimcnts in this cnllc r 
are exccpuonal 10 that ycarly accumulallon is rccognisablc in the structure and provide a 320,000 year fossil 
record deposlltd between 3-2.67 M a wuh an 'in-bu1 lt' tunescale of annual resolution. This datasct therefore 
rc:presents mulllple temporal changcs m ta.xonomic richness through tune. 

Using models devclopcd to pnmarily undcrstand the spatia l relationsh1p of specics richness to cncrgy 
and water, wc have compared va.riations tn taxononuc nclmess in lhe 320,000 year fossil sequencc to calcula ted 
orbnaltnsol:tUOn (~a proxy for energy), and paleo-pro;ues for water Results from this study indicare tha t such an 
approach can provtde importan! information on thc rclativc roles of wa ter and energy in accountmg for spccies 
richncss through time. lnterestingly. however, resuh also indicate tha t it is not on ly 1he amount of 
encrgy/prccipitat ion tha t affect.s ri chness bu t also the ampl tt udc of the varialion. 

111esc results ha ve imponant implications for understanding both thc rc latiouship of prcscnt da y spccics 
nchncss to chm:nic va ri ables and a lso for predtcti ng fut ure trcnds with increas ing varia bi lity of climate. 

WILLI ·, K J., KLECZKOWSK I. A & CROWHURST. S.J. !999a . 124,000-ycar pcriodic ity in tcrrestria l 
vegernoion chnnge during the late l'lioccnc cpoch. Nature, 397: 685-688. 1999b. 

WILLIS. K.J .. KLECZKO WS KI. A, BRIGGS, K M. & GILLIGAN, C.A. !999b. Thc role of sub-Milankovi tch 
c limatic forcing in rhc ini tiation ofthe Northcrn Hcmisphere Glaciation. Scicnce, 285: 568·571. 

264 Polen 

ion h6 

TAPHO:\O~IY .-\. ;u AR H.\ E LO , 1 \ L PAL\ , Lt G\ 

crcts of the Bilge: Piedng Jogelher lb " krobo tan i a l Rr malru 
of n 3.300.) ear-old , hip" re lo. 

DeBono, N. G. 

Tht tluburun ~tupv•m::l W3!> found 011 th< \1Nstann .ut ~'l.L't el! 1\Jü..~~ nc:.11 lhc: m..~ t Ytn N 
Kas E.<e>v>uon onductcd from 19 '~ l~ 19<l4 une." cm! J "<>!lb,,¡ attrl3<b th31 pn>\lJc "'"""' '""~' mt 
the sea-borne: tradc of thc: La~ Broou A~ !·\rnt"ng th~ \;anou' .tnu.a~h rompn'm,g ~ .:u~\ \\t'f(' ~'"' 
rectJngular- hapcd. 'nthtdc: ' tngots of pwr 4.."\-.pper. "tu~h v.erc lll rtto\'<"red 0\tr tbt fi'ltl..r-~ ,,( th tt"n - ~ ;tr 

ucavation campl•gn. more: Lban 100 mtcrobotlnt~al d.tmcnl wmpln v. ~ coll ~~ Ín)l'tl thC' \\T...: ·L. uc: ~' th 
c~ca,·ators for later p.alynologtcal anal)~l!>. using thc t«hntqu~ outhntd h) Wetn:""~tc:tn ( 1Ql)6\ and (ft..~ and 
Bryanl (1001 ). Of these. thtrt)' \\ere! :b~oci:Hc:d \\,lh cop~ O\ hade 1R$;l.lCS Tht::t( thlrt) 'it'dtlllt'nt • mrl rcp~('nt 
m.:ucnal found matnl) sand"i hcd ~m~ the mgOb. mdudtng dunnJ~. or pl.1nt mollmal u'N for pad..l~tng. 
and cushioomg lhe mgoc.s and Olher anafa t The O\hldt" m~Ob lho ned as balb~t flv thc \htr. ,,1thc ,C"\hn'k'nt 
samples are thought 10 ha ve: lx·cn m direct conl3t"t "'lh ".ltl"r ami dctntu, found an thr sht¡f~ b1l~(' Ooc hllhe 
anoxic cnvtronment cre:ued by thc pre~encc of coppc:r m such largc quJntiUt::t. unu~u31 or¡;ant rtn\.ltm. sth:h a 
murex opercula wcre found among thc mgots (J~laL.. 2:001 32). Pr'thmtn:tr) :mRl)"-IS. ha. a...lnfi~ 1h.11 thc 
sedtment samplcs from lhc oxhide. ingoo al-;o COIH.ltn "cll-prt~Cr\'ed bot.101 al nuu('n:tls , mduiling JXlllcn Onct" 
all tbe ingot samples ha\'C. beco analyzcd. pollm types and oonccntrahon~ "'11 be ploued JC'~., the- "m.·L ~HC' tu 
detcnaunc tf any correlalions \\Hh Olhcr arttfact.s: may ~ gener:urd S1nct thr mgot .s:amplc_ con1r (rom a 
contaminatton·cornpromisc:d envuunmc.nt \\ht h ts .:liso anoxsc. a complete anai)SI of th.t~ ~lfOUJl of ~1mp~\ 
should provide a substnntial background ponr:~.u of pollen ta'(a to wh1 h the specrrum of '·"a from mort srcurcl) ~ 
contained samples could be comparcd Such a comp:arison also "-111 ttllo" issu 5. of contammahon oa lo" 
preservauon in cnam cargo contnmcrs to be more accuratcly add~ed 

GORHAM. L J) AND V M !lRYANT 2001. J'ollen. l'h)tOhll». and other Mocroscop1C PJ.ont Remams m 
Underwatcr Archaeology. ltJtemmional Joumal ofNmmcal Ardrat'olo.~,. 30(2):::! 2-29R 

PULA K. C 2001 . Cargo of the Uluburun Sh1pwred and E'·•dencc for Trade wuh thc Aegcan anJ lleyond In /rnh 
and CypmJ in Amiquiry 1500-450 BC, ed11ed by L. Bonf:mte and V. Knra~corgh•s . pp 11-60, ict~1a 

WEINSTEfN. E. 1996 Polleo Analysis of Undc:rwatcr ttes In Palynology · Prinr1plt'.f and A¡Jpltcmwtr, , rdttcd 
by J Jansonius and 1). C. McGrcgor. pp. 919·925 . vol 3 Amcricnn Associnuon of • tmugraphlt' 
Palynologists Foundation. 

Archaeological plant resios in the Mcd itcrrancan : Polleo extraction and analysis 

Marshal l, O. M. 

Dcpart mcn t o f Anthropology, Texas A&M Univers ity. 77843. Collcgc Stallon. Texas (U . A) 

Shipwreck sttes are known to be a wcalth of mfonnat1011, ncvcrtheless, more avenucs are ava1lable for 
c loser examinalion. Found on some shipwrccks are amphora rilled wilh vanous typcs of rcsms u~cd for trade , used 
as a scalantli ning thc inside the amphora. or resins uscd asan add tti\•e to navour sorne foods. such as wme. Rcsms 
are plant based and due to their composition are high ly prcservablc. Pollcn trapped in rcsins can •denufy the type 
and origin of the rcs in sample. However. rccovering foss il polleo frorn rcsins havc prcscn tcd a mynad of 
problcm . Rcsins are dis tinguishcd from lat and pitch by lhe purity of thc sample and thc plan! source from wh1ch 
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