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CHAPTER 24 

PoUen Paleoclimatology in the Mediterranean 
since Messinian Time 

Daria Bertolani-Marchetti l 

A schcm:u ic recon~truclion of cl inml ic changes in the Mediterranean may be carried OUI Ori 
the basis of pollcn. Rcscan:h un che Me~~ini;m ~crics rcmain~ incomplete. although !>omc 
vegetal iOrl bclts have bccn identitìed as re lmcd. nrst. IO a sublropical dry climale aod then 
to a cool periodo pcrhap~ rclalcd in MJI1lC mannef with n glacial fron l. Uppcr Pliocc nc 
glacbl evenl~ are known . and indic,llcd by p,llynoluglc;l1 evidence. A point or conl rovcrsy 
i~ [he Plio-Plcisloccnc buundary. u,ually idcntified by [he mlgralion or"cold" markeN in 
the Mcditerr:mcan. Accordi ng lo the mu'l fecenl hrpOlhc,i~. Iheir migration W<l~ caused 
nOI by a ,ynchro noul> buI rathcr by;i prcviou~ c.ooling c llmale pha~e. The disappcllr.mce of 
ta"'11 \uch lIS SrùlClopilV.1 am.! TnwdiwlI i~ nf nnle. Thc Qualernary gladal anù IIIlerglacial 
cpochs record di tl'crenl palynologlcal fcalurc~ In the Medilerranean ~ I rea: Colli front a~
semblage~ in thc non h may corre!>pond lo "pluvial" oncs 111 the 'òoulh (c.g .. Greece. hr.lcI, 
Nonh Africa) wilh e'lception~ relalcd IO Ihe pre~enee of mountaill' anu di:.tance 
frum the coas\. COIIl>cqucntly. an ulternJ.llon of g!cKi;tl ~ICppe" ami eool fOT\."I~ wilh 
temperale forest\ occur~ in the nonh. whi1c Il) the ~ou lh glacial-relaled wood a~~cmblagel> 
may occur in succesl>ion wilh xerophYlic ldry conditionl VC];CI<llioli. Panicular cOIl',iucr
allon r.:an Ile giVClIlO thc la)l lIIlcrgladaltRJW). whlch rresent~ a mdd-wet cllm:!tic "Pon
tic" r h;l'c: [h" la Iter i .... uhth"ided into t\\O p'lrh. Il i, po~siblc IO de nOIe palynologlcal 
changes in rclatlvely recent tlme rcl;ltcd lO .. mali cltmalir.: v<lrialion .. : oscillation~ likc th{)~e 
of the f)rwu and orhcr ... hllWCVCr. appc,lr ic .... well nt;lrked in the Meditefranean arca. 
l'ollen dù.grams rccord Ihe appcarancc or cul l i"<lled pllml .. during the poslglacial opli1llum. 
Thc prc .. enl charler is IIItcnuco a~ :t .. ynthc'l" ùnly. with partlcular attcnlion p3i(l l0 Ihe 
Ilalmn rcgion. 

Int roduction 

Palynological research has been uscd hi~tori· 
cally fo r Ihe imerprela!ion or thc vcgcti.ll ion 
record and. consequently. for analy~is or palco
c1imales. The interprel<llion 01' palynological 
dala rcquirel> a good knowledge of Ihe pre~ent 
world vegelal ion. and some caut ion i .. necded 
bccau~e of local ecologie fac to!"'i. human <tctiv
ity in nuencing recenl laycrs, polkn tra nl>rortcd 
from dislan! areas. and othcr such raclor~ timi 
m:!y mask sl lictly clima!ic fca t urc~. For exam-
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pIe, !he rise or the All1l1s curve in the Po plai n or 
ltaly can be rela led lO changes of Ihe Pa River 
course, with bank and meander hygrophylous 
(moiSI) environments. The effects of fire and 
cultiva~ion by prehislorie man are also recorded 
in palynological spccl ra. The natu re or curves 
in pollen diagrams may also be alfected by a 
natura!. free·rrom·cl imale, evolulion of piani 
assodations. Reille (1977), fo r examplc. poinls 
oul (haI a flattening and a depression or pallen 
curves may correspand, respectively. IO a 
c1earing or a Ihickening of foresl manl1c. Ros· 
signol (I961). Rossigno[·Strick (1973), Sowunmi 
(1981). Saad and Sami (1%7), Rossignol-Slrick 
and Duzer ([979). and other aul hor~ give cxam· 



ples of the com position of pollen "rllins" re
lated to actual coa~tal cond ;lion ~ o r scdiment s 
in coas tal CQres dcrivcd frum mounlains and 
plains spread aver a wiuc arca. The y distinguish 
Ihe pcrcc nlage ofthc •• lIochthonou::. and autoch
thanou ... grain ... and dra w IOfcrenccs l'rom map ... 
"howing the di'itrihution o f vegetai laxa anu of 
pollen gm in s. Obv.ou~ly. the prc,>ence of polle n 
l'rom a lemperate to cool beli may have :l cli
malie ;lOd/or :ln altlmelrie ... igni fica nce. 

Wc ean draw a rather coherent trcnd. s lu rting 
from the late Miocene. beeausc al (hai time veg
cla lio n was already " mooern," i. e., .. peci es 
werc present in the Medite rranean arca thu I IO
day live in othe r regions. Thc Mc~sinian salin ity 
crisis influeoced b iota ilnd c"olution more 
s lrongly than did thc glacial pcriods. and Ihe 
subsequent changc::. nmy be v;cwed in generai 
as migrations or local di~tppearances. 

It is noi appropri ale here to oUlline the resul ts 
of palynological investigations in a comprehen
si ve manner bec1I uo;e in the Med ile rranean wc 
have fcw refcrences for older epoc hs (I ikc the 
Me 'isinian) . buI man y more for thc last glacial 
and po::.tglacial ones. For cli matic reconlotruc
lion it is important lO work on thc bas is of gen
erai features verified by intcrdio;ciplinary ~Iud
ie!>. incl udi ng palynology and uther noral and 
(a unal investigations a::. pre ... cnled in thc other 
chapters of Part IV of th i.., volume. 

In March 1980. at Erice , Ital y. the Fir<;t 
Coursc of thc Inl crnational Sc hool or Climatol
ogy was held (papers reccntl y publi ~ hcd in 
Berger, 1981 ). Berger (p. XVI) su mmarized as 
follow~ from the lectures or pllrlicipaling au
thors: "The temperature of thc globc ha .. unde r
gone a progress ive rcduclion during the Ter
tiary era ; during thc middlc Eocene. the 
temperature at high latitudc wa::. about 15" 
fShacklelonl. On a hroad .... calc.thi .. rcduclion in 
temperatu re may be rclaled IO cont inental dis
placemems by plale tectnn ic~ (Oh i I). However. 
Ihere is al so evidcncc for higher frequency of 
climatic changes. with characleri stic period!> or 
the order of 10\- 1011 years. Thi s could be related 
to changcs in the solaI' radiation due to a~ tro · 

nomical forc ing . as is evident from thc waxing 
and waning of the great ice-shccL::. during the 
Quaternary. Evidence l'rom oxygen botopes in 
deep-sea (Duplessis) and ice corcs (Dansgaard). 
which reHect on bolh ice volu me and sca su r
face lemperatures from lran<.;fer functions (1m-
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bric), and from pollen am] ~oil analysis in lan d 
cores (Kukla). converge to show that 17 giaci al
interglacial osciUations occurred during the last 
1.7 x 1((> years. Climat ic models using a new 
astronomical expansion of the o rbital elements 
01' the Earth and non-linear feedback have pro
duced curve s in phase with geologicaI data for 
part of this lime interval (Serger, Imbric)". 

Extending back the evolution to the lale Ter
tiary. on the one hand. and to hi~torical lime on 
the other. wc can bring into c" idencc thc most 
importanl reatures applicablc lO Ihc Mediterra
nean arca. Wc have backgrou nd inrormation o n 
Italy and Grecce (publi shed lInd unpubl i ... hcd 
data), T urkey, Is rael. Egypl. and so on, and 
data from the Deep--Sea Drilling Projeet (DSDP) 
emises in the Mes:Iiterr3nean Basin. Someof the 
more important characte n stics of climate and 
vegetation are considered hercin: for thc Messi
nian ; the Plio-Plei stocene boundnry; the difTer
enl gladal and intergl ac ial osd llations in thc 
northcrn and southern Mcdjt erran can: und in 
postglac ial t;me. Thjs c hapte r i" to loer"c a~ a 
synt hesis and also a~ an introd uction for th c 
earth scientist who has no palynolo}!ial train ing. 

Messinian Time and the Pollen 
Record 

The Mess inian compri ses the tim e-span be
tween the Tortonian ,md the Pliocene. lt ;s 
characlerized by so me unu~ual geological. bo
tunica!. and phytogcographic uttribute~ and re
ccntl y hus bccn the ~ourcc of much di ... cu::.lo ion. 
particularl}' with regards lo a po..,tulalcd .. al in ity 
crisis in volving partial d e~crtifica tion of the 
Mediterranean area. Cool or wet and warm cl i
malie conditions remain a source of con tention. 
Palynological rcscarch could provide some im
portant information on Ihese lopics buI. as yel, 
th ere are insufficient data. Thc sa linity c risi!> 
cnn perhaps be related to a lowering of sca-Ievel 
related to glacial periodo;. The Mediterranean 
may have been dry (even ir no t completely). or 
at Ieast reduced to several basi ns (LaKo--MlI re). 
Thc vege tation inevitably INould have re
sponded IO such marked climat ic and environ
mental changes. At the International Collo-
4uium llll MC\o;inian c"cnh in the Mediter
I (lncan . hclt.l al Ut rccht . Thc Nct hcrlands. in 
Man,:h 1971. a generai oplnlon was voiced 
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Ihal Ihc Mcssin ian (la'\ti ng abulIl I miliion 
yC<lrs Im.y.n had a warm clirnale in thc ear1y 
stages (hai "i ubscqucntl y dctcrioral cd IO a gla 
cial Iypc. Thc vllrioU' .. ~cdimcnlary :.cquencc:. 
invc .. ligalcd. orten lack ing ah),ululc dating. 
ha ve nOI becn provcd chrnnulngically ctlmp:Jfa
ble In a rigorou s manner. I hi ') ma}' e>.: plai n why 
wc fi nd dilTcrcnl ch matic-vegctallonal l'cature ... 
~omc or which are noi only depcndcm o n 1011 1-

ludc and ol hcrs which are lIcpcnuc I1 1 on Iheir 
chronological posilion in Ihe Mc ..... ini an reconl. 
Severe condi tion s l'or plants ma y have bcen re
ulil.ed under CX lrelllC cold. or dry-wnrm c ll 
mal e .. . In con .. cqucncc 11)(';:11 vcgc!iltion . and 
nOI on ly migrat ion .. . .. hOlllli he takcn in[o ac
coun t. 

Bocquct and ot her .. (1978) pre .. cnt a nc\\ no
ristle model for the Tyrrhenian BaSIll during Ihe 
Mess: nian and depict migration pat hs (hai could 
have occurred under suc h paleogeographic 
conditions (Fig. 24.1). Thc lir),! palynological 
dala for Mess inian nori"'lic cvcn t~ . puhli .. hcd hy 
Berto/ani-Marchelli ( [962. 1968, 1972). conccrn 
the "Formazione gessoso-soHircra" or Ihis age 
in the marginai facies of an evaporitic basin 
near B%gna (Emi lia) ami Call ani~ ... ctta (S ic
ily). Il is noled Ihal in thc Oologna sediments 
there is a ricber piani ;'lssociation. characterized 
by the Tsuga-Cedms compie>.:. related to a cool 
climale Iypical of mountain belh. Thc finding 
or rossil wood rrom mounlain roresl!o.o such as 
Picl'a in thc marly layer .. con firm thc presence 
of an upper elevation vegetallon belt. which 
/owcred during a cool or co Id climatic wave. 
Thcrmophylous p/ani li prevail in thc ~amp/ c~ 
rrom Sicily suggest ing a d ry-warm chma tic sce
nario. 

A deep pollen level (-113 IO 120 m) in a bor
ing eollec lcd ncar Monlegrotto (Bertolani-Mar
ehell i. 196 1) al the fool of thc Euganean !-lilb 
(Padua. ltaly) i!o.o a conch-rich lagoo",II mari ra
cies. dated Messinian on a palconlological basis. 
Thc vcgctation incl ud e:. horn hcarn wood with a 
probable overlying conirerolls be li: thc ba ... al 
environment is bracki~h. Ihc climate modcr
alely warm. 

Pollen and phyllites in Messillian clays have 
rcccn lly becn sl udicd al Carbonara Scrivia ncar 
Alessandria-Picdmont (Balduui cl al" 1980). 
An allempl has becn madc IO reconst ruct thc 
elimatic be lts on the basis of vegelation. follow
ing the scheme of Socq uel and ol hers ( 1')71:1). 
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Fig. 24.1. Reconstruclion or vegetation belts and 
rhelr elev<luon In the 'l'yrrhenl<ln Ba .. m dunng thc 
Me"lntan . acconJing [O the data 01 Her[olam-Mar
chcni am.l C il a. 1975 unù Bocq uct cl III.. 1978. 

Thc~c aLllhor:.. improperly using the lerm 
"zone." recognize. from the fto ri!!tic fi ndings . 
ge nerai te mperate-hot climatic condi!ions. wit h 
variations of microcli matc anu /ocal ecologica I 
condit iun .... The relat ion .. hip belween these 
findings and the vegetation belts does not coin
cide exacll y: eoniferous forests may have 
reac hed a lower leve! during a cl imatlc coo!ing 
ph:t .. e. 

Marl y beds of Messinian age near Conegliano 
Veneto (Accorsi and Gamberini. 1976) contain 
a notable amount (aboul 28%) or T(lXOlJù/cl'lIe 
and 7% mcdiocrals (MyriclI. Lelk.o!)(I. Cw:ra). 
Thirty percent of the speclrum belongs IO 
PÙIIIS. The temperate-cool climate may corre
spond IO a degradation of climalc in the late 
Mioccnc. Other S<tmplc .. :. how cond il iom, tend
ing towards warmer (with Plar;cm:w/ and 



Zelkoll'(/) or eooler oscillations (wilh l'iII/H, 
Abies, Picl'{/, CetJru,~, LlIrix, ,md ti negligi ble 
amount of Taxodiace(le), 

lnterdi sciplinary mieropalcontologieal in ve~
tigations, including some summary pallen anal
yscs llnd studies of slablc oxygen and cll rbon 
isotopes, wcrc carned oul on ten eores from thc 
Lombardy plain in nor1hern !taly (Cila CI al.. 
1978). The sequenee includes sedimenls from 
upper Oligocene IO upper Pliocene. Pollen anal
y~ i s was earried OUI on "!trongl y pretreatcd ma
terial and did nOI permit Ihe propo::.ed hyputhe
sis pertaining lo climale and generai conditions 
in the Messini an to be ve rified. Il is IikcJ y thal. 
after sam ple Irealment, a preferenlial selectioo 
of the more resishlnt grains occurred with eoo
sequcnt alleration of vegctatiun features. FUI" 
example, the thick-walled grains of Chellopodi
(lc(!(/e may not ncccssclril y reflect a true majol"
ity related lo li steppe climate. The author does 
not disl inguish pines into the two type~ ('·'w
p/oxylofl" and '· dip/oxylofl' ·), which are easily 
ditferen liated by the bladder inscl1ion. MOl"e
over, the first type nced not repre::.enl a conI 
climate . In fact, when it is possible IO make 
percentage counts. the rat io of "dip lo:rylfm " to 
'·'wploxyloll" increases with <In improvement 
of climatc. Although thls simple classification 
was nOI carried out, it was possible neverthc· 
less to iden tiFy genera and spccics of pollen 
grai ns on the basis of formai mcthodology. 
Moreover, the prese nce of grains of different 
age in the sediment s was ex plained by rework
ing from older layers. 

Bcrger (957) and Trevisan (1967) examined 
thc macro- and microflora ofGabbro (Livorno. 
Tuscany) in a sediment cyclc inlerpreted as 
Messinian. An average pollcn spec lrum i~ 

drawn by applying the formai melhod for pollen 
cJassifìcation. Affinity with living families or 
genera is determincd. The Gabbro deposils in
dicate the following: (I) bank \V00(]o., ;:md 
scrubs, with TaxodÌ/l//1 ;md olher marsh laxa; 
(2) warm and moist subtropical eve rgree n fore .. 1 
in a damp lowland ; (3) temperate·dry oak fore<., 1 
together wilh .. ome PÙlllS and Sequoia. far from 
a shoreline : and (4) dry lighl fore~t. 'iavannu. 
aod shrub steppe , with evergreen oaks. arbore
ous LeRuminosGl' , and so on, probably rclated 
·to a wide dry hinterland or upland . Aceording 
to Berger, thc data indIcate a nllher dry sub
lropical climate, \Vith searee moist air. Thc hy-
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grophytes lived In the lower land arcé1~, in 
brackish water. Thcse conclu ~ ion ~ lend to sup
port Ihe arrange ment of vcgetat ion belts paSIU
lated by Bocquct. 

A sampling of Tortoniao and Mcssinian lay
ers was al so made in a l<occt ion near Falconara 
(southern Sicily). Pollen analysis was lIseful 
only for recognition of carly and middle Torto
nian horizons (unpubli shcd data). 'l'he amount 
of grains transported by wind is indicated on the 
basis of the Poacellt' + SaC("(lWC curve. An io · 
erease of Ihese cOlneides with nn increasc of 
cool fore st pollen. This di slribution rcsults from 
an clevation difference rathe r than from cli
matie detcrioration. The diagnun may indicate a 
subtropieal, mode ralel y moisi or dry climate. 
with warmer cQndil ions in the lowcr aod uppcr 
parts of the grdph. These events precede tbose 
affccting overlying sterile Messinian strata. The 
siluatio n al Ihis locality differs from Ihnt of Ihe 
gypsum seetion near Bologna. 

Some Andalusian upper Tortonian ami Mes· 
sinian sites (southcrn Spaio) have been studied 
from a st rat igraphic viewpomt (Jan Du Chene. 
1976) especially with rc~pccl lO Dillophycl'{/I'. 
Large quantitics of disaCC(lI(le pollen " ,ere 
transportcd by the wind. I!~pccially pincs C'ha
ploxyloll" and '·tli'Jlo.\)·lon·'). The presence of 
TS/lga, Olellceac, a nd U/ml/S typc grains in 
small numbc r is also ootcd. The pollen flora 
found was not sufficient for a reliable interpre
lal10n of the coastal vegetalion SOlI. 

Subbasaltic and interbasaltie fresh-water dc
posits were investigated al Mirabe l (Coirons. 
Ardèehe, France). A radiomctric ate of 6.4 .:!: 

0.2 m.y. was delcnnined (Naud and Suc, 1975). 
In the subbasaltic layel" are found pollen com
plcxes rich in arboreous planls. indicating li 

coastal vegetation (TaxodillCC'(Il'. P lt'rO("(/l)'lI), 

hinterland Iypes 00 dricr soil, and. la~ tl y, an 
upper coniferou s belI. The climate probabl y 
was temperate-warm and moist. The interba
salti c association suggeSls an arid environment 
on Ihe basis of a change of facics and/oi" by 
drying of climale . It docs not seem pos~ible to 
establish a conelntion wilh thc Mio-Plioccnc or 
the Rhone Valley (Mehon-Vilain , 1970) where a 
progressively moisler cl imate prevailed in the 
Tortonian and a dricr one in the lo",cr Pliocene. 

Within Messinian evapori te scctions of the 
Paghi sect ion (Corfu. Greece: IIcimann and 
Jung, 1976) are marls, areniles. :md chemical 
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sediments organi zed in cyclc5 thal may be unrc
lalcd lo climal ic o<;cill ation<;: thc ac;,<;ocialed flo
ral macrofossils reftect uniform climatic condi
tion!-l. Thcsc find ings, in the aul hor 's opinion. 
are much more localilcd ant.! Ihu.., le~~ .. ignifì
cant Ihan the pellen data. 

Detailed palynologica l 'iludr \\a.., carricd out 
in thc lo",c r A,<io!-l Vallcy . Centrul Macedoni.\. 
Greece (Sauvagc and Mercicr. 1%6). Di~cu~
sions ,,1il1 revolve. mostly. about the fl Orislic 
composition (with 5carcc Tcrtiary l<l'la) rat her 
than aboul c1im atic and elevat ion considera
tions . It is possiblc lo cl1vi~ion a higher conifer
ous belt aod a lower. smaller bc ll 01' oak fo resl 
The abundancc of "sacca/a,," and of Cromi
lIeae poUeo indicates a distai origin for a 
part ofthc poUco "!'li in" On Ihc othcr hand. (he 
presence of small proponions of oak and (he 
prc\l·t!cnce of Pilllll' hllf1/o.\O'·/ol! typc OH r the 
silueslris type. suggeslS a m.ld chmale . 

Benda (197 1, [973) in ve..,tigalcd thc Ncogc nc 
ofTurkey and establi~hcd ~ix <;ce liom. with lo
ca l name'l. for the time-span l'rom the Eocene IO 
the you ngest Mioeene. Thc " mlldcrn" comro
si tion of a pan oflhe rollen comrle\.c'l i ~ noted. 
howe\ler. 

Horowitz (1974) provided so me dala from a 
boring near Jaffa . b racI. pcrlain ing lo Ihe Mio
cene and Pliocene . Two samples underlying the 
evaporites. rclaleù lO il hllc Mioce ne regre,,~ 

sion. record dry climatie condit ions as ind icated 
by xeric vcgelat io n componenh Th i" raleocli
mat ie phase preceded !he abuve-mcntioocu 
Messinian evaporitic deptl'iil ion l'or wh ich paly
nologicul informalion is l:tck ing. 

Inve ~t igalions in the Ukraine by Shehek.ina 
(1973. 1975) record a drying of climatc and 
also a lowering of temperature during the late 
Miuecne . 

Analyses .... ere carried out on Mes~ inian and 
pre-Mc!-l!-Iinian samplc., from DSDP Leg 4::!A. 
Sile" 134 (Ba[earic Basi n) nnd 375 (Le\'anline 
Basin) by Bert olani-Mllrchcll i and Accor~i 
(1978). The result s sugge.,t Ihat Ihe climate 01' 
Ihe EHslcm Medi rcrmnean durill,g. the Tono
nian. i.e .. IO pre-Messinian tlm e. wa!-l moder
alely warm (Pimll dip/mr/oll. Q//"rnl.\. 
ZelkQua. Eucomm;l/. /I l/mali/l'ii.\, elc.) ami 
Ihen became cooler (mediocmtic ta xa reduced 
from 15 lO 10%) toward thc end of Ih i.., .. tage. 

Cooler climatic condition<; are also indicated 
ror Ihe early Plioccne. immcdialcly lIftc r rhe 

529 

Messin ian (mcdiocratie taxa, 6%). In Ihe Me!-l!-li
niao secl ions of the core . the scarcit y of pollen 
grai n .. may be related to possible mild and cool 
oscillalions that remaio poorly defined . . 

Fouroflhe five levels examined al DSOP Site 
132 (Benolani-Marchetti alld Ci ta. 1975) re
vealed a rie h and di versified pallen and ~pore 
assemblage of Messinian age. Thic;, flora shows 
a suceession of vegetai assemblages. wilh the 
following configurat ion: ( I) a coniferous belI 
(Piml .\ dif1I .. Abie.\. Cedri/s. etc .) lowcrcd 10-
ward !-Ica-Ievel and a eOll:'.tal vcgetation indica
tive of brackish and marsh en\lironmcnt s; (2) a 
beli o;ti l1 rich in conifers. incl uding Podocarpus, 
Dacn'dium , and TaXI/S. probably ove rJ ying an
other beh eompris ing the uppermost parI of Ihe 
ba .. al leve I. with hardwoods such as Q/lercl/s , 
Zelkoua. a nd CClr)"lI . and an ahundant 5hrub 
vcgelation 111 plain mar .. hes and moor .. : (3) .. Ii Il 
anothcr beli overlying the conifer zone: the 
thermophylous forest decJ ines whi le 11 rclalively 
brOlld !.irca o f constal fore 'lt io; probably present: 
and (4) t he expansc of coniferou ~ bel t increases . 
whilc Ihe mediocrats a lmost disappear and the 
Chenopo(/i(/cea(! prevail in Ehe gras<; vegela
,iun . These aspects seem to coi ncide wilh the 
temperate-cool. lempcr.tle-wann, and perhaps 
dry climatic conditions chamcteril ing thc two 
lowcr leve ].., . while more .. evere conditions are 
rccarded by ... tratigraphicall y higher "<1 mplc~. 

The Me~..,ini"n. paleontologically. I.., li poorly 
under..tood Ilme-span. A<; di~cu~~ed aOove. Ehc 
Mc.., ... ;ni"n 'ice lllS lo havc undcrgonc two dis
linCI cJimalic pha .. es: Ihe fir~l. probably a warrn 
ilnd d ry "re ll. in the carly parI : the ~ccond . a 
cool :md pcrhaps even col d '1 tage. in Ihe latter 
parlo Thc..,c conclu ... ion.., <t re b .. "ed on very gen
erill trenlh bcl'athe Ihe lap..,e of I ll1 .y. may ;n 
fOle I have incJuded many o~cilla l ion~ 111 addit10n 
to :, prevalcn tl y WOIrTn rha~e ami ~lIb~cqtJent 

cao[ c llmale. 
Mc~..,inian time 'ieem.., tu incorporate u mlher 

homogencou ~ !-Iet or evcnts Ihroughoul the 
Mcd il c rr:mean Ba~in . Thll", nlllch carcful doc ll ~ 

mcnt:lli on I!-I needed to vcrify whcthcr mob.1 or 
~ Iepre condition ~ occurrcd . For cxam plc. Ihe 
apra renI dlversity of en vironmental ~clti ng~ in
dn:alcd by OUI<I (Bcrger. 11)57 ) and pollen (Tre
\lNIIl. 1967) al Gabbro eOllld be li function of 
more local inOlienec.., a~ recorded by ph yllites 
and Ihe more generalized condiliun~ am:Cll11g 
viI.., le r arca.., t:.nll difl'erent vegelat ion he[l .. j 1I1~ 
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dicate(j by pollcn . In any case we are ~Iill 
unable lO e .. labli"h nn accurate .. nd complete 
r.::limalic reeonsl ruc lion for Ihi " lime·sp~n 

(Bcr1olani-Marchetti . 19M). 

Plio-Pleistocene Evcnts and the 
Pollen Record 

Numerous difficultie" are encountcrcd in accu
ralcly dctcrmining Ihc Plio-PleiSloccnc bound· 
ary and thc timc-span betwccn the IWO epoch ... 
Il is nOI alway~ possible IO corrclate mari ne see
tions wilh eontincntal ones. Inlcrprctations 
from foram inifcra. pollen , and scdimenl facie!'. 
lIrc nOI neces~arily rcliablc. l'hc cfTccls pro
duecd by Ihe expansion of polar ice shccis arc 
sometimcs di1lcrenl from , or not sy nchronoLJ'; 
with. those of alpine glaciers. Wilh respec l IO 
ltaly , il should be rccalled that Ihc northern 
conlinental pari was influcnccd by AJpine gIaci· 
alion. whilc thc peninsular pa rt (even though a 
glacial center cxisled al Gran Sa.!>~o. Abruzzo) 
wa.!> inftuenced by and thus in a stricter :o,ense 
more an integrai part of the Mediterranean arca. 
More "stablc" or isolaled environmc nts such 
as Ihose ofthc Po Valle}' or Ihe ancient peninsu· 
lar lakes such as Pietrafitta (Paganelli aod So
lazzi, 1962) or Valdarno do aceur. Admittedl y, 
much information ean be oblaincd from abso
Iute daling melhods , paleolemperature deter
minalion!> , and t'rom palconmgnetic mC<l sure
ments, although magnetic revcr .. al may have a 
generaI signifìçance. Palcontological cri1eria 
(i.e .. ex linclion of cenain mammal or foramini
fcral species, or thc introduclion of ncw form s) 
and sedimenlological and paleobolanical pa
rameler .. are commonly u!o.cd to cod ify thc Plio
Pleistocenc boundary. On pollen diagrams Ihi <; 
evcnl seems lO be idenlified by the diminulion 
of Ihe Taxodillceae curve. An event of Ihi, type 
is nmcd on thc diagr:.tm of the ancient Lago 
Tiberi no. in Centrai Italy, and ca ll ed by Loml 
(1971) Ihe " Tiberian limit. " In effccl, il rccords 
a change of facic s and marks 1hc pa!o.sagc from 
pre-Pleistoccnic vegetai typcs to those in 
which " Tertiary" componenls are Icss evident. 
The Tiberian limil docs nOi have a :.pec ific 
chronos1raligraphic value. bui it does sccm IO 
indicale climatie and ecologie changes thal are 
not contemporancous in differenl rcgions of II -

Dana Bertol,lni- \1archclti 

aly, southern France, Thc Ncthcrland~. anu 
elsewhere. Accordi ng to Zagwijn (1975. p. 148-
149) " it can be hardl y doubted that Ihc Tibcrian 
as defincd by Lona i .. lime equivalen1 lo thc 
boundary bClwcen the Uppcr Pliocene (Reuvcr
ian) and the Pretiglian cold stage of Ihc Nelher
lands." 

The pollen diagrams (Bcrtolani-Marchclli. 
1972; Selli el al.. 1977; Bertolani Marchett i et 
al ., 1979) show the position of the COllventional 
Plio-Pleistoccne boundary. rnarked by the mi
gration of "cold guests" into a long cool. bui 
not cold , period (perhaps the " Iong preglacial" 
of ScII i). 

In l taly, cJayey layers from lacustrine or la· 
goonal environments near Villafranca d· A.!>li, 
Piedmont (Francavilla et al.. 1970), wcre inves· 
tigated in ordcrlo delermioe Ihe age and cli 
matic nature of Ihe Villafranehian type section. 
Pollen analysis rc\'ealed a speclra of cvidenl 
uppcr T crtiary age. with T a:wdiaceae (Sl'lj/Wù" 

Taxodiultl . S(." iadopirys) in as~emblage wi\ h 
other forest p1:.mts such as·Piflll.~ hap/ox)"lon. 
Cedms , and TsuCa, which pcrsistcd until the 
lower Plei~tocene . The lower spectra showed a 
graduai impovcri shment of the Tertiary ftora, in 
successive wide wave~. in acconlance wit h Ihe 
graduai increase of cold climutic fluctuatiom. 

A Plio· Plei!>\ocene sequcncc from Ihe Stirone 
River near Parma. northem Ital y. has been 
studicd ~tratigraphically and palynologically. 
l'he pollen diagram (Fig. 24.2) .!>hows 1""'0 di ,,
linct Iypes of TlIr:odiace(H! (excludcd from thc 
amounl of Ihe Mcdiocrats); The Sciadopil}'s 
type disappeur:. al the time or thc convenl ional 
Plio·Pleistocenc boundnry, probably in connec
tion with a clima1ic dq'ing. This piani nccds 6 m 
ofrain pcr year. The SequoifllTu.wdil/1II o.!>ci1! l1 -
tions are apparently linked IO Ihc evolulion of 
the coa~tline. The climalic curve revt,:al~ a cool 
period in Ihe middle of wh ich appears. fo r Ihe 
firs l time , Arctica islumliCtI , followed by a 
warming up in lwo successive pube!> Ihal mark 
the dominance of thcrrnophy lous flora "ueh as 
Ql/ereIIS , Clln'a. and Carpi",/!>. About 20 m 
abovc Ihe base of1 hc flu vio-l <tcu~trine ~equence 

ovc rl ying the Plio·Pleistocene lagoonal· infralil
toral sequc nce. Bucha and othe r.!> (1975) idell ll· 
fied the Malu yama-Brunncs bou ndary (0.69 
m. y.). Palynological .!>Iudies havc bcen made on 
two similar sequenccs, Ihe Crostolo River (Reg
gio Emilia) and Tiepido Ri ver seclion ncar Mo-
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Fig. 24.2 Diagram of the Ptio-Pleisto-
cene Stirone River sequence (Parma, rr-~~ 
Italy). The loca! palcoenvironmental 
variations are rcprcscntcd al thc Icft. 
The mcdiocrat cune :IS denoted is 
related IO the vegetalion bclts (righi). 
The perce ntage or !'Ìl'({llOillITa.wdium 
(coastal damp forestI and of Sciadop· 
itY5 (related IO a very mmy mountain 
climate) are shown. The disappearance 
of Sciadopitys may correspond to the 
establishment of a Mediterranean di· 
mate with dry summcr~ . The reappear· 
ance of Ta.wdiu/II forest coincidcs with 
chanf;cs or thc coa~tl i llC (after RCrll)

I<lni-Marchctti ct al .. 1979. Rcprintcd 
with perm!\~ i onl. 
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dena (Berlolani-Marchetti and Arobba. 1981; 
Accorsi et al .. 1981). 

A particularly signilìcant section is thal of Ihc 
Santerno River. near Bologna (cast of the 
Stirone, Crostolo, and Tiepido). Specialists 
have examincd the scdimcnt~. ab~o l ute dating 
results, fau na, and also pollen . The latter war
ran!s a more complele review. The mady na
ture of Ihe sedirne nt s does not, far exarnple. 
justify the intcrprelation of Francavi lla (1971). 
Studies of the Pliocene pari of this sequence 
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show à· cJimatic trend lowards lower temper..
tures, with cornparable oscitlalions and pro· 
gressive decrease of Ihe Tertiary taxa. Sciadop· 
ity.f, present ali al ong thc diagram, tends lo 
disappear toward the Calabrian boundary. 
Kukla (1978) rev iscd thc age ofthc Plio-Plei slo
cene boundary based on existing paleornagoelic 
dates and on o,her radiornctric mcthods, and by 
correlal ion with Pacific cores. From Ihese stud
ies il is noted thal the lìrst appcarancc of Are> 
tica islandica occurred in th e Santerno se-
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quenee about 2 m.y. ago while faunal changc~ 
relaled lO eooling had already occurred al 2.35 
m.y . This laller was a period oftectonie aClivity 
in the Apennines. and one affected by c1imalic 
ehange. Correlation between the Santerno "cc
lioo aod a Pacific core seems. in Kukla'~ op in
ioo . to reinforce the importance of thc abovc 
evenls (see al so Becker-Platen CI al.. 1977). 

Palynological studies have been earricd out 
on some samples collccled by Ihe lalc Profe"or 
Sergio Venzo in a scqucnce Ihul ,cem~ lO con
taio the conventional Plio-Plei~toccnc boumlary 
al Le Castella in Calabria (Bcrtolani-Marchelli. 
1976). In the lower Icvels thc nOrd. i~ impovcr
ished by the pre violl~ markcd climatic condi
lions. In each spcctrum Iwo vegctation bclts are 
observed. Tile ha ... ,,1 one records changes from 
a Mediterranean "macchia-gariga" IO a sleppc 
vegetation. ami thcn pcrhap-, cvolution to a 
lighl forest of Ihermophylous hardwooos (Qller
e/H, luglalls. CarplI/lls. ele.). The upper bel! 
compri<;ed a conifcrous fores\, with predomi 
nant pinc~. which formed during the drier and 
warm periodo An in lernedded turbidite. recog
nized as a "marker bed" with a typical Pliocenc 
pollen a~!\cmblage. was erroneously interpreled 
as Ihe last Plioccne leve!. More recen t sludy 
(Colalongo et al.. 1982) has demonstrated Ihat 
thi, ,cqllcnee i~ cn llrely QU31ernary in age. 
Con,cqllcnlly. ~ome floral components or thi~ 
marker bed are denved t'rom oldcr scdimcnls by 
lurbidilic redeposition proce~ses. Morcover. 
aecording to investigalions or Colalongo amI 
co-workers. the placing of the Plio-Plcistoccnc 
boundary at Le Castella leads IO incorrcct inte/"
pretatlons. 

AI Ihe INQUA Congres~ hcld al Birming
ham. Eogland. in 1978. a communication Wil' 

presented on a marine section al Vrica ncar 
Crotone in Calabria (Selli et al .. 1977). This ,ee
tion was proposcd by Selli <I., a polenlial Plio
cene-Quaternary boundary ),Iratotypc. The o;e
quence here is dividcd inlo Ihrec units (Fig. 
24.3). At the top of thc fil"'~t unii (X) appears 
C)'lcropterofl testudo, an oslracod Iypically 35-
sociated wilh cold sea ... Thc Y uniI above il 
reeords Ihe appearancc of Hyali/lOea billl/ClI. I n 
the third. uppermo~t unit (Z). cond itions 01" 
thermic deterioration appcar IO have laken 
piace. yolcanic glass from il depth of abouI 200 
m shows a K/Ar l.Igc uf2.2 ± 0.2 m.y. A large. 

welI-preserved pumice block wa, fuund in the 
sect ion immediately above a sand level con Iai n
ing volcanic ash: thc KlAr age of thc Pllll1ice i~ 
2.0 :!: 0.1 m.y. Thc convcnlional Plio- Pleisto
cene boundary would. Ihcrcforc. fati with in the 
Y unii. At thc ba<;c or thc pollen diagram il eool 
climatc b indicaled (7\lIg(j. Cee/ru.l. Pil/lls. 
etc.). In thc uppcr parI of thc X un it o milder 
c limatic condition... arc indicalcd by two 
rises of the mcdiocrats curve. The climati c im
provemcnl in Y take~ piace shortl y before dep
osition of the laycr containing the pumice 
block. Sub~equently. the mediocrals oceur in 
lowcr proponions. while the termlnocrats in
ercase with some oseillations. The appearance 
of cold forms scems to follow Ihe climatic dete
rioration. but with a cert ain delay. The conveno 
tional Plio-Pleistocenc boundary. as al Ihe 
Stirone sequence. occurs duriog il period char
acteriLed by overall cooling (maxlmum med io
crdt contcxt is 23%). A coastal forest developed 
al inlervals characlerized by low percenlages or 
Taxodilu·i!lli!. ' 

Intcrcsling ~tudies. Ihe result~ of whlch can 
be applicd IO Italy. have been conducted in 
France (see papers of Suc. 1973. 1974. 1976a. 
1976b. 1978a, 1978b. In9). Therc il ha~ bccn 
found Ihat the ext inction 01" Ta;'wdiaceac al il, 
southern pan had a climat ic cause and i ~ older 
than the one in ltaly and Thc Ncthcrlands (sce 
also Bertolani-Marchelli, 1978). 

The abovc~eited vegelal charac tcri'iti cs. with 
a progressive reduction of ta xa during lhe 
course of ~cvcral climatic and ecologie evenl S. 
sigoal thc bcginning and de\iclopmcnl of the 
Quatemary sensu .. lricIO. Condition<; including 
a rich Tcrtiary vcgctalion are citccl in the swd
ics by Van Campo (1979) of the Plioecne se
quence al 1chkeul in Tuni'iia. During thc Plio
cene, 0113.5 + 0.5 m.y" a large part ofnorthern 
Tunisia was covcred by fresh-wa ler or brackish 
lakes inlO which r;vcrs flowcd. !t is ornOle Ihal. 
on the basi .. of vegetai microfo,)sils. present 
southwe~t China i~ Ihc only reglOn that has a 
"orislic affinily with the TUOIsian sile. The re
cent Ch incse climatc could well be simllar lO 
that al tbc Lake Ichkcul region in Pliocene time. 
It :c.cem, Ihal the immense l.one of Tertiary for
esI. which at thal time covcred pari of the Old 
World , 'iurrounded thc Medilerranean. Among 
the nora rccorded al Lakc Ichkeul are Ihose of 
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Fig. 24.3. Pollen diagram or the 
Vriea seelion (Calabria. ltaJ y). 
which incJudes Ihe Plio-Plc!~to
eene boundary. The rnd!omctric 
age is bascd on dating or li pum
ice block. The diSlribution or 
cold ostracoda and foraminifero 
i~ indicatcd (aner Selli et al.. 
J9n. Reprinted with pcrmi,. 
<;lOn). 
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whi c h with its summer dryness resulted in the 
disappearance or the tua linkcd IO clima tic 
conditions o f consta nt humidit y. This c hangc is 
wc]1 dcfined on many of the above-cited strati
graphic diagrams which show the Plio-Pleis lo
cene boundary. 



Glacial and Interglac ial Events and 
the Pollen Record 

Thc lopic of the Mediterranean gIada! am.J poSI
glacial evolution j .. ti V.l'!>! o ne <Jnd will be dcalt 
with briefty in Ihi s sy nthcsis . There are numer
ous published slud icl) pcrtaining lo Italy and 
France. especially for the Jate Pleisloccne and 
Holoccnc. Many papers al so discuss the 
Yugoslavian area and of Ihese. the oncs trca ting 
the coastal area are parti cularly lIscfu!' As for 
the Quatcrnary in hracl, !he reader 1~ direeled 
to a useful paper by Horowilz (1979). which 
ill uslrates Ihe topic from a geologica!. palyno
logical. and paJcoclimalological viewpoint. 1m
portanl diagrarns also have becn drawn for 
Greece, the Near Eas l, "od Spain. Attenllon is 
a1so called lO a s lud y of thc Sahara and the Nile 
by Williams and Fau re (1980) in which substan
tial data on Mediterranea n Africa are aM,cm
b1cd. 

Authors often disagree on thc chronology ami 
division of lhe Plci'Hocene. Di'icu'i.,ions on the 
pcnultimate in terglacial (Mindcl-Riss) are lim
itcd. In the Po plnin on ly a few drill sites (Mar
çhesoni, 1959: Bertolani-Marchetti, 1961: and 
unpublished data) havc pcnctrated sediments of 
Mindel-Riss Intergladal age. The data are 
scarce, and thus il i .. noI rcalistic IO in terpret 
the evolulion for this cntire period On the basis 
of pollen alone. The last ft oris tic impoverish
meni in thc area occurred during the Wurm gla
cial: in Mindcl-Ris~ lime Ihe re was the per:>,I:>,
lence o r Tcrliary tax:! in thc l'o plain . In thc 
earlier cited di~continllOus seque nce ncar the 
Euganean Hills (Bcrtolan i-Marc hetti. 1961). 
some layers overlaying the Mes"inian may be
long to glacial and IIlterglacial stages unlil Ris ... 
(Milazziano il ) l ime. An impoverishment of 
Tert iary elements resulted u .. a consequence of 
cl imatiç detcrioration. but thc s ingular mkroçli 
matie çondi tio ns relatcd to salty hOI-water 
springs mask othe r more generai faclo rs suçh a:>, 
rain and temperature. 

The Mindel-Riss in centrai Italy remains rkh 
in Tertiary taxa as Pterocarya and show the 
spread or Abies and Carpil/lls. In northern Ita ly 
C(jrJtI. Tsuga. and Kele!e('ria are a1so rou nd: 
su rv;val was probably relatcd lO unusual rniçro
cnvironmemal çondilion ... Beeçh is round in the 
pollen spectra or thi .. inlerglllcial period in 
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northcrn and in centrai ltaly. Thc c1 imate, a~ 
intc rprCled from the vcgcll.Ition, :, hould be of a 
colch ic typc, Ihal is. Irend ing lO warm and then 
moi!)l conditions (Foll ieri. 1%5. 1%7). 

Marine. dark organ ic-rid sapropcb rrom 
deep-sea cores south aod !>oulhwe,t or Greeçc 
and north of Egypt (Ro ... ,ignol. 1962) are dated 
from the carly Pleistoçene IO thc Mindel-Ris!) 
inlcrglacial on Ihe basis of the flonstic composi
tion. includi ng "aneienl" laxa such as Cl'dms. 
Plerocarya, Ctlryll. Uquidllll/bar. Zel~OHlI. 
and Pill /ls diploxyloll. Plants ofstrict ly Pliocene 
age. includiog Sciadopity.1 aod N)'.\\fj, are laçk
Ing. There are spectm or two differcn l çalcgo
rie!) : A group rrom thc northcrn Mcditcmmean 
include!> pollen or trec)) and shrubs (Pislacia. 
O/~a. PÙIllS ha/l'pel/sis. etc.) . indicming a Med
iterranean e nvironment with a t ..... o-f,ea~on year. 
wlth cool hum id winter ... and ~urnrner!> thal \\-'cre 
noi really dry. Interprctalion, of Ihe pollen 
Iransport are as ro1Jows: by wi nd ror a short 
dislance. then in the sea as pelagic components. 
wi th a distribution in marine licdimenb relatcd 
to the dista nce from the shore)) and to Ihc na
ture or currents and winds rOI" thc north-Medi
terranean pollen. The polkn of Nilolie ongin 
are lransported as bent hic grall1~ by Ihe deep
watcr eurrcnls and rorm mineral -rich Nllot ic 
ma~se~ with sedimentat ion dependenl in pUl1 on 
bottom topography (Ro~signo1. 1961 ). 

Sapropels serve as good 'Iralig.raph ic hori
zon.:;; for palynologiçal long-di ... !ance correla
lions. 

Thc last interglaclal. the Rllts-WÙrm (lhe Ec
mian orlhe Dulch authors ). whkh .. !artt'd about 
130,000 years B.P. (125.000 B.P. aççording to 
KukJa). was the last peri od luwing <I n intergla
eial and noI inlersladial ehamçlc r 

Szafer. a!> early a~ 1925 (in Chiarugi , 1950). 
developed a pollen reconst ruction for Poland. 
IO a scheme that can sti li be used today. That 
author distinguished: ( I) an arelic pha~e, wi!h 
lu ndra and arctic clinml\!: (2) a ... ubarctic phasc 
with tundra and forest ... ami ~ubarctic ctimale: 
(3) a borcal phase wi lh pines and oa ks and con
tinental-çool IO warm climate: (4) a first sub
atlant k phase wilh Abies alba. '1l1XU,\ baccalCl.. 
etc .. and subocean ic c1imate: (5) a pontic-mc
ridional phase with Tiliu. Act'f" lataricllm , Car
pitws, etç .. lading çonifcr~. wit h a colchic ther
mie Medilerranean optimum: (6) a second 
'iuba!lan!ic phasc wilh Fagll.f, CMpÌl/lfS. and 
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TS/lga forests and suboceanie ehmate: (7) a pre
subarclic phase with pine .md spruce foresl and 
cold climlllc; and (8) an arelie lundm phasc and 
aretic climatc ncar thc Scandinavian ice <;heet. 

In a radiomctrically dalcd scquence of 
diatomilcs al Monte Amiata (Tuscany. Italy). 
the abovc phases are <,cqllcntial with the excep
tion that phases ( I) and (M) are only lighlly mod
ified (Bertolani-Marchetti and Soletti. [972). 

il is pointcd oul thal thc Ponlie optimum i~ 
dividcd inlo a Pontic I and a Ponllc 11 pha<;c. 
separatcd by an evento lo called the Inlerpontic 
phase. Thc cJimatic trend for the whole intergla
eial is noI symmclricli i bui in cffcel rccord~ 

threc oscillations of progrc\\ivcly ~hortcr mild 
c1imate interval ... allcrnalmg wilh Ihree pro
gressively longer cool cJimatic pulses. 

Thc dominant characters of the Riss-Wurm 
diagnl.ms are thc above-ciled warm moist cli
mate phase and Ihe late pcaks 01' Cl/rpinll.L The 
southern Alpine valley associations (e.g., in Val 
Vigeuo and in Val Dorlcu;a) include Rlwdo
l/emlrOf/ /JUf/tic"UItl , wilh B/I\/o . CII.H{jIllH/ Itlfi
ialiti, and PillIIS pellCi' (Hertolanl -MarcheI1L, 
1955). The pollen analysis reveals fewer ther
mophylous ptants such :1S pine. ~prucc. birch, 
and olhers bclonging IO thc QI/f'rC/lS- Tilill
Acer beh. with CtlrpÙlIIs bccoming. more pre
dominant in the upper layers. Val Vigezzo and 
Olher si milar Alpine dcposits originated in largc 
lakcs fillcd by marly·~lIndy <;cdimenl\. Thc bu
sin water resu1ted in wide .. pread microclimatic 
conditions more humid .md mild (han Ihose on 
land, and/or acccntuatcd cl imalic cOlldilions of 
thc region. In Ihis way. prccxi~tlllg colchic laxa 
from older inlerglacial periods were favored 
and persisted in dilTcrcnt ·cnvironments. Even 
today, actual Alpine lakc<; loclllly generate a 
more humid and mild microclimate called 
"cl ima insubrico." which results in a vegeta
tion diffcrent from thal of thc su rrounding area. 

Continenlal !:>edimcnts or thc alluvi .. 1 arca of 
Padua (Marche sani and Pagnllclli. [9(0) be long 
parlly to the Riss- WOrm interglacial periodo 
During Ihis lime a flora pcrsisled wilh Tertiary 
componcnts such a~ ClUf(llll'tI ilnd Zelf..oua, to
gClhcr wilh Pin/{.~, Ahie.ç. Carpil/II\, QIlf'rC/{.\", 
and Tilill. At a higher peallcvel wc fìnd thalthe 
forest of the glacial WOrm wa~ comprised nl
mosl excJusively of pine.,. 

In thc Fontespilh dilllomllc~ diagram. the cli
mate and vegelation highlights or Ihe last inter-

glacùll are dcpictcd (absolute dating: 130,000 to 
140.000 years B.P.). Pollen analysis has shawn 
a rich wood mantte with PillllS (perhaps P.lari
cio), P/ceti, Det/{/lI, Fllg/'l , Qllercl/s, ClI.!flll/l'{/, 
and Ctupillus. The diagram begins wilh a co[d 
subarctlc climatic phase (Fig. 24.4) and. al the 
10p. ends with a new cool prcslIbarctic phase. 
with al Icast two cool-dry interrncdiatc pulscs. 
Thc fìr .. t dividcs two Pontic phases (Pontic l 
and Pontic 11) with a mild moiSI ctimalc. Be-

f'ig. 24.4, 1"llcolcmpcr.llUrc cu rve rrom ueep unllmg 
or ml,md ice (lI Cllmp CenllJry. Grecnlanu. pcrtuin~ 
to thc late Plci ~tocenc and Ilo[ocene, AtlJll.OOtl ~'car, 
B.P. ti markcd !;~)()Iing may correspond to the "i nter
pcntlc ph,I\C" or \10nlc Amilll:! fartcr Thcniu\. 
19n. Keprmlcd wLth pemm~lon). 
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tween the second cool phase and presubarctic 
one, an oceanic fra nI occured wit h (as in almost 
ali preglacial series) u sudden rise of Carpil//ls 
toward the end. The Fontcspilli palcovcgetation 
is almosl like thc presenl onc c.nd docs noI in
clude Tertiary t<lxa. Thi s is probab[y rclatcd to 
the fact Ihal ManIe Amiata is geologically very 
young and does nOI include plants of preexist
ing Tertiary vegetation (see arso Fig . 24 .5: The
nius, 1977). 

In centrar Ita[y, north ofRomC.lhc last intcr
glacial is recorded as a long warm periodo with 
persistance or Tertiary taxa suc h as Zdkoua in 
a mixed oak wood assemblage. be(ween two 
rises or Fagll.f. und with an expans ion or Carpi
ml~' al the top (Follieri. 1965. 1967). 

Wiirm and the Poll en Record 

The lasl gladal cpoch (the Wiirm according IO 
Alpine nomenclature) invo [ ve~ a compie x evo
lution whose oscillations are becoming betler 
understood as a result or recent st udies and dal
Ing. Overa[!. the c1imate fo llows the gene rar 
schcmc as in ali glacial periods. wit h an oce-

curvcs, and tentallve 
çurrclation~ with SZ:lfer's curve. are 
.. hown tarter l3enolani-M archctti anJ 
Soleni, 1972. I{epnlllcu with permis
~ionl . 

an ic-ty pe introduction and a trend towards dry 
cold cond itions in the fina[ slages. This trend is 
allcred in the Mediterranean arca, diO'e ring cs
pecial[y wit h respcct lo Ihe lowcr bC[ls of vege
lalion. The mOllnlain chains ha ve a belt that is 
more thcrmoxerophylous than thal Iypicall y ru.
sociated with the generai c[i male. It is the hill 
beh in the Po valley, for example. which today 
sii Il cOl1 serves Mediterranean rel icts in its vegc
laliol1 ,md whic h wa~ thc rcrugc or lhcrmo
phyluus types (for cxamrlc, mi xcLl ()a k forc..,t~) 
during thc g[aciat epochl). In contra;;;!. thc 
mountains al the same eleval ion buI near the 
sea show oceanic characeristics. including a 
marked increase in humidity. An example of 
this cl imalic siluation can be seen in ltaly in the 
area ol" the Gargano promontory, Herc at 100 IO 
200 m abovc a vcry wa rm and arid bel! ncar the 
sea (which is st rictly Mediterranean I"rom a 
thermal point of view). wc fin d the coo[ and wet 
"Foresta Umbra'· in which beech occurs. The 
strong marine inft uencc 01' hu midi ty il) abo rc
cordcd by pollcn analysis in the Apuan Alps 
(Tuscany, Italy) where the red fi r is absent fro m 
stopel) cxposed lo the sca as l.I conscquence of 
the lesser inftue nce of con linental condilions 
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(Braggio-Morucchio et al. , (980). Much uncer
tainty in the interpretations deri ves from an in
sufficient evaluation of local condilion~. For ex
amp!e, in comparing the di agram of Tenagi 
Philippon with those of Johannina, in Greecc, il 
should be realized Ihal the latter is located al 
Ihe fool of a slope of rat her high mountai ns fac
ing the sea , on which beech is found , but which 
does noi grow on the opposite slope. In Poland . 
the water-table is anolher cont ribut ing factor. Il 
is elose to the surface in topographicall y de
pressed areas and is deeper at higher elevalions 
(100 to 200 m). so thal by walking only a fe w 
kilometers, one can progress from an "intergla
cial" lO a "glacial" setting and. thus. from veg
elalion wilh marshes and oak wood~ to forcsls 
with Abies and Faglls. 

Evenls rclalcd IO Ihc lasl glac ia l pcriod ~eem 
lO have occurred at least since 80.000 years 
B.P., but the true begi nni ng sccms lO be around 
60 ,000 years B.P. The begin ningof the Wilrm is 
dated in lsrael (Horowitz. 1971) at aboul 65,000 
lO 70,000 years B.P. on thc ba~i~ of ex trapola
tions from ratcs of deposi tion and by potas
sium-argon dating. At 60.000 years B.P. a co ld, 
humid cpisode following the Dutc h Amersfoort 
and preceeding the Brorup (inte rstadial ?) intro
duces the subscquent ve ry dry. col<l !ower 
pleniglacial periodo Around 38.000 to 35.000 
years B.P. the inte rstadial. or inter-ple niglacial, 
of Henge!o look piace. sepa rated by a coo l and 
very dry c!imati c deterioration from Ihe inter
stadial of Dene kamp (32.000 IO 29.000 yea!" .. 
B.P.). Some corrclat ions can be allem ptcd with 
Grecce and France. The first cold oscilJations 
could pcrhaps correspond lO Ihe DramaJ 
Eleuteropolis, while the Hengelo would corre
spond to the interstadial period of Kalabaki; the 
Dcnekamp of north wc~t Europe would corrc
spond to the Krinides I and II. in tu rn relaled IO 
the Arcy phasc in France. 

The middle Wurm cvolvc~ with oscillalions 
which conSl ilule . overal!. the interstadial pe
riod of Paudorf-Arcy, unlil lhe upper Wllrm of 
Woldsle t (upper Pleniglacial) from 25.000 yea rs 
B.P. until 10,000 to I l.000 ycars B.P. 

Thermal improvcmen t secm:-. to ha ve takcn 
piace as carly as 18.000 years B.P .. bUI the bc
ginning of Ihe postglacial pc riml is placed by 
man y workers al 10.000 ycars D.P. 

A diagram of Canolo N uovo (Calabria, 
Southcrn !taly; Gniger. 1977) is dividcd into 
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three parts. The o ld est. al the top. has an abso
Iute dale of about 36,900 years B.P. and is char
aCleriLcd by an abundant wood cover wilh pre
dominanl beech and the presence of ~ mixed 
oak fo resI. A rather humid Allanlic cli mate is 
indi calcd. The inlcrm ed iate zone, scpanlled 
from the preceding by a hialus, has. al the top. 
an absolute date of abOlii 12,000 years B. P.; thi s 
is relaled to the Dryas 11 period o The predomi
nant vegetaI cover is a tundra or sleppe . with 
Grwnineae and lower pcrcentages of Artemisill. 

This cold wave coincides wilh one situatcd at 
the boltom of the Apcnnine diagram. al 
Chiarugi , amI has a similar paltern excepl for a 
delay in the appearance of Faglls and Abies. 
Calabria lies in a ~triell y McditcrranClln arca, 
bm steppe interglacials and woody glaeials ap
paren tly do not occu r. Thcreforc. Ih is region 
would be more closely related lO thc Apennincs 
and not lO peri-Mediterranean events. Ascend
ing thc diagram, wc progress across anolher hi
atus toward the upper parI. when thc woods 
develop and wherc thcre is a widcspread diffu
sian of Alnlls (A . cordaIa). Gruger all ributes 
this seetion of the diagram lo the postglacial. 
with a dumlion of abou l 6000 ycars. 

The results of palynological invcstigatian~ of 
a 120 m deep borcholc at Tcnaghi Philippon in 
the Drama Basin of Grcece (Wijmsl ra , 1%9) 
record the entire history of the Riss-Wurm. thc 
Weichsclian (Wiirm). llnd some features of the 
late glutial. During the Wlirmian dimatic ex
Iremes. an open vegetation with Arremisia and 
Chellopodiacea/! existed. During the early in
lerstadials. a fo resl with QuerCl/.~. Carpilllis. 
OSlI"ya, and Fl/XuS prospered. whereas in the 
intcrstadials PÙIIIS cf. lIigra and P. silueslrùl 
predominated. During late glacial upper levels 
the Qllercll.\· curve rises in response to the cli
mal ie improvemenl. 

Thc Johannina (northwc stern Greeee) diagram 
documenls in its lowcr and upper seclions (I he 
intermediate absol utc age is 40.000 :t 1000 
years B.P.) an Atlantic elimate. as in the Cala
bria sequcnec. Boltema (1967) indicales thal the 
Abies belt occurred at aboul 500 ffi. Abies alba 
livcs in Italy , whilc in Grcece Ahies cephll
Ionica is presen!. Beeausc this species is more 
tolcrant to high temperature. il descends moun
tain slopes until it rcaches thc Ihermoxcrophy
lous QuerC/ls calliprinos/cocdfera beh with 
which it mixes. Thcrefore, thc lowcring of the 



Ahies beh in diffcrenl regions. a'i rdalcd IO cli
matic changes. musI be evaluated cMcfully. 
taking into account thc diffcrcnt species of Ihe 
genus Abies. In the upper part of the Tenaghi 
Phitippon sequcnce. the interslmJial of Kal a
bachi is included, daled from 39.000 IO 35.000 
years B.I>. In Ihe author's opinion. this corre
sponds (O a part of Ihe Calabri a sequencc. 
whcrc thc nrboreous caver comprises large pro
portions of P iflllS and Quer("//s. Il is not reali .. tic 
that locat ions in Gl'cece. in ccnlml-south Italy. 
or in Syria. are conside red truly Med iterranean 
in terms offlora. while Venice would be cla .. sed 
as being in a ditTerent setting. However. il i ~ 
nOied thal Venice i'l influenccd by eold air 
streams from the nort hcasl and for this rea .. on 
(and perhaps paleogeographic one .. related to 
Ihe ancc~ l ra' Po Gulf) i~ includcd lO tln arca in 
which Med iterranean vegetation is noi presenl. 
i.e .. the so-called Adriatic Il/cuna (nOi lagoon). 
HorowilZ (1979) prc .. cnts polle n di agram s for 
the Hula (Tiberias) and Kinnerel Basin in thc 
northern Jordan Valley. Thc diagrams involvc 
the laSI 80.000 ycars. represent ing the upper 
Pleistocene from Ihe last intcrglacialto the Hol
oee ne. It is suggested that the European ne
mendature be rcta incd for Ihe climalic .. Iages of 
the uppcr Pleistoccnc and Holocene. using 
"pluvial" inslead of "glacia!." Plu vial pha,;e!'. 
Ihu .. can be eorrclat ed with European giaci al 
phascs, and the same applies for Ihe intcr .. la
dials and inlcrpluvials. 

The climalie evolut ion ob\erved in Ihe Hula 
and Kinneret scquences is in generai agreemenl 
with tho .. c dc~e ri bed by Necv and Emery in thc 
southern pari of thc Dcad Sea (t hc lalter inter
prelations are baseLi on geochemical data). 
Wrighl and others (in Ilorowitz. 1979). who ex
amined palynological data in Iran. record a sim
ilar upper Ple i'iIOCene-Holocene ,;cqucnce of 
climatic evenls. In Syria. Van Liere (in Horo
witz. 1979) reporls plu vial a nd inlerpluv ial 
evenls. noting relulionship\ bct",cen oak and 
pine pollen conlcni s. 

Pollen analysis of upper Pleis.tocene Hamar
mar laeustrinc marl y sed ime nt s in thc Dead Sca 
graben (Rossignol-Slrick. 1%9) re\'eal~ Ihree 
climatic lones: a median one, more arid th.\n 
today . preceedcd and followed by humiLi 
ph:!.ses. The basaI and the upper parI of the dia
gr<lm shows an important proportion ol"a rborcal 
planls wilh prevailing pinc!. (PiI/II'> 'l{/fepl'llsis) . 

DMI<! Bcrlolilnl-M;trchclli 

In the middle parI Cht'llopodiaCl'{/l' evolve in a 
very dry halophyluu ... env ironment. The dia
gram also shows a typical interpluvial phase. 

l! is well kno",n that the c1 imate .;;inee the end 
01" thc lasl glacial pcriod is eharactcri zed by pro
gressive thermie improvement unlil rcaching a 
maximum about 7000 to 5000 years B.P. This 
"Oplimum" has noi been repeated to such an 
cxlent since Ihal time: Ihere ha~ been a ,",ub:-.c
quent climalic dccii ne ehanlcteri zed by difrer
cnl events IO the prc,;enl. l'o dcfine Ihis trend 
the term'i (lI/a/huII/iL ipw .. tlle/'m;c and ('(I/n 
tllI'rmi(". and wllllltl'rmic {Or ("(llalh/'rmic unlv. 
were coined (cf. Chiarugi. IQ37). Much of Ihi .. 
nome nclature was formulated for norlh-central 
Europe: some also for Ihe northern part or the 
Alpine beli; amI sti li anolher I"or thc sout hern 
slope. -

Various authors reeognizc thc subsequcnt 
cool periods. from abaut 15.000 rears D.P .. as 
Dryas I. Dryas Il. ami Drya .. IlL dividcd by two 
milder climal ie oscillations: Bolling and AlierOd 
(cf. Bertolani-Marchettl. 1982). Thc pO'itglacial 
slage bcgins here wilh five periods that have Ihe 
following absolute dali ng: prebo real (8300 lo 
6800 B.C.) ami boreal (6800 IO <;500 Il.C.). or 
Eoholoccne; Atlantic (5500 to 2500 Il .('.) nnd 
subborcal (2500 (O 800 R. C.). or Mesoholoce nc: 
and subatlantic (from 800 ij.c. IO the presentI. 
or Ncoholocene. 

A pollen diagram of pcat la yers near Abetone 
plotted by Chia rugi in 1950. but Mill valid loda}'. 
highl ighl s the fore~1 posigiaciai cycles of thc 
Tuscan-Emilia Apen nines (Fig. 24.6). Follow
ing a sieppe phase wi th Arlemisill and 5{/lix 
(Dr\'llS 111 )_ a the rma l rise appear\ as recorded 
by the di/l'usion of pine ,md birch ami ~ucces

sively by the prese nee of a mixed oak fore';l 
(boreal period .. ). Paralle ling the climatic deteri
oration (subal lan tic). bcce h. whieh had been in 
compclition wllh Abif!$. predOmlllalC\ com
pleteJy. 

Poflen diagrams Ihal are current l)' availabJc 
for Ihe Emilian Apennines (peal layc r .... lakes. 
and soilsl begin rrom Ihe end of the late glac ial 
stage; Ihose tha t mo~t closely perlain IO the 
northern slope are relatively recenl. Swdics on 
the Parma Apcnnines (Bertoldi, 1 9~0) and Iho,;e 
of ou r group on the Modena Apcnnines (unpub
li shed data) also appear to include a younge r 
parI of thc Wurm. 

The Iransition from glaeial lo posIglacial lime 
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rttl. 24.6. Simplilied pallen diagram of 
the late glacial and postglacial forest 
Cyclcli of I lt ~ e;tn Appcnntnc\ pea[ la y. 
crs, ncar thc Abe[one Passo Thc daltng 
is based on corrclation of thc summcr 
calori e rad iation maximum (11.000 
years B.P.) with the oak fore~t maxi
mum (mooifìcd arter Chiarugi. 1950. 
Rcprintct.! with pcrmissionl. RildiOCllr
bon dates es tablish the Im\-er level al 
14.000 year~ K.P. and confìrm thc agcs 
calculatct.! for thc uppcr part of Ihc di,, 
gram (Prof. E. Tontiorgi. vcrbal com~ 
munication). 
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is prescrvcd in thc scdirncllis of" t'ossi l sink 
hole in the hi ll s near Bologna (Uertolani -Mar
cheui el al. . 1980). This cvcnl. l'or which radio
carbon daling is available. appeaT\ as a change 
offoresl vcgClat ion. from pine and bi rch wood 
lO a mixed oak assemblage . In a deep layc r al 
this site there are traces of lire (Fig. 24.7) . 

Many diagrams applieablc for thc entire Ap
ennines are available. and incl ude tho,:>e or 
Chiarugi (1936.1937). Marcheui ( 1936). Bonatli 
(1961 , 1963.1966). Franck (1969). Fancelli-Gal
lelli (1972. 1979). Bertolani-Marchetti (1979. 
1980). and Bragg io-Morucc hio and o!hers 
(1 980). Postglaeial palynological tliagmm5 are 
recently available for thc Madonie Mountains. 
in eas!em Sicily (8enolani-Marchetti and 
others. 1984). The inierprcilit ion of Tyrrhe
nian Sea diagrams by Francav illa ( 1973) lacks a 
correct vegetai basis. The impOrlan l propo rtion 

'0 ~ XI '0 ~ ao 10 IO 'IO 1CIOS 

.. ;:..;~ : .:::: ..... -
, , 

" 
, 

--
~.~ , 
\ 

, 
" , 

Fagus 

;:. .. ::: .... 
,,' ..... ... -' ..... -. .... -. 

.. ' .. ' ..' 
.:;" ". '" ". ' " 

P/Cea 
". 

". 

'. ' 

~(noO _ f()~B CI 

..... "ç 
[" 00· 2100 B c;J 

,~, 

MI)O - fI&OO 8 c; I 

QrelXlrHl 

(}r v;osm 

AIo..-od 
( ,oooo _~ 8c.1 

Dr~u D 

,...,' 
("300 ' ' 0400 B.C ) 

D'vas l 
h SQoo _uaoo B.C I 

of eon ifers. with !he prcvalencc of Pinll$ al Ihe 
bottom of diagram. suggcsts a lalc, or postgla
eia I age. Subscqucntly . thc dcvelopment of a 
miJ\.ed oak forc:o.l occu rs. 

Two diagraml; fa r thc Venice Lagoon (Berla
lam-Marchetti. 1966- 1967; Bollcma and van 
Straaten. 1966) record the cl imati e-vegclation 
events far the late glacial in this arca. Thc pas
sage-from gladal pine foresl to cJimactic oak for
est in the plain is evident_ This is called Qllerco
carpi"etl/m boreo-iralicllfll and de notes the 
climax of the Po plain far 5000 or 6000 years. 
Also ev idc n! from thc diagrams are the steppe 
climatic phasc of thc nco-Wilrm and evidcnce 
of a10phylc vcgelctlion that indi ca!cs the prox
im il y of coastal areas. 

In thc northcm Anatolian mou ntains. pollen 
diagrams far thc Ycn icago and Abant lakes 
show the persista nce of Pinl/S (Beug. 1967) in a 
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Fig. 24.7. Sketch of a fossil sink hole in gypsum hills 
near Bologna . Ilaly. The history of the po'ltglacial 
vegetai covcr is rcconstruclcd by using pollen . On 
thc bas is of radiocarbon dating. thc Plc istoccnc-Hol
ocene boundary (11.1 50 years a.p.) can be defined a~ 
well as change of vegetation recorded. Le .. from 
pine-birch feresI IO oak-mixed fo resl. CAfter Berto
lani-Marcheui et al.. 1980. Reprinted wi th perm!!;
sion.) 

moiSI and cool climale. wil h Fuglf.'· and AbieJ. 
Al abo UI 2400 years B.P. the climale bcca.mc 
drier and warmcr; human sell lement is indi
cated by the prescncc of Cel'ealia pollen and is 
probab!y related to a fores i degradat ion. with 
arriva! of luglw/.\' and CaslalU'(l and un incrcase 
of Erica in the spectra. 

Pa!ynologica! in vestigations in eastern Ana
tolia. dated by varve counts. were performed in 
the postglacial sed iments of Lake Vano The bol-
10m of the scqlle nce records a cold (and salt y?) 
steppc . From aboul 6400 to 3400 years Il.P. hu 
midity increased and the steppe was gradu all y 
repl aced by mixed oak foresl. This laUer thcn 
deçlined becausc of hllman aeli vit y. Sclect ivc 
cult ing of thc mixed oak foresl con lribu ted lO 
lhe disappcamnce of Pisfacia and Pi/!/ls. From 
the above-cited and other examples. il is evi
dent Ihat in the Neal' Easl, regional faelo rs in
fluenced the generai di mat ìe t rends as revealed 
by thc flora! record . 

Dana Ucnola.ni· Marchclli 

Summary 

On the basis of pollen sl udies il is dear thal the 
Med iterra nean has cx pcrienced a complex se
ries of vegctation changes owing IO a highly 
variable seI of conditions. The Miocenc to Re
cent geologie and gcomorphologic evolu tion in
volvcd floral migrations. disappcarances. and 
localized zones of specific piani and vegetaI fol'
mation. The northern areas have vegetation al
tributes that diffcr from the soulhern ones. and 
coastal belt s ca n be diffcrenlialed from mou n
tainous ones. Il is stili noI possible to recon
struct a cominuous and reliable Ncogcnc pol
len-dimate history. Thc pollen diagrams used in 
other studies can supplcment our data , bUI both 
scls requi re cau tiou ::i inlerpretation. This latteI' 
should take into account. in some integrated 
fashion. ali facto rs, ind uding hUffian ones, that 
may have influenccd the distribution of taxa and 
vegetaI assemblagcs. Pollen analyses, coupled 
with other paleonlological stus!ies including 
those presented in othcr chaplers of Ihis vol
ume. can conlribute lO Ihe refinement of Medi
Icrnmcan paleoclimalie. palcogeographic , and 
paleomorphologic problems. 
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