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ABSTRACT 

Rousseau, D-D,  1990 Methods for the study of stratlgraphlcal records - -  Introduction to Methods and Concepts m 
European Quaternary Stratigraphy " Palaeogeogr, Palaeochmatol, Palaeoecol, 80 I-6 

The International conference "Methods and Concepts m European Quaternary Stratigraphy was held to take stock of the 
new developed concepts m Quaternary stratigraphy, to compare &fferent approaches and to evaluate the respectwe results m 
continental and marine environments 

The following papers, presented m this Issue, correspond to the theme "Methods for the study of stratlgraphlcal records ' 
They roughly indicate the average use of &fferent concepts developed m different dlsclphnes to Quaternary records 

Two biological objects are described m detad molluscs and pollen They are approached m two &fferent ways 
For the former, first of all by using a blogeographlcal approach based on the blome concept and secondly by trying to 

demonstrate the stratlgraphlcal value of mollusc assemblages m fluwal deposits 
For the latter, first of all by using a dynamxc approach to the vegetation cover of the middle mountain area of the Massif 

Central, France and secondly by using transfer functions to propose temperature and precipitation estimations from two long 
pollen sequences 

A last paper makes an evaluaUon of &fferent materml which can be ra&ocarbon dated and the rehablllty of the proposed 
dates, specmlly beyond 35,000 yr B P 

Ten  years ago, European  geologists who were 

dealing with Qua te rnary  study met  m Di jon  to 

develop a c o m m o n  strategy concern ing  Quater-  

nary s t rat igraphy (Chahne,  1980) The purpose 

was to homogenize and  redefine a stratlgraphtcal 

approach accordmg to Hedberg 's  guide Three 

major  recommenda t ions  were proposed (Paepe, 

1980) 

(1) To develop regional stratlgraphles and  to 

dehmlt  the chmato-sedlmentological  area (htho- 

stratigraphy),  the basic approach,  and  then to 

propose absolute  chronological  markers  which 

could finally allow to deduce paleochmat~c cycles 

(2) To provide preose  field survey, included in a 

regional car tography,  which allows to define the 

boundar ies  of  type regions 

(3) Reorgamzat ton  of  the cont inenta l  stratlgra- 

phies to allow a new balance of the regional 

systems by a cleaning of  the ancient  classifications 

Were these recommenda t ions  followed9 and  m the 

positive case, did they allow the occurrence of  new 

methods and  concepts m Qua te rnary  studyq 

The mterna t lona l  conference "Methods  and 

Concepts  in Qua te rnary  Stra t igraphy" tried to 

take stock of  the new approaches recently devel- 

oped m Qua te rnary  strat igraphy,  to compare  and 

to evaluate the respective results of  these different 

approaches with a proemlnescence to con tmenta l  

env i ronmen t  The meeting orgamzed by D D 

Rousseau,  M Campy  and  J Chahne  took place m 

Di jon on December  5-7,  1988 

W hy  such a meeting concerning European  
Quaternary9 

For  a long time, Penck and  Bruckner ' s  (1909) 

0031-0182/90/$03 50 () 1990 - -  Elsevier Soence Pubhshers B V 



2 D - D  ROUSSEAU 

work in the alpine area marked the Quaternary 
stratigraphy very much They defined a so-called 
"alpine" chronostratlgraphy, widely known, while 
it only concerned the glacial episodes recorded in 
this restricted area Nevertheless, the reference to 
thls European motherland was progressively re- 
duced time after time to the advantage of, on the 
one hand a Northern nomenclature and, on the 
other hand to a marine isotopic chronostratigra- 
phy (Imbrie et al,  1984) deduced from numerous 
oceanic cores The latter, as also the arctic and 
antarctic ice cores were studied within the scope of 
great multldlSclphnary projects in which climatic 
problematlcs is in the first place (CLIMAP, 1976, 
1981, Jouzel et al, 1989) 

This is the reason why continental stratlgra- 
phles, which for the most part claimed a general 
value, were replaced by the proposals of regional 
values These ones, necessary in the first step of the 
investigation, rarely emerged onto more synthetic 
conceiving Consequently, the reference to these 
sequences progressively diminished 

Do we have thus to notice the impossibility for 
using continental sequences resolving problems of 
European Quaternary stratigraphy in spite of an 
intense activity under the aegis of SEQS (Chahne, 
1987)9 For several years (Chahne, 1980), the 
stratigraphlcal approach of the Quaternary has 
been under the process of modernization as well 
conceptual as methodological, a reflection of the 
scientific renewal observed among the geosciences 
(Campy and Macaire, 1989, Campy and Chahne, 
1987) 

Continental Quaternary deposits offer scientists 
a high diversity of observations, in rich and various 
contexts, which allow multldisciphnary studies, 
comparable to manne projects (Van Kolfschoten 
and Roebroeks, 1985, Pons et al,  1988, Tuffreau 
and Somm6, 1989, Peteet et al, 1990) The 
connection between local stratigraphy and chma- 
tostratigraphy is the chance for "contlnentahsts" 
because they have a great and undeniable advan- 
tage of field observation over large areas (Kukla 
and An, 1989, PIllans and Wright, 1990) 

This is the reason why the "Long Terrestrial 
Records" of the INQUA commission on stratigra- 
phy was created (Adam and Rousseau, 1988, 
Kukla, 1989) and why the MCQS was held in order 

to test the value of the different approaches apphed 
to continental Quaternary sediments and to com- 
pare them with marine data 

Associated with the progress made in stratigra- 
phy, mainly due to a multldisclphnary approach, 
paleoblologlsts s I have to apply new concepts, 
developed in their own disciplines, to Quaternary 
study The papers presented In this issue contribute 
to the presentation of these adapted concepts 

The first two papers concern terrestrial molluscs 
The integration of numerous data, yielded by 
investigations over a large area, is a problem which 
blogeography can analyze The recent progress in 
blogeography allows to determine narrative and 
hypothetical-deductive approaches of which the 
philosophies completely differ The former man- 
ages its interpretation to provide an ultimate 
conclusion which could not change The latter 
proposes hypotheses which need to be evaluated by 
biological, or other studies The thought is always 
in process and allows to clearly weigh different 
factors which act on life historical and ecological 
ones Following this concept of ecological biogeo- 
graphy, Rousseau et al (1990) criticize the ecostra- 
tlgraphlcal concept defined by Martlnsson (1973) 
Using the blome concept (unifying zoological and 
botanical peopling) to plenlglaclal molluscs Rous- 
seau et al examine the variations of these 
assemblages over central and western Europe, 
mainly within the loess belt The impoverishment 
of the mollusc assemblages to the west, classically 
observed by Lozek (1964) and Pulss6gur (1976), is 
interpreted following the ecological blogeographi- 
cal concept as indicating variations of the precipi- 
tation regime which allow to determine a western 
to central-European, more continental, domain 
Integrating the mollusc investigations made on 
long terrestrial sequences, the authors propose 
variations of the boundaries of the two domains 
through time 

Keen (1990) tackles the significance of mollus- 
can faunas in fluvial deposits Long time ago 
molluscan assemblages appeared problematic be- 
cause of their components Generally, these faunas 
belong to two mare groups the first, a mixed 
terrestrial and freshwater assemblage and the 
second, an exclusive aquatic one Generally, these 
assemblages are used to reconstruct the local 
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environments whde the exact slgmficance of the 
mixed assemblages are questioned because of the 
problem of reworked material The stratlgraphlcal 
lnterpretat,on is also firmly rejected by British 
authors Working in a well-determined stratlgra- 
phlcal area, Keen (1990) attempted to resolve these 
problems According to the different types of 
depostt, the determined mollusc assemblages char- 
actenze local climatic variations or indicate blo- 
strat~graph~c mformaUon Interstadlal and mter- 
glacml faunas can be dtstmgmshed, which allow to 
d~scrlmmate episodes of temperate deposition that 
palynology or another biological approach cannot 
d~stmgmsh 

The followmg papers are concerned with botam- 
cal investigations They propose two complemen- 
tary approaches which correspond to the recent 
trends m this dlsclphnary 

F~rst, applying a phytogeographlcal approach, 
Redle and Beauheu (1990) present a new pollen 
sequence located in France This pollen sequence 
recorded almost the most recent climatic cycle, 
except mterglacml stage 5e Following the 1980 
recommendations, the stratigraphy is defined ac- 
cording to the regional context w~th local names 
Then the botamcal h~story allows to characterize 
two forested lnterstadlal stages (St Geneys 1 and 2) 
which are determined for the first t~me m th~s 
country Up until now, these mterstadlals were 
characterized m France at La Grande Pde, m 
relation with the Vosges glaciers (Wodlard, 1978), 
and m Les Echets (m relation w~th the alpine 
glacmtton (Beauheu and Redle, 1984) The good fit 
of th~s sequence obtained m the French Massif 
Central which ~s in a more southern position than 
the prevtous ones, Les Echets and Le Bouchet 
belong to the same phytogeograph~cal region, 
allows a better understanding of the pollen 
evolution during the last chmatlc cycle Whde Les 
Echets and Le Bouchet lndtcate a d~fference of 
1000 m in elevation, the dynamics of the vegetation 
~s the same dunng the two mterstadml stages, 
suggesting temperate conditions Consequently for 
th~s analys~s, this sequence appears to be a 
reference, for m~ddle mountains of western 
Europe, for the last chmat~c cycle, except the 
equivalent of mterglacml isotopic stage 5e 

The classical extension of the prewous analys~s is 

the quantltatwe paleochmatology and study of 
continental records which allow to propose chma- 
ttc estimates determined from pollen, insects, 
molluscs and tree rings Because they yield numer- 
ous fossd remains, long terrestrial records, as 
marme sequences, allow to characterize the chma- 
tic varmtlons The quantification of the climatic 
estimates has been apphed for several years on 
pollen data The results are consistent w~th other 
results, specially w~th those obtamed in marine 
sequence from mlcrofosslls Nevertheless, J Gulot 
has been developing a new method of quantltatwe 
paleochmatology from pollen data since 1987 
After a clear presentation of the mathematical 
process, the defimtlon of the "paleoblochmates" 
and determination of modern reference set for the 
entire Palearct~c area, the method ~s apphed to two 
long sequences which record the last chmatlc cycle 
(Les Echets and La Grande Pde) (Gmot, 1990) 
The temperature and precipitation estimates con- 
Stltute a large data set which contribute to a better 
understanding of chmat~c varmtlons over western 
Europe during the last mterglacml-glaclal cycle 
The evaluation of these results w~th other data as 
msolaUon allows to test, m a continental context, 
the cllmaUc mechamsms proposed by Ruddlman 
and Mclntyre (1981) to explain continental ice 
growth 

Finally, a well-estabhshed stratigraphy, m conti- 
nental as well as m manne enwronments, is now 
really slgmficant when radlometrlc dates are 
avadable Whde datlngs are one of many stratlgra- 
phlcal elements, they constitute well-developed 
techmcs which sometimes could contribute to 
forget the reahty of field investigations For some 
years, new methods have been proposed, thermo- 
luminescence, amino acids or dating methods have 
been improved, following the technological pro- 
gress (Accelerator Mass Spectrometry) The latter 
has been largely used for several years in studies 
deahng w~th the last deglacmt~on The precls~on of 
the dates ~s so important that a large hterature ~s 
avadable concerning the recognmon, the occur- 
rence or absence m a determined area of a small 
event such as the Younger Dryas In the fifth 
paper, J Evln reevaluates the vahdlty of radiocar- 
bon dates beyond 35,000 yr B P  taking into 
account the nature of the material used (1990) 
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The conference "Methods and Concepts m 
Quaternary Stratigraphy" was dwlded into four 
themes The name of authors m ltahcs for the 
contributions to the theme 2 corresponds to papers 
m this issue Other papers are pubhshed in 
"Quaternalre" and "Quaternary Science Re- 
views" They are respectively checked off by (Q) or 
(QSR) 

Inaugural lecture A Berger Astronomical theory 
of paleochmates during the last Glacial-Intergla- 
cial cycle (QSR) 

Theme 1: Value and significance of the stratigraphi- 
cal record 

Plenary lecture C Schluchter Terrestrial Quater- 
nary stratigraphy (= Lithostratlgraphy) - -  incom- 
plete, but the basic reference nevertheless (QSR) 
J Somm6 Sedimentary environment records and 
Quaternary stratigraphy (Q) 
P Glbbard and C Turner Type sections for 
Pleistocene cold stages some thoughts on a 
difficult problem (Q) 
P Ambert and G Clauzon Geomorphologlcal 
contribution to Quaternary stratigraphy river 
terrace genesis in the Mediterranean areas of 
France 
J J Macalre Time recording in fluvial superficial 
deposits from geodynamlc to chronostratlgraphy 
(Q) 
M L6ger Interest and significance of stratlgraphlc 
signals in moraines, alluvlons and loess of the 
Northern Piedmont of the Alps 
M Cremaschl Deposltlonal and post-depositional 
processes in rock shelters of Northern Italy during 
late Pleistocene, and their palaeoenvlronmental 
significance (Q) 
B Van Vhet-Lano6 The Warneton pedocomplex 
present state of the question9 Palaeopedologlcal 
and mlcromorphologlcal budget (Q) 
P Bertran and J P Texler Record of pedologlcal, 
sedimentary and chmatlc phenomena m colluvlal 
deposits the example of the Les Tares sequence 
(Dordogne, France) (Q) 

Theme 2: Methods for the study of the stratigraphi- 
cai record 

Plenary lecture J Chahne Problematic of the 
straUgraphlcal markers methods and limits 

D D Rousseau Blogeography of the Pleistocene 
plemglaclal malacofaunas in Europe Stratlgraphlc 
lmphcatlons 
D Keen Slgmficance of the record provided by 
Pleistocene fluvial deposits and their included 
molluscan faunas for palaeoenvlronmental recon- 
struction and stratigraphy 
M F Bomfay Critical observation on big Euro- 
pean Pho-Ple~stocene faunas L~mits and interest 
J M Cordy Contribution of mlcromammal 
faunas of Belgium to the knowledge of the upper 
Quaternary m northwest Europe 
J L de Beauheu Pollen analysis and European 
Quaternary stratigraphy limits, progress and pros- 
pects 
A V Munaut The importance of the choice ofa bio- 
geographical model in order to estabhsh a palyno- 
logical stratigraphy all along the Quaternary epoch 
N Combourleu-Nebout Chmatlc evolution in 
Mediterranean area and high latitudes insolation 
for 24 to 1 1 M a  
J Gutot, A Pons, J L de Beauheu and M Rellle 
Numerical reconstruction of the last climatic cycle 
based on two pollen cores from France 
B Frenzel The use of electron microscope for 
Quaternary stratigraphy 
A Tuffreau Chronostratlgraphlcal signification of 
Palaeohthlc industries the case study of Northern 
France 
F Djlndjlan The value of the Paleolithic mdustnes 
as stratlgraphlcal markers 
J Evm Limits m using the radiocarbon method in 
the d~fferent types of Quaternary sediments 
J C Fontes Problems m using 14C radlochrono- 
merry 
C Causse and C Hdlalre-Marcel Th/U-datmg of 
open carbonate systems 

Theme 3: Problems of stratigraphical correlations 

Plenary lecture G Kukla Present state of the 
correlation of European and Chinese loess strati- 
graphy with deep sea sediments 

J C Duplessy Continent-ocean correlations dur- 
ing a chmatlc transmon the example of the last 
deglaclation 
J P Lautrldou, M Clet, J P Coutard, J C 
Descombes, M Helium, M F Huault, P Lebret, 
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C Lechevalher, F L6colle, D Lefebvre, S 
Occhlettl, J C Ozouf, J Pellerln, D D Rousseau 
and B Van Vllet-Lanoe Relations between Pleis- 
tocene marme and continental formations m 
Normandy (France) 
G Seret, E Drtcot, M Pettllon and L Huysmans 
Paleochmates and glacier changes after the Eemlan 
Interglacml m the southern Vosges mountains 
(France) 
J L Turon Ocean/continent correlations based 
on some marine records 
E Van Campo Diversity and mterpretatwe con- 
stramts m manne pollen records 
M Stuck and E Van Campo Interhemlsphenc 
correlation between south low latitudes and western 
Mediterranean during the last climatic cycle 

Theme 4: Place and range of Quaternary into 
Cenozoic 
Plenary lecture 

W H Zagwljn The beginning of the tce age in 
Europe and its major subdivisions (QSR) 

J P Suc and N Combouneu-Nebout Palynology 
and Pho-Plelstocene boundary 

Acknowledgements 

MCQS conference was supported by CNRS, 
Burgundy Regional Councd, Unlverstty of Bur- 
gundy, French Assocmtlon for the Study of 
Quaternary, INQUA (French NaUonal Commit- 
tee, Subcommlsslon on Quaternary Stratlgraphy of 
Europe and Long Terrestrml Records Working- 
group of the commission on Stratigraphy) The 
richness and the success of the conference is mainly 
due to the interest and the conwvlahty of all the 
participants and also to the beneficial and effectwe 
collaboration of the personal of CRDP Dijon, 
Val6rle Deloze, Alam Festau, Rosehne Lamy-au- 
Rousseau, Chrlstophe Petit, the Assocmt~on of the 
Students in Geology, Dijon Thanks to B6atrlce 
Bernard for Enghsh help 

References 

Adam, D and Rousseau, D D ,  1988 Working Group on 
Long Terrestnal Records INQUA Commission on Stratigra- 
phy Boreas, 17 272 

Beaulleu, J L de, and Rellle, M ,  1984 A long Upper 
Pleistocene pollen record from Les Echets, near Lyon, 
France Boreas, 13 111-132 

Campy, M and Chahne, J ,  1987 The Quaternary, an outdated 
concept, an obsolete label or a pnvdeged time period 9 In C 
Schluchter (Coord), INQUA Report on Activities 
1982-1987, pp 46-56 

Campy, M and Macalre, J J ,  1989 Geologle des formations 
superficlelles Geodynamlque, facies, utlhsatlon Masson, 
Pans, 433 pp 

Chahne, J (Coord), 1980 Problemes de Stratlgraphle quater- 
nalre en France et dans les pays hmltrophes Suppl Bull 
Assoc Fr Etud Quat ,  1,372 pp 

Chahne, J ,  1987 INQUA sub-commission on Quaternary 
Stratigraphy of Europe In C Schluchter (Coord), INQUA 
Report on AcUvltles 1982-1987, pp 29-45 

Chne, R M and Hays, J D ,  (Coord), 1976 Investigation of 
Late Quaternary Paleoceanography and Paleochmatology 
Mem Geol Soc Am,  145, 464pp 

Chne, R M (Coord), 1981 The last Interglacial Ocean Quat 
Res, 21 123-243 

Evm, J ,  1990 Validity of the radiocarbon dates beyond 35,000 
years B P Palaeogeogr, Palaeochmatol, Palaeoecol, 80 
71-78 

Gulot, J ,  1987 Late Quaternary chmatlc change m France 
estimated from multwanate pollen time series Quat Res, 
28 100-118 

Gmot, J ,  1990 Methodology of the last chmatlc cycle 
reconstruction m France from pollen data Palaeogeogr, 
Palaeochmatol, Palaeoecol, 80 49-69 

Imbue, J ,  Hays, J D ,  Martlnson, D G ,  Mclntyre, A ,  Mix, 
A C ,  Morley, J J ,  PlSlaS, N G ,  Prell, W L and 
Shackleton, N J ,  1984 The orbital theory of Pleistocene 
chmate support from a rewsed chronology of the Marme 
and 61sO record In A Berger, J Imbue, J Hays, G Kukla 
and B Saltzman (Editors), Mflankovltch and Climate, part 1 
Reldel, Dordrecht, pp 269-305 

Jouzel, J ,  Barkov, N I ,  Barnola, J M,  Genthon, C ,  
Korotkevltch, Y S, Kotlyakov, V M ,  Legrand, M ,  Lorms, 
C ,  Petit, J P ,  Petrov, V N ,  Ralsbeck, G ,  Raynaud, D ,  
Ritz, C and Ylou, F ,  1989 Global change over the last 
chmauc cycle from the Vostok ice core record (Antarctica) 
In N Rutter and H Faure (Coord), Global Change Quat 
In t ,  2, pp 15-24 

Kolfschoten, T van and Roebroeks, W (Coord), 1985 
Maastncht-Belvedere stratigraphy, palaeoenvlronment and 
archaeology of the Middle and Late Pleistocene deposits 
Anal Praehtst, Letden, 18, 121 pp 

Kukla, G (Editor), 1989 Long continental records of chmate 
Palaeogeogr, Palaeochmatol, Palaeoecol, 72 1-9 

Kukla, G and An, Z S, 1989 Loess stratigraphy m central 
China Palaeogeogr, Palaeochmatol, Palaeoecol, 72 
203-225 

Keen, D H ,  1990 Sigmficance of the record provided by 
Pleistocene fluvial deposits and their included molluscan 
faunas for palaeoenvlronmental reconstruction and straUgra- 
phy case studies from the English Midlands Palaeogeogr, 
Palaeochmatol, Palaeoecol, 80 25-34 

Lozek, V,  1964 Quartarmollusken der Tschechoslowakel 
Rozpr Ustred Ustavu Geol,  16 1-374 



6 D-D ROUSSEAU 

Martmsson, A ,  1973 Editor's column Ecostrahgraphy Le- 
thaia, 6 441~t43 

Paepe, R ,  1980 Conclusions sur la table ronde "Problemes de 
stratlgraphie quaternaire en France et dans les pays hml- 
trophes" In J Chahne (Editor), Problemes de stratlgraphle 
quaternalre en France et dans les pays hmitrophes Suppl 
Bull Assoc Fr Etud Quat ,  1, pp 368-369 

Penck, A and Bruckner, E ,  1909 D~e Alpen lm Elszeltalter 
Tauchmtz, Leipzig, 1200 pp 

Peteet, D M ,  Vogel, J S,  Nelson, D E,  Southon, J R ,  
N~ckmann, R J and Heusser, L E ,  1990 Younger Dryas 
climatic reversal in Northeastern USA 9 AMS ages for an old 
problem Quat Res, 33 219-230 

Pdlans, B and Wright, I ,  1990 500,000-year paleomagneUc 
record from New-Zealand loess Quat Res, 33 178-187 

Pons, A ,  Redle, M ,  de Beauheu, J L de, Dehbnas, G and 
Evln, J ,  1988 Relations entre datatlons 14C et analyse 
polhmque l'example de l'mtervalle 6000-4000 B P darts le 
Massif Central Bull Assoc Fr Etud Quat ,  33 35-42 

Pulssegur, J J ,  1976 Mollusques contmentaux quaternalres de 
Bourgogne Mem Geol Umv DIjon, 3 1-241 

Rellle, M and Beauheu, J L ,  1990 Pollen analysis of a long 
younger Pleistocene continental sequence m a Velay Maar 
(Massif Central) Palaeogeogr, Palaeochmatol, Palaeoecol, 
80 35-47 

Rousseau, D D ,  Pmssegur, J J and Lautndou, J P ,  1990 
Blogeography of the Pleistocene plemglaclal malacofaunas in 
Europe Strattgraphlc and climatic lmphcatlons Palaeo- 
geogr, Palaeochmatol, Palaeoecol, 80 7-23 

Ruddlman, W F and Mclntyre, A ,  1981 The mode and 
mechanism of the last deglaciaUon oceanic evidence Quat 
Res, 16 125-134 

Tuffreau, A and Somme, J ,  (Coord), 1989 Le glsement 
paleohthlque moyen de Biache-Samt-Vaast (Pas-de-Calals) 
Straugraphte, environnement, Etudes archeologiques, vol 1 
Mem Soc Prehist F r ,  21 338pp 

Wodlard, G ,  1978 Grande Pile peat bog a continuous pollen 
record for the last 140,000 years Quat Res, 9 1-21 


