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Abstract. In the Vercors uplands, south-west of 
Grenoble, the Val-de-Lans syncline is filled with thick 
lacustrine and glacio-lacustrine Pleistocene deposits. Ar- 
tifacts discovered on its surface indicate an age older 
than the last glaciation. Pollen analytical investig~itions 
of five sediment sequences, including lake marls, has 
enabled the reconstruction of the interglacial vegetation 
cycle (La Cfte Interglacial) which, taking into account 
the rfle played by Abies and a Pterocarya expansion to- 
wards the end of the interglacial, may be correlated vCith 
the Holsteinian Interglacial. At the site Lolette, this 
interglacial is followed by two short stadials which alter- 
nate with interstadials characterised by Picea forests. 
Oxygen isotope studies, including 8~O investigations, 
provide additional evidence for climate changes during 
the interglacial. 

Key words: France - Middle Pleistocene - Holsteinian - 
Pollen analysis - Oxygen isotope investigations 

Introduction 

Val-de-Lans is a 10-km-long, 2-km-wide syncline that 
runs NNE-SSW in the northern part of the Vercors Mas- 
sif, west of the French Alps (Fig. 1). The flat bottom of 
this basin lies at about 1000 m altitude. The Val-de-Lans 
basin is drained mainly by the upper Bourne river which 
flows in the direction of the Basse-IsSre. The Furon river 
crosses the northernmost part of the basin and flows di- 
rectly into the IsSre through the Engins Gorges. 

In the western part of the basin, the Bourne river lies 
in a 20-30 m deep basin within a Pleistocene infilling 
that forms a terrace-like feature of fine lacustrine/ 
palustre deposits (Pompillon formation). The basin is 
closed to the south by the steep glacio-fluvial cone (cdne 
in French) of Villars-de-Lans which is partly covered by 
a local well-preserved moraine (Moraine des Pierres). 

Correspondence to: J.-L. de Beaulieu 

In 1969, Malenfant found at the surface of the 
Pompillon formation several Levalloisian artefacts of a 
late Acheulean or archaic Mousterian age. Later, 
Monjuvent discovered sand layers with allochthonous 
crystalline blocks interbedded in the upper part of the 
Villars-de-Lans c6ne. This led Malenfant and Monjuvent 
(1978) to the following conclusions: 

1. The Pompillon formation predates the last glaciation. 
The Lans valley was obstructed by a Riss glacier which 
would explain the presence of glacio-lacustrine sediment 
with allochthonous material observed in the Villars 
C6ne. 

2. The archaic prehistoric artefacts observed at the sur- 
face of the Pompillon formation suggest that the latter 
was not covered by the Is+re glacier of Wiirmian age; it is 
assumed that neither this glacier, nor smaller local gla- 
ciers, reached the altitude of Val-de-Lans. 

After the discovery of  compressed peat layers at 
Pompillon by Monjuvent, several borings were under- 
taken between 1978 and 1987 in order to elucidate the 
stratigraphy of the Pompillon formation. The first results 
were described by Beaulieu and Monjuvent (1979, 1985). 
The present paper presents a tentative synthesis based 
mainly on unpublished pollen analyses from ten corings. 
The pollen sum ranges from 300-500 and 150-200 for 
sediments corresponding to temperate episodes and gla- 
cial periods, respectively. An average of 380 pollen has 
been counted per sample. The raw data may be consulted 
in the European Pollen Database or obtained from the 
author (J.-L. de Beaulieu). 

Lithostratigraphy and palynostratigraphy 

Stratigraphy based on corings at Pompillon 

At the so-called Pompillon locality, the Pleistocene de- 
posits form a bench sloping gently from 980 to 1040 m. 
At the contact with the present valley, this slope is in- 
cised over a horizontal distance of several metres. In this 
incision, the already mentioned compressed peat layers 
occur within a bed of sand and sandy silts. 
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F|g. 2. Lithology in cores along a transect on the Pompillon slope 

A transect of several corings was made with a view to 
defining the stratigraphy of the Pompillon formation as a 
whole (a maximum depth of 20 m was only possible with 
the available coring equipment). The lithological se- 
quences obtained are summarized in Fig. 2. 

The pollen diagram derived from core SM2 (Beaulieu 
and Monjuvent 1979) displays, above stadial spectra 
(zone A), spectra suggesting an interglacial forest phase 
(zones B and D) interrupted by a cold phase (zone C). 
However, the more detailed pollen diagram derived from 
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core SM5 (Fig. 3) reveals clear interglacial dynamics 
characterized by a simultaneous expansion of Abies and 
Taxus, followed by a phase with dominant Abies (and 
abundant Buxus), and lastly a phase with Fagus and 
Abies, a few Pterocarya and slightly increased Pinus. 
This pollen zone is abruptly interrupted by a thick gravel 
layer underlying fine deposits. This is a lateral equiva- 
lent of core SM1. 

Figure 4 summarizes the pollen data derived from 
cores at various points along the transect (SM2, SM3, 
SM5, SM6 and SM7). The nature of the sediments and 
their poor pollen content, except at certain levels, indi- 
cate that they correspond to stadial deposits. Within 
these deposits, more organic levels are identifiable that 
reflect interstadial episodes. 

Correlation of the pollen zones in the profiles from 
the various corings suggest that there was a dip of about 
2% during lake infilling which is consistent with the 
present day slope of the plateau (Fig. 5). 

La C6te (SMI1) and Les Bruy~res (SM12) 

The coring at La C6te, about 2 km to the north of the 
Pompillon section, provided an interglacial sequence 
equivalent to that described in SM5, although more com- 
plete (Beaulieu and Monjuvent 1985; Fig. 6). In this 
core, pollen zones characteristic of pioneer forest phases 
(zones SM11 1-5) and three late-temperate Interglacial 
zones are recorded for the first time. This sequence was 
called 'Interglaciaire de la C6te' after the local place- 
name. Of particular interest is zone SMll  15 where 
Pterocarya is well represented. 

This interglacial sequence is interrupted at approxi- 
mately mid way (just after the expansion of Fagus) by 
sterile blue clays and silts that contain a cold stadial pol- 
len flora. These minerogenic sediments are due either to 
a massive erosion of older stadial sediments or to the oc- 
currence of a cold episode that subdivides the intergla- 
cial. 

Core SM12, from the Les Bruy6res site, provided an 
Interglacial sequence interrupted by grey-bluish clays 
before the Fagus expansion (Fig. 7). At the top, where 
the sediments are extremely poor in pollen, a spectrum 
has been recorded that resembles the pollen assemblage 
with Abies, Fagus and Pinus recorded in Zone SM11 14 
(see Fig. 6). The grey-bluish clays are probably contem- 
poraneous with those described at La C6te, but the un- 
derlying marls are older than at La C6te since Fagus has 
not yet attained high percentages. This indicates that the 
bluish clays were deposited unconformably, probably as 
a result of a gully erosion in the interglacial marls. 

Furon and LoIette 

Sediments corresponding to the Pompillon formation 
have also been detected in the Furon basin, about 2 km to 
the north of the Lans en Vercors pass. Two borings 
(SM14 and SM15) were made on the eastern side of the 
river near the village of Lolette. 

The pollen sequence (Fig. 8) shows the same charac- 
teristics as the La C6te Interglacial, but the Taxus phase 
is absent probably because of a hiatus, and the zones with 
dominant Abies (zones SM14/15-4 and 6) are interrupted 
by an argillaceous layer that yielded spectra rich in Pinus 
and herbs (zone 5). In the overlying continuous marly 
sediment, a series of phases is recorded in which Abies, 
Abies and Fagus, and Abies and Fagus with Pterocarya 
successively dominate without any indication of an inter- 
mediate cold episode. 

This set of observations shows that the argillaceous 
layers interrupt different episodes of the same intergla- 
cial period and are probably due to erratic floods with 
high sediment load that occurred at various times in dif- 
ferent places within the extensive palaeolake of Val-de- 
Lans. They are therefore of no climatic significance. The 
La C6te Interglacial was most likely characterized by 
continuous forest dynamics with no sudden regressive 
episodes. 

A few hundred metres away from the last mentioned 
corings, to the south of the small village of Lolette, 
marly deposits outcrop on the margin of the National 
road. These deposits are unconformably overlain by 
thick blue clays. A coring was made below this section 
(SM13) which went through 6.20 m of marl and more or 
less sandy silt, followed by 5 m of blue-greyish claysand 
finally reached a pebble layer (Fig. 9). Pollen was not 
recorded below 6.67 m. The pollen diagram therefore 
corresponds to the upper part of the profile. This diagram 
bears a close resemblance to the preceding. The first pol- 
len zones (SM13 1-5) correspond to the beginning of the 
La C6te Interglacial. There is no pollen assemblage with 
dominant Fagus and Abies nor is there a Pterocarya 
phase. Zone 6 resembles zone 17 at La C6te. Zone 7 may 
correspond with the beginning of a stadial characterized 
by a decline of Picea and an increase in herbs. Zone 8, 
marked by the reappearance of Abies, indicates sediment 
reworking at the beginning of a stadial or a short climate 
amelioration. Zone 9, with arboreal pollen percentages 
lower than 50%, may correspond to a stadial. Zones 10 to 
13 reflect a new temperate cycle which is here referred to 
as Lolette 1 Interstadial. 

Considering that the Lolette coring is situated 20 me- 
tres higher than that at Furon, where the La C6te Inter- 
glacial is well characterized, two hypotheses can be put 
forward, namely that the whole series represents a differ- 
ent time period or that the Pleistocene lacustrine layers 
slant abruptly from Lolette to Furon following the dip of 
the substratum. In the second case, the bottom of the 
Lolette sequence would correspond to the La C6te Inter- 
glacial sequence which is truncated between zones 5 and 
6. The sedimentary sequence being almost continuous 
from that onwards, the upper part of the diagram should 
indicate botanical events that were subsequent to the La 
C6te Interglacial. These events are not recorded in the 
other corings because the sediment corresponding to the 
end of that interglacial was probably destroyed in an ero- 
sion episode. In view of the respective situations of the 
Furon and the Lolette corings and the short distance be- 
tween the two cores, this is regarded as the more accept- 
able hypothesis. 
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Fig. 5. Proposed correlation of the pollen zones from the various Val-de-Lans profiles 

Discussion 

On the basis of  the evaluation of  the pollen data (see 
above) a correlation scheme for the various prOfiles is 
proposed in Fig. 5. The following are the main overall 
conclusions that follow from the proposed correlations: 

1. The bottom of  each core consists of  grey and blue 
clays corresponding to a glacial climate. The underlying 
coarser material (pebbles) could not be penetrated and so 
this substratum was not investigated. Geophysical inves- 
tigations, however, suggest a much thicker Pleistocene 
infilling than was revealed by the corings (cf. Beaulieu 
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and Monjuvent 1985). This lower part is referred to as 
the Furon Glacial. 

The passage from clays to biogenic carbonated 
sediments that characterizes the onset of the La Crte 
Interglacial reflects a major change in the evolution of 
the palaeolake. That a major change did take place is 
consistent with the present geomorphology which in- 
cludes features such as a sub-horizontal channel that runs 
to the west of the syncline, a steep slope to the west and a 
very gradual slope to the east. There is no information 
available regarding the shores of the palaeolake, and thus 
the bathymetry of the palaeolake remains unknown. 

2. The episodes which resulted in argillaceous sediments 
including a 'cold' pollen flora that interrupt the marly 
sediments of the La Crte Interglacial have no strati- 
graphical significance. These reflect local sediment 
transport, probably in the context of torrential floods, 
and hence should not be given undue weight in the recon- 
struction of vegetation and climate history of the region. 

3. The lake marl sediments are truncated by a pro- 
nounced erosion phase. Only core SM13 seems to show a 
succession of two short cold episodes and two temperate 
episodes (Lolette I and II) just after the interglacial. Be- 
cause of this truncation, no clear relationships can be es- 
tablished between the interglacial and stadial deposits 
(La Bourne Glacial) in the upper part of the Pompillon 
sequence. 

Vegetation history 

The correlations proposed in Fig. 5, which take into ac- 
count the lithostratigraphical data (see above), are now 
used as a basis for the description of the vegetation his- 
tory. 

1. Pleniglacial phase with dominant herbs: the Furon 
Glacial (SM1-A, SM5-1a and lb, SMl1-1 and SM12-1). 
Above the pollen-deficient clays, the two first 
polliniferous levels yielded spectra closely resembling 
those from the Oldest Dryas in the region. They are char- 
acterized by the dominance of heliophytes (steppic) 
herbs, Artemisia, Chenopodiaceae and particularly 
Ephedra, evidence for the regional occurrence of 
Hippophae and probably Pinus too. No evidence is found 
for a forest vegetation on the Lans plateau. In SM5 la, at 
the base of the clay layer, great amounts of more or less 
corroded pre-Quaternary palynomorphs were recorded. 

2. Phase with Pinus dominant (SMll-2, 3 and 4, SM12-2, 
SM13-1 and SM14/15-1). SMll  (La C6te; Fig. 6) re- 
vealed the most complete late-glacial vegetation dynam- 
ics: an early Pinus maximum (probably not from local 
origin) is followed by a short episode with Juniperus 
(probably a pioneer shrub on the plateau). Thereafter, the 
Betula curve rises and Pinus peaks for the second time. 
This indicates the establishment of a conifer forest in the 
surroundings of the lake. The first deciduous trees are 
also recorded. At the other sites, there is no distinct 
Juniperus phase. 

3. Spread of mesic trees with abundant Pinus (SMll-5 
p.p., SM12-4, SM13-2 and SM14/15-2). The Pinus veg- 
etation types continue to develop, and mesic trees begin 
to expand in the region (Quercus first, followed by Tilia, 
Ulmus and Corylus). 

4. Major expansion of deciduous trees. Spread of Abies 
and Picea (SM5-2, SMll-6, SM12-5 and 6 and SM14/ 
15-3) is recorded and a mixed forest with abundant 
Corylus established itself on the plateau. These forests 
were species-rich, as suggested by pollen records for 
llex, Hedera and Carpinus. Meanwhile, Picea and Abies 
began to expand. At the site, the vegetation appears to be 
intermediate between lowland and mountain type. 

5. Phase of Taxus expansion (SM5.3, SM11.7, SM12.7, 
SM13.4). Abies was hindered in its expansion by a strong 
development of Taxus; later these two trees probably 
formed a mixed forest. During this phase Vitis pollen is 
recorded for the first time, and the Buxus curve is initi- 
ated. The establishment of Abies is not related to a fall in 
temperature but rather to more favourable moisture con- 
ditions as was the case in the French Southern Alps dur- 
ing the Atlantic period. 

6. Phase with dominant Abies (SM5-4, SMll-8, SM12-8 
and SM14/15-4, 5 and 6). The Taxus increase was of 
short duration and Abies was soon the main, if not the 
only, tree in Val-de-Lans, the other AP records probably 
reflecting regional and long-distance transported pollen. 
However, the rise in the Buxus pollen percentages and 
regular pollen occurrences of Rumex, Apiaceae, Erica- 
ceae and Rosaceae show that the forest was varied and 
not completely closed. It is during that episode that 
Fagus pollen is recorded for the first time. 

7. Dominance of Abies and continuous curve of Fagus 
(SM11-Sb and SM14/15-7). The situation is the same as 
in the preceding phase, but the continuous Fagus curve 
indicates the establishment of beech near the site. 

8. Expansion of Fagus (SMll-9). SM5-5 and SM14/15-8 
show a sudden rise in the Fagus curve. In SM11-9 the 
expansion phase is represented by 60 cm of sediment. 
The Fagus expansion was mainly at the expense of Buxus 
and Quercus which suggests that the Fagus and Abies 
forest encroached upon the domain of the oak forest at 
lower altitude. The decline in Pieea at this time is more 
difficult to explain. 

9. Dominance of the Fagus and Abies forest (SM5-5, 
SMl1-12, 13 and 14, SM12-9? and SM14/15-8). Apart 
from the overall dominance of Abies and Fagus, these 
zones are characterized by an increase in Pinus. The 
transitory expansion of Buxus, Quercus and Taxus, well 
marked in SMl1-13 and 14, is also recorded in SM14/15, 
though less markedly (at c. 6 m). There are notable dif- 
ferences between the relative frequencies of Fagus, 
Abies and Pinus in the two corings. This may be due ei- 
ther to differences in the transportation and deposition of 
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pollen types or to an irregular distribution of these taxa 
around the lake. During this phase the first pollen grains 
of Pterocarya are recorded. 

10. Spread of  Pterocarya (SMl1-15, SM14/15-9). Apart 
from the spread of Pterocarya, which has representation 
in the range 5-10%, there appears to be no changes in 
vegetation. It may be assumed that Pterocarya played an 
important role in the general proximity of the ancient 
lake. 

11. Expansion of Pinus and Picea (SMll-16 and 17, and 
SM13-6 and 7). The expansion of these two taxa, which 
coincides with an episode of very low pollen percentages 
for the thermophilous deciduous trees notably 
Pterocarya, is a characteristic feature of post-temperate 
dynamics. A slight increase in the Poaceae percentages 
also suggests an opening of the surrounding forests. 

12. Stadial with abundant heliophytes (SM13-9). All the 
sequences, except SM13 (Lolette), are truncated above 
the upper part of the post-temperate phase. SM13-9 cor- 
responds to a stadial with an heliophilous non-arboreal 
vegetation. 

13. Phase with dominant Picea, i.e. Lolette 11nterstadial 
(SM13-11 and 12). After a transition phase with abun- 
dant heliophilous pioneer trees (Betula, Pinus and 
Juniperus; cf. SMI3-10), Picea was the dominant tree 
around the site and Pinus was also present. Zone SM13- 
12 is characterized by a Pinus decline coinciding with 
continuous curves for several mesophilous trees (Ulmus, 
Quercus, Fraxinus, Corylus and Carpinus), which sug- 
gests a regional expansion of these trees. 

14. Phase with Picea and mesophilous trees (SM13-13). 
At the end of the Lolette I Interstadial, higher pollen val- 
ues of mesophilous species denote the arrival of these 
trees near the site. The expansion of deciduous trees at 
the expense of Picea is quite unusual, as mesophilous 
trees generally occur during an early temperate phase 
prior to the expansion of conifers, e.g. Abies and Picea. 
Soil evolution may be evoked to explain these classical 
dynamics (Zagwijn 1972). In zone SM13-13, Carpinus 
pollen is more abundant than in the La C6te Interglacial. 
Re-bedding from a lower level may therefore be ex- 
cluded. On the other hand, the expansion of mesophilous 
trees in a zone characterized by a slight decrease of the 
NAP (Poaceae and Artemisia) would suggest that the pol- 
len may be derived from various sources. As no equiva- 
lent to this pollen zone has been recorded in other se- 
quences from that site, a definitive interpretation is not 
possible. 

15. Phase with Betula, Pinus and Juniperus (SM13-14 
and SM13-14). After a sudden fall in the curves of 
mesophilous trees, which suggests a hiatus, the unusual 
spectrum which constitutes zone SM13-14 indicates an 
open landscape with stands of heliophilous trees. 

16. Second phase with dominant Picea, i.e. Lolette H 
lnterstadial. The upper pollen zone of the Lolette se- 
quence is characterized by a second expansion of a 
Picea-dominated forest. At the top of this zone lake 
marls are in discordant contact with sterile blue clays. 

The sediment sequences recorded at Pompillon above 
the La C6te Interglacial (SM3, SM6 and SM7) cannot be 
correlated with the upper part of the Lolette sequence. 
The few organic layers containing pollen are interbedded 
in pollen deficient clays and silts and are either slightly 
younger or much younger than the Lolette sequence. 
Apart from pollen zone SM6.2, which indicated a Picea- 
dominated forest, the spectra are characterized by a 
dominance of Pinus and frequently with Picea as an im- 
portant component. Larix, too, is present. Picea and 
abundant heliophytes (cf. Artemisia, Ephedra, and 
Chenopodiaceae) suggest a markedly open landscape 
such as exists today at the upper subalpine belt (but not 
in zones SM6-2 and SM7-I). Abundant Cyperaceae indi- 
cate a very shallow lake. 

The stable Isotope (8~80 and 5~3C) record 

The oxygen isotope ratio, i.e. the '~O/~O ratio or 6'~O 
values, in rainfall varies almost in parallel with the air 
temperature. This is due to the fact that in precipitation, 
the isotopically heavier water molecule (H2"O) rains out 
more readily than the lighter molecule (H2~O) (isotope 
fractionation). With lower temperatures and conse- 
quently increased differential loss of H2~O, 180 in the 
steam of the air mass, and hence in the rainfall, gradually 
decreases. The isotopic variations in meteoric precipita- 
tion are transferred to groundwater and then to the water 
of lakes. In authigenic carbonate lake sediments (lake 
marl or Seekreide), by a second step reaction, the record 
of '~O concentration in lake water is finally preserved. 
Lake marl is mainly formed during photosynthetic ac- 
tivities of submerged aquatic plants which use dissolved 
CO r The consequence is a CO 2 deficit, so that bicarbo- 
nate is decomposed into CO 2 and insoluble carbonate 
which precipitates. Thus, authigenic freshwater marl 
sediments, through their ~O/~O ratio, can provide infor- 
mation about temperature (Siegenthaler and Eicher 
1986). 

The carbon isotope ratio in authigenie lake carbonate, 
i.e. the '~C/"C ratio or 6"C values, depends on factors 
rather different from those determining the "O/~O ratio. 
In comparison with 6~O values, which largely reflect re- 
gional climate change, x3C may reflect at best local cli- 
matic conditions. However, a3C variations do not indicate 
primarily climate-induced events. 

In groundwater and river water, '~C values generally 
range between -10 and -15%0. In lake water, the "C con- 
centration of the CO2-bicarbonate system is influenced 
by different factors but, at final equilibration with atmos- 
pheric COa, the 6nC value is ca. 2%o. Biological activity 
of aquatic plants, which preferentially withdraw '~C-de- 
pleted carbon, involves a "C enrichment in the dissolved 
bicarbonate. This magnitude of the effect depends on the 
productivity of the submersed plants. In some cases, the 
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~C curve behaves similarly to the "O curve; this may be 
related to varying bio-productivity during warm and cold 
climate periods. Under certain conditions, therefore, the 
6~C curve may be regarded as an indicator of biopro- 
ductivity (Siegenthaler and Eicher 1986). 

A study of asO and x~C variations has been carried out 
on different cores from Val-de-Lans, the reference core 
being La Crte. The results from this core are presented in 
Fig. 10. Unfortunately, the isotope profile does not 
record the temperature rise at the glacial/interglacial 
transition. The relatively high 8~O values below 19 m 
depth are the result of inwashed detrital sediments. Note 
also that the carbonate content in this part of the profile 
is relatively low (c. 20%). Between 19 and 14.4 m, the 
6a*O values show only small variations that cannot be in- 
terpreted on the basis of comparison with the pollen pro- 
file. The high carbonate content (>80%) suggests inter- 
glacial conditions. In the upper part of the profile the 
curve declines by about 0.8%0. This decrease may not re- 
flect a drop in temperature. It might be the result of a 
decrease in "O in the ocean, caused by isotopic light 
meltwater from the polar ice caps. 

clearly points to detrital allochthonous sediments. As 
abruptly as started, the event comes to an end at 13.4 m 
when 6~O values are similar to before and the carbonate 
content increases again to more than 80%. 

In the upper part of the profile (between 13.3 and 7.5 
m) the 6"0  curve shows substantial variations. After a 
small negative fluctuation (between 12 and 11 m), there 
is a trend towards increasing values (between 11 and 9.6 
m) which corresponds with the occurrence of Pterocarya 
in the pollen profile. Both the (5180 and pollen records, 
therefore, suggest higher temperatures. The decline in 
6~O values, which is recorded in this part of the profile, 
is restricted to a short segment (9.6-9.2 m). In compari- 
son with the preceding positive fluctuation, 6'"0 de- 
creases by about 2%0 which may signify a decrease of c. 
4-8C in mean annual temperature. In the pollen diagram 
Pterocarya temporarily disappears. The oxygen isotope 
curve then rises again to the mean value for the intergla- 
cial (ca. -9.2%0). The record ceases before the decline in 
6'"0 values, indicative of glacial temperatures, is re- 
corded. A general decline in carbonate content, mainly in 
the uppermost sediment (above 9.5 m), suggests in- 
creased instability in the catchment which lead to inwash 
of detrital sediments. 
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Fig. 10. Curves for ~O and CO a, and calcium carbonate content as a percentage of dry weight, core SM8 (La C6te) 

Between 14.4 and 13.4 m depth, the isotope curve is 
interrupted by an abrupt event; ~O increases by ca. 3%0 
and the carbonate content decreases to ca. 15%. The fact 
that both curves change without any transitional stage 

In its main characteristics, the ~C curve runs simi- 
larly to the a80 curve. Below 19 m and between 14.4 and 
13.3 m, a marked change in 6'~C values points to 
inwashed detrital carbonate. Elsewhere, i~a3C values are 
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rather low (- 4.5%o on average) which suggests that equi- 
libration was not established with atmospheric CO r It is 
possible that the residence time of  the lake water was 
short and, furthermore, it is probable that, in general, the 
~C curve is largely reflecting the biological activity in 
the water body. Thus, the behaviour of the curve between 
13.3 and 7.5 m may be accounted for by fluctuations in 
the bioproductivity of aquatic plants. The relatively high 
6~C values in the interval 13.3 and 10.2 m suggests 
greatly increased productivity which, in agreement with 
both the 6180 curve and the pollen record, is indicative of 
favourable climatic conditions. As in the case of the 6~O 
curve, more negative 6~C values at about 9.5 m depth, 
suggest climatic deterioration which had the effect of re- 
ducing the bioproductivity in the submersed aquatics. 

Comparison with other European sequences 

This series of corings reveal interglacial vegetation dy- 
namics that are particularly well developed in the La 
C6te profile (La C6te Interglacial). The great abundance 
of Pterocarya in SM8-15 and SM14/15-9) is a distinctive 
feature allowing correlation with the typical Holsteinian 
Interglacial from Northern Germany which is character- 
ized by the presence of Pterocarya in its upper part. Dur- 
ing both the Holsteinian and La C6te Interglacials, 
Buxus, Taxus and Vitis played a notable role, whereas 
Carpinus did not expand. 

There are, however, differences in the vegetation his- 
tory of the locus typicus and the Val-de-Lans sequences, 
the most striking being the scarcity of Fagus and the re- 
duced role played by Pterocarya, even when at its opti- 
mum, in the Holsteinian sequence. Fortunately, two sites 
in the Alps which are in rather similar settings to those 
from Vercors, have provided pollen diagrams attributed 
to the Holsteinian, namely Samerberg 2 in Bavaria 
(Grfiger 1983) and Thalgut in the Aar valley (Welten 
1988). At Samerberg and Thalgut, the first Picea expan- 
sion is recorded prior to the expansion of  mesic trees. 
This does not occur at La C6te although at that site the 
Picea curve starts very early. Both at Samerberg and at 
La C6te, Taxus achieved a maximum during the expan- 
sion phase of Abies, but the major expansion phases of 
Buxus and Fagus are recorded later than at La C6te. 
These differences do not necessarily imply that the Inter- 
glacial sequences are not contemporaneous; they may be 
accounted for by a vegetation differentiation related to 
migration paths and local conditions. This is not surpris- 
ing in view of the even greater regional differences dur- 
ing the present interglacial, i.e. the Holocene. 

Samerberg, Thalgut and Val-de-Lans are therefore 
good reference sites for the definition of an alpine facies 
of the Holsteinian Interglacial. However, the question 
arises about the correlation with the long Swiss sequence 
from Meikirch (Welten 1982a, b, 1988) which has long 
been the only Holsteinian reference site in the Alps. At 
that site, two interglacials are superimposed, separated 
by a thick sediment layer indicative of a glacial. The pol- 
len assemblages from the upper interglacial are typical of 
the Eemian. The lower interglacial, also subdivided by a 
short cold episode, had been assigned to the Holsteinian, 
i.e. Holstein I and Holstein II sensu Welten. This is in 

agreement with the sub-division of the Quaternary by 
Penck and Brfickner (1901-1909), since it underlies the 
glacial that preceded the Eemian. It seems impossible, 
however, to correlate the pollen sequences from the 
Thalgut Interglacial (identified as contemporaneous with 
the Holsteinian) with those of the Holsteinian sensu 
Welten from Meikirch (which may be more appropri- 
ately referred to as the Meikirch Interglacial). 

Two hypotheses may be put forward to explain this 
difference. In the Meikirch sequence, a long sediment 
hiatus brings close together a new ante-Holsteinian Inter- 
glacial and the glacial period prior to the Eemian, thus 
obliterating the antepenultimate temperate cycle corre- 
sponding to the Holsteinian. An alternative interpreta- 
tion is that the Meikirch sequence is really continuous, 
and the lower interglacial is thus younger than the 
Thalgut Holsteinian. 

We prefer the second hypothesis because it is consist- 
ent with the modern concept of the Quaternary derived 
from the study of deep sea cores and from the astronomi- 
cal theory of climate cycles corroborated by the exist- 
ence during the lower Pleistocene of a greater number of 
alternating glacial/interglacial episodes than proposed 
by Penck and Brfickner (1901-1909). Moreover, this hy- 
pothesis is in agreement with numerous German studies 
in which interglacial episodes are described between the 
Eemian and the Holsteinian (Erd 1970, 1973; Menke 
1980; Menke and Behre 1973; Urban 1991). 

It is not easy to establish a synthetic stratigraphical 
scheme for regions such as the Alps where glacial ero- 
sion may have obliterated many sedimentary episodes. 
On.the other hand, ancient crater lakes constitute suitable 
sites for continuous sedimentation. Although not fully 
published, the long pollen sequences obtained from the 
Velay maars infillings (Reille and Beaulieu 1990; 
Beaulieu and Reille 1992; Beaulieu and Reille, in press) 
shed new light on the Middle Pleistocene biostrati- 
graphy. The lower interglacial of the long Praclaux se- 
quence (Praclaux Interglacial) (Reille and Beaulieu, 
manuscript submitted) closely resembles that of La C6te 
and Samerberg. The modest pollen values of Pterocarya 
can easily be explained by the unfavourable conditions 
provided by a volcanic region for a calcicolous species. 
An interglacial sequence overlying the Praclaux Intergla- 
cial (followed by stadials and two interstadials with 
dominant Picea) has proved to be older than the local 
paratype of  the Eemian Interglacial, i.e. the Ribains 
Interglacial (Beaulieu and Reille 1992). Correlation with 
the long sequence from the nearby Lac du Bouchet also 
suggests that another interglacial (Bouchet Interglacial) 
took place between the Holsteinian and the Eemian, so 
that the Praclaux/La Cfte/Holstein interglacial period 
must be represented by the third interglacial before the 
Eemian, and should therefore be contemporaneous with 
isotopic stage 11. This hypothesis is discussed in more 
detail in Beaulieu and Reille (1994). Such an hypothesis 
would explain (1) the great changes which have taken 
place in Val-de-Lans whereby a closed lake basin has 
evolved into the present valley which drains to the north 
and the south and (2) the deep erosion of the Pompillon 
formation and the strong pedogenesis of its surface (de- 
calcified to over 8 m in SM10) where artefacts from the 
lower Palaeolithic were found. 
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Lastly, the Lolette I and II  Interstadials, characterized 
by a dominant Picea forest, have good equivalents both 
at Praclaux (Jagonas Interstadials) and at Samerberg 2 
(pollen zones 7 and 9). This further supports dating the 
three sequences to the same period. Comparisons can 
also be made with the Holsteinian and the post- 
Holsteinian episodes, Hoogeven and Bantega, described 
in the Netherlands by Zagwijn (1973). 

Conclus ions  

The soft sediments accumulated on the Lans-en-Vercors 
plateau were first interpreted, on the basis o f  surface ob- 
servations, as a glacio-lacustrine series of  Rissian age 
(Malenfant and Monjuvent 1978). Several corings have 
shown the greater complexity o f  the so-called Pompillon 
formation. Palynological results enable the lower part o f  
the lacustrine infilling to be attributed to a glacial period 
and to correlate the succeeding interval, referred to here 
as the La C6te Interglacial, with the Holsteinian. An ero- 
sional phase may have occurred between the interglacial 
deposits and the upper part o f  the sequence which was 
deposited under cold climatic conditions and is consid- 
ered to be older than the last interglacial. This part of  the 
sequence cannot be dated precisely; neither can the thick 
Is~re ice-sheet that obstructed the Furon valley and re- 
suited in the ice-rafted allochthonous crystalline blocks 
and pebbles that are included in the Villard-de-Lans 
cone. The ~ O  record indicates slight climatic osci~lla- 
tions during the La C6te Interglacial.  The late phase, 
with abundant Pterocarya, appears to represent a slightly 
warmer period. 

The Pompillon formation occupies a high valley sepa- 
rated from the extensive lower Dauphin6 Pleistocene se- 
ries. This makes it difficult to establish regional 
stratigraphical correlations. The Pompil lon pollen as- 
semblages, however,  provide very favourable material 
for biostratigraphic and bioclimatic correlations at the 
European scale. 
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