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The paper is focused on correlation of Late Pleistocene deglaciation of the Vosges
in Eastern France and the Krkonose Mountains in the Bohemian Massif through
measurements of in situ-produced cosmogenic '°Be ages of glacial landforms. The
minimum — Be exposure ages of deglaciation after the last glacial expansion in the
castern flank of the Vosges range from 19.2 £ 2.09 ka to 5.11 = 1.25 ka and in the
Krkono$e Mountains from 27.17 + 2.26 ka to 4.41 + 0.52 ka. The results indicate
a rapid retreat of glaciers in the Vosges at 10.2 + 0.45 ka and they do not evidence
of significant '"Be exposure ages variations with altitude. In the Krkonose Moun-
tains the most recent glacial expansion was completed before 13.81 + 1.29 ka and
12.45 + 1.68 ka respectively for the Labsky dil Valley and the Obi#i dil Valley.
Labsky dil Valley deglaciation began on south facing slopes at 995 m a. s. .
14.37 £ 1.37 ka ago, near terminal moraines at 820 m 13.81 + 1.29 ka ago and
reached the upper end of the cirque (1 275 m) at 10.3 + 0.86 ka. In the ObH dil
Valley cirque, the deglaciation started at 990 m around 12.45 £ 1.68 ka and was
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extensive amount of relevant publications has been summarized by Mercier et
al. (1999). It also includes a description of sampling, laboratory and interpreta-
tion steps of '°Be method of dating and considerations about topographic, snow
cover or vegetation shielding and possibilities of rock surface weathering and
small-scale erosion.

'"Be analyses of samples were performed by accelerator mass spectrometry
(AMS) at the Tandétron AMS facility of Gif (France) from a purified 0.25-
1 mm granulometric quartz fraction spiked with 0.3 mg of ’Be carrier. NIST
1°Be standard (Standard Reference Material 4325, OBe/"Be = 2.68x10"", 1986
August) was used to calculate '’Be concentrations. This work uses a calibrated
regional production rate, allowing significant reduction of uncertainties in expo-
sure age calculations. Since there is still no agreement, ages are reported as
“10Be exposure ages” and were not corrected for potential variability of the pa-
leomagnetic field intensity.

Spatial and temporal variability of the production rate is the most significant
source of error for exposure age estimates from cosmonuclide concentration
measurements (Gosse and Phillips 2001). To calculate exposure ages from the
measured '"Be concentrations, we utilized a production rate determined for ma-
terial from the well-dated Kofels landslide in Austria (Kubik and Ivy-Ochs
2004). Kofels production rate was normalized to the latitude and altitude of our
samples using the sca]ing factors of Stone (2000) and an atmospheric attenua-
tion length of 130 g/cm”® (Brown et al. 2000). The production rates were not
only scaled to the sampling latitudes and altitudes but were also corrected for
shielding by surrounding obstructions using image analysis of wide-angle pho-
tographs.

In the studied areas, episodic winter burial of the samples by snow also af-
fects the '’Be production rate. Even if in the past snowfall was most likely dif-
ferent from that of today, a first order estimate of the reduction of the produc-
tion rate by snow overburden was calculated for each sample. “Be production
rate corrections induced by the snow cover range from 1 to 15 %, most of them
being lower than 5 %.

Radiometric dating using in-situ production rates of '°Be is a relatively
young method, and, therefore, it should be testified in different environmental
conditions and also compared with results of other radiometric methods of dat-
ing relating to geomorphology.

DESCRIPTION OF REGIONS AND SITES OF SAMPLES

The Vosges

The horst massif of the Vosges in Eastern France is located on the collision
zone of the Hercynian orogen and it was uplifted during the Neogene. The west-
ward slope is gentle and the plateau is derived from pre-Miocene peneplain (B.
Etlicher in Koster et al. 2005). On the contrary, the Vosges shows a steep east-
ern side towards the Rhine Graben. The main ridge is oriented NNE — SSW
(Fig. 2), with higher elevations in the south (Grand Ballon 1 424 m a. s. 1.) and
moderate plateau around 700 m a. s. . in the north. During the maximum extent
of Pleistocene glaciers the Vosges were completely covered by a local ice cap



(Mercier and Jeser 2004), with valley glaciers descending on both sides of the
mountains. The lenghts of these glaciers were upto 40 km on the western side
and 15 km on the eastern side of the Vosges.
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Fig. 2. Location of '"°Be dated samples and peat bogs on a simplified geomorphological
map in the Vosges

A - Lac Noir cirque; B — Lac des Truites cirque; C — Missheimle cirque and Wormsa valley. D —
“La Grande Pile” pollen profile. The other peat bogs studied in the publications are: a = Tocken-
see, b = Lac Noir, ¢ = Gazon de Faing, d = Stillenbach, e = Tanet, f = Hirschensteinried,
¢ = Rothried, h = Frankenthal.

During the last glacial period, the Vosges massif in Eastern France is
thought to have been affected by steep climatic gradients due to: (i) its location
within the discontinuously glaciated corridor extending from 48° N to 53° N
between the edges of the Scandinavian ice sheet to the north and the alpine ice
sheet to the south; (ii) its topographic lee position with respect to west-east gen-
eral circulation, and (iii} its topography generating a significant precipitation
gradient from west to east (200 mm/km). These make the Vosges particularly
well-suited to study the climatic oscillations in Europe. During the last glacial
cycle, while a plateau glacier developed in the western Vosges, in the eastern
Vosges, precipitation and temperature gradients as well the pronounced topog-
raphy of the eastern flank induced development of deep valley glaciers an-
chored in well shaped cirques which remain visible to the present day.

In the western Vosges, the '“C ages of peat bogs (Fig. 2D) associated with
the three terminal moraines correspond to the marine isotopic stage 3 age (30 to
45 ka). By contrast, the upper valleys of the eastern flank of the Vosges Massif
exhibit numerous late recessional moraine deposits corresponding to climatic
oscillations. Although this deposits remain undated, till and outwash sediments



have therefore been estimated as Wiirmian. However, palynological studies of
bogs located on the cirque floor at the heads of some eastern valleys (Fig. 2D)
suggest a Preboreal for their development (Woillard 1978, Woillard and Mook
1982).

Twenty boulders (2-3 m diameter) were sampled for this study (Fig. 2A, B,
C). From north to south, the 5 studied sites are: 1) The Lac Noir cirque (Fig.
2A) contains a lake in its overdeepened part. Both cirque and lake are sur-
rounded by a ~30 m high moraine lobe. Sample 1 is a roche moutonnée located
between the lake and the upper cirque while sample 2 was taken from a ~28 m’
granitic boulder lying on the inner part of the south side of the moraine’s lobe.
2) Sample 3 comes from the central upper roche moutonnée located in the Lac
des Truites cirque (Fig. 2B). 3) Sample 4 was taken from a boulder of a small
recession moraine’s ridge limiting a peat bog within the Tanet cirque. 4) The
Missheimle cirque (Fig. 2C) is one of the four upper cirques of the Altenbach
valley. Five boulders (5a-b-c-d-e) were sampled on the two moraines formed on
the lip of the Missheimle cirque, in front of a steep slope: 5b, 5e come from the
inner moraine whilst 5a, 5c the outer and 5d is an angular boulder lying on the
outer moraine, near the cirque wall. One 20 m® erratic boulder (sample 6) from
a recessional moraine was sampled 2 km beyond the Missheimle cirque. At this
location, the glacier most likely became a hanging glacier above the Petite Fecht
valley. 5) Morainic samples 7 and 8, and roches moutonnées samples (9, 10, 11,
12, 15, 13 and 14) come from the Wormsa valley.

The Krkono$e Mountains

The general relief patterns of the main KrkonoSe Mountains ridge (1 400-
1 600 m) are large plateaus limited to the north by a NW — SE oriented abrupt
slope of 700-800 m, and to the south by a parallel lower ridge. The whole area
is inclined to the south, which has strongly influenced the development of the
river network. The northern rivers flow directly from the main divide to the
north while the upper courses of the southern ones begin on the summit pla-
teaus. The principal evidences for Pleistocene glaciation in the Krkono3e Moun-
tains is the presence of cirques, glacier accumulations and fluvioglacial sedi-
ments. Valley and cirque glaciers were formed in at least twelve regions of the
KrkonoSe Mountains during the last glaciation. Most of these glacial features
are preserved in the Obii dil Valley and in the Labsky dil Valley (Fig. 3) where
one can find evidence of two of the largest glaciers of the KrkonoSe Mountains.
During the last (Wiirm) glaciation the lowest snow line position was situated at
approximately 1 000 — 1 100 m a. s. 1. The present-day (theoretical) position of
the permanent snow line in the Krkono$e Mountains is considered to be about
1 600-1 700 m higher.

The Obii dil Valley

Crystalline rock samples were taken at sites GOl and GO2 in the western and
the best developed part of the bottom of the Upské jdma Pit cirque (Fig. 3A).
This part is separated from the northern part of the cirque by an inexpressive
crest forming the watershed line between the Upa River and its left-side affluent



Lavinovy potok Brook. The Upa river steps down into the cirque from the sum-
mit etchplain (~1 400 m) by a pronounced erosional notch below which it flows
through a glacially transformed valley deepened into the granite. Sample GO3
was taken at the foot of the northern wall’s erosional ravine. Sample G04 was
taken from a rock block and slight slope movement of this block cannot be ex-
cluded. Rock samples GO5 and GO6 were taken from rounded granite surfaces
in the lower part of the Certiiv hfebinek Crest in the southern part of the Upska
jama Pit. The sampling sites GO7 and GO8 are situated in the upper part of the
lower cirque step of the Upska jama Pit and the site GO9 in its lower part. This
cirque step (960-1 050 m) is the place where the ancient glacier fell in the form
of an icefall into the trough of the Obii dil Valley.

Fig. 3. Location of '°Be dated samples in the Krkonose Mountains. A refers to the Obfi
diil Valley and B refers to the Labsky diil Valley and neighbouring areas.

The Labsky dil Valley and neighbouring areas

The highest part of the Labsky ddl Valley (Fig 3B) evidences the erosional
Labska rokle Ravine. The over-200 m long and 30 to 50 m wide defile is ori-
ented and open to the SE. Its bottom is covered mainly by debris. The upper
part of this Labe River defile is limited by a pronounced edge of rock slopes
which, higher up, link to a slightly inclined planation surface. The Labe River,
springing on an uplifted peneplain probably of Tertiary age, overcomes the
mentioned edge by a waterfall and continues through the Labskd rokle Ravine.
Rock sample L10 has been taken from a rock outcrop in the upper part of the



ravine. Sample L11 originates from a site above the upper edge of the waterfall.
Rock sample L12 comes from the watershed plateau Labska louka, a relic of an
uplifted graded surface, qualified as an etchplain. The slightly undulated surface
results from the long-term influence of denudational processes continuing from
the Mesozoic up to the end of the Palacogene. This planation surface has been
uplifted to its present position (1 300 to 1 400 m) by Neogenic tectonic activity,
manifested in the KrkonoSe Mountains region mainly by block uplifts. The site
of the rock sample L13 is situated on the upper cirque edge of the Pandavska
jdma Pit, in the immediate proximity of the Pancavsky Vodopad Waterfall. This
rock edge forms the boundary line between the relic of the etchplain of the Pan-
cavskd louka Meadow and the composed cirque of the Labsky dil Valley,
above its largest cirque-in-cirque landform, the so-called Pan&avska jama Pit.
Rock samples L14, L15 and L16 were taken from the upper closure of the
Labsky dul Valley. Samples L17 and L18 represent rock outcrops of the cirque
step of the Labsky dil Valley which evidenced a morphostructural increase in
inclination (8-9° compared to 1-3° of the cirque) of the valley bottom between
920 m and 1 010 m. This valley step is an area where a tongue of the ancient
Labsky ledovec Glacier used to flow away from the cirque and passed to the
trough bottom by an icefall. The lower part of the Labsky dil Valley is repre-
sented by rock samples L.19 and L20, taken from granite blocks on the ridge of
terminal moraine, situated nearly 100 m above the mouthing of the Medvédi po-
tok Brook into the Labe River. The moraine accumulation rises from flat valley
bottom (820 m) and covers the slope up to an altitude of about 855 m with a to-
tal length of more than 600 m. Rock sample L21 was taken from a denuded
bedrock near the Harrachovy kameny Stones (1 421 m) situated on the south-
western ridge of the KrkonoSe Mountains. This torso type summit, partially
covered by eluvial and slope sediments, is part of a group of rock outcrops and
tors forming the southern margin of large plateaus of the Labsk4 and the Pan-
cavskd louka Meadows. These plateaus are relics of an uplifted planation sur-
face probably of Tertiary age.

RESULTS

The Vosges

The presence of preserved striations on several roche moutonnée, yields us
to assume that losses due to rock weathering and erosion are minor. Interplay of
local topography with the climatic perturbations is evidenced by the occurrence
of 6 different Holocene push moraines at low altitude (Tab. 1 and Fig. 2C).

When plotted as a function of altitude (Fig. 4), minimum '°Be exposure ages
ranging from ~5 to ~19 ka (Tab. 1) do not evidence any significant variations
with altitude. This suggests that rapid retreat occurred after the most recent gla-
cial expansion in the eastern flank of the Vosges Massif around a mean weighed
"Be age of 10.2 + 0.45 ka. The oldest sample, 6a,b and the two youngest, 1, 54
have been excluded from this mean. Due to its position near the lake sample 1
may have been buried; sample 54, the youngest age among the 5 ages obtained
for the Missheimle moraine, may have undergone a displacement since its em-
placement.
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Tab. 1. Sample details and *Be results for the Vosges samples. The calculated pro-
duction of "’Be is corrected to account for burial by seasonal snow cover
and for topographic shielding

Saitiple Altitude  Dip' Production rate '*Be concentration th} error o T,m,,,;error
(m) ) (atg/yr) (10” at/g) (10" av'g) (10°yrs) (10 yrs)
1% 971 21 13.2 0.68 0.16 5.11 1.25
7 1 001 1 136 1.31 0.13 10.63 1.25
3% 1110 19 14.5 1.37 0.13 10.55 1.20
4% 1100 31 14.4 1.34 2.30 10.80 1.96
4bis* 1100 31 14.4 1.40 1.39 11.30 1.31
5a* 1102 28 14.0 1.60 1.14 12.90 1.21
5b* 1102 15 14.0 1.49 1.24 11.60 1.19
5c" 1102 30 14.0 1.60 1.31 13.00 1.33
54 1102 0 14.0 0.75 1.49 5.80 1.21
5¢* 1102 16 14.0 1.48 1.38 11.60 1.29
6a’ 850 0 11.9 1.71 1.23 15.90 1.49
6bt 850 43 1.6 1.77 1.61 19.20 2.09
7 537 10 9.4 0.85 0.09 10.30 1.32
g* 572 8 9.7 0.81 0.09 9.20 1.24
9% 620 21 100 0.76 0.18 8.70 2.19
10* 628 16 10.1 1.01 0.12 11.50 1.56
11* 645 0 10.3 0.94 0.10 10.60 1.29
12% 699 38 10.2 0.64 0.07 7.60 1.02
13% 816 0 11.7 1.02 0.11 9.80 1.18
14% 951 8 12.9 1.16 0.11 10.20 1.18
15% 773 21 11.2 1.04 0.12 10.60 1.37

! Dip angles measured with reference to the horizon. * refers to roche moutonnée; * to boulder
from moraines, and * to an erratic boulder.
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Fig. 4. Vosges samples: '®Be exposure ages versus altitude
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The Krkonose Mountains

The exposure ages of 21 samples from rock slopes of cirques, tors, roche
moutonnée, moraines and boulders collected for '°Be dating (Tab. 2) in the dis-
sected relief of the KrkonoSe Mountains range from 27.17 + 2.26 to 4.41 + 0.52
ka. The oldest '°Be exposure age was found for the tor sample L21, 27.17 +
2.26 ka, located at 1 420 m on the southwestern ridge of the Labe plateau. The
second oldest sample, boulder 12, 22.88 + 1.86 ka, is located in a mild saddle
area of the central part of this high plateau. This lower part of high plateau was
covered by a table glacier somewhat longer than group of tors on the ridge with
sample L21. Four youngest samples '°Be ages for samples L10, L11, G04 and
GO09 can be explained by cryogenic and/or fluvial erosion combined with tem-
porary burial or slope movements.

Tab. 2. Sample details and "Be results for the Krkono$e Mountains samples. The
calculated production of Be is corrected to account for burial by seasonal snow
cover and for topographic shielding

Lo Altitude Dip' Production rate '°Be concentration "%Be error Ti“"" T, error
m O (at/g/yr) (10° avg) (10°avg)  (10°yrs)  (10° yrs)
GOI™ 1200 200 13.0 1.15 0.13 8.85 0.94
G02" 1180 170 129 1.24 0.14 9.58 1.14
G03" 1250 365 132 1.39 0.17 10.58 1.25
Go4® 1200 00 13.6 0.72 0.11 528 0.69
GO5" 1060 265 11.9 1.30 0.13 10.96 1.17
G06' 1040 140 12.1 0.81 0.16 6.74 1.13
GO7* 1020 110 119 1.06 0.12 8.90 1.00
GO8* 990  15.0 11.6 1.44 0.19 12.45 1.68
G09" 970  25.0 11.2 0.62 0.10 5.52 0.78
L10" 1280 00 14.5 0.64 0.07 441 0.52
L11" 1290 110 14.9 1.01 0.09 6.73 0.63
Li2¥ 1335 4.0 15.3 3.49 0.24 22.88 1.86
L13 1300 80 15.0 1.96 0.14 13.11 1.09
L14" 1275 11.0 14.3 1.47 0.11 10.30 0.86
L15° 1098 120 12.4 1.43 0.12 11.52 1.11
L16" 1095 19.0 12.3 132 0.12 10.75 1.03
L17" 995 0.0 11.4 1.63 0.14 14.37 1.37
L1g 970 00 . 11.4 1.18 0.11 10.35 0.98
L19* 830 0.0 10.0 1.44 0.12 14.42 1.35
L20* 828 00 10.0 1.37 0.12 13.81 1.29
L2l 1425 00 16.7 4.50 0.31 27.17 2.26

' Dip angles measured with reference to the horizon. * refers to roche moutonnée; * to boulder
from moraines, and * to an erratic boulder,
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When plotted as a function of altitude (Fig. 5), the calculated '°Be cosmic
ray exposure ages for both Krkonose Mountains systems (except the oldest and
youngest samples) are more scattered than those previously discussed for the
Vosges. The most recent glacial expansion was completed before 13.81 + 1.29
and 12.45 = 1.68 ka respectively for the Labsky didl Valley and the Obii diil
Valley. Labsky dil Valley deglaciation began on south facing slopes at 995 m
14.37 + 1.37 ka ago and near terminal moraines at 820 m 13.81 + 1.29 ka ago
and reached the upper end of the cirque 1 275 m at 10.3 + 0.86 ka. In the Obfi
dil Valley cirque, the deglaciation started at 990 m around 12.45 + 1.68 ka and
was completed in the main cirque (1 180 m) at 9.58 + 1.14 ka. Permanent ice
and firn fields were still present in the upper parts of cirques and on high pla-
teaus up to the Middle Holocene.
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Fig. 5. Krkono$e Mountains samples: '°Be exposure ages versus altitude

CONCLUSIONS

The minimum '°Be exposure ages of deglaciation after the last glacial expan-
sion in the eastern flank of the Vosges range from 19.2 + 2.09 ka to 5.11 + 1.25
ka and in the Krkonose Mountains from 27.17 + 2.26 ka to 4.41 + 0.52 ka. The
results indicate a rapid retreat of glaciers in the Vosges at 10.2 + 0.45 ka and
they do not evidence of significant exposure ages variations with altitude. The
wide range of exposure ages in the KrkonoSe Mountains evidences the time of
deglaciation on particular localities was depending not only on altitude but also
on the landforms pattern and very local topography which, in turn can have ma-
jor impacts on local climate. The exposure ages of deglaciation for both the
Vosges and the KrkonoSe Mountains appears to be related to the Younger Dryas
climate event. These results are in good agreement with recent paper by
Rinterknecht et al. (2004) about '°Be chronology of a sequence of prominent
Weichselian moraines of the Scandinavian Ice Sheet in northeastern Europe.

We thank J. Lestringuez and D. Deboffle for expertise in the AMS analyses
(Gif-sur-Yvette) and K. Soudani for the hemispherical image analysis. Field-



13

work and analyses were supported by INSU through the DBT II Program.
Tandétron operation is supported by the CNRS, CEA and IN2P3. Interpretation
of "’Be exposure ages of samples Lecture is based on published results of the
long-term geomorphological research in the Vosges and the Krkonose Moun-
tains (e. g. Mercier et al. 2001 and 2002, Carr et al. 2002 and Bourlés et al.
2004). The paper was prepared in the framework of research project of the
Faculty of Science, Charles University in Prague, MSM 002162083 1.

REFERENCES

BOURLES, D. L., BRAUCHER, R., ENGEL, Z., KALVODA, J., MERCIER, J.-L.
(2004). Deglaciation of the Giant Mountains indicated by '°Be dating. In Drbohlav,
D., Kalvoda, J., VoZenilek, V., eds. Czech geography at the dawn of the millenium.
Olomouc (Nakladatelstvi Univerzity Palackého), pp. 25-39.

BROWN, E. T., TRULL, T. W. P, JEAN-BAPTISTE, P., RAISBECK, G., BOURLES,
D., YIOU, F., MARTY, B. (2000). Determination of cosmogenic production rates of
B¢, *He and “H in water. Nuclear Instruments and Methods in Physics Research,
Section B: Beam Interactions with Materidle and Atoms, 172, 873-883.

CARR, S. I, ENGEL, Z., KALVODA, 1., PARKER, A. (2002). Sedimentary evidence
to Suggest extensive glaciation of the Upa valley, Krkonofe Mountains, Czech Re-
public. Zeitschrift fiir Geomorphologie, Neue Folge, 46, 523-537.

CERLING, T. E., CRAIG, H. (1994). Geomorphology and in-situ cosmogenic isotopes.
Annual Revue of Earth and Planetary Sciences, 22, 273-317.

GOSSE, I. C., PHILLIPS, F. M. (2001). Terrestrial in-situ cosmogenic nuclides: theory
and applications. Quaternary Science Reviews, 20, 1475-1560.

KOHL, C. P., NISHIIZUMI, K. (1992). Chemical isolation of quartz for measurement
of in-situ produced cosmogenic nuclides. Geachimica et Cosmochimica Acta, 56,
3583-3587.

KOSTER, E. A. et al. (2005). The physical geography of Western Europe. Oxford
{University Press).

KUBIK, P. W., IVY-OCHS, S. (2004). A re-evaluation of the 0-10 ka '®Be production
rate for exposure dating obtained from the Kéfels (Austria) landslide. Nuclear In-
struments and Methods in Physics Research, Section B, 618-622.

LAL, D. (1988). In-situ produced cosmogenic isotopes in terrestrial rocks. Annual Re-
vue of Earth and Planetary Sciences, 16, 355-388.

LAL, D. (1991). Cosmic ray labelling of erosion surfaces: in situ nuclide production
rates and erosion models. Earth and Planetary Science Letters, 104, 424-439.

MERCIER, J.-L., KALVODA, J., BOURLES, D. L. (1999). Utilisation du '®Be produit
pour dater la derniére sequence glaciaire dans les monts du centre de I’'Europe. Acta
Universitatis Carolinae, Geographica, 34, 133-138. .

MERCIER, I.-L., BOURLES, D., KALVODA, J., BRAUCHER, R., VILIMEK, V.
(2001). The Early Holocene deglaciation in European mid - latitude mountains dated
by "°Be cosmogenic nuclides — a case study of the Vosges and Giant Mountains. -
Abstracts of Conference Paper, Transactions, Japanese Geomorphological Union,
Special Issue, 5th International Conference on Geomorphology (the International
Association of Geomorphologists, August 23-28, 2001, Chuo University, Korakuen
Campus, Tokyo, Japan), 22, 4 (pp. 447-826), p. C — 153, Tokyo.

MERCIER, I.-L., BOURLES, D. L., KALVODA, J., ENGEL, Z., BRAUCHER, R.
(2002). Report on radiometric '°Be dating of glacial and periglacial landforms in the
Giant Mountains. Opera corcontica, 39, 169-174.

MERCIER, J.-L., JESER, N. (2004). The glacial history of the Vosges Mountains. In
Ehlers, J., Gibbard, P. L., eds. Quaternary glaciations — extent and chronology, 1,
lfiléopa. Developments in Quaternary Science. Amsterdam (Elsevier), 2, pp. 113-



14

RINTERKNECHT, V., CLARK, P., RAISBECK, G., YIOU, F., BROOK, E. S. T.,
LUNKKAD, J. (2004). Cosmogenic '’Be dating of the Salpausselkd [ Moraine in
southwestern Finland. Quaternary Science Reviews, 23, 2283-2289.

STONE, J. O. (2000). Air pressure and cosmogenic isotope production. Journal of Geo-
physical Research, 105, 23753-23759.

WOILLARD, G. (1978). Grand Pile peat bog: a continuous pollen record for the last
140,000 years. Quaternary Research, 9, 1-21.

WOILLARD, G., MOOK, W. G. (1982). Carbon-14 dates at Grand Pile: correlation of
land and sea records. Science, 215, 159-161.

Régis Braucher, Jan Kalvoda, Didier Bourlés, Erik Brown,
Zbynék Engel Jean-Luc Mercier

ODLEDNOVANI VOGEZ A KRKONOS V POZDNIM
PLEISTOCENU: KORELACE DATOVANI EXPOZICI
KOSMOGENNIM “Be

Préce se zabyvd prib&hem pozdn& pleistocénniho odlediovini Vogéz ve vychodni
Francii a Krkono§ v Ceském masivu. Byla provedena geomorfologickd analyza reliéfu
téchto pohofi a korelace datovdni vybranych glacigennich tvarii radiometrickou meto-
dou '“Be. Minimlni stafi expozice in-situ produkovanym '°Be je indikdtorem fistupu
zaledn&ni po posledni expanzi ledovcili na vychodnich svazich Vogéz od 19,2 + 2,09 ka
do 5,11 = 1,25 ka a v Krkono$ich od 27,17 + 2,26 ka do 4,41 + 0,52 ka. Vysledky toho-
to radiometrického datovdni metodou '"Be sv&dei o rychlém dstupu ledoveill ve Vogé-
zdch pred 10,2 + 0,45 ka, pti¢emZ neukazuji na jejich podstatnou zévislost na nadmof-
ské vyice. V Krkonosich byl posledni postup ledovcii dokongen v Labském dole pred
13,81 £ 1,29 ka a v Obtim dole pfed 12,45 + 1,68 ka. Odledfiovini Labského dolu za¢a-
lo na svazich s jiZni expozici v 995 m n. m. pfed 14,37 + 1,37 ka, u terminlnich morén
v 820 m pred 13,81 + 1,29 ka a dosahlo horni konec karu (1 275 m) pfed 10,3 + 0,86 ka.
Ustup zalednéni v Obfim dole zatal v 990 m pred 12,45 + 1,68 ka a byl dovrien
v hlavnim karu (1 180 m) pfed 9,58 + 1,14 ka. Odledné&ni Vogéz a Krkono§ prob&hlo
v obdobi mladsiho dryasu, avSak stdld ledovd a firnova pole existovala v hornich &4s-
tech kardl a na vyscko poloZenych ploginich Jc§té ve stfednim holocénu., VE&t§i rozpéti
vysledki radiometrického datovéani metodou '*Be v Krkonogich nasvédctuje, Ze odledng-
ni bylo na n€kterych lokalitich zdvislé zejména na konfiguraci povrchovych tvard a to-
pografii reliéfu, coZ se projevilo na mistnich klimato-morfogenetickych podminkéch.
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