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MIDDLE AND UPPER PLEISTOCENE FLUVIAL EVOLUTION OF
THE MEURTHE AND MOSELLE VALLEYS IN THE PARIS BASIN
AND THE RHENISH MASSIF

Stéphane CORDIER*, Manfred FRECHEN**,
Dominique HARMAND*** and Monique BEINER****

ABSTRACT

The terrace systems of the River Meurthe (Me), and the River Moselle (M) downstream from the present Moselle-Meurthe confluence are
composed of eight stepped alluvial terraces (Me8-M8 to Me1-M1), situated at less than 90 m above the modern floodplain Me0-MO. Morphological,
mineralogical and petrographical studies evidence that the oldest five terraces (Me8-M8 to Me4-M4) were formed by the “Palaeo-Meurthe”, while
the Upper Moselle flowed towards the Meuse valley. Downstream from the confluence, the three youngest alluvial terraces (Me3-M3 to Me1-M1)
contain crystalline sediments from the Upper Moselle basin; they have been formed since the Upper Moselle capture, dated about 250-270 ka before
present. IRSL and radiocarbon datings provide independent absolute age control for these post-capture terraces, which respectively correlate with
the end of the Saalian (Me3-M3) and the Weichselian (Me2-M2 and Mel-M1).

The constant relative height of the terraces between France, Luxemburg and Germany gives evidences that there was no differenciated tec-
tonic movements along the valley since at least the capture.

A cyclic evolution scheme for the formation of the terraces is presented. The main gravel sedimentation occurred during cold periods
(pleniglacial and late glacial phases), with a minor erosive period at the beginning of late glacial periods. Major incision occurs at the warm-to-cold
transition.

Key-words: Meurthe and Moselle valleys, alluvial terraces, alluvial sequences, IRSL datings, heavy minerals, Upper and Middle Pleistocene.

RESUME

L’EVOLUTION DES VALLEES DE LA MEURTHE ET DE LA MOSELLE AU PLEISTOCENE MOYEN ET SUPERIEUR DANS LE BASSIN
PARISIEN ET LE MASSIF SCHISTEUX RHENAN

Les vallées de 1a Meurthe (Me), et de 1a Moselle en aval de la confluence avec la Meurthe (M), présentent, a travers le Bassin parisien et le
Massif schisteux rhénan, huit terrasses alluviales (Me8-M8 a Me1-M1) étagées a moins de 90 m au-dessus du fond de vallée Me0-MO. Les analyses
morphologiques et sédimentologiques (minéralogie et pétrographie) indiquent que les terrasses alluviales les plus anciennes (Me8-M8 a Me4-M4)
ont été déposées par la Paléo-Meurthe alors que la Haute-Moselle s’écoulait vers la Meuse. En revanche, les terrasses alluviales plus récentes (Me3-
M3 a Me0-MO) contiennent, en aval de la confluence Moselle-Meurthe, de nombreux éléments cristallins provenant du bassin supérieur de la
Moselle ; elles ont été mises en place aprés la capture de la Haute-Moselle survenue vers 250-270 ka (OIS 8). Les datations IRSL et !*C montrent
que ces terrasses datent respectivement de la fin du Saalien (Me3-M3) et du Weichselien (Me2-M2 et Mel-M1).

Le parallélisme des terrasses (et en particulier des terrasses encadrant la capture Me4-M4 et Me3-M3) en France, au Luxembourg et en Alle-
magne montre qu’aucun soulevement tectonique différenciel n’est survenu le long de la vallée depuis au moins la capture.

La genese des terrasses alluviales semble s’effectuer de maniere cyclique ; la sédimentation aurait lieu principalement lors des phases pléni-
glaciaires et tardiglaciaires du cycle climatique, avec une phase érosive mineure en début de phase tardiglaciaire ; I’incision majeure responsable de
I’étagement des terrasses surviendrait durant la transition interglaciaire-pléniglaciaire.

Mots-clés : Vallées de la Meurthe et de la Moselle, terrasses alluviales, cycle climato-sédimentaire, datations IRSL, minéraux lourds, Pléistocéne
moyen et supérieur.
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INTRODUCTION

Today, the River Moselle and its major tributary the
River Meurthe flow east of the Meuse, towards the
Rhine (fig. 1). Prior to the Saalian glaciation, the Upper
Moselle flowed towards the Meuse (“Upper-Moselle-
Meuse”), while the “Palaco-Meurthe” joined the Rhine
(Harmand et al., 1995). Detailed research was carried
out in the Moselle and Meurthe valleys during the first
part of the 20th century (de Lamothe, 1901; Dietrich,
1910; Borgstitte, 1914; Wandhoff, 1914; Ferrant,
1933a et b; Théobald et Gardet, 1935) and until the
1980’s (Kremer, 1954; de Ridder, 1957; Liedtke, 1963;
Miiller, 1976; Osmani, 1976; Negendank, 1978, 1983).
However, the presence of three main structural regions
(the Vosges massif, the Paris basin and the Rhenish
massif) and the partition of the area between three
countries, France, Luxemburg and Germany, prevented
general studies. Furthermore, research in the French
valley mainly underlined the climate impact in the for-
mation of alluvial terraces (Tricart, 1952), while au-
thors from Luxemburg and Germany focused on the
neotectonics influence (de Ridder, 1957; Fischer,
1962; Hoffmann, 1996).

The studied area is the so-called “Palaeo-Meurthe-
Moselle”. It corresponds with the Meurthe valley be-
tween Baccarat and the Moselle confluence near
Pompey, and with the Moselle valley between Pompey
and Bernkastel-Kues (fig. 1). The aim of this study is to
propose an overview of the terrace system in the Paris
basin and the Rhenish Massif, and to provide a more re-
liable chronostratigraphical frame for the post-capture
alluvial terraces, enabling a first correlation between
the terraces formation and the Pleistocene climate
cycles.

As the terrace system in the Meurthe and in the
Upper Moselle valleys has been recently described in
detail (Cordier et al., 2004), the morphological study
(extension of the alluvial terraces, relative height of
their bedrocks) focuses on the area located between
Thionville and Bernkastel-Kues. The resulting geomet-
rical correlations are confirmed by extended
sedimentological analyses: heavy minerals counts (at
least 200 grains for each sample) have been made by
Monique Beiner on sands (40-315 wum fraction), iso-
lated using bromoform (methodology in Parfenoff
et al., 1970). Petrographical counts have also been
made on clasts (20-40 mm diameter).

The chronological study is based on infrared opti-
cally stimulated luminescence (IRSL) datings, carried
out by Manfred Frechen at the GGA-Institut in
Hannover. Luminescence dating is based on the as-
sumption that the sediments were sufficiently long
exposed to daylight during the fluvial transport and
prior to deposition. Poorly bleached sediment would
result in age overestimation. The theoretical upper age
limit for potassium-rich monomineralic samples is
about 1 Ma. This upper limit is controlled by the satura-
tion of traps in the crytal lattice and by the stability of
charge in those traps. The upper dating limit is a
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function of dose rate and the time elapsed since the last
resetting of the radiometric clock by daylight.

Nine samples were taken from sediments of the mid-
dle and lower Meurthe terraces. The 100-200 pm grain-
size fraction of potassium-rich feldspars was measured
applying the single aliquot regenerative (SAR) dose
protocol and the multiple aliquot additive dose
(MAAD) protocol (Frechen et al., 2004). The MAAD
subsamples were stored after irradiation at room tem-
perature for more than six weeks, reducing the likeli-
hood of signal fading. Fading seems to be not
significant for those samples, for which independent
age control by radiocarbon is available. Reasons could
be the extended storage of more than six weeks be-
tween irradiation and measurement of the samples, al-
ternatively the potassium-rich feldspars might not
exhibit anomalous fading for the fluvial sediments
from the Meurthe and Moselle catchment area. In con-
trast to previous investigations of fluvial sediments
from the Rhine-Meuse valley by Wallinga et al. (2001),
the IRSL age estimates of feldspar-rich extracts did not
indicate severe underestimation of deposition ages.
Gamma spectrometry was applied in the laboratory to
determine uranium, thorium and potassium content as-
suming radioactive equilibrium for the decay chains.
Cosmic dose rate was corrected for the altitude and sed-
iment thickness, as described by Aitken (1985) and
Prescott and Hutton (1994). The water content of the
sediments was estimated at 20+5%.

The IRSL datings are complemented by the radiocar-
bon age estimates already obtained, concerning both
the present Meurthe and Moselle floodplains (Carcaud,
1992) and the lowest terrace in the Luxemburger valley
(unpublished data provided by the National Museum
for History and Art of Luxemburg).

I - THE MORPHOLOGY OF THE TERRACE
SYSTEM

IN THE MEURTHE AND UPPER MOSELLE
VALLEYS

The Meurthe valley between Baccarat and Pompey is
mainly developed in the marly depressions (fig. 1).
Three alluvial basins (Mondon, Vitrimont and Nancy,
respectively n° I, IT and III on fig. 1) have been studied.
On the basis of morphological data, a terrace staircase
including eight terraces, each situated at constant rela-
tive heights (ranging from 90 to 5 m above the present
bedrock) has been distinguished, from Me8 the oldest
to Mel the youngest (fig. 2a; Cordier et al., 2002). At
higher relative height, only residual deposits were
found.

Recent resarch in the Upper Moselle valley near Toul
(“Moselle touloise”, Mt; Harmand er al., 1995;
Harmand et Le Roux, 2000; Losson, 2003; Cordier
etal.,2004) allowed the definition of a similar terraces
staircase, especially including five well-preserved allu-
vial terraces at less than 45 m above the present
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Fig. 1: Location map of the Moselle-Meurthe catchment.

Fig. 1 : Carte générale des bassins de la Moselle et de la Meurthe.



bedrock (from Mt5 to Mtl; fig. 2b). The capture of the
Upper Moselle by the Palaeo-Meurthe occurred at the
end of the deposition of the Mt4 sediments (33 m rela-
tive height; Harmand et al., 1995; Losson, 2003): the
younger alluvial terraces follow the present course of
the River Moselle, and must be connected with those
located downstream from Pompey.

DOWNSTREAM FROM POMPEY

The valley can be divided into three sections between
Pompey and Bernkastel-Kues (fig. 1):

- upstream from the Devonian threshold of
Sierck, the valley crosses the cuestas of the Eastern
Paris basin; three alluvial basins were formed in the
marly stratas: Dieulouard, Metz-Thionville and Thion-
ville-Sierck (n° IV, V and VI on fig. 1);

- between Sierck and Trier, the valley corres-
ponds with the German-Luxemburger border (n° VII
on fig. 1); as the bedrock mainly consists of Triassic
limestones in this area, the alluvial basins are small,
and only the youngest alluvial terraces are widely
preserved;

- downstream from Trier, the valley cuts into
the schists and quartzite of the Rhenish Massif; there,
the Moselle river forms several meanders. Well-preser-
ved alluvial terraces have been described for more than
one century (Dietrich, 1910; Borgstitte, 1914; Wand-
hoff, 1914; Kremer, 1954; Miiller, 1976; Negendank,
1983; Hoffmann, 1996). Detailed studies were carried
out in the alluvial basin of Detzem-Piesport (n° VIII on
fig. 1), owing to the presence of several sections.

The Pleistocene terrace system is divided into the
“high terraces” (sensu lato) and the “middle and lower
terraces” (fig. 2c and 2d). The “high terraces” (main
terraces and high terraces sensu stricto of the German
authors) are preserved upstream from Trier only as re-
sidual deposits situated between 100 and 200 m above
the present River Moselle (fig. 2¢). On the contrary,
they correspond with thick alluvial formations (5 to
10 m, fig. 2d) in the Rhenish Massif, and follow a
palaeo-valley (“Plateau valley”) whose course differs
from the present meanders (Hoffmann, 1996). These
terraces are allocated in previous studies to the Lower
and Early Middle Pleistocene (Miiller, 1976; Hoffmann,
1996). Owing to the contrast with the upper parts of the
valley (upstream from Trier), where high terraces are
not well-preserved, no reliable correlation can be pro-
posed for these terraces through the Paris basin and the
Rhenish Massif.

The “middle and lower terraces” are situated at less
than 90 m above the present bedrock of the Moselle
river. Eight alluvial terraces have been distinguished at
a constant relative height between Pompey and Det-
zem-Piesport (fig. 2c and d). They may often be divi-
ded into three systems, especially in the Thionville-
Sierck basin (fig. 2¢): in this latter area, more than
120 drillings were carried out with the French Geologi-
cal Survey (BRGM), enabling to distinguish three
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“upper middle terraces” at more than 50 m relative
height (M8 to M6, fig. 2¢), three “lower middle terra-
ces” between 20 and 50 m relative height (M5 to M3),
and two “lower terraces” (M2 and M1, at 10 and 5 m
above the present bedrock, respectively).

II - THE STRATIGRAPHICAL SITUATION
OF THE UPPER MOSELLE CAPTURE
IN THE TERRACE SYSTEM

A MAJOR MINERALOGICAL AND PETROGRA-
PHICAL CONTRAST BETWEEN THE MEURTHE
AND MOSELLE ALLUVIAL FORMATIONS

Mineralogical and petrographical analysis have been
made both for the Meurthe and the Moselle touloise
formations. The comparison reveals an important con-
trast in the composition of their sediments: the Meurthe
sediments are mainly derived from Permo-Triassic
stratas, and also contain sand-sized tourmaline and zir-
con, associated with quartz and quartzite clasts
(Cordier et al., 2002; Cordier, 2004).

On the contrary, the Upper Moselle formations con-
tain numerous granitic clasts and heavy minerals such
as hornblende and garnet, coming from the crystalline
basement (Harmand e al., 1995; Losson, 2003). This
contrast can be explained by the lithology of the
Vosgian catchments of both rivers (fig. 1): Permo-Tri-
assic stratas represent more than 75% of the Meurthe
catchment, while most of the Upper Moselle basin is
developed in the crystalline basement.

THE PRE- AND POST-CAPTURE TERRACES
BETWEEN POMPEY AND THIONVILLE

Sedimentological analyses of sands and clasts sam-
pled in the Dieulouard and Metz-Thionville basins
(Cordier et al., 2004) allowed the Upper Moselle cap-
ture to be positioned between the aggradation of ter-
races M4 (+ 30 m relative height) and M3 (+ 20 m)
upstream from Thionville: the upper formations (M4
and older) are actually mainly composed of sediments
that originated in the Permo-Triassic strata (fig. 3); on
the contrary, the younger formations contain numerous
crystalline sediments (hornblende, garnet, granite)
originating in the Upper Moselle basin.

THE PRE- AND POST-CAPTURE TERRACES
BETWEEN THIONVILLE AND BERNKASTEL-KUES

Several samples were taken from the alluvial forma-
tions, both in the Thionville-Sierck basin (owing to the
realization of more than 120 drillings) and downstream
from Trier, in the Detzem-Piesport basin (presence of
several sections). Datas concerning the Luxemburger
valley have been taken from N.A. de Ridder (1957).

The alluvial formations are mainly composed of sed-
iments originating in the Vosges Massif (fig. 4 and 5),
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Fig. 2 : Les systémes de terrasses de la Meurthe et de la Moselle. a) le systéme de terrasses de la Meurthe ; b) le systéme de terrasses de la Moselle tou-
loise ; c) le systeme de terrasses de la Paléo-Meurthe-Moselle dans le bassin de Thionville-Sierck ; d) le systeme des terrasses pléistocénes de la Paléo-
Meurthe-Moselle dans le Massif schisteux rhénan (d’apres Hoffmann, 1996 et Cordier, 2004).
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Fig. 3 : Composition minéralogique et pétrographique des formations alluviales entre Pompey et Thionville.

as evidenced by the predominance of its typical heavy
minerals (tourmaline and zircon, hornblende and gar-
net) and clasts (quartz and quartzite, granites). The
only exception concerns the terraces of the Detzem-
Piesport basin, where sediments from the Rhenish
Massif are predominant, both in the clasts and gravels
fraction (high proportion of schists) and in the sandy
fraction: the heavy minerals counts actually evidence a
significant proportion of pyroxene (fig. 5), allocated to
Pleistocene volcanic activity in the Eifel (Meyer,
1994). As the sphene can be associated with the Eifel
volcanoes (Schmincke et al., 1983), this could also ex-
plain the presence of sphene in the samples “Hoch”,
“Berg” and “Hettinger Weg” from the M4 and M3 allu-
vial formations in the Thionville-Sierck basin (fig. 4a).

The mineralogical and petrographical analyses give
evidence for a major difference between the alluvial
formations M8 to M4, situated at more than 30-35 m
relative height, and the alluvial formations M3 to MO
(fig. 4 and 5):

- the older alluvial terraces (M8 to M4) are
mainly composed of sediments that originated in the
Permo-triassic stratas: tourmaline and zircon often
represent more than 50% of the heavy mineral spectra,
while in the coarse sediments crystalline clasts are very
rare (less than 3% in the Thionville-Sierck basin).

The one exception, which will be discussed later,
concerns the Thionville-Sierck basin, where two sam-
ples (“Hoch” and “Berg”) located in the upper part of
the M4 alluvial formation have a relative majority of
hornblende and garnet;

- in contrast, the youngest three alluvial terra-
ces (M3 to M1) and the present floodplain MO contain
more crystalline material: the percentage of horn-
blende and garnet ranges between 37% and 73% in the
Thionville-Sierck basin, between 55 and 76% in the

Luxemburger valley, and between 24 and 38% in the
Detzem-Piesport basin. This result is confirmed by the
petrographical investigations, which evidence a signi-
ficant proportion of crystalline clasts in the alluvial for-
mations of the Thionville-Sierck basin (about 5% in
M3 and M2, 10% in M1 and 18% in MO). This percen-
tage decreases downstream from Thionville, owing to
increasing distance from the Vosges Massif; in the Det-
zem-Piesport basin, the clasts counts indicate that the
granites never represent more than 1% of the total
clasts percentage, even in the lower terraces (Kremer,
1954; Miiller, 1976; Lohnertz, 1982); as a consequence,
the petrographical study in the Detzem-Piesport basin
was based on gravels (between 3,15 and 20 mm diameter;
fig. 5), enabling to find a main difference between the
sediments of the M4 and M3 terraces: the sediments of
M3 actually contains more than 12 crystalline gravels/kg,
but often less than 2 in M4 and MS5.

This lithological contrast can not easily be explained
only by the weathering of hornblende, garnet and gra-
nite in the older formations: mineralogical analysis in
the Upper Moselle valley (Losson, 2003) and in the
Meuse valley (Krook, 1993) actually evidenced the
presence of high proportions of hornblende and granite
in old terraces. As this contrast is constantly observed
between the terraces M4 and M3 (respectively located
around 30 and 20 m above the present river bedrock)
from Pompey to Bernkastel-Kues, it must be correlated
with the Upper Moselle capture, which also took place
before the aggradation of the M3 terrace.

This result allows a correlation with the youngest ter-
races of the Upper Moselle:

- the post-capture alluvial terraces M3 to M1
are connected with the three post capture alluvial terra-
ces of the Upper Moselle valley (Mt3 to Mtl), which
are situated at similar relative height.
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Fig. 4 : Caractéristiques sédimentologiques des formations alluviales entre Pompey et Thionville. a) composition minéralogique et pétrographique des
formations alluviales ; b) carte de localisation des sites de prélevement ; c) profil stratigraphique.
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Fig. 5: Mineralogical and petrographical composition of the alluvial formations between Sierck and Piesport.
Fig. 5 : Composition minéralogique et pétrographique des formations alluviales entre Sierck et Piesport.



- the lack of crystalline sediments in the allu-
vial terrace M4 (fig. 4 and 5) shows that this terrace is
mainly pre-capture. However, the mineralogical inves-
tigations in the Thionville-Sierck basin (samples
“Hoch” and “Berg”, fig. 4) may indicate that the depo-
sition of crystalline sediments occurred at the top of
M4 immediately after the capture. This result is in
excellent agreement with those from the Upper
Moselle valley near Toul, which demonstrated that the
capture occurred at the end of the deposition of Mt4
(Krook, 1993; Harmand et Le Roux, 2000). Terraces
M4 and Mt4 can also be correlated, as they both corres-
pond with the syn-capture terraces.

III - CHRONOSTRATIGRAPHY
OF THE YOUNGER MEURTHE
AND MOSELLE TERRACES

IN THE MEURTHE VALLEY

Owing to the deficiency of absolute datings, the
chronology of the Meurthe terraces staircase has re-
mained hypothetical. Only the sediments from the
present floodplain MeO (section of Art-sur-Meurthe,
fig. 1) were dated using radiocarbon method on woods,
sampled both in the lower coarse unit and in the upper
silty unit of the formation (Carcaud, 1992). The radio-
carbon age results range between 10.500 + 150 yr B.P.
and modern. The ages are in good agreement with those
obtained by the same author in the Upper Moselle valley
40 km upstream from Toul (section of Crévéchamps,
fig. 1), ranging from 12.640 + 105 to 3.050 = 150 yr B.P.
They evidence that the present floodplain formed during
the Late Glacial and Holocene.

To complete these first chronological results, the
sediments from the terraces Me3 (20 m relative height)
and Me2 (10 m relative height) in the Mondon and
Vitrimont basins have been dated using IRSL method
(fig. 6).

Except for the sample “Laronxe”, which provides a
youngest age using the MAAD protocol, the age esti-
mates for Me3 range between 163 = 15 ky and 129 +
13 ky: these datas make it possible to correlate Me3
with the last cold period of the Saalian (OIS 6). The
IRSL age estimates for Me2 (and the corresponding
terrace in the lower Mortagne valley, sample
“Xermaménil”) range between 86.1 + 6 and 40.6 +
4.8 ky. It is very likely that fluvial aggradation of the
Me?2 sediments mainly occurred during the Early and
Middle Pleniglacial (OIS 4 and 3).

The Meurthe terraces Me3 and Me2 were also
formed during two successive climate cycles (fig. 6).
Owing to the Late Glacial to Holocene age of the pres-
ent floodplain, the youngest terrace Mel may be corre-
lated with the Upper Pleniglacial (OIS 2). As the
luminescence age estimates are not available for the
sediments of the oldest terraces, the age of Me4 re-
mains unknown. According to its relative height (30 m)
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and three-dimensional extent (presence of broad sur-
faces associated with an alluvial formation whose
thickness often exceed 6 m), as well as to the chrono-
logical framework of the younger terrace sediments,
Me4 could however be assigned to OIS 8 (fig. 6).

IN THE UPPER MOSELLE VALLEY

The only independent absolute dating is available for
the Upper Moselle capture. Speleothem, sampled from
a gallery filled with siliceous deposits correlated with
Mt4 (Shafts Cave, fig. 2b) in the surrounding of Toul,
was investigated by uranium/thorium dating. These
dating results yielded an age of about 250-270 ka
(Losson and Quinif, 2001; Losson, 2003). In the lower
Meuse valley, burned flints was sampled near
Maastricht and investigated by thermoluminescence
dating (Huxtable and Aitken, 1985) resulting in similar
age estimates. The syn-capture alluvial terrace Mt4
also correlates to the Middle Saalian (OIS 8), as con-
firmed by uranium/thorium and thermoluminescence
dating.

DOWNSTREAM FROM THE MEURTHE-MOSELLE
CONFLUENCE

The only chronological data from this area concer-
ned the present floodplain MO and the lowest terrace
MI:

- recent palynological studies from sediments
of the present floodplain near Trier (Zolitschka and
Lohr, 1999) enables a correlation with Late Glacial to
Holocene age, confirming the radiocarbon ages obtai-
ned for Me0O and Mt0 by Carcaud (1992) in the French
basin;

- the terrace M1 has been dated in the Luxem-
burger valley using radiocarbon method on a Juniperus
charcoal sampled in the middle part of the formation.
The age estimates is of 30 770 = 300 yr B.P. (unpublis-
hed data, provided by the National Museum of History
and Art of Luxemburg; laboratory number: B 182248).
This result is confirmed by palaeoenvironmental evi-
dences, as cryoturbation features (Cofiteaux, 1970) and
remains of Mammuthus primigenius and Rhinoceros
tichorhinus in the Luxemburger valley (Ferrant,
1933b). It is in good agreement with the assumed
Upper Pleniglacial age of the lowest Meurthe terrace
Mel (OIS 2).

Complementary chronological data is provided by
the stratigraphical position of the Upper Moselle cap-
ture in the terraces staircase. As the alluvial terrace M4
formed contemporaneously with the Upper Moselle
terrace Mt4, its sediments most likely accumulated
during the Middle Saalian (OIS 8).

These datas lead us to propose an extrapolation of the
IRSL age estimates obtained in the Meurthe valley for
the terraces Me3 and Me2 to the post-capture terraces
M3 and M2; on the same way, the Me4 terrace is likely
to correlate with Mt4 and M4.
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THE LONGITUDINAL PROFILE

The chronological frame is in good agreement with
the geometrical and sedimentological correlations. A
general longitudinal profile of the Palaco-Meurthe-
Moselle middle and lower terraces between Baccarat
and Bernkastel-Kues can be set up (fig. 7), based on a
linear correlation (Me, = M,, with n the serial number
of each terrace). It evidences the parallelism of the allu-
vial terraces, especially for the syn- and post-capture
terraces (Me4-M4 to Mel-M1). This parallelism indi-
cates no relative tectonic deformation along the valley
between the Rhenish Massif and the Paris basin, since
at least the Upper Moselle capture (Middle Saalian).
The correlations with the Upper Moselle underline the
weak incidence of the capture on the evolution of the
Palaco-Meurthe-Moselle valley: the altitudinal gradi-
ent between the equivalent terraces in Toul and Pompey
remained constant since the diversion (about 15 m in
height).

IV - THE ALLUVIAL SEQUENCES
IN THE PALAEO-MEURTHE-MOSELLE
VALLEY: FIRST RESULTS

The Upper Moselle basin was covered by Pleistocene
glaciers (Seret, 1966; Seret et al., 1990; Flageollet,
2002). Glacial forms and formations were also found
on the crystalline basement of the Upper Meurthe basin
(Nordon, 1928, 1931; Darmois-Théobald et Ménillet,
1973). According to the chronological results pre-
sented in this paper, the alluviation in the Palaeo-
Meurthe-Moselle valley can be linked to Pleistocene
climatic fluctuations. This cyclic evolution is con-
firmed by the study of numerous sections, which lead
to define four alluvial sequences along the Palaeo-
Meurthe-Moselle valley. These sequences respectively
concern the formations Me4 to Me2 in the Mondon ba-
sin (downstream from the Vosges Massif); the forma-
tions Me5 to Me2 in the Vitrimont and Nancy basins of
the Meurthe valley, and the pre-capture formations
downstream from Pompey (M8 to M4); the post-cap-
ture formations (M3 and M?2) downstream from
Pompey; and the youngest formations (Mel-M1 and
Me0-MO) in the whole Palaeo-Meurthe-Moselle valley.

THE FORMATIONS ME4 TO ME2 IN THE MONDON
BASIN

The sequence of the Mondon basin, defined by the
study of seven main sections in the alluvial formations
Me4, Me3 and Me2, was described in detail by Cordier
et al. (2004). These alluvial formations are composed
of three units (fig. 8): the lower unit (whose thickness
often exceeds 3-4 m) is sandy and mainly contains
sediments from the Permo-Triassic sandstones and
conglomerates; cryoturbation features were described
in several sections (e.g. Hériménil; Cordier et al., 2004,
p- 74). The middle unit (1-3 m in thickness) is coarse
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and contains many clasts and sands that originated in
the vosgian basement; it often channels the lower one
(incision ranging from 1 to 3 m). The upper unit con-
sists of silty to silty-sandy sediment, and its thickness
ranges between 1 and 3 m.

Taking into account these characteristics, the lower
unit is allocated to pleniglacial periods, while glaciers
developed in the upper crystalline basin of the
Meurthe. The presence of glaciers also appears as an
important limiting factor for the supply of crystalline
sediment. The middle coarse unit, with numerous crys-
talline elements, may be correlated with late glacial pe-
riods: a high capacity of the river, generated by the
melting of the ice, can actually generate both the chan-
nelling of the lower sediments and the carriage of
crystalline sediments. This interpretation is not contra-
dicted by the radiocarbon age estimates obtained for
the coarse unit of Me0, allocated to the Late Glacial or
Early Holocene period (fig. 6; Carcaud, 1992). It how-
ever remains hypothetical, as the aggradation of middle
unit might also occur under periglacial conditions
(high seasonal contrasts in the flow regime, while the
upper Meurthe basin is not covered by ice). The sedi-
mentation of the upper unit and the main incision
phasis may finally be correlated with interglacial con-
ditions and with the warm-to-cold transition, respec-
tively, despite neither pedological nor palaeontological
evidence confirms it. This reconstruction (aggradation
under periglacial context, main incision at the end of
interglacial periods) is however in good agreement
with those recently described in the Somme and Meuse
valleys (Antoine, 1994; Vandenberghe et al., 1994).

THE VITRIMONT AND NANCY BASIN AND THE
PRE-CAPTURE TERRACES DOWNSTREAM FROM
POMPEY

The definition of this second sequence is mainly
based on the study of several hundreds drillings, espe-
cially in the Nancy and Thionville-Sierck basins
(fig. 4b). Although their thickness is highly variable,
owing to the weathering of the sediments, the forma-
tion are often composed of three units (fig. 4b): a lower
coarse unit, where cold fauna remains (as Mammuthus
primigenius) have been found (e.g. in Me3 in Nancy;
Corroy and Minoux, 1931); a middle sandy unit, and an
upper silty unit. The difference with the latter sequence
is attributed to the influence of the periglacial tributar-
ies which join the River Meurthe in Lunéville (the
Mortagne and Vezouze rivers, fig. 1). As evidenced by
an IRSL dating of sediments from the Lower Mortagne
valley (sample “Xermaménil”, fig. 6), these rivers
carry their coarser sediments during cold periods as
elsewhere (Mol et al., 2000). This observation and the
IRSL age estimates obtained in the Vitrimont basin, en-
able to propose a correlation of the coarse unit with
both pleniglacial periods (owing to the influence of the
tributaries) and with the beginning of late glacial peri-
ods (owing to the melting of the ice in the Upper
Meurthe basin). The correlation of the sandy and silty
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Fig. 8: Synthetic presentation of the climato-sedimentary cycle proposed for the Palaeo-Meurthe-Moselle valley.
Fig. 8: Présentation synthétique du cycle climato-sédimentaire proposé pour les formations alluviales de la Paléo-Meurthe-Moselle.

unit with warmer periods of the climate cycle is how-
ever only hypothetical, owing to the lack of
palaecoenvironmental evidence.

THE POST-CAPTURE FORMATIONS M3 AND M2

Downstream from Pompey, the post-capture fluvial
dynamics is influenced by the Meurthe, the Meurthe
and Moselle periglacial tributaries, and the Upper
Moselle. The latter basin was more covered by the
Vosgian glaciers during Pleistocene cold periods than
the Meurthe basin. The study of several sections and
numerous drillings in the formations M3 and M2 and
the sedimentological analysis in the Thionville-Sierck
basin (fig. 4) allow to distinguish three main stages in
the terrace formation:

- a first sedimentation period with sediments
(up to 5 m thick) predominantly originating in the Per-
mo-Triassic sandstones and conglomerates (e.g. sam-
ples “Haute-Yutz”, “Wacken” and “Berg sud”, fig. 4a),

- the second aggradation period characterizes
by a similar thickness and a more pronounced
influence of the Upper Moselle, as evidenced by the
presence of sands and clasts coming from the Vosgian
basement (e.g. sample “Yutz ouest”, fig. 4a). As these

sediments are sometimes located close to the bedrock
(e.g. samples “Métrich” and “Yutz est”, fig. 4a), a
minor incision (about 3-5 m) probably occurred before
this aggradation period. Taking into account these cha-
racteristics, the deposition phases can be allocated to
pleniglacial and late glacial periods, respectively. This
reconstruction is confirmed by the presence of cold
faunal remains (as Mammuthus primigenius in the M3
formation near Metz; Delafosse, 1935 and 1965) The
erosive phase may also correlate with early late glacial
periods.

- the coarse and sandy deposits are covered by
silts, whose aggradation may have occurred during
interglacial periods. The main incision phasis for M3
and M2 (incision of up to 15 m in the sediments and the
bedrock) can also be linked to early pleniglacial
periods.

THE YOUNGEST FORMATIONS MEI-MI
MEO-MO

AND

The genesis of the youngest formations (Mel-M1
and Me0-MO) differs slightly from the previous se-
quences: the morphological distinction between the
Weichselian Upper Pleniglacial sediments (corre-
sponding with the lower terrace M1) and the Late



Glacial sediments (corresponding with the present
floodplain MO) actually evidences a more important
erosive activity at the Early Late Glacial period than
during the previous early late glacial episods. This first
reconstruction will be improved by ongoing study of
new sections.

These four alluvial sequences must still be improved,
by the evidencing of palaeoenvironmental indications
in new sections. Nevertheless, their comparison shows
a relatively constant evolution between Baccarat and
Bernkastel-Kues, characterized by two main periods of
sedimentation (allocated to pleniglacial and late glacial
periods), separated by a minor erosive phase. Except
for the youngest formations, the major period of inci-
sion occurred at the cold-to-warm transitions; these re-
sults are similar to those recently described for the
Lower Meuse valley (Vandenberghe et al., 1994), and
in others main valleys of the Paris basin, as the Somme
(Antoine, 1994) or the Yonne (Chaussé, 2003; Chaussé
etal., 2004).

CONCLUSION

Along the Palaeo-Meurthe-Moselle valley, the mid-
dle and lower terrace system (less than 90 m relative
height) was defined through the Paris basin and the
Rhenish Massif; it corresponds with eight alluvial ter-
races, the three younger being deposited after the Up-
per-Moselle capture. A the longitudinal profile was
realized, based on morphological studies (relative
height of the terraces), sedimentological analyses (evi-
dencing a main contrast between the pre- and post-cap-
ture formations downstream from the Meurthe-
Moselle confluence), and absolute datings. This longi-
tudinal profile provided evidence that there was no rel-
ative deformation along the valley since at least the
Upper Moselle capture (250-270 ka). These first results
must however be completed, mainly in the lower valley
(between Bernkastel-Kues and Koblenz); furthermore,
the longitudinal profile and the age of the higher ter-
races (especially the main terraces in the Rhenish Mas-
sif) remains unknown, owing to the lack of reliable
dating results.

On the other hand, the study of numerous sections in
France, Germany and Luxemburg allowed to propose
an evolution pattern for the valley (“alluvial se-
quence”); this first pattern will however be improved
by new sedimentological and chronological research,
especially for the interglacial periods and for the post-
Saalian deposits.

ACKNOWLEDGMENTS

The authors wish to acknowledge gratefully the geoarchaeologists
of the National Museum of History and Art of Luxemburg, for kindly
providing the result of an unpublished radiocarbon dating of the lo-
wer Moselle terrace. Financial support for IRSL datings is ackno-
wledged from the Deutsche Forschungsgemeinschaft (HI 643/2-3).
The critical comments of Dr. J.F. Pastre and Dr. Christine Chaussé
have greatly improved this paper. This paper is a contribution to IGCP
449 “Global Correlation of Late Cenozoic Fluvial Deposits”.

214

REFERENCES

AITKEN, M.J., 1985 - Thermoluminescence dating. Oxford Univer-
sity Press, Oxford, 359 p.

ANTOINE, P., 1994 - The Somme valley terrace system (northern
France); a model of river response to Quaternary climatic varia-
tions since 800 000 B.P. Terra Nova, 6, 453-464.

BORGSTATTE, O., 1910 - Die Kieseloolitheschotter- und Dilu-
vial-Terrassen des unteren Moseltales. Dissertation, Universitit
Bonn, 54 p.

CARCAUD, N., 1992 - Remplissage des fonds de vallée de la Mo-
selle et de la Meurthe en Lorraine sédimentaire. These Géo-
graphie, Université de Nancy II, 281 p.

CHAUSSE, C., 2003 - Les nappes alluviales de la basse vallée de
I’Yonne, approches géométrique et chronostratigraphique. L’ap-
portde [’étude de la Nappe de Soucy a la compréhension des occu-
pations du Paléolithique inférieur de Soucy. These doctorat,
Université des Sciences et Technologie de Lille 1, 2 t., 444 p.

CHAUSSE, C., VOINCHET, P., BAHAIN, J.-J., CONNET, N.,
LHOMME, V., & LIMONDIN-LOZOUEKT, N., 2004 - Middle
and upper Pleistocene evolution of the River Yonne valley
(France). First results. Quaternaire, Paris, 15, (1-2), 53-64.

CORDIER, 8., 2004 - Les niveaux alluviaux quaternaires de la
Meurthe et de la Moselle entre Baccarat et Coblence: étude mor-
phosédimentaire et chronostratigraphique, incidences climatiques
et tectoniques. These doctorat nouveau régime, Université Paris
XII, 2 vol., 455 p.

CORDIER, S., HARMAND, D., & BEINER, M., 2002 - Les allu-
vions anciennes de la Meurthe en Lorraine sédimentaire (Est du
bassin de Paris, France): étude morphosédimentaire et essai de re-
constitution paléoclimatique. Revue géographique de I’Est, 42,
(4), 197-208.

CORDIER, S., HARMAND, D., LOSSON, B. & BEINER, M.,
2004 - Alluviation in the Meurthe and Moselle valleys (Eastern
Paris basin, France): lithological contribution to the study of the
Moselle capture and Pleistocene climatic variations. Quaternaire,
Paris, 15, (1-2), 65-76.

CORROY, G., & MINOUX, G., 1931 - Les mammiferes quaternai-
res de Lorraine; les éléphantidés. Bulletin de la Société Géolo-
gique de France, Paris, 5, (1), 635-653.

COUTEAUX, M., 1970 - Etude palynologique des dépdts quaternai-
res de la vallée de la Stre a Echternach et a Bertdorf, et de la
Moselle a Mertert. Archives de [’Institut Grand-Ducal du Luxem-
bourg, section sciences naturelles, physiques et mathématiques,
34, 297-336.

DARMOIS-THEOBALD, M., & MENILLET, F., 1973 - Recher-
ches sur la morphologie glaciaire des vallées supérieures de la
Meurthe (Vosges). Annales Scientifiques de I’ Université de Besan-
con, 21, 113-128.

DELAFOSSE, W. (1935) - Deuxiéme contribution a 1’étude de la
faune quaternaire du département de la Moselle. Bulletin de la
Société d’Histoire Naturelle de la Moselle, Metz, 34, 167-212.

DELAFOSSE, W. (1965) - Troisiéme Contribution a 1I’étude de la
faune quaternaire du département de la Moselle : aurochs, rhinocé-
ros, éléphants. Bulletin de la Société d’Histoire Naturelle de la
Moselle, Metz, 39, 47-72.

DIETRICH, B., 1910 - Morphologie des Moselgebietes zwischen
Trier und Alf. Verh. Naturh. Ver. Pr. Rheinland und Westfalien,
Bonn, 67, 83-181.

FERRANT, V., 1933a - Die fluvioglazialen Schotterterrassen des
Moseltales auf Luxemburger Gebiet und ihre Stellung im System —
Erster Teil. Les Cahiers Luxembourgeois, 1, 65-116.

FERRANT, V., 1933b - Die fluvioglazialen Schotterterrassen des
Moseltales auf Luxemburger Gebiet und ihre Stellung im System —
Zweiter Teil. Les Cahiers Luxembourgeois, 2, 195-236.

FISCHER, F., 1962 - Geomorphologische Beobachtungen zwischen
dem mittleren Oberrhein und der mittleren Mosel. Ann. Univ. Sa-
rav. Nat., 10, 13-48.

FLAGEOLLET, J.C., 2002 - Sur les traces des glaciers vosgiens.
C.N.R.S. Editions, Paris, 212 p.

FRECHEN, M., NEBER, A., TSATSKIN, A., BOENIGK, W. &
RONEN, A., 2004 - Chronology of Pleistocene sedimentary cycles



in the Carmel Coastal Plain of Israel. Quaternary International,
121, 41-52.

HARMAND, D., WEISROCK, A., GAMEZ, P.,, LE ROUX, J.,
OCCHIETTI, S., DESHAIES, M., BONNEFONT, J.-C., &
SARY, M., 1995 - Nouvelles données relatives a la capture de la
Moselle. Revue géographique de I’Est, 35, (3-4), 321-343.

HARMAND, D., & LE ROUX, J., 2000 - La capture de la Haute Mo-
selle. Bulletin d’Information des Géologues du Bassin de Paris,
37, (3), 4-14.

HOFFMANN, R., 1996 - Die quartire Tektonik des siidwestlichen
Schiefergebirges begriindet mit der Hohenlage der jiingeren
Hauptterrasse der Mosel und ihrer Nebenfliisse. Bonner Geowis-
senschaftliche Schriften, Band 19, 156 p.

HUXTABLE, J., & AITKEN, M.]J., 1985 - Thermoluminescence
dating results for the Paleolithic site Maastricht-Belvédere. Mede-
delingen Rijks Geologische Dienst, 39, 41-44.

KREMER, E., 1954 - Die Terrassenlandschaft der mittleren Mosel
als Beitrag zur Quartdirgeschichte. Arbeiten zur rheinischen Lan-
deskunde, Bonn, 6, 100 p.

KROOK, L., 1993 - Heavy minerals in the Belvedere deposits. Me-
dedelingen Rijks Geologische Dienst, 47, 25-30.

LAMOTHE, L. (DE), 1901 - Etude comparée des systemes de ter-
rasses des vallées de I’Isser, de la Moselle, du Rhin et du Rhone.
Preuves que leur formation est due a des oscillations eustatiques
du niveau de base. Bulletin de la Société géologique de France, Pa-
ris, 4, (1), 297-383.

LIEDTKE, H., 1963 - Geologisch-geomorphologischer Uberblick
iiber das Gebiet an der Mosel zwischen Sierck und Remich. Arbei-
ten aus dem geographischen Institut der Universitdt des Saarlan-
des. 8, 37-57.

LOHNER"_I’Z, W., 1982 - Die altpleistozinen Terrassen der Mittel-
mosel. Uberlegungen zur “Horizontalkonstanz” der Terrassen der
“Rheinischen Hochscholle”. Catena, 9, 63-75.

LOSSON, B., & QUINIF, Y., 2001 - La capture de la Moselle: nou-
velles données chronologiques par datations U/Th sur spéléothe-
mes. Karstologia, 37, (1), 29-40.

LOSSON, B., 2003 - Karstification et capture de la Moselle (Lor-
raine, France) : vers une identification des interactions. These
doctorat nouveau régime, Univ. Metz, 3 vol., 825 p.

MEYER, W., 1994 - Geologie der Eifel. Schweizerbart’sche Ver-
lagsbuchhandlung, 3. Auflage, Stuttgart, 614 p.

MOL, J., VANDENBERGHE, J. & KASSE, C., 2000 - River res-
ponse to variations of periglacial climate in mid-latitude Europe.
Geomorphology, 33, 131-148.

MULLER, M.J., 1976 - Untersuchungen zur pleistozinen Entwic-
klungsgeschichte des Trierers Moseltals und der “Wittlicher
Senke”. Forschungen zur deutschen Landeskunde, 207, 185 p.

NEGENDANK, J.F.W., 1978 - Zur kdinozoischen Geschichte von Ei-
fel und Hunsriick. Sedimentpetrographische Untersuchungen im
Moselbereich. Forschungen zur deutschen Landeskunde, Trier,
211, 90 p.

NEGENDANK, J.E.W., 1983 - Trier und Umgebung. Sammlung
Geologischer Fiihrer, Berlin-Stuttgart (Borntréager), 60, 195 p.

215

NORDON, A., 1928 - Morphologie glaciaire du bassin de la Haute-
Meurthe. Annales de Géographie, 210, 532-543.

NORDON, A., 1931 - Etude des formes glaciaires et des dépots gla-
ciaires et fluvio-glaciaires du bassin de la Haute-Moselle. Bulletin
de la Société géologique de France, 5, (1), 245-288.

OSMANI, G.N., 1976 - Die Terrassenlandschaft an der unteren Mo-
sel. Eine geologische Untersuchung. Dissertation, Universitit
Bonn, 125 p.

PARFENOFF, A., POMEROL, C. & TOURENQ, J., 1970 - Les
minéraux en grains. Méthode d’étude et détermination. Masson,
578 p.

PRESCOTT, J.R. & HUTTON, J.T., 1994 - Cosmic ray contribu-
tions to dose rates for luminescence and ESR dating: large depths
and long-term time variations. Radiations measurments, 23, 497-
500.

RIDDER, N.A. (DE), 1957 - Beitrige zur Morphologie der Terras-
senlandschaft des Luxemburgischen Moselgebietes. Universiteit
Utrecht, 13, 138 p.

SCHMINCKE, H.U., LORENZ, V. & SECK, H.A., 1983 - The
quaternary Eifel volcanic fields. In: Fuchs et al. (ed.) (1983): Pla-
teau Uplift. The Rhenish Shield: a case history, Berlin, Heidelberg
(Springer), 139-151.

SERET, G., 1966 - Les systemes glaciaires du bassin de la Moselle et
leurs enseignements. Société Royale Belge de Géographie, 90,
577 p.

SERET, G., DRICOT, E., & WANSARD, G., 1990 - Evidence for
an early glacial maximum in the French Vosges during the last gla-
cial cycle. Nature, 346, 453-456.

THEOBALD, N., & GARDET, G., 1935 - Les alluvions anciennes
de la Moselle et de la Meurthe en amont de Sierck. Bulletin du Cen-
tenaire de la Société d’Histoire Naturelle de Metz, 34-3, (10), 69-
100.

TRICART, J., 1952 - La partie orientale du Bassin de Paris, étude
morphologique, SEDES, Paris, 2 t. (t. 1: la genese du bassin; t. 2:
I’évolution morphologique au Quaternaire), 473 p.

VANDENBERGHE, J., KASSE, C., BOHNCKE, S. &
KOZARSKI, S., 1994 - Climate-related river activity at the
Weichselian-Holocene transition: a comparative study of the War-
ta and Maas rivers. Terra Nova, 6, 476-485.

WALLINGA, J.,, MURRAY, A.S., DULLER, GA.T. &
TORNQUIST, T.E., 2001 - Testing optically stimulated lumines-
cence dating of sand-sized quartz and feldspar from fluvial depo-
sits. — Earth and Planetary Science Letters, 193, 617-630.

WANDHOFTF, E., 1914 - Die Moselterrassen von Zeltingen bis Co-
chem. Dissertation, Universitit Giessen, 111 p.

ZOLITSCHKA, B., & LOHR, H., 1999 - Geomorphologie der Mo-
sel-Niederterrassen und Ablagerungen eines ehemaligen Altarm-
sees (Trier, Rheinland-Pfalz): Indikatoren fiir jungquartire
Umweltverdnderungen und anthropogene Schwermettallbelas-
tung. Petersmanns Geographische Mitteilungen, 143, 401-416.



