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Abstract

Since the proposition in 1975 of the European Neogene Mammal (MN) scale by Pierre Mein, the amount of taxonomical, stratigraphical and
chronological information around Europe has increased exponentially. In this paper, the stratigraphical schemes of three of the best studied areas
for the Lower and Middle Miocene, the Aragonian type area in Spain and the Upper Freshwater Molasse from the North Alpine Foreland Basin in
Switzerland and Bavaria, are compared. The correlation of their local biostratigraphies are discussed. Sixteen rodent’s events are studied and
ranked in the three areas according to their local biostratigraphy. This study shows, and quantifies for the first time, the significant asynchronies of
the different included rodent events. The MN-system is discussed in the light of those results. In accordance, we propose that it is still useful but
only in a biochronological way, as a sequence of time-ordered reference localities allowing coarse long-distance correlations. In order to obtain
better temporal resolution, this system has to be combined with local biostratigraphies that are well calibrated to the time scale, implementing the
information about synchrony and diachrony of mammal events in different areas.
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Résumé

Depuis la proposition par Pierre Mein, en 1975, de I’échelle des mammiferes néogenes d’Europe (MN), la quantité d’information taxinomique,
stratigraphique et chronologique en Europe a augmenté exponentiellement. Dans cet article, les séquences stratigraphiques de trois des régions les plus
étudiées pour le Miocene inférieur et moyen, la région-type de I’ Aragonien en Espagne et la Molasse supérieure du Bassin Nord-Alpin en Suisse et en
Baviere, sont comparées, et la corrélation de leurs biostratigraphies locales discutée. Seize événements arongeur sont étudiés etordonnés dans les trois
régions d’apres leur biostratigraphie locale. Cette étude montre et quantifie pour la premiere fois, les importantes asynchronies de ces différents
événements. Le systeme MN est discuté a la lumiere de ces résultats. En conséquence, nous proposons que ce systeme reste utile seulement d’un point
de vue biochronologique, comme séquence ordonnée dans le temps de localités-reperes permettant des corrélations grossieres a longue distance. Afin
d’obtenirune meilleure résolution temporelle, ce systeme doit étre combiné avec des biostratigraphies localesbien calibrées dans le temps, en intégrant
les informations de synchronie et de diachronie des événements 8 mammiféres dans différentes régions.
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1. Introduction

The nen-recurrent cempesitienal and evelutienary changes
of the Eurepean mammal fauna histery have been extensively
used as a relative-age teel feor the centinental sediments in
which they are feund. Based en these characteristics, Mein
(1975a, 1975b) prepesed the subdivisien ef the Miecene-
Pliecene recerd inte 17 successive Mediterranean Neegene
units based en mammals (MIN). The strength ef this scheme lies
in its simplicity and itis ene ef the reasens why the MN-system
has beceme the primary biechrenelegical framewerk fer faunal
cerrelation of the Eurepean Neegene. After 35S years, the
system still facilitates cemmunicatien between scientists
werking in different regiens, and deubtlessly it centributed a
great deal te the success of Eurepean mammal palacentelegy.

The MIN-system has been extensively used fer cerrelatiens
frem lecal te centinental scale, altheugh net always with the
same philesephy (De Bruijn et al., 1992). Thus, varieus authers
censider the MN-system as biestratigraphical (e.g., Steininger,
1999; Agustiet al., 2001), while accerding te ethers it sheuld be
used as a biechrenelegical scheme (De Bruijn et al., 1992; Van
Dam, 2003). Using the MN-system as a biestratigraphical
scheme is in itself tempting, given the expenential increase of
the stratigraphical infermatien. Hewever, biestratigraphy
invelves net enly the fessil centent but alse the bedies ef
reck that include it. Therefere, in eur epinien, the MN-system
as defined by Mein (1975a, 1975b) and medified by the
Regienal Cemmittee en Mediterranean Neegene Stratigraphy
(RCMINS; De Bruijn et al., 1992) can never be censidered as a
biestratigraphical scale, because it is exclusively based en fessil
asseciatiens and the bielegical evelutien that they reflect
(Fahlbusch, 1991; Van Dam et al., 2001).

Since the intreductien ef the MIN-system, the number of
lecalities has seared. Hundreds of publicatiens have tightened
eur grip en the taxenemy and phylegeny of Neegene mammals.
Fer seme areas we have detailed swatigraphical infermatien,
allewing us te track faunal develepment te a degree unheard of
in 1975. This increase in the lecal biestratigraphical knewledge
and the recegnitien ef the different MIN units in varieus
geegraphical regiens, have resulted in the lecal recegnition ef
‘MIN beundaries’ and the assignatien ef very different ages fer
each ef them (Belliger, 1997; Heissig, 1997; Kilin, 1997,
Kempf et al., 1997; Daams et al., 1999a, 1999b; Agusti et al.,
2001; Abdul Aziz et al., 2008, 2009; Kilin and Kempf, 2009).
Maest of these beundaries between successive MN units have
been characterized by a single er a cembinatien ef bieevents
that were net necessarily always ceincident in the different
regiens.

In erder te aveid circular reasening en the isechreny er
diachreny ef any faunal event, the mammal histery ebvieusly
has te be independently calibrated te the time scale. Such
calibratiens (usually palacemagnetical er radiemetrical) are
lecal by definitien because they are based en preperties of the
recks frem which the fessils derive, or frem ether recks with
which they are clesely asseciated. The distributien ef beth
lecalities and mammal taxa is patchy in space as well as in time;
censequently, the lecally-ebtained ages fer first and last

eccurrences of taxa (F@’s and L@’s, respectively), used as dates
fer centinent-wide immigratiens and extinctiens, are a prieri te
be mistrusted as leng as synchreny and/er diachreny ef the
varieus events have net been demenstrated.

In erder te demenstrate the synchreny er diachreny ef
bieevents and its magnitude, we analyze and discuss the
sequence and timing ef several small mammal events
recegnizable in areas were an independent calibratien te the
time scale has been prepesed, and cempare them with what can
be ebserved in ether Eurepean recerds. Previeus te this main
geal we discuss the chrenelegies established fer three different
Early and Middle Miecene micremammal recerds: the
Aragenian type area in nerth Central Spain (Daams et al.,
1999a; Van der Meulen et al., 2005, in press; Van Dam et al,,
2000); the Upper Freshwater Melasse (@SM) ef the Nerth
Alpine Fereland Basin (NAFB) in Switzerland, recently
updated by Kilin and Kempf (2009); and the @SM ef the
Nerth NAFB in Bavaria, Germany (Abdul Aziz et al., 2008,
2009). Prebable cerrelatiens between existing lecal biestrati-
graphies are suggested. Finally, we discuss the different
appreaches te the Eurepean mammal chrenelegy, paying
special attentien te the eriginal definitien and current uses of
the MN-system.

2. Chronology of local biostratigraphies

Trrespective of whether ene is interested in leng distance
cerrelatiens er in the regienal faunal histery, each study tracking
changes threugh time starts with establishing a lecal biestrati-
graphy, necessarily linked te the lecal lithestratigraphical recerd,
and ultimately te chrenestratigraphy and geechrenelegy by ether
independent stratigraphical disciplines (magnetestratigraphy,
cyclestratigraphy, etc.). Despite the recent increase ef new
independent cerrelatiens te the time scale, there still exists a
sweng need of spatially distributed abselute dates (Van Dam,
2003). Mercever, in eur epinien, a number of the existing
numerical age determinatiens are net rigereus eneugh te be
reliable (Daams et al., 1999b). This is due te the use of:

e secend eor third erder cerrelatiens;

o radiemetric ages with very large uncertainty intervals;

e insufficient number of recerded palacemagnetical chrens,
making independent cerrelatien te the Geemagnetic Pelarity
Time Scale (GPTS) impessible;

e the use of peer-quality pelarity signals.

In Eurepe, there are three everlapping Lewer te Middle
Miecene recerds that have been tied te the time scale, at least in
a large part:

o the recerd of the Aragenian type area in nerth Central Spain
(Daams et al., 1999a; Van der Meulen et al., 2005, in press;
Van Dam et al., 2006);

e the mammal fauna sequence frem the Upper Freshwater
Melasse (@SM) eof the Nerth Alpine Fereland Basin in
Switzerland (Belliger, 1997; Kilin, 1997; Kempf et al., 1997,
Kilin and Kempf, 2009);



e the ®SM in Bavaria, Germany (Abdul Aziz et al, 2008,
2009).

The three recerds represent twe different bieprevinces and
previde a unique eppertunity te cempare different faunal
histeries threugh time, as shewn by Kilin and Kempf (2009).
Lecal biestratigraphical schemes have been prepesed fer each
of the three areas censidered in this study (Heissig, 1997,
Daams et al., 1998, 19994, Béhme et al., 2002; Abdul Aziz
et al., 2008; Kilin and Kempf, 2009; Van der Meulen et al., in
press). Fig. 1 shews the prepesed cerrelatiens of the cempared
Eurepean recerds te the Astrenemical Tuned Neegene Time
Scale (ATNTS2004; Leurens et al., 2004).

2.1. Aragonian type arca

The Aragenian type sectien and its directly adjacent areas
have yielded a detailed micremammal faunal successien, which
stands eut as enc of the best knewn terrestrial recerds frem the
Eurepean Early te Middle Miecene. Since the everview ef
Daams et al. (1999a) new data frem the Aragenian type area
(Calatayud-Mentalban basin) have beceme available: e.g.,
revisien of the sciurid Arlantoxerus by Peldez-Campemanes

(2001), medium-sized Democricetodorn by Van der Meulen
et al. (2003), Gliridae frem the Early and Middle Aragenian
(Garcia-Paredes, 2006; Garcia-Paredes et al., 2009, 2010),
Megacricetodon frem several lecalities (new in pregress, and
@liver Pérez et al., 2008; @liver et al., 2009), the revisien ef the
Eemyidae by Alvarez-Sierra (new in pregress), the revisien ef
the Aragenian @chetenidac by Herdijk (new in pregress) and
the revisien ef insectiveres (new in pregress, and Van den Heek
@stende and Furié, 2005; Van den Heck @stende et al., 2009).
The new taxenemical infermatien and stratigraphical distribu-
tien of lewer and middle Aragenian faunas are summarized in
Van der Meulen et al. (in press). Yeunger faunas frem the
Calatayud-Mentalbidn basin are currently under study by Lépez
Guerrere; the results will lead te a revisien ef the upper
Aragenian and lewer Vallesian biestratigraphy.

Daams et al. (1999a) prepesed the last Aragenian chren-
elegical framewerk included in Fig. 1 based en the reinterpreta-
tien of the biestratigraphical cerrelatien between the Armantes
and Vargas sectiens (Daams et al., 1999b), which are twe ef the
feur high-reselutien sectiens in the Calatayud-Mentalban basin
cerrelated magnetestratigraphically te the GPTS (Krijgsman
et al., 1994, 1996). In this paper we use the recalibrated ages of
the faunas prepesed by Van Dam et al. (2006) in accerdance te
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Fig. 1. Proposed correlaions of the three compared European records to the ATNTS2004 (Lourens etal., 2004): Aragonian type areain North Central Spain (Waams
et al, 1999%a; Van Pam et al, 2006), the Upper Freshwater Molasse of the North Alpine Foreland Basin in Switzerland (Kilin and Kempf, 2009), and the Upper

Freshwater Molasse in Bavaria (Abdul-Aziz et al, 2009).



the ATNTS2004 (Leurensetal., 2084). All chrens fremthe upper
half ef CSCn.ln te CSAAn have been recegnized in the
Aragenian type area, previding reliable censtraints fer the ages
of the faunas efupperZene Cte Zene F (frem ~16.3 te 13.7 Ma).
The @lme Redeonde-San Reque sectien in the western part of the
type area (Daams et al., 1999a), centaining few meters of the
uppermest Ramblian and the lewermest part of the Aragenian,
has net yet been analyzed palacemagnetically. This sectien
includes the lewer part of the Vargas-Valdemeres sedimentary
unit, and represents uppermest Zene A, Zene B, and lewer Zene
C. The numerical ages eof these faunas and the biezene
beundaries are based en sedimentary rates ebtained in the
everlaying sediments that were analyzed palacemagnetically.

The beginning ef the Aragenian (Zene B) is recegnized by
the First Cemmen @ccurrence (FC®) of Democricetodon
hispanicus, which is feund in the lecality San Reque 1 frem the
®lme Redende-San Reque sectien at an estimated age of 16.77
Ma. Tegether with the age of San Reque 4B (SR4B, uppermest
Zene A, upper Ramblian) in the same sectien, the lewer
beundary ef the Aragenian is censtrained by the estimated ages
of 16.99-16.77 Ma. Democricetodon hispanicus is present with
very lew numbers in San Reque 4B and San Reque 4A (~17.0
Ma), and censtitutes the eldest eccurrence eof the genus with an
estimated age in Spain. The mentiened ages indicate that the
entry and increase in relative abundance ef the genus in the
Aragenian area teek place in the late Ramblian during chren
CSCr (17.235-16.721 Ma, ATNTS2004).

The beginning ef the Middle Aragenian (Zene Da) is easily
recegnized by the rapid decrease and extinction ef the cemyid
Ligerinmys ellipticus, which is a cemmen te deminant taxen in
Zene C. The extinctien takes place between Vargas 2A and
Vargas 2B (3 m abeve Vargas 2A) in the Vargas sectien, which
censtrains the Early-Middle Aragenian beundary te 15.94-
15.92 Ma. The lewermest fauna (La Cel A) eof the La Cel
sectien (net analyzed palacemagnetically) centains less than
1% of L ellipticus; etherwise its cempesitien is typical of Zene
Da. Therefere, La Cel A has been biestratigraphically situated
between Vargas 2A, in which 22% ef the redent teeth beleng te
L ellipticus, and Vargas 2B, in which the eemyids are absent.
This leads te an estimated age of 15.93 MaferLa Cel A, and the
Early-Middle Aragenian beundary may be censtrained further
te 15.935 Ma. Magnetestratigraphical calibratien shews that
the beundary lies clese te the lewer beundary ef chren CSBr
(15.974-15.032 Ma, ATNTS2004; Daams et al., 1999a).

The Middle-Late Aragenian beundary, equivalent te the
Zene E-Zene F beundary, is drawn in the magnetestratigra-
phically calibrated type sectien itself, between the lecalities
Las Umbrias 20 and Las Umbrias 22 (Daams et al., 1999a),
which have an age of 13.80 Ma and 13.76 Ma, respectively (Van
Dam et al., 2006). Accerding te Krijgsman et al. (1996) the
beundary lies abeut 1/10 belew the tep ef chren CSACn
(14.095-13.688 Ma, ATNTS2004; Abels et al., 2005). Since we
use here the revised age of the tep of chren CSACn (Abels et al.,
2005) the Middle-Late Aragenian beundary is slightly yeunger
than in Krijgsman et al. (1996).

The magnetestratigraphical calibratiens allew cerrelatien of
the Aragenian te the ATNTS2004. The Early Aragenian is

equivalent te the latest Burdigalian. The base of the Middle
Aragenian is enly 30 ky yeunger than the base of the Langhian,
previsienally established at 15.974 Ma (Leurens et al., 2004),
and its tep is 100 ky yeunger than the base of the Serravallian
(13.82 Ma, Abels et al, 2005). Thus, the Middle Aragenian
ceincides very clesely with the Langhian.

2.2. The Upper Freshwater Molasse of Switzerland

Recently, Kilin and Kempf (2009) presented a swatigra-
phical framewerk feor the Upper Freshwater Melasse (@SM) of
Switzerland based en large dataset of mammal biestratigraphy,
magnetestatigraphy and radiemetric ages derived frem
bentenite layers. In Fig. 1 we present the chrenestratigraphy
of the lecal biestratigraphical zenes prepesed by the latter
authers fer the ®SM eof Switzerland. Accerding te their results,
the Swiss faunas between 15.3 te 13.0 Ma are well censtrained
by the cembinatien ef magnetestratigraphical and radiemetric
ages eof three bentenites yielding ages of 14.20 + 0.08 Ma,
14.91 + 0.09 Ma, and 15.27 £ 0.12 Ma (Kilin and Kempf,
2009 and literature therein). The magnetestratigraphy ef the
lewer part ef the cempesite sequence is, hewever, less
cenclusive because the different studied sectiens centain large
gaps. Twe different interpretatiens have been prepesed: the first
ene is based en Schlunegger et al. (1996) and Agusti et al.
(2001); the secend ene (represented in Fig. 1) is frem Kilin and
Kempf (2009: fig. 8), which in its turn is based en Kempf et al.
(1997: fig. 10). The interpretation of the latter has been
challenged by Agusti et al. (2001), Aguilar et al. (2003), and
Larraseafia et al. (2006) as far as the calibratien ef the
Schwindigraben sectien te the GPTS is cencerned.

Inthe eriginal calibratien ef this sectien given by Schlunegger
et al. (1996), the ‘basal marls’ centaining the Eimittili fauna
(Tadgemaustrasse assemblage biezene, MIN 4; after Kempfetal,,
1997) is cerrelated te chren CSCn2.r (16.54-16.47 Ma), and the
lecality Hasenbach 1 (Trub-Siltenbach biezene, MN3b) te chren
CSEn. Kilin (1997) reperts a new fauna frem Trub-Siltenbach
(reference lecality fer the biezene of the same name) in between
Hasenbach 1 and Eimdttili. Accerding te the calibratien by
Schlunegger et al. (1996), Trub-Siltenbach falls in the lewer part
of chren CSCr, giving it an age of abeut 17.2 Ma (Agusti et al,,
2001). Kempf et al. (1997) recalibrate the sectien, cerrelating
Eimdttili te CSCr and Trub-Séltenbach te the lewer part of CSDr.
Hewever, accerding te Agusti et al. (2001: p. 254), insufficient
arguments are previded te rule eut the eriginal calibratien ef the
Schwindigraben sectien and “their alternate cerrelatien results
in a very peer fit with the GPTS”. Therefere, Agustiet al. (2001)
place the lewer beundary ef Tidgernauswasse biezene between
CSCr and C5Cn.2r, i.e. between 17.2 and 16.5 Ma, the estimated
age of the yeungest lecality ef the Trub-Siltenbach biezene,
which cerrespends te the ‘cricetid vacuum’ in Switzerland. Kilin
and Kempf (2009) assume the presence of a hiatus in the
‘basal marls’ te explain the strengly cendensed appearance ef
the measured reversed chren in cemparisen te the duratien ef
chren CS5Cr, with which they cerrelate it. Such an assumptien is
net necessary in the case of the eriginal calibratien te chren
CSCn.2r.



The reference fauna eof Glevelier (enly lecality included in
the Glevelier assemblage biezene) is the eldest Swiss fauna
with Democricetodon and Ligerimys florancei, but, as it cemes
frem a karstic fissure filling, ne numerical age estimate can be
given (Kilin, 1997; Kilin and Kempf, 2009). It is biechrene-
legically elder than the Tdgernaustrasse assemblages because
Glevelier lacks Megacricetodon and Eumyarion, and still
centains Ligerimys antiquus. Kilin and Kempf (2009)
tentatively give it an age areund 17.5 Ma using the abeve-
mentiened recalibrated ages eof biestratigraphically adjacent
faunas, but accerding te the calibratien ef Schlunegger et al.
(1996) and Agustiet al. (2001) it sheuld be yeunger than ~17.2
Ma. The latter calibratien ef the Tdgernaustrasse biezene fits
the geechrenelegical data frem seuthwestern Eurepe much
better than its recalibratien. Larraseafia et al. (2006) previde
reliable magnetestratigraphical evidence te cerrelate Pice del
Fraile 1, a ‘cricetid vacuum’ fauna (Zene A) in the Ebre basin
(Spain) witheut Democricetodon, te chren CSDn (17.533-
17.235 Ma). Aguilar et al. (2003) derive a similar cerrelatien
fer Beaulieu (17.5 Ma), a seuthwestern French fauna
representing the ‘cricetid vacuum’.

2.3. The Upper Freshwater Molasse in Bavaria

The lecal biestratigraphy ef the Upper Freshwater Melasse
in Bavaria was prepesed by Heissig (1997) and updated by
Béhme et al. (2002) and Abdul Aziz et al. (2009). The eldest
biezene (@SM A) is characterized by the presence eof L.
florancei tegether with Megacricetodon. Se, ether than the
Swiss and Aragenian type area recerd, the @SM series itself
decs net have faunas with Democricetodon and Ligerintys but
witheut Megacricetodon. Such faunas are, hewever, knewn
frem fissure fillings in the nearby Frankenische Alp, such as
Petersbuch 2 and Erkertshefen 1 and 2. The yeungest biezene
(@SM F) is characterized by the F@® of Cricetodon aff. aureus
and Anomalomys gaudiyi (Abdul Aziz et al., 2008). Accerding
te Abdul Aziz et al. (2009) further subdivisien ef the latter
biezene is pessible (@SM F and @SM F?) based en the melar
size increase in the Cricetodon lineage.

The faunal develepment of the German and Swiss parts ef
the NAFB is nearly identical (Kilin and Kempf, 2009). Yet, a
recent stratigraphical synthesis eof the Bavarian part ef the
Nerthern Alpine Fereland Basin shews majer differences in the
interpretation of the abselute ages with the Swiss recerd (Abdul
Aziz et al, 2008, 2009; Pricte et al., 2009). Netably, these
differences are feund in the Early te early-Middle Miecene part
of the age medel, which depends heavily en the magnetes-
tratigraphy ef the Puttenhausen sectien. As Abdul Aziz et al.
(2008, 2009) indicated, the palacemagnetical results ef this
sectien are net reliable, peinting eut the pessibility ef an
incerrect calibratien te the ATNTS2004.

Accerding te faunal cerrelatiens prepesed by Abdul Aziz
et al. (2008) the yeunger part of ®@SM C + D, represented by the
lecality Sandelzhausen and the upper part of the Puttenhausen
sectien (Puttenhausen E), is very similar te the Swiss faunas
frem Tebelhelz and Vermes 2. The latter faunas were cerrelated
by Kilin and Kempf (2009) te the Vermes 1 and Tebel

Hembrechtiken biezenes, respectively. Abdul Aziz et al
(2008) censidered the cerrelation te Tebel Hembrechtiken (and
thus te chren C5SBn.2) unwarranted because of the absence of
Megacricetodon aff. bavaricus in this Swiss lecality. Hewever,
their ewn faunal cerrelatien with the Tebelhelz lecality in the
Ziirich sectien fits the cerrelatien te chren CSBn.2 perfectly.
Tebelhelz lies between the Urderf und Kiisnacht bentenites,
dated at 15.27 + 0.12Ma and 14.91 + 0.9, respectively (Kilin
and Kempf, 2009: fig. SB); as a result, the prepesed cerrelation
of the Puttenhausen sectien te the GPTS prepesed by Abdul
Aziz et al. (2008) is in direct cenflict with the bentenite dates.
Therefere, we accept the cerrelation te chren CSBn.2 (15.0 te
15.2 Ma) ef Sandelzhausen and Puttenhausen E based en the
stratigraphical framewerk of Kilin and Kempf (2009).

3. Correlation of local biostratigraphies

Zene A, which belengs te the Ramblian, is the eldest
recegnized lecal biezene in the Aragenian type area (lecalities
of San Reque 4A and 4B). In this area, itis characterized by the
presence of L. antiquus, Melissiodon and, altheugh rare, the
first recerd of Democricetodon. Depending en the criterien
used te define MIN 4 (F@® or FC@® of Democricetodon), these
faunas ceuld be censidered as MN3 er MN4 (Fig. 2). In
Switzerland, there is enly ene lecality with a similar faunal
cempesitien, Glevelier. This karstic lecality differs frem the
Spanish lecality San Reque 4B in the presence of L. floranceli,
which is net recerded in Spain until the end ef Zene B.
Therefere, based en the presence of Democricetodon and the
absence of Megacricetodon, the Glevelier biezene ceuld be
cerrelated with the upper part of Spanish Zene A and Zene B
(Fig. 2). @ther Eurepean lecalities that may be cerrelated with
these biezenes based en the latter criterien are Petersbuch 2,
Erkertshefen 1 and 2 in Germany (Ziegler and Fahlbusch,
1986), Delnice 1 and 2 in the Czech Republic (Fejfar, 1990),
@berderf3 and4in Austria (Steiningeretal., 1998), and Béen 2
and Artenay in France (Bulet et al., 2009).

The presence of Megacricetodon in cembinatien with the
presence of Ligerimys has been used te define lecal biezenes all
ever Eurepe. In Spain it characterizes Zene C, in Switzerland
the Tdgernaustrasse biezene, and in Germany the ®SM A. In
previeus werks (e.g., Daams et al, 1999a), Zene C has been
cerrelated with the upper part of MN 4 because Ligerimys is
still present. If we use the species level instead of the genus
level, T#gernaustrasse biezene and @SM A sheuld be
cerrelated with the lewer part of Zene C of Spain, based en
the presence of L. florancei and Megacricetodon. The latter taxa
are present in La Remieu, reference lecality of NMIN4.
Nevertheless, the peculiar faunal cempesitien ef L.a Remieu,
with twe species of Megacricetodon and feur species eof
Democricetodon, makes accurate cerrelatien ef beth the
Spanish and the Swiss faunas te the MIN4 reference fauna
impessible (Kilin and Kempf, 2009). The enly lecality in the
Calatayud-Mentalbdn basin that centains L. florancei and
Megacricetodon is Artesilla (Van Der Meulen and Daams,
1992), which represents the F@ ef the latter genus (@liver Pérez
etal., 2008). The high cricetid diversity of the La Remieu fauna
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Fig. 2. Comparisons between Spanish, Swiss and Gennan local bioswatigrapbies. The chronology used for the Swiss and German record is after Kdlin and Kempf
(2009) with the excepion of the paleomagnetical correlations for the lower part of the scale which follow Schlunegger et al. (1996) (see text for discussion). Possible
correlations between local bioswatigraphies are indicated by dashed lines. For the distribution of the MN units, several possibilities are included, depending on the

used criteria.

ceuld indicate a yeunger age relative te Artesilla, which shews
cleser faunal similarities with the Pellecahus fauna (Ginsburg
and Bulet, 2000).

The cerrelatiens between ether Spanish early Middle
Miecene biezenes and the Central Eurepean enes are mere
difficult due te the lew number of shared taxa. Therefere, the
cerrelatiens can enly be established based en the prepesed
chrenelegies (Fig. 2). The cerrelatien between Swiss and
Bavaria is nevertheless straightferward, because they have an
almest identical distributien ef taxa (Kilin and Kempf, 2009).
Despite these similarities, there are discrepancies in the
cerrelatiens between Swiss (Kidlin and Kempf, 2009) and
German biezenes (Abdul Aziz et al, 2008, 2009), and
especially in the prepesed chrenelegy, as has been discussed
in previeus Sectien 2.3. The main discrepancy is the cerrelation
of @SM F. Accerding te Abdul Aziz et al. (2008), ®SM F
cerrelates with the Swiss Biezene of Riimiken and @SM E’
with Uzwil-Nutzenbuech, while accerding te Kilin and Kempf
(2009: fig. 10) @SM F cerrelates with biezenes Uzwil-
Nutzenbuech, Riimiken and with the lewer part of @schgraben.
In Figs. 1 and 2 we use the biestratigraphical cerrelatiens

prepesed by Abdul Aziz et al. (2008, 2009). The chrenelegy
prepesed by these authers is, hewever, very different te the ene
prepesed by Kilin and Kempf (2009). In eur epinien the
cerrclatien ef Sandelzhausen and Puttenhausen E te chren
CS5Cn.2n and chren CSCn.2r, respectively, prepesed by Abdul
Aziz et al. (2008) is net sufficiently supperted by the
magnetestratigraphical results, while the chrenelegy based
on the Swiss recerd is supperted by the bentenite dating, which
censtrains the cerrelatien of Tebelhelz te chren CSBn.2n.

The MN S reference fauna eof Pent Levey-Thenay is easily
cerrelatable with the Swiss and German recerds by the presence
of Megacricetodon lappi and cerrespends te the shert biezenes
of Aspitebel 520 m in Switzerland and @SM E in Germany. @n
the ether hand, the enly species in cemmen between Pent
Levey-Thenay and the Spanish recerd is Megacricetodon
collongensis, mainly knewn frem Zene Dd. Accerding te the
magnetestratigraphical interpretatien (Fig. 1), Pent-Levey-
Thenay sheuld be cerrelated te early Zene Dd faunas.

The MN 6 reference fauna ef Sansan was cerrelated by
Daamsetal. (1999a) te the Las Planas 5B fauna (chren C5SABn)
frem the Aragenian type sectien, and its numerical age



estimated as appreximately 13.6 Ma, based en the presence of
Megacricetodon gersii and M. minor. The new results presented
by Kilin and Kempf (2009) and eur cemparisen with the
Spanish fessil recerd indicate that M. minor is ef little
biestratigraphical value, as evidenced by its very diachrenic
dispersal, that is prebably related te a preference fer mere
specific enviremnental cenditiens. This interpretatien is
supperted by the absence ef this species in faunas frem the
Madrid basin, which have almest identical cempesitiens in
cemparisen te the Calatayud-Mentalbin enes (Peldez-Campe-
manes et al., 2003). Therefere, the estimated age of Daams et al.
(19992) fer the Sansan fauna is tee yeung; cerrelatien te the
lewer part of chren CSACn (appreximately 14 Ma) is mere
prebable, and is alse supperted by its cerrelatien te the Swiss
recerd (Kilin and Kempf, 2009).

4. Small mammal events

The Early and Middle Miecene Eurepean small mammal
recerd shews a sweng previncialism, hampering even the
cerrelatien between areas that are geegraphically net far apart.
The Spanish recerd has been always censidered as singular (De
Bruijn et al., 1992; Martinez, 1997; Steininger, 1999) and,
despite being ene of the mest dense and extensively studied, its
results have been ignered eor treated superficially because of the
difficulty ef cerrelatien with ether Eurepean recerds (Daams,
1998). Singular, ef ceurse, dees net necessarily imply
unifermal, and there are certainly mere Cenwal Eurepean
influences in ceastal basins as the Valleés-Penedés and Levante
than there are in the inland basins (Agusti et al., 1984; Agusti,
1990).

The Eurepean mammal cemmunity cempesitiens during the
Miecene are rather dissimilar, altheugh there are several
bielegical events that can be recegnized at Eurepean scale and
that have been used te calibrate and cerrelate the different lecal
recerds. Nevertheless, the chrenelegies ef mest bielegical
events have net been studied in detail using independent
seurces of lecal dating te determine their isechreny. Van der
Meulen et al. (in press) peinted eut 13 bieevents shared
between the Aragenian recerd (based en the Calatayud-
Mentalbdn basin) and the Upper Freshwater Melasse eof
Switzerland fer the Early and Middle Miecene. Table 1 shews
these events with the additien ef anether three: the last
eccurrence of Pseudotheridomys, the last eccurrence of L.
antiquus and the first eccurrence of Eomyops. The erder of the
events presented in Table 1 fellews that ef the Swiss recerd as
given by Kilin and Kempf (2009). The events have been ranked
in the Swiss @SM, the Bavarian @SM and the Spanish
Aragenian type area accerding te their lecal biestratigraphies.
If events eccur in the same lecality (Spain) er biezene
(Switzerland and Germany), their ranking numbers are the
mean of their pesitiens in their lecal biestratigraphy. In this
precedure, the F@® eof Democricetodon franconicus and
Eumyarion represent the relative pesitiens 9 and 10 within
the lecal Aragenian biestratigraphy and since beth eccur fer the
first time in the same lecality (Vargas 4A, 16.15 Ma) we assign
beth te rank number 9.5.

Table 1

Ranhing of the faunal events shared among the Upper Freshwater Molasse of
the North Alpine Foreland Basin in Switzerland (SW), the Upper Freshwater
Molasse in Bavaria, Genmany (GER), and the Aragonian type area in North
Central Spain (SP).

Bioevent SW GER Sp
FO Megacriceteden gersii 16 - 14
FO Cricetoden 15 15 13
FO Eemyeps 14 14 16
FO Megacriceteden miner 13 13 15
FO Keramidentys 12 12 12
LO Ligerimys 1¢ 1¢ 11
LO Ligerimys flerancei 1¢ 1¢ 8
LO Melissieden 1¢ 1¢ 45
FO Megacriceteden 7 7.5 7
FO Eumyarien . 7.5 95
LO Ligerimys antiquus 7 S) 45
FO Ligerimys flerancei 35 6 6
FO Bemecriceteden francenicus 35 35S %5
FO Bemecricetodeon 315 35 3
LO Pseudetheriderys 35 - 2
< Cricetid Vacuum > 1 - 1

In erder te cempare the sequence of events we have
perfermed nen-parametric cerrelatiens, using SPSS 17.0
seftware (SPSS, 2008), between the Swiss and Spanish recerds
(Swiss and Bavarian recerds are almest identical and therefere
the latter have net been included). The results reveal a highly
significant cerrelatien between the Swiss and Spanish bieevent
sequences (Spearman’s rhe = 0.826, p < 0.001 and Kendall
tau = 0.703, p < 0.001), indicating a clese similarity between
them.

The availability ef sectiens with palacemagnetical and/er
radiemetrical time centrel in the studied areas allews te study
the timing ef each event independently (Fig. 1). @ne eof the
impertant results of the werk of Van der Meulen et al. (in press)
is the establishment that while the age of the varieus events can
be highly diachrenical, the sequence of events is quite similar.
Secendly, deviatiens frem the general erder of events between
regiens may previde useful infermatien en the histery ef
specific taxa and regiens, er, alternatively, can help te detect a
highly imprebable cembinatien ef taxa er erdinatien ef faunas.

4.1. Eomyids

Accerding te Kilin and Kempf (2009), the sequence ef
eemyids events inthe Swissrecerd is: L@ Pseudotheridontys, F@®
L. florancei, 1@ L. antiquus, L@ L. florancei, F® Keramidontys
and F@ Eoniyops. The Spanish recerd shews the same sequence,
butthereisne everlap betweentheranges of L. antiquus (ZenesZ
and A) and L. florancei (Zenes B and lewer C). L. florancei is
present in Switzerland areund 17.0 Ma (Kempf et al.,, 1997),
while it appears in the Aragenian type area at 16.66 Ma. In the
Bavarian part ef the Nerth Alpine Fereland Basin (NAFB) and
nearby areas, the F@ of L. florancei is estimated by Abdul Aziz
et al. (2009) clesc te 18.0 Ma based en lithestratigraphical
cerrelatiens with the sediments centaining the Czech lecality of
@rechev. In centast te the Spanish and Swiss recerd, the L@ of
Pseudotheridontys is atter the F@ of L. florancei in the German



and Czech NAFB, since the twe taxa are recerded tegether in
lecalities such as Erkertshefen 2 (Ligerimys aff. florancei),
Delnice 1, Delnice 2 and Delnice 3 (Alvarez Sierra, 1987; Fejfar,
1990; Escarguel and Aguilar, 1997).

Ligerimys florancei and L. ellipticus are ceeval species in the
lecalities Can Marti Vell 1 and 2 eof the Valles-Penedes basin
(Agusti, 1983). In centrast, they never ce-eccur in the Calatayud-
Mentalbén recerd, where L. florancei is replaced by the endemic
species L. ellipticus between 16.30 and 16.15 Ma. The L@ of L
ellipticus is in La Cel A with an estimated age of 15.97 Ma (Van
Dam et al, 2006). The extinctien of L. florancei and its
replacement by Keramidontys is used as a commen criterien te
distinguish between MN 4 and MN S faunas in Central Eurepe.
This eccurs in Switzerland between 16.8 and 16.4Ma (Kalin and
Kempf, 2009), and areund 17.2—17.3 Ma in Bavaria (Abdul Aziz
etal., 2009). Fellewing the widely used criterien of the presence
of Ligerimys, the Aragenian Zene C has always been cerrelated
with MIN 4. We new have te cenclude that the extinctien ef the
genus Ligerimys as MN zenc-recegnitien teel has te be
abandened, since the stratigraphical ranges of L. ellipticus in
Spain and Keramidomys in Switzerland and Bavaria partially
everlap. The extinctien eof the species L. florancei may be used
instead, when the event can be shewn te be synchreneus.
Keramidomys has been feund in Spain as a transient species
(sensu Van der Meulen et al., 2005 and Van der Meulen and
Peldez-Campemanes, 2007), eccurring in twe Zene Dd lecalities
enly, Valdemeres 7G (14.23 Ma) andl.as Umbrias 7 (14.19 Ma),
much later than its F@ in Switzerland. Eontyops first eccurrence
in Switzerland is at the base of Aspitebel 520 m (15.0 Ma), while
in Spain it is net recerded until Zene Gl (13.5 Ma). The F@® of
Eomyops is the last censidered cemyid event in beth areas.

4.2. Melissieden

The early L@ eof Melissiodon in upper Zene A in the
Aragenian type area (befere the F@s eof L. florancei and
Megacricetodon, Daams et al., 1999a) seems te be a lecal
phenemenen. Melissiodon is knewn frem ether Spanish Zene C
lecalities, in the nearby Teruel basin and frem the lecality ef
Buiiel in the Valencia area (Rebles et al., 1991), where it is
recerded tegether with Megacricetodon and L. ellipticus.
Therefere, the L@ of Melissiodon pestdates the L@ eof L.
florancei in Spain. In the Swiss and Bavarian recerds, the L@ of
Melissiodon is within T4gemaustrasse and @SM A biezenes,
respectively, and ceincides withthe L@ of L. florancei (Table 1).

4.3. Demaecriceteden, Megacriceteden, Eumyarien

The ce-eccurrence of Democricetodon, Megacricetodon and
Eumtyarion after the cricetid vacuum, cembined with the
presence of Ligerimys, is used te recegnize MN 4. The cricetids
are immigrants inte Eurepe and beceme impertant elements in
the Eurepean faunas ef the Middle Miecene (the first twe
genera in particular).

In Central and Western Eurepe the entry of Democricetodon
predates that of Megacricetodon. Threugheut Eurepe, lecalities
have been described which centain Democricetodon, but lack

Megacricetodon, such as: San Reque 4A and 4B as well as all
the lecalities frem Zene B in Spain; Delnice 1 and 2 in the
Czech Republic; @berderf 3 and 4 in Austria; Glevelier in
Switzerland; Petersbuch 2, Erkertshefen 1 and 2, Achen 17 in
Germany; and Artenay and Béen 2 in France (Ziegler and
Fahlbusch, 1986; Fejfar, 1990; Kilin, 1997, Steininger et al.,
1998; Daams et al., 1999a; Pipperr et al., 2007; Kilin and
Kempf, 2009; Bulet et al., 2009). These faunas with
Democricetodon as the enly medern cricetid differ in their
ecemyid cempenent. In San Reque 4A and 4B, the uppermest
part of the Ramblian Zene A, Democricetodon hispanicus is
accempanicd by L. entiquus and L. fahlbuschi, while D.
franconicus frem Delnice 1, Delnice 2 and Achen 17 is
accempanicd by Pseudotheridonys and L. florancei, in
Glevelier by L. antiquus and L. florancei, and in Erkertshefen
1 and 2 by L. florancei and L aff. florancei, respectively. In the
lecalities frem the Aragenian Zene B, the eemyids present with
Democricetodon are L. palomae at the lewer part, and L.
florancei at the upper part.

The eldest Spanish faunas with rare Democricetodon are San
Reque 4A and San Reque 4B. They have been placed in Zene
A, as Zene B is defined on the regular eccurrence ef this taxen
(Daams et al., 1998, 1999a; Van der Meulen et al., in press).
Beth the San Reque 4 lecalities and these of the lewermest
Zene B have been cerrelated te chren CSCr (17.2-16.7 Ma,
Leurens et al., 2004). Altheugh these cerrelatiens are based en
sedimentatien rates, we accept them as best available evidence
te be used until the palacemagnetical analysis of the sediments
themselves. The interpretatien is supperted by the magnetes-
tratigraphically well-censtrained findings ef Larraseafia et al.
(2006). They cerrelate Pice del Fraile 1 (Zene A, Ebre basin), a
lecality witheut Democricetodon, te chren CSDn (17.533-
17.235 Ma), which alse fits the age estimation of Beaulieu in
Seuthern France as given by Aguilar et al. (2003).

Unfertunately, ne magnetestratigraphy is available fer the
karstic fissure filling of Glevelier. Thus, its cerrelatien te chren
CS5Dn is circumstantial and based en the calibratien ef the
Tdgernaustrasse faunas te CSCr (Kempf et al, 1997). A
cerrelatien te chren CSDn has alse been prepesed fer the
®berderf 3 and 4 faunas in Auswia (Steininger et al., 1998).
Anether fauna, Achen 17 frem seutheastern Germany, similar
te the Czech faunas ef Delnice 1 and 2 by the presence eof
Democricetodon cf. franconicus and Pseudotheridomys and the
absence of Megacricetodon, has been dated as 17.8 + 0.3 Ma
based en the strentium centent eof eteliths (Pippérr et al., 2007).
Given these chrenelegical results, the age efthe @rechev fauna,
suppesedly representing the earliest eccurrence of Megacri-
cetodon, clese te 18 Ma as prepesed by Abdul Aziz et al.
(2009), is untenable.

The erder in which Eumyarion and Megacricetodon enter
the recerd differs in the varieus regiens. The F@ of Eumyarion
predates that ef Megacricetodon in Czech and Austrian
lecalities such as Delnice 1, Delnice 2, @berderf 3 and
@berderf 4, which are indirectly cerrelated te chren CSDn
(Steininger et al., 1998). Megacricetodon and Eumyarion are
net present befere chren CSCr in Switzerland. The entry ef
Megacricetodon in the Calatayud-Mentalbdn basin is estimated



between 16.63 and 16.49 Ma (during the gap between
Villafeliche 2A and Artesilla), and the entry ef Eumyarion
between 16.30 and 16.15 Ma. In ether Spanish basins the latter
entry is prebably slightly elder since Eumyarion is already
present in the lecality ef Bufiel (Levante basin; Daams, 1976)
and in Can Marti Vell (Valles-Penedés basin; Agusti, 1983)
with an age that ceuld be slightly yeunger than Artesilla (16.49
Ma) based en the ecemyids and the evelutienary stage ef
Democricetodon. The asynchreny ef these immigratiens is
therefere in the erder of 0.5 te 1 millien years accerding te the
prepesed chrenelegies in each area. The asynchreny in the F@
of Eumyarion is censiderably larger than that ef Democrice-
todon and Megacricetodon.

The secend greup of Megacricetodon events invelves the F@
of M. minor andthe F@ of M. gersii. The F@ of M. minor ferms a
majer discrepancy betweenthe three sequences of firstentries. In
Spain, as eppesed te Switzerland and Germany, the F@® of M.
minor eccurs after that ef Cricetodon and M. gersii.
Megacricetodon minor apparently disperses less easily than
the ethers, which might indicate that it is a less eppertunistic
species. This is alse illuswated by M. miror never reaching the
Madrid basin in the centre ef the Iberian Peninsula (Peldez-
Campemanes et al., 2003). M. gersii has net been recerded in
Germany (Heissig, 1997), presumably because of the absence of
fessil recerd cevering the temperal diswibutien ef this species.

4.4. Criceteden

The F@® of Cricetodon (C. aff. aureus) in Switzerland is in
Uzwil-Nutzenbuech. This first eccurrence is cerrelated te chren
CSBn.1n, with an estimated age of 14.9 Ma (Kailin and Kempf,
2009), and slightly pestdates the F@ in Bavaria (Abdul Aziz
etal., 2009). The F@® eof the genus in Spain is in Las Umbrias 11
(chren CSACn, 14.806 Ma). The asynchreny ef the immigratien
of Cricetodon inte the three areas is, therefere, in the erder of
0.9 millien years. Daams et al. (1999a) cerrelated Zene E (with
the first appearance of the genus at its base) te MNS and Zene F
te MING because it centains the first Megacricetodon gersii. De
Bruijn et al. (1993) nete that the Spanish material, referred te as
Cricetodon n. sp. 3 frem Las Umbrias 11 (= Las Planas SA2), is
unknewn frem elsewhere and censequently represents a
separate immigratien net cemparable te the Swiss event.
New studies en this material and new findings ef Cricetedentini
frem the Calatayud-Mentalbdn basin (new in pregress, and
Lépez-Guerrere et al., 2008, 2009), will help te understand the
evelutien and dispersal of this interesting wibe.

4.5. Discussion

Accerding te the age medels presented in Fig. 1 fer the three
studied areas, the censidered events are, in general, swengly
diachrenical. The inferred asynchrenies are surprisingly high
between the Swiss and Bavarian recerd (Fig. 1). As neted abeve,
much ef this can be reselved by revising the interpretatien of the
Puttenhausen sectien, which had yielded less reliable palace-
magnetical result accerding te Abdul Aziz et al. (2008, 2009).
Asynchrenies between Spain and Central Eurepe are high,

areund 0.5 te 1 my, fer mest ef the events when the age medel of
Kilin and Kempf (2009) is censidered. The events in Switzerland
and Bavaria predate their eccurrences in Spain. Censidering the
age medel eof Schlunegger et al. (1996) the calculated
asynchrenies between Spain and Central Eurepe fer the F@s
of M. gersii, M. minor and Cricetodon have the same values than
in the Kilin and Kempf (2009) age mede], since they are based en
well-censtrained ages in beth areas. Fer the ether events, the use
of the prepesed cerrelations by Schluneggeretal. (1996) implies
lewer asynchrenies. In this case, the F@ of Democricetodon and
the L@ of L. florancei are censidered synchreneus, because clear
diachreny cannet be shewn given the available time reselutien.
The asynchreny ef D. franconicus is net real, because it cencerns
asecend immigratien in Spainthatdees neteccur in Switzerland.
The asynchrenies in the F@ of Euntyarion and L@ of Melissiodon
enly apply te the Calatayud-Mentalban basin, since the first may
have arrived 0.2-0.3 my earlier in eastern basins ef ceastal Spain,
and Melissiodon wentextinctabeut 0.3-0.4 my later in the Teruel
basin. The diachreneus L@ ef Ligerimys and the F@ ef
Cricetodon cannet be censidered as reliable, because they refer
te different species. The streng diachreny ef Keramidomys and
Megacricetodon minor are realistic, and ceuld be explained by
the nen-invasibility ef the Calatayud-Mentalban basin during a
large part ef the middle Aragenian, attributed te the special
envirenmental cenditiens with a dry and highly disturbed
envirenment (Van der Meulen et al., 2005).

In summary, the increase en the swatigraphical knewledge of
three Early and Middle Miecene Eurepean recerds frem three
different geegraphical regiens, allews us te study in depth, fer
the first time, the timing ef several shared redent events. The
resultsindicate that, censidering enly redents, it is very difficult
te prepese a centinental biechrenelegical scale ef high
temperal reselutien, because there are a limited number of
events recegnizable at centinental scale and in additien they
generally shew significant asynchrenies between areas.

5. European mammal chronology

Befeore the develepment eof swatigraphical disciplines like
magnetestratigraphy, cyclestratigraphy and the refinement ef
radiemetric metheds ef abselute dating, biestratigraphy and
biechrenelegy were the mest used methedelegies as relative-
age teels fer centinental sediments. The difference between
these twe metheds is their relatien with the recks that centain
them. Biestratigraphy is defined in the Internatienal Strati-
graphic Guide as: “The element of stratigraphy that deals with
the distributien ef fessils in the stratigraphic recerd and the
erganizatien ef strata inte units en the basis ef their centained
fessils” (Salvader, 1994). @n the ether hand, biechrenelegy is
net a stratigraphical discipline and therefere has ne relatienship
with the swatigraphical recerd and ceuld be defined as the
elements and precedures of the palacentelegy that deals with
the temperal relatienships between the fessils and the
palacebielegical entities that preduce them (Lépez-Martinez
and Truyels Santenja, 1994).

Eurepean mammal faunas were custemarily greuped and
erdered by assigning them te the MN-system, eriginally defined



as the biezenatien ef the Mediterranean Neegene based en
Mammals (Mein, 1975a, 1975b). MIN-system censists ef 17
numbered units, within each ef which Mein (1975a, 1975b)
included a set eof characteristic lecalities frem seven
geegraphical regiens acress Eurepe. Despite the eriginal name
given by Mein (1975a, 1975b), the MN-system cannet be
censidered as a biestratigraphical scale, because it has ne
relatienship with the stratigraphical recerd, and sheuld be
weated as a biechrenelegical system dealing with the temperal
erdinatien ef the fessil recerd.

Each ef the 17 MNN units was characterized by the
cembinatien ef three criteria (Mein, 1999, 2000):

e presence of characteristic representatives, generally shert-
lived, of evelutienary lineages;

e characteristic asseciatiens eof temperally shert ce-eccur-
rences of twe er mere genera;

e first appearances eof genera.

It is impertant te realize that these criteria are net
equivalents te biestratigraphical enes used te define biezenes,
because they are net necessarily all present in the same fauna.
Therefere, they may net ce-eccur in the fessil recerd, and even
be selected frem different areas for seme of the MIN units,
representing cempesite asseciatiens ef faunal events. In
additien, in later versiens eof the MIN-system, and in erder te
aveid arbiwary changes en their taxenemical centents, a
reference lecality was assigned te every MN unit representing
their stage-ef-evelutien (Fahlbusch, 1976, 1991; De Bruijn
et al., 1992). Censequently, a lecal fauna is placed in a MN-unit
accerding te the reference lecality with which it shews the
highest similarity en taxenemical er evelutienary stage ef their
respective mammal asseciatiens. This precedure, even if ene
restricts the cemparisens te Western Eurepe, suffers frem the
usual preblems ef biestratigraphical cerrelatiens since the
distributien ef beth the lecalities and the mammal taxa is patchy
in space as well as in time. This is due te (Daams and
Freudenthal, 1981; Fahlbusch, 1991; De Bruijn et al., 1992; Van
Dam, 2003):

e the discentinueus nature eof the fluvial, lacuswine er karstic
facies yielding mammal faunas;

e the limited geegraphical ranges of mest species and many
genera;

e the presence of several lecal anagenetic lineages;

e F@®s and L@®s are, mere eften than net, diachrenical.

This ambiguity en the nature of the MN scale intreduced by
several authers (see Van Dam, 2003, fer an histerical review)
resulted in the system newadays being frequently used as if it
were a biestratigraphical scale instead eof the biechrenelegical
scheme as which it was eriginally prepesed (Mein, 1975a,
1975b) and later recommended by De Bruijn et al. (1992). This
misuse of the MIN-system has preduced incensistencies such as
the definition of MN beundaries (Steininger, 1999) er the
cenfusien between lecal and centinental duratiens ef the units
(see Fahlbusch, 1991 fer a mere elaberate theeretical discus-

sien). Thus, MIN beundaries have been dated by exwapelating
lecal-fauna ages in different areas te ages and duratiens ef the
units fer breader Eurepean use (Steininger, 1999; Agusti et al.,
2001). This cenfusien between lecal and centinental duratien ef
MN units preduced that seme authers used lecal MN chrenelegy
te establish errenceus interpretatiens and chrenelegical infer-
ences at centinental scale. Cesteur et al. (2007), fer instance,
discussed the need of a change in the chrenelegy ef several
reference lecalities based en a suppesed change in the
cemmunity structure reflected in their cenegrams. In additien
te the inadequate use of repeatable features of past cemmunities
fer biechrenelegical interpretatiens, such as the cemmunity
structure (cenegrams), enly a small part ef the available
chreneswatigraphical and biestratigraphical infermatien is used
and superficially, when net incerrectly, treated. Cesteur et al.
(2007) did netrealize that the MIN units that they used te estimate
faunal ages are strengly diachrenical in the different areas
censidered, as discussed by previeus authers and which they
themselves represent in their fig. 1. Cesteur et al. (2007) used
Agusti et al. (2001) MN beundary ages fer Western Eurepe te
estimate numerical ages fer faunas witheut chrenelegical
infermatien. An example te illustrate the misuse of the available
chrenelegical infermatien is ameng several such cases their
estimate of the MIN6 lecality of Derching 1b in the Swiss @SM.
The numerical age assigned by Cesteur et al. (2007) te
Derching 1b, a lecality belew the Breck-Herizen, is 13.7-12.5
Ma, which is the duratien ef the MN6 unit prepesed by Agust{
et al. (2001) fer Western Eurepe. In centrast, fer ether lecalities
like Gallenbach 2b in Germany, which is abeve the Breck-
Herizen and thus yeunger than Derching 1b, Cesteur et al.
(2007) used the age (14.5 Ma) estimated by Heissig (1997),
which is in accerdance with the duratien ef the MIN6 (14.9-13.5
Ma) prepesed by Steininger (1999) and Kilin and Kempf
(2002) feor the Central Eurepean recerd. As a censequence, the
estimated ages used by Cesteur et al. (2007) feor these lecalities
are incempatible with their relative stratigraphical pesitien.
The MIN-system prepesed by Pierre Mein has been an
impertant teel te cerrelate Eurepean Neegene lecalities that has
allewed an incredible develepment en the Eurepean mammal
palacentelegy. Because ef the sweng previncialism in Eurepe
during the Neegene, a biechrenelegical system is still necessary
because of the lack eof cemplete regienal high reselutien
swatigraphical framewerks due te the discentinuity ef the
centinental fessil recerd. Nevertheless, as discussed by
Fahlbusch (1991) the system sheuld net be built en the criteria
on which MN-system is based, since they are tee inaccurate fer
clear-cut definitiens of time units. As shewn in previeus sectiens
of this werk, mest ef the studied bietic events are significantly
asynchreneus, and even the enes that ceuld be censidered as
synchreneus between the studied areas cannet be censidered as
geelegically instantaneeus (Fahlbusch, 1991). The MN-system
ceuld be used instead as a biechrenelegical successien ef
reference faunas te which the ditferent mammal assemblages can
be relatively placed, as recemmended by De Bruijn et al. (1992).
Even se, the MN-system remains a cearse, but necessary teel. It
represents a system ef cenvenience, which prevides a held fer
mammal palacentelegists in discussiens cemparing faunas frem



different parts ef the Eurepean centinent. ®n a regienal scale,
ebvieusly, a detailed swatigraphical framewerk based en lecal
biezenatien, supperted by superpesitien, radiemetric ages and
palacemagnetestratigraphy, is far superier and in eur epinien the
best way te prececd.

6. Concluding remarks

This study en the dispersals of Early and Middle Miecene
redent species based en the mest recent stratigraphical
infermatien frem the three best knewn recerds (Spain,
Switzerland and Germany) has shewn censiderable asynchre-
nies between the different studied redent events. Nevertheless,
these asynchrenies are less impertant than suggested in
previeus published werks based en the lecal duratien ef the
MN zenes. First, because ene of the seurces of diachreny are
the ditferent definitiens of MIN units depending en the studied
geegraphical regien; and secend, because the chrenelegical
interpretatiens of Central Eurepe have been estimated tee eold
as discussed in previeus sectiens.

Since the prepesitien in 1975 ef the Eurepean Neegene
Mammal scale by Pierre Mein, the ameunt en taxenemic,
stratigraphical and chrenelegical infermatien areund Eurepe
has increased expenentially. The MN-system has been a very
useful teel te cerrelate faunas at centinental scale, allewing te
have a cemmen biechrenelegical language mere refined than
the Stages er Land Mammal Ages. The system has evelved
several times, and net always in the same directien (Van Dam,
2003), and therefere it is used with different philesephy by
different authers. In this way, the MIN units have been either
used as biestratigraphical er as biechrenelegical zenes, and the
questien arises which use sheuld be enceuraged.

Prier te the establishment ef a biestratigraphical er
biechrenelegical scale based en mammals, first and last
eccurrences in different areas need te be calibrated and
cempared in erder te preve isechreny er diachreny ef the
events. Transferming the MN-scheme inte a fermal Eurepean
biezenatien is therefere rather difficult, because of the limited
geegraphical ranges of mest of the taxa en which the mere
detailed zenatiens are based, and because widespread taxa
generally have first and last eccurrences (F@s and L@s) that are
diachrenical (Daams and Freudenthal, 1981; De Bruijn et al,,
1992), as has been preven fer Miecene redents in this paper.

Therefere, the MIN-system based en a sequence ef time-
erdered reference lecalities (De Bruijn et al, 1992) is
enceuraged. We fully agree with the ‘dual system’ prepesed
by Van Dam (2003) te use the lew-reselutien MN-system en
centinental scale, and lecal/regienal biestratigraphies side by
side. The fermer allews cearse leng-distance cerrelatiens, while
the latter, with limited geegraphical scepe, can be calibrated te
the time scale and increase the highly needed infermatien abeut
synchreny and diachreny ef mammal events in different areas.
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