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            Magnetostratigraphy and radio-isotope dating of upper Miocene–lower Pliocene sedimentary successions of the Black Sea Basin (Taman Peninsula, Russia) I. Vasiliev a, ⁎, A.G. Iosiﬁdi b , A.N. Khramov b , W. Krijgsman a , K. Kuiper c , C.G. Langereis a , V.V. Popov b , M. Stoica d , V.A. Tomsha b , S.V. Yudin e a Paleomagnetic Laboratory ‘Fort Hoofddijk’, Department of Earth Sciences, Utrecht University, Budapestlaan 17, 3584 CD, Utrecht, The Netherlands b Department of Paleomagnetic Reconstructions, All-Russia Petroleum Research Exploration Institute (VNIGRI), Liteiny 39, 191104 St. Petersburg, Russia c Department of Isotope Geochemistry, Faculty of Earth and Life Sciences, Vrije University, De Boelelaan 1085, 1081 HV, Amsterdam, The Netherlands d Department of Paleontology, Faculty of Geology and Geophysics, Bucharest University, Bălcescu Bd. 1, Bucharest, 010041, Romania e Faculty of Geology, St. Petersburg State University, 7–9, Universitetskaya nab., St. Petersburg, 199034, Russia abstract article info Article history: Received 8 March 2011 Received in revised form 28 June 2011 Accepted 30 June 2011 Available online 19 July 2011 Keywords: Chronology Mio-Pliocene Eastern Paratethys Black Sea Magnetostratigraphy 40 Ar/ 39 Ar dating Hipparion We present a new chronology for the upper Miocene to Pliocene deposits of the Black Sea basin based on high- resolution magnetostratigraphic data coupled with 40 Ar/ 39 Ar dating from the 475 m long Zheleznyi Rog section on the Taman Peninsula (Russia). This section comprises the stratigraphic interval of the Khersonian to Kimmerian regional stages of the Eastern Paratethys. Our magnetostratigraphic record is based on biogenic and early-diagenetic greigite components and yields a magnetostratigraphic sequence of 8 polarity zones. A volcaniclastic ash layer at the upper part of the Khersonian is radio-isotopically dated at 8.69 ± 0.18 Ma. The age of the Khersonian–Meotian transition arrives at 8.6 or 8.2 Ma, which is signiﬁcantly younger than earlier estimates. The new age has important consequences for the Hipparion-datum in the Eastern Paratethys, and implies that all Vallesian fossil sites are younger than 11.2 Ma. The Meotian stage has a total duration of 2.2 to maximum 2.6 Myr, and is marked by multiple erosional events. The end of the Paratethys Sea is dated at 5.5 Ma, when the Black Sea becomes isolated from the Caspian Sea, the Dacian basin and the Mediterranean. © 2011 Elsevier B.V. All rights reserved. 1. Introduction During the late Miocene to early Pliocene (~11 to 3 Ma), the Eastern Paratethys domain extended from the Carpathian foredeep in Romania to the Aral Lake in Kazakhstan and included the present-day Black Sea and Caspian Sea basins (Fig. 1a). It became progressively restricted from the open ocean system, resulting in the formation of various subbasins with environments marked by varying salinities from marine to brackish and fresh water conditions (e.g. Rögl, 1998; Popov et al., 2006). The late Neogene stratigraphic scales for the Dacian, Black Sea and Caspian Sea basins all comprise regional stages (Fig. 2) that are deﬁned on the basis of characteristic endemic (mainly molluscs and ostracods) faunal assemblages (e.g. Steininger et al., 1996). Correlations to the standard Geological Time Scale (GTS) are commonly highly debated because magnetostratigraphic studies are generally controversial and radio-isotopic age determinations are scarce (e.g. Trubikhin, 1977, 1989; Pevzner and Chikovani, 1978). As a consequence, the ages of the Paratethyan stage boundaries can differ more than a million years in the various time scales (see Vasiliev et al., 2004 and references therein). Magnetostratigraphic investigations in the Eastern Paratethys started in the 1950s and focused on the Pliocene deposits of the Caspian region (Western Turkmenistan and Azerbaijan) (Khramov, 1958, 1963; Vangengeim et al., 1989, 2006; Agustí et al., 2009). Later, the Miocene stratotype sections of the Black Sea region (Taman–Kerch peninsulas) were investigated in detail by different research groups (e.g. Pevzner and Chikovani, 1978; Trubikhin, 1987). This resulted in at least two competing views on the correlation of the magnetic polarity pattern of the Miocene–Pliocene rocks to the GTS (Trubikhin, 1989; Popov et al., 1996; Pevzner et al., 2003), leading to a con- troversy that has yet not been resolved. High-resolution magnetostratigraphic studies on long and contin- uous sedimentary successions of the Dacian basin (Romania) have provided straightforward correlations to the GTS (Vasiliev et al., 2004, 2005). The magnetic signal of these deposits was carried by two different populations of greigite; a biogenic component of primary origin generated by magnetotactic bacteria, and an authigenic component of secondary origin that formed during early diagenetic processes (Vasiliev et al., 2007, 2008). Both greigite components can excellently be used for magnetostratigraphic dating if the proper demagnetization techniques are applied (Vasiliev et al., 2008, 2010a). Palaeogeography, Palaeoclimatology, Palaeoecology 310 (2011) 163–175 ⁎ Corresponding author. E-mail address: [email protected] (I. Vasiliev). 0031-0182/$ – see front matter © 2011 Elsevier B.V. All rights reserved. doi:10.1016/j.palaeo.2011.06.022 Contents lists available at ScienceDirect Palaeogeography, Palaeoclimatology, Palaeoecology journal homepage: www.elsevier.com/locate/palaeo 
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 Magnetostratigraphy and radio-isotope dating of upper Miocene–lower Pliocenesedimentary successions of the Black Sea Basin (Taman Peninsula, Russia)
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 a b s t r a c t
 a r t i c l e i n f o Article history:Received 8 March 2011Received in revised form 28 June 2011Accepted 30 June 2011Available online 19 July 2011
 Keywords:ChronologyMio-PlioceneEastern ParatethysBlack SeaMagnetostratigraphy40Ar/39Ar datingHipparion
 Wepresent a new chronology for the upper Miocene to Pliocene deposits of the Black Sea basin based on high-resolution magnetostratigraphic data coupled with 40Ar/39Ar dating from the 475 m long Zheleznyi Rogsection on the Taman Peninsula (Russia). This section comprises the stratigraphic interval of the Khersonianto Kimmerian regional stages of the Eastern Paratethys. Our magnetostratigraphic record is based on biogenicand early-diagenetic greigite components and yields a magnetostratigraphic sequence of 8 polarity zones. Avolcaniclastic ash layer at the upper part of the Khersonian is radio-isotopically dated at 8.69±0.18 Ma. Theage of the Khersonian–Meotian transition arrives at 8.6 or 8.2 Ma, which is significantly younger than earlierestimates. The new age has important consequences for the Hipparion-datum in the Eastern Paratethys, andimplies that all Vallesian fossil sites are younger than 11.2 Ma. The Meotian stage has a total duration of 2.2 tomaximum 2.6 Myr, and is marked by multiple erosional events. The end of the Paratethys Sea is dated at5.5 Ma, when the Black Sea becomes isolated from the Caspian Sea, the Dacian basin and the Mediterranean.
 l rights reserved.
 © 2011 Elsevier B.V. All rights reserved.
 1. Introduction
 During the late Miocene to early Pliocene (~11 to 3 Ma), theEastern Paratethys domain extended from the Carpathian foredeep inRomania to the Aral Lake in Kazakhstan and included the present-dayBlack Sea and Caspian Sea basins (Fig. 1a). It became progressivelyrestricted from the open ocean system, resulting in the formation ofvarious subbasins with environments marked by varying salinitiesfrom marine to brackish and fresh water conditions (e.g. Rögl, 1998;Popov et al., 2006). The late Neogene stratigraphic scales for theDacian, Black Sea and Caspian Sea basins all comprise regional stages(Fig. 2) that are defined on the basis of characteristic endemic (mainlymolluscs and ostracods) faunal assemblages (e.g. Steininger et al.,1996). Correlations to the standard Geological Time Scale (GTS) arecommonly highly debated because magnetostratigraphic studies aregenerally controversial and radio-isotopic age determinations arescarce (e.g. Trubikhin, 1977, 1989; Pevzner and Chikovani, 1978). As aconsequence, the ages of the Paratethyan stage boundaries can differ
 more than amillion years in the various time scales (see Vasiliev et al.,2004 and references therein).
 Magnetostratigraphic investigations in the Eastern Paratethysstarted in the 1950s and focused on the Pliocene deposits of theCaspian region (Western Turkmenistan and Azerbaijan) (Khramov,1958, 1963; Vangengeim et al., 1989, 2006; Agustí et al., 2009). Later,theMiocene stratotype sections of the Black Sea region (Taman–Kerchpeninsulas) were investigated in detail by different research groups(e.g. Pevzner and Chikovani, 1978; Trubikhin, 1987). This resulted inat least two competing views on the correlation of the magneticpolarity pattern of the Miocene–Pliocene rocks to the GTS (Trubikhin,1989; Popov et al., 1996; Pevzner et al., 2003), leading to a con-troversy that has yet not been resolved.
 High-resolution magnetostratigraphic studies on long and contin-uous sedimentary successions of the Dacian basin (Romania) haveprovided straightforward correlations to the GTS (Vasiliev et al.,2004, 2005). The magnetic signal of these deposits was carried by twodifferent populations of greigite; a biogenic component of primaryorigin generated by magnetotactic bacteria, and an authigeniccomponent of secondary origin that formed during early diageneticprocesses (Vasiliev et al., 2007, 2008). Both greigite components canexcellently be used for magnetostratigraphic dating if the properdemagnetization techniques are applied (Vasiliev et al., 2008, 2010a).
 http://dx.doi.org/10.1016/j.palaeo.2011.06.022
 mailto:[email protected]
 http://dx.doi.org/10.1016/j.palaeo.2011.06.022
 http://www.sciencedirect.com/science/journal/00310182
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 Fig. 1. a) Schematic map of the late Miocene/early Pliocene, showing the Paratethys area and the present-day land configuration. The big star locates the Zheleznyi Rog (ZR) sectionon Taman Peninsula, Russia. b) Sketch of the outcrop viewed from the Black Sea with indications of the sampled sites.
 164 I. Vasiliev et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 310 (2011) 163–175
 A recent study on the Meotian–Pontian interval of the Black Searegion showed that there the magnetic signal is also carried by similargreigite components, indicating that these successions are suitable formagnetostratigraphic dating (Krijgsman et al., 2010).
 In this paper, we present a new, revised, chronologic frameworkfor the upper Miocene deposits of the Black Sea basin (Fig. 2). Weresampled the classic Zheleznyi Rog section for a detailed magnetos-tratigraphic study (Figs. 1b, 3, 4) and focused on rock magneticexperiments to distinguish the different types of greigite components.Additional age control will be provided by radio-isotope dating of avolcaniclastic layer in the lower (Khersonian) part of the sedimentarysuccession, which will help to constrain the magnetostratigraphic
 Fig. 2. Time scales of the Paratethys sub-basins comparative to astronomically datedpolarity time scale (APTS) for the Neogene period (Lourens et al., 2004). The time scalefor Central Paratethys is based on Magyar et al. (1999); Sacchi and Horváth (2002);Piller et al. (2007); Vasiliev et al. (2010a). The time scale for the Dacian Basin is mostlybased on Vasiliev et al. (2004, 2005); Krijgsman et al. (2010) and the one for the BlackSea basin on Krijgsman et al. (2010) and this work.
 correlations.Wewill discuss the consequences of this new chronologyfor the late Miocene paleoenvironmental changes in Eurasia.
 2. The Zheleznyi Rog section
 The Zheleznyi Rog section, located on the Taman Peninsula(Russia; Figs. 1b, 3), comprises one of the best exposed Neogenesedimentary successions of the Black Sea basin. The section is locatedseveral kilometers east of the Kerch Peninsula (Ukraine), wherethe stratotype section for the Meotian is exposed. Since its firstdescription in 1899 by Andrusov (1961a, 1961b), Zheleznyi Rog wasextensively studied by multi-disciplinary research teams e.g. Pevznerand Chikovani (1978); Semenenko (1979, 1989); Chumakov et al.(1992); Chumakov (1998); Filippova (2002); Popov et al. (2006).Previous magnetostratigraphic correlations were, however, inconclu-sive and highly debated (e.g. Pevzner and Chikovani, 1978; Trubikhin,1986, 1989).The base of the Zheleznyi Rog section contains dark-gray clays with yellowish sulfur films and diatomitic clays withferruginous siltstones representative of the Khersonian stage (Fig. 4).Pyrite and secondary gypsum crystals, rare fish bones and skulls,juvenile ostracod shells, and foraminifera are observed. A slightlyyellowish volcanic ash layer with ~97% glass shard contribution ispresent at the Khersonian part of the section, 70 m below the baseof the Meotian (Fig. 4). The lower Meotian consists of dark-graybedded clays alternating with light-gray marls with thin intercala-tions of diatomitic levels, whereas the upper Meotian is representedby alternations of gray-clays and whitish marls and diatomites. Thebase of the Meotian stage is defined by the first occurrence of Abratellinoides at −400 m and its top by the last occurrence of Congerianovorossica at −187 m (Fig. 4). The Pontian shows alternations ofgray-marls and whitish diatomite layers. The Kimmerian starts withthe highly characteristic reddish layer at −92 m, with silty concre-tions, gypsum crystals and jarosite, followed by 2 m of oolithicsandstone with iron oxides (Krijgsman et al., 2010). The upper 90 mconsists of dark-gray marls with interbedded limonite layers. The topof the exposed succession consists of alternations of gray-clays withsilts and sands.
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Fig. 3. Miocene–Pliocene exposure at Zheleznyi Rog section.
 165I. Vasiliev et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 310 (2011) 163–175
 3. Rock magnetism
 3.1. Methods
 In total, 358 stratigraphic levels were sampled at Zheleznyi Rogwith a resolution of 0.2–2 m (Figs. 1b and 4). At each level, at leasttwo standard-oriented cores were taken with an electrical drill anda generator as power supply. Additional samples have been collectedfor biostratigraphic purposes. Representative specimens have beenchosen for rock magnetic experiments to identify the magneticcarriers. An alternating gradient magnetometer (Princeton Measure-ments Corporation, MicroMag Model 2900 with 2 T magnet, noiselevel 2×10−9 Am2) was used to successively measure hysteresisloops, first order reversal curve (FORC) diagrams, isothermal rema-nent magnetization (IRM) acquisition (after having used the demag-netization option of the MicroMag) and backfield demagnetizationcurves, all at room temperature. Samples masses ranged at 30–40 mg.
 Hysteresis loops were measured to determine the saturationmagnetization (Ms), the saturation remanent magnetization (Mrs)and coercive force (Bc). These parameters were determined aftercorrection for the paramagnetic contribution on a mass-specific basis.Because of the partial saturation of the pole shoes of the electromag-net, the responsewhenmeasuring in-field is not linear for fields above1.6 T. Consequently, we use the values for a maximum field of 1.6 T.To further assess the magnetic domain state, the effects of magneticinteractions, and the magnetic mineralogy, FORC diagrams weremeasured. The back field curves were used to determine the coerciveremanence force (Bcr).
 Thermomagnetic runs were measured in air with a modified hori-zontal translation type Curie balance with a sensitivity of approxi-mately 5×10− 9Am2 (Mullender et al., 1993). Approximately 30–60 mg of powdered samples were put into a quartz glass sampleholder and were held in place by quartz wool; heating and coolingrates were 10 °C/min. Measurements were made up to 700 °C for 70powdered samples from diverse lithologies. Stepwise thermomag-netic runs were also performed where samples were warmed toincreasingly elevated temperatures with intermittent cooling be-tween successive heatings. The successive temperatures were 100,200, 300, 350, 450, 500, and 700 °C, respectively.
 3.2. Results
 The hysteresis loops have an open shape (Fig. 5a–c) typical ofsingle domain magnetic behavior. They are usually completely closedin fields of 150 mT but not yet saturated. Bc values range from 29 to45 mT, with most values close to 40 mT. The coercivity of remanencevalues (Bcr) range from 39 to 62.5 mT, similar to those reportedfor greigite and monoclinic pyrrhotite (Clark, 1984; Dekkers, 1988;Menyeh and O'Reilly, 1991; Snowball, 1991; Roberts, 1995; Dekkerset al., 2000). The amount of magnetic interaction (and the domain
 state) in the studied samples, emerges from FORC diagrams that havecontours closing around a single domain (SD) peak at Bc=45–60 mT(usually around 50 mT) (Fig. 5d–f), with values slightly higher thanthose determined from the corresponding hysteresis loops. The FORCdiagrams are similar to those previously reported for greigite (Robertset al., 2000; Sagnotti et al., 2005a). The negative region in the lower-left hand quadrant (Fig. 5d and e) provides additional informationthat single domain grains dominate the FORC distribution (Newell,2005). The central peak has considerable vertical spread and iscentered below Bu=0, which indicates relatively strong magneticinteraction among particles (Pike et al., 1999; Newell, 2005). In somesamples, the SD peak appears at ~30 mT and, in addition, a multidomain (MD) peak at ~10 mT is observed, possibly with addition ofsuper-paramagnetic (SP) particles. The presence of these two peaksis a clear indication of two magnetic components and, in this case,having a different mean coercivity.
 In thermomagnetic runs of bulk sedimentary rock samples, theparamagnetic component is dominant as indicated by the hyperbolicshape of the curves (Fig. 6). Typical results of the samples indicate anirreversible decrease in magnetization up to 410–420 °C (Fig. 6b–d).A clearly steeper decrease in magnetization slope is detectable ataround 250 °C (Fig. 6c). This is most likely determined by greigitebecause of its irreversible decrease in magnetization between 200 and400 °C (Krs et al., 1992; Reynolds et al., 1994; Roberts, 1995; Dekkerset al., 2000). At 390–420 °C the magnetization increases because of anew magnetic mineral created by thermal alteration of iron sulfides.The increase is interpreted to be caused by greigite degradation(Krs et al., 1992) combined with pyrite oxidation, known to occurin the same temperature range (Passier et al., 2001). New productionof magnetite is expected to cause aberrant behavior during thermaldemagnetization at TN400–420 °C. Magnetite continues to be pro-duced until 500 °C, but oxidizes to hematite after heating to 700 °C.Generally, most of the magnetic material (both original and producedduring the experiment) was consumed by heating to 580–590 °C,although a ferrimagnetic signal sometimes continues to be presentup to 620–630 °C, which indicates the presence of maghemite (eitheroriginally present in the sample or a product of oxidation during thethermomagnetic run).
 4. Magnetostratigraphy
 4.1. Methods
 To establish the magnetostratigraphy of Zheleznyi Rog sectionat least one specimen per sample level was stepwise demagnetized.Both thermal (TH) and alternating field (AF) demagnetizations wereperformed. TH demagnetization was applied with small temperatureincrements of 10–30 °C up to a maximum temperature of 580 °C, inmagnetically shielded, laboratory build, furnaces. AF-demagnetizationwas performed with small field increments, up to a maximum of
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 Fig. 4. Schematic lithological column and the polarity zones for Zheleznyi Rog section. The lithological columns display variations of clayey–marly and silty layers (the different tonesof darker gray) and diatomite units (the lighter yellow). The position of the sampled and dated volcanoclastic layers is indicated with arrow at the bottom of the section. The positionof theMeotian, not dated (N.D.), ash layer is also indicated at−280 m. The stratigraphic level is inmeters. For consistency with the previouswork (Krijgsman et al., 2010) we presentthe stratigraphic levels as negative values. Wewere using the lithological column created during 2006 and 2007 fieldwork seasons. The Eastern Paratethys (sub)stages are given nextto the lithology. In the polarity columns black (white) denotes the normal (reversed) polarity intervals. Different symbols in the declination/inclination plots represent reliabledirection of demagnetization and the temperature/field steps are according to the legend presented as an inset in the right-hand side; HT = high temperature, MT = mediumtemperature, LT = low temperature, HC = high coercivity, MC = medium coercivity, LC = low coercivity components.The black line connects the directions deemed reliable.Representative demagnetization diagrams (a–j), after tilt correction. Red lines indicate the directions based on the TH-demagnetization. Blue lines indicate the componentsextracted from the AF-demagnetization. The selected examples are displayed in stratigraphical order from the youngest (a) to the oldest (j). Solid (open) circles denote projection onthe horizontal (vertical) plane and numbers indicate temperatures in °C (in red) or field inmT (in blue); th (af) denotes thermal (alternating field) demagnetization, R-af is robotizedalternating field demagnetization measurement. Green dots indicate the alternating field demagnetization steps affected by gyroremanent magnetization. The sample code(in capital letters) is in the right-top corner; stratigraphic levels are indicated. At three levels the shaded bands represent levels where hiatuses are expected with theircorrespondence to Fig. 9.
 166 I. Vasiliev et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 310 (2011) 163–175
 100 mT. Special emphasis was put into using small demagnetizationsteps in the 300–390 °C temperature interval because of the suspectedpresence of two greigite components.
 From 665 oriented cylindrical samples 190 were cut in cubic(2×2×2 cm3) and 475were cut in cylindrical specimens (2.2 cm highand 2.54 cm diameter). The 190 cubic specimens were stepwise TH-
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Fig. 5. Rock magnetic experiments. Hysteresis loops (a–c) and FORC (d–f) for characteristic samples. The hysteresis loops, IRM and back-field curves were measured for−1 T≤B≤1 T. The hysteresis figures show the results up to ±300 mT (the important part of the loop) with applied paramagnetic contribution and mass correction. The samplecodes are indicated in the left-up corner. The hysteresis loop parameters are indicated in the right-down corner. The FORC diagrams have indicated the smoothing factors (SF); theyare presented at 10 contour levels.
 167I. Vasiliev et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 310 (2011) 163–175
 and AF-demagnetized in the Laboratory of Magnetostratigraphy ofVNIGRI (St. Petersburg, Russia) using TD48 (USA) and LDA3 (AGICO,Czech Republic) devices. After each demagnetization step, a spinner-magnetometer JR-5 (AGICO, Czech Republic) has been used fornatural remanent magnetization (NRM) measurements. The 475cylindrical specimens were demagnetized and measured in Paleo-magnetic Laboratory ‘Fort Hoofddijk’ of the Utrecht University(Netherlands). The NRM of thermally demagnetized samples wasmeasured on a horizontal 2G Enterprises DC SQUID cryogenic mag-netometer (noise level 3×10− 12Am2). The NRM intensities anddirections of the samples demagnetized using alternating field weremeasured using an in-house built robotized sample handler control-ler, attached to a horizontal 2G Enterprises DC SQUID cryogenicmagnetometer.
 The demagnetization results were analyzed using orthogonalZijderveld plots (Zijderveld, 1967) and equal area projections. The
 Fig. 6. Representative thermomagnetic runs for samples. Heating (red solid lines) and coolingplotted in a series of runs to increasingly higher temperatures. Individual data points have bimportant alteration appeared after heating above 400 °Cmost probably as the effect of the pmodified horizontal translation-type Curie balance (Mullender et al., 1993).
 direction of the NRM components were calculated by principalcomponent analysis (Kirschvink, 1980).
 4.2. Results
 Examples of the Zijderveld diagrams of progressive TH- and AF-demagnetizations are shown in Fig. 4(a–j). Up to three NRM-components can be identified in the rocks. Both thermal andalternating field demagnetizations were successful in removing thelow temperature (150–270 °C) and low coercive (0–20 mT) compo-nents (Fig. 4b and c). This low temperature and low field component(one of the three NRM-components) is interpreted to be of recentorigin since its mean direction (in geographic coordinates) is identicalto the local geomagnetic field direction (D=6°, I=63°). Somesamples show reversed directions in the same low temperature, lowfield range, and these are also interpreted as secondary overprints
 (blue dashed lines) were performed with rates of 10 °C/min. The total magnetization iseen omitted for clarity. The cycling field varied between 150 and 300 mT. In all panelsyrite transformation tomagnetite. Themeasurements have been performed in air with a
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 (Fig. 4b). The two higher temperature (coercivity) components wereisolated between the 270 and 420 °C (20–45 mT) demagnetizationsteps. Several specimens were demagnetized at higher temperaturesor fields, up to maximum 580 °C or 100 mT (Fig. 4b). Both normaland reversed components are present in the Zheleznyi Rog sectionsuggesting a primary origin of the magnetic components.
 There is a set of “occasional” directions, which have an interme-diate direction or are opposite to the dominant polarity of the interval(Fig. 4). The origin of these directions is not clear. We plead forrecent remagnetization or post-depositional magnetization of sedi-ments rather than being records of geomagnetic short reversals and/or excursions. For some levels, in the vicinity of a polarity reversal,antipodal magnetization of two different components could beobserved in the same specimen (Fig. 4b, c). We assume that, inthese cases, early diagenetic transformations cause a delayed acqui-sition and a (partial) overprint of the original (earlier acquired)component (Channell et al., 1982; Van Hoof and Langereis, 1991;Vasiliev et al., 2008). Hence, the direction of the following, youngerpolarity interval will overprint the original direction. Therefore, it wasimportant to separate the low and the high temperature (coercivity)components as shown in the legend for Fig. 4.
 Thermal and alternating field demagnetization diagrams generallyreveal a stable and well defined characteristic remanent magnetiza-tion (ChRM) (Fig. 4). The high temperature and high field component,presenting dual polarity, is often the only component identified in therocks. In our interpretation the boundaries between polarity zoneswere placed according to the high temperature and high coercivitycomponents and resulted in the identification of four intervals ofnormal polarity and four intervals of reversed polarity (Fig. 4).
 5. 40Ar/39Ar dating
 5.1. 40Ar/39Ar methods
 Two volcaniclastic layers of the Zheleznyi Rog section weresampled for 40Ar/39Ar dating. The older one is located in theKhersonian at the lower part of the sampled section (−470 m) andconsists of 97% of volcanic glass shards. The chemical composition ofthis volcaniclastic layer was earlier analyzed by Rostovtseva andParfenova (2006) to consist of 77.64% SiO2, 12.78% Al2O3 and ~8%alkaline components. The younger one is located at −270 m level,in the upper part of the Meotian and consists of 66.87% SiO2, 17.37%Al2O3 and ~12% alkaline components. Bulk sampleswere disintegratedin a dilute calgon solution, washed, and sieved over a set of sievesbetween 63 and 500 μm. The largest appropriate mineral fractionswere subjected to standard heavy liquid and magnetic separationtechniques to obtain separate K-feldspar and glass shards.
 The Khersonian volcanic glass shard sample is 300–500 μm insize. The upper Meotian sample consists of very fine K-feldspar in therange of 90–125 μm. The resulting separates were submerged in puredemineralized water in an ultrasonic bath during 5 min. Both sampleswere subsequently handpicked.
 We analyzed the samples in two irradiation batches (VU69 andVU78). For VU69 the samples were wrapped in Al-foil and loaded in a6 mm ID quartz. The vial was irradiated in the Oregon State UniversityTRIGA reactor in the cadmium shielded CLICIT facility for 10 h. Thesamples of batch VU78were loaded in a 10 mm ID quartz vial togetherwith Fish Canyon Tuff (FC-2) and Drachenfels (Dra-1, f250–500 andDra-2, fN500) sanidine serving as flux monitors.
 Fish Canyon Tuff (28.20±0.046 Ma) and Drachenfels sanidinewere (Dra-1, f250–500 and Dra-2, fN500) were used as neutronfluence monitor and were loaded at top and bottom positionsbetween each set of 3 unknowns. After irradiation, samples andstandards were loaded in 2 mm diameter holes of a copper tray andplaced in an ultra-high vacuum extraction line. 40Ar/39Ar analyseswere performed at the Vrije Universiteit Amsterdam on a MAP215-50
 noble gasmass spectrometer fittedwith Balzers SEV217 SEM detector.Samples and standards were fused or incrementally heated with aSynrad 48–5 CO2 laser and custom beam delivery system. Beamintensities were measured in a peak-jumping mode in 0.5 massintervals over the mass range of 40–35.5. System blanks were mea-sured every 3 steps. Mass discrimination was monitored by frequentanalysis of aliquots of air.
 The irradiation parameter J for each unknown was determined byinterpolation using a 2nd order weighted polynomial fitting betweenthe individually measured standards. More details on the analyticalprocedures can be found in the supplementary info in Kuiper et al.(2008) and references therein.
 Ages are calculated using the in-house developed ArArCalc soft-ware (Koppers, 2002) using an age of 28.201±0.28 Ma for FCT(Kuiper et al., 2008) and the decay constant values of Steiger andJäger (1977). Correction factors for neutron interference reactionsare (2.64±0.02)×10− 4 for (36Ar/37Ar)Ca, (673±0.04)×10− 4
 for (39Ar/37Ar)Ca, (1.211±0.003)×10−2 for (38Ar/39Ar)K and (8.6±0.07)×10−4 for (40Ar/39Ar)K. Errors are quoted at the 1σ level andinclude the analytical error and the analytical error in J. The externalerror additionally includes decay constant uncertainties (Steiger andJäger, 1977) and uncertainty in standard age.
 5.2. 40Ar/39Ar results
 The Khersonian volcaniclastic layer yields reliable age information.We performed both incremental heating and total fusion experimenton multiple grain fractions to yield high enough intensity ion beams.We did not analyze single grain fractions because we assumed that amulti-grain approach for glass shards would result in more K to decay.In Tables 1 and 2 the analytical data are given for all experiments.Fig. 7 and Table 1 show 40Ar/39Ar data of the incremental heatingexperiments that gave a mean age of 8.69±0.18 Ma. The incrementalheating steps showing an argon release less than 1% were excludedfrom the figure. The experiment of the combined replicated fusionyield a weighted mean age of 8.54±0.02 Ma (Fig. 8 and Table 2)which is statistically equivalent to the incremental heating experi-ment. The age probability distribution diagram does not showunimodal distribution, but the major peak occurs at 8.54 Ma (Fig. 8).A minor detrital component might go unnoticed by analyses ofmultigrain sample, so the sedimentation age could be even a little bityounger.
 The Meotian volcaniclastic layer from Zheleznyi Rog yields verylarge and inconsistent ages and is consequently considered unsuitablefor 40Ar/39Ar dating. This is probably due to the very small crystal sizes(90–120 μm) and the poor separation of the volcaniclastic grains.
 6. Revised chronology for the upper Miocene–lower PlioceneBlack Sea Basin
 Plotting the ChRM directions in stratigraphic order shows thatthere are only four reversed and four normal polarity intervals presentat the Zheleznyi Rog section (Fig. 4). Our new magnetostratigraphicdata are in good agreement with the earlier results of both Trubikhin(1989) and Pevzner et al. (2003) (Fig. 9). These previous studiesresulted in two concurrent correlation schemes. Pevzner et al. (2003)plead for significant hiatuses in the upper part of the Zheleznyi Rogsection and correlate the Meotian part to chron C4n (Chron 7 in olderterminology) while the Pontian is correlated to chron C3Ar (Chron 6)i.e. correlative to the lower Messinian (Fig. 9). Trubikhin (1989) infersno significant hiatuses and correlates the upper Meotian to C3An(Chon 5) and the Pontian to the Mio-Pliocene Gilbert chron (Fig. 9).The lower Meotian in the record of Trubikhin (1989) is interpreted asC3Ar (Chron 6). Unfortunately, only black and white intervals wereshown in these papers. Directional data and demagnetization dia-grams were not provided and therefore external judgment of the data
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Table 140Ar/39Ar data derived from the incremental heating experiments of the Khersonian volcaniclastic layer. Errors are reported including the analytical uncertainty in sample andstandard. All errors are reported at the 1σ level. The not-marked values were excluded from the age calculation. MSWD is Mean Square Weighted Deviates. We combine the twoincremental heating experiments.
 Incremental heating 36Ar(a) 37Ar(ca) 38Ar(cI) 39Ar(k) 40Ar(r) Age±2σ(Ma)
 40Ar(r)(%)
 39Ar(k)(%)
 K/Ca±2σ
 09M0222C 1.55 W 0.000331 0.025796 0.001091 0.365056 0.649668 8.52±0.24 86.89 1.06 6.085±0.44109M0221C 1.55 W 0.001168 0.035687 0.001573 0.484961 0.881429 8.70±0.20 71.84 1.41 5.843±0.42709M0222D 1.80 W 0.001434 0.062142 0.002041 0.884685 1.593772 8.63±0.11 78.97 2.58 6.122±0.43209M0221D 1.80 W 0.000663 0.075090 0.002592 1.059557 1.915537 8.66±0.08 90.68 3.09 6.068±0.45509M0222E 2.20 W 0.000457 0.080830 0.002588 1.166402 2.108236 8.66±0.08 93.94 3.40 6.205±0.46509M0221E 2.20 W 0.003230 0.088184 0.003008 1.309366 2.373093 8.68±0.13 71.29 3.82 6.385±0.46109M0222F 2.60 W 0.000871 0.170661 0.005508 2.494465 4.517384 8.67±0.07 94.56 7.27 6.285±0.45309M0222G 3.00 W 0.001141 0.176843 0.006144 2.535243 4.574892 8.64±0.08 93.09 7.39 6.165±0.45009M0221G 3.00 W 0.000992 0.209553 0.007103 3.048807 5.522279 8.67±0.06 94.92 8.89 6.256±0.45109M0221H 3.40 W 0.000868 0.186043 0.006293 2.701147 4.9201 76 8.72±0.06 95.00 7.88 6.243±0.44909M0222H 3.40 W 0.000949 0.187611 0.006635 2.766697 4.998042 8.65±0.07 94.65 8.07 6.341±0.46009M02221 3.80 W 0.000776 0.146664 0.005275 2.134102 3.883377 8.71±0.08 94.38 6.22 6.257±0.46409M02211 3.80 W 0.001066 0.151062 0.005364 2.207951 4.004559 8.68±0.08 92.67 6.44 6.285±0.46309M0221J 4.40 W 0.000547 0.114934 0.003876 1.699584 3.112074 8.77±0.09 95.02 4.96 6.359±0.47009M0222J 4.40 W 0.000846 0.119256 0.004403 1.744215 3.226481 8.86±0.08 92.77 5.09 6.289±0.47409M0222K 5.00 W 0.000292 0.064818 0.002535 0.937445 1.727224 8.82±0.10 95.20 2.73 6.219±0.48809M0221K 5.00 W 0.000473 0.087352 0.003079 1.280674 2.351 874 8.79±0.07 94.35 3.73 6.304±0.49309M0221L 6.00 W 0.000283 0.060345 0.001888 0.891094 1.622324 8.72±0.11 95.06 2.60 6.350±0.51709M0222L 6.00 W 0.000341 0.063193 0.001841 0.899301 1.636994 8.72±0.11 94.16 2.62 6.119±0.52009M0221M 7.50 W 0.000328 0.065667 0.002232 0.952755 1.71 7527 8.63±0.08 94.61 2.78 6.239±0.49709M0222M 7.50 W 0.000367 0.065814 0.002370 0.964740 1.744141 8.66±0.11 94.10 2.81 6.303±0.50809M02210 9.50 W 0.000204 0.034741 0.001265 0.494569 0.900536 8.72±0.13 93.69 1.44 6.122±0.52709M02220 9.50 W 0.000312 0.060639 0.002109 0.896718 1.643715 8.78±0.09 94.65 2.61 6.359±0.50409M0222P 12.00 W 0.000132 0.026332 0.000786 0.380623 0.682694 8.59±0.17 94.56 1.11 6.215±0.587
 Σ 0.018071 2.359257 0.081599 34.300160 62.308028
 Information on analysis Results 40(r)/39(k)±1σ Age±1σ(Ma)
 MSWD 39Ar(k)(%, n)
 K/Ca±1σ
 VU78-02 Weighted plateau 1.8156 ±0.0049 8.69 ±0.18 1.64 94.91 6.217±0.099Glass ±0.27% ±2.01% 23Iuliana External error±0.25 2.07 Statistical T ratioAL Analytical error±0.02 1.2812 Error magnification
 Project = Iuliana Total fusion age 1.8166 ±0.0039 8.70 ±0.17 24 0.176±0.003Irradiation=VU78 ±0.021% ±2.01%J=0.0026607±0.0000266 External error±0.25Dra=25.420±0.145 Ma Analytical error±0.02
 Table 240Ar/39Ar data derived from the total fusion experiment of the Khersonian volcaniclastic layer. Errors are reported including the analytical uncertainty in sample and standard. Allerrors are reported at the 1σ level. The not-marked values were excluded from the age calculation. MSWD is Mean Square Weighted Deviates.
 Incremental heating 36Ar(a) 37Ar(ca) 38Ar(cI) 39Ar(k) 40Ar(r) Age±1σ(Ma)
 40Ar(r)(%)
 39Ar(k)(%)
 K/Ca±1σ
 08M0094A 7.00 W 0.017082 0.145725 0.006785 2.107900 3.833227 8.58±0.13 43.15 7.11 6.220±0.31908M0094B 7.00 W 0.006598 0.295228 0.022615 4.267821 7.743072 8.56±0.03 79.86 14.40 6.216±0.28908M0094C 7.00 W 0.005510 0.269337 0.021514 3.793429 6.902747 8.59±0.04 80.88 12.80 6.056±0.28308M0094D 7.00 W 0.003886 0.327140 0.022858 4.617117 8.371751 8.56±0.03 87.90 15.57 6.069±0.28308M0094F 7.00 W 0.003123 0.212200 0.011404 3.134834 5.696990 8.58±0.03 86.02 10.57 6.352±0.29808M0094G 7.00 W 0.003326 0.198907 0.009689 2.767655 4.996586 8.52±0.04 83.53 9.34 5.983±0.27508M0094H 7.00 W 0.003685 0.110515 0.005667 1.596871 2.879286 8.51±0.06 72.53 5.39 6.213±0.32008M00941 7.00 W 0.004889 0.138240 0.005717 1.889917 3.395294 8.48±0.05 70.13 6.38 5.879±0.30908M0094K 7.00 W 0.005842 0.214600 0.010680 3.238073 6.636461 9.67±0.04 79.33 10.92 6.488±0.30508M0094L 7.00 W 0.001505 0.153576 0.007467 2.231354 4.024363 8.51±0.03 90.01 7.53 6.248±0.319
 Σ 0.055447 2.065469 0.124396 29.644973 54.479778
 Information on analysis Results 40(r)139(k)±lσ Age±lσ(Ma)
 MSWD 39Ar(k)(%, n)
 Ca±1σ
 VU69-A1 3 Weighted plateau 1.8108 ±0.0026 8.54 ±0.02 0.86 89.08 6.131±0.099Glass ±0.14% ±0.27% 9Taman External error±0.09 0.99 Statistical T ratioVI Analytical error±0.01 1.0000 Error magnification
 Project=VU69 Total fusion age 1.8377 ±0.0031 8.67 ±0.02 10 0.174±0.003Irradiation=VU69 ±0.17% ±0.28%J=0.0026217±0.0000060 External error±0.09Dra=25.420±0.145 Ma Analytical error±0.01
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 c
 Fig. 7. Incremental heating 40Ar/39Ar spectra diagrams for the Khersonian volcaniclastic layers with the weighted ages. a) Duplicate experiments were performed. b) The final age iscalculated on the basis of the combined weighted plateaus of these duplicate measurements. The depicted overall uncertainty includes the analytical error as well as externaluncertainties. The width of the bars/steps represents the 2σ analytical error. c) K/Ca ratio (width is 2σ error). d) Amount of radiogenic 40Ar* (black line) is displayed. Weightedmeanplateau ages are given. The small insets show the inverse isochron diagrams.
 Fig. 8. Cumulative probability distribution for 40Ar/39Ar volcanic glass shard ages fromthe total fusion experiment.
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 quality is not possible. Based on the polarity pattern only, thecorrelation controversy could not be resolved.
 Additional age constraints by radiometric dating and biostrati-graphic correlations are now available. The 40Ar/39Ar ages of 8.69±0.18 Ma and 8.54±0.02 Ma for the upper Khersonian volcaniclasticash layer suggest that the reversed interval at the base of the sectionmost likely correlates to chron C4r.2r (Fig. 9). Consequently, the ageof the Khersonian–Meotian transition is located in C4r.1r at an ageof 8.2 Ma. An alternative option implies a correlation to the olderinterval straddling normal chron C4r2r-1n with the base of theMeotian at 8.6 Ma. In any case, the Khersonian–Meotian boundaryappears to be not older than 8.6 Ma, which is in significant contrast toprevious estimates that ranged ~10.8 Ma (Andreescu, 1981), ~9.0 Ma(Semenenko, 1989), 9.0–9.5 Ma (Chumakov et al., 1992; Chumakov,1998), 9.88 Ma (Steininger et al., 1996) and 8.85 Ma (Andreescu,2009). Our results are furthermore in disagreements with the fission-track age of 8.4±0.3 Ma for an upper Meotian ash layer (Chumakov,1996), probably corresponding to level−225 m in our section. Fission
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 Fig. 9. Review of the paleomagnetic polarity patterns obtained for the Zheleznyi Rog section by Pevzner et al. (2003), Trubikhin (1989) and this research (in the left hand side). Themultiple correlations of the magnetic polarity sequence to the APTS are presented. In the right hand side our correlation is indicated. The solid line between the section record andAPTS connect (interepretative) simultaneous polarity boundaries. The names of the subchrons are in the column attached to the APTS.The age resulted from the incremental heatingand total fusion experiments are given. a) to c) are images of visible brake in the accumulation of the sedimentary deposits marked also in Fig. 3. a) Photograph of the distinct reddishlayer marking the beginning of the Kimmerian; b) photograph of an intra upper Meotian unconformity and c) photograph at the lowerMeotian–upper Meotian transition. The upperMeotian starts with the layer containing pebbly breccias and olistostroms.
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 track ages are commonly used for reconstructing thermal history ofgeological deposits, e.g. uplift and exhumation rates. When used fordating, it is known to provide large analytical errors and implicitlylarge age errors.
 A second tie point for our magnetostratigraphic correlation isprovided by the Meotian–Pontian boundary interval. This levelcorresponds to a Paratethyan-wide marine flooding that took placeat an age of 6.04±0.01 Ma (Krijgsman et al., 2010). Consequently, itappears that many of the late Miocene paleomagnetic reversals havenot been documented in the Zheleznyi Rog section. This can beexplained by unrecognized pervasive overprints of the paleomagneticsignal or by the presence of several major hiatuses in the sedimentarysuccession.
 The Pontian–Kimmerian boundary is interpreted to correspondto a general low stand in the Eastern Paratethys at 5.5 Ma, related tothe peak event of the Mediterranean Messinian Salinity Crisis incombination with major glacial events (Krijgsman et al., 2010). Thetwo normal polarity intervals at the Kimmerian part of the ZheleznyiRog section then most likely correspond to the Thvera (C3n.4n) andSidufjall (C3n.3n) subchrons, in agreement with previous correlationsof Trubikhin (1989). This indicates that the Zheleznyi Rog sectioncorrelates to the time interval between 8.6 and 5.0 Ma of the GTS.
 b
 Fig. 10. a) Equal area projection of ChRM directions in tilt-corrected coordinates for thesamples giving the straightforward directions in Fig. 4. Solid (open) circles indicatenormal (reversed) polarity and are the projections on the lower (upper) hemisphere.The larger symbols indicate the mean of the normal and reversed directions and theircone of confidence (α95); for clarity the green lines are indicating the angles of thesemean directions. Red (small) circles indicate the individual directions rejected by theVandamme cut-off angle (Vandamme, 1994). The reversal test is negative for forZheleznyi Rog section. b) Example of massive dewatering inducing an extremeellipticity to the samples.
 7. Discussion
 7.1. Reliability of the paleomagnetic signal
 The record of Zheleznyi Rog is largely based on excellent qualitydiagrams with a clear and single ChRM direction between 180 and360 °C (Fig. 4b–e). Nevertheless, the reversal test of McFadden andMcElhinny (1990) is negative (Fig. 10a), because the angle γ betweenthe normal and reversed polarities is larger than the critical angle γc.The most logical explanation for failure of this test is incompleteremoval of a secondary NRM component. Overlapping unblockingspectra may lead to an overestimation of the inclination values fornormal directions and hence to a negative reversal test. An additionalproblem is caused by dewatering of the samples during heating anddemagnetization. The samples clearly shrunk because of drying out,which is especially evident in the cylindrical shapes (Fig. 10b).The effects are more evident for thermally demagnetized samples.Dewatering is typical for clay minerals from the smectite group (e.g.montmorillonite). Upon heating over 100 °C the samples loose theintercellular water, samples shrink in uniaxial mode, and magneticdirections may be altered.
 The rock magnetic properties of the Zheleznyi Rog samplesindicate greigite as main magnetic carrier because 1) they recordedgreigite's typical irreversible decrease in magnetization with increas-ing temperature up to ~390 °C (Fig. 6), 2) the FORC diagrams in-dicated contours closed around 50 mT peak (Fig. 5d–f), values foundmultiple times in greigite carrying samples (Roberts et al., 2000;Sagnotti et al., 2005b; Vasiliev et al., 2007) and 3) they showgyroremanent magnetization (GRM). Greigite's reliability as primarymagnetic carrier has been regularly questioned because it normallyforms during diagenesis, after the deposition of the sediment. Recentgreigite-based magnetostratigraphies, however, straightforwardlycorrelate to the GPTS and confirm the preservation of (near)primarygreigite in sedimentary rocks (Husing et al., 2007; Vasiliev et al.,2007). Transmission electron microscopy (TEM) studies indicate thepreservation of greigite magnetofossil crystals in the Carpathianforedeep (Vasiliev et al., 2008). The rock-magnetic properties of theZheleznyi Rog samples closely resemble those of the CarpathianForedeep. This suggests that magnetofossil greigite as well as earlydiagenetic greigite is present in the Taman samples, which thereforeregister the (near-) primary direction of the magnetic field acquiredat the time of sediment deposition.
 7.2. Paleoenvironmental changes at the Khersonian–Meotian transition
 The end of the Khersonian is suggested to correspond to a short-term sea level drop, followed by a Meotian transgression, estimatedto be about 300 m in the Black Sea depression (Robinson et al.,1996; Popov et al., 2006, 2010). Our 40Ar/39Ar ages of 8.69±0.18 Maor 8.54±0.02 Ma for the Khersonian volcaniclastic ash layer incombination with the magnetostratigraphic pattern indicate that theKhersonian–Meotian transition took place at 8.6 Ma, or alternativelyat 8.2 Ma (Fig. 9). These ages are in agreement with the magnetos-tratigraphic data from the Romanian Carpathian foredeep, where theKhersonian/Meotian transition is dated between 9 and 8 Ma (Vasilievet al., 2004). Sedimentological analyses and provenance studies onvolcanic material from the same sections indicate that an age close to8 Ma is more likely (Panaiotu et al., 2007).
 TheKhersonian forms theuppermost substage of the Sarmatian (s.l.)of the Eastern Paratethys (Fig. 2). The Sarmatian as regional stage wasoriginally defined in the Vienna Basin (subbasin of the CentralParatethys) by Suess (1866). Recent magnetostratigraphic and radio-
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 isotopic dating in Transylvanian basin place its upper boundary(Sarmatian–Pannonian transition) at 11.3±0.1 Ma (Fig. 2). In theEastern Paratethys, the Sarmatian (sensu Suess) is considered tohave Volhynian and (lower) Bessarabian (Simionescu, 1906) as timeanalogs (Rögl, 1998; Harzhauser and Piller, 2004; Piller et al., 2007).Stretching from the outer Carpathians to the Caspian Sea, the Sarmatianalso includes the upper Bessarabian andKhersonian (Simionescu, 1906)and is commonly labeled as Sarmatian (s.l.) as proposed by Barbot deMarny (1869). The transition to the Meotian is traced, in general,betweendeposits containingMactra caspica andM.bulgarica (belongingto Khersonian) and Dossinia maeotica (of the Meotian). In all cases, theend of the Sarmatian corresponds to amajor paleoenvironmental crisis,where marine conditions are replaced by more brackish–fresh watersystems. In the Eastern Paratethys this event took placebetween8.6 and8.2 Ma, approximately 3 Myr younger than in the Central Paratethys.
 The Sarmatian–Pannonian transition most likely corresponds totectonic uplift processes in the Carpathian orogen, isolating the CentralParatethys to become Lake Pannon (Magyar et al., 1999; Vasiliev et al.,2010a, 2010b). The Khersonian–Meotian transition also correspondsto a large-scale phase of tectonic reorganization, termed the AtticOrogenesis (Meulenkamp and Sissingh, 2003; Popov et al., 2006).Mediterranean-wide increased tectonic activity in the late Tortonian(Wortel and Spakman, 2000) and the consequent geodynamic changesin the Aegean region caused the break-up of the Aegean landmass at8.2 Ma (Köhler et al., 2010), while the Greater Caucasus transformedinto a mountain chain and became a major provenance source forterrigeneous erosion material (Popov et al., 2006).
 7.3. Implications for the Hipparion-datum in Eurasia
 The new age control for the Khersonian–Meotian transitioninterval has also serious consequences for the correlations of mammallocalities in the Eastern Paratethys and especially for the Hipparion-datum, the first appearance of the three-toed horse in Eurasia.Magnetostratigraphic correlations of Hipparion-bearing localities inSpain (Garcés et al., 1996, 2003; Krijgsman et al., 1996; Agustí et al.,2001), Turkey (Kappelman et al., 1996a, 1996b) and Pakistan(Pilbeam et al., 1996) all indicate that this horse crossed the BeringStrait from Northern America not earlier than 11.2 Myr ago, and mostof these fossil sites are even correlated to the slightly younger chronC5n.2n. This is in agreement with the age estimates for Hipparionlocalities in the Central Paratethys that correlate to the Pannonianzones B or C (Steininger et al., 1996; Woodburne et al., 1996). Sincethe base of the Pannonian is dated at 11.3 Ma, these localities aremostlikely younger than 11.2 Ma.
 Remarkably, a much older age of 11.9 Ma was recently suggestedfor Hipparion sites in the Eastern Paratethys that are associated withBessarabian sediments (Vangengeim et al., 2006). This much olderage was only based on the correlation of the Khersonian–Meotianboundary to an age of 9.8 Ma and the predominantly normal polaritiesof the Khersonian to C5n.2n, despite several inconsistencies in themagnetostratigraphic correlations. The new radio-isotopic age forthe Khersonian–Meotian boundary of b8.6 Ma shows that this normalpolarity interval of the Khersonian most likely correlates to theyounger chron C4An. The reversed intervals straddling the Bessara-bian–Khersonian boundary may than correspond to C4Ar, indicatingthat the Hipparion sites in Moldova and Georgia are most likelysignificantly younger than 11.2 Ma. Consequently, we conclude thatthere is yet no robust evidence for the hypothesis of diachronous firstappearances of Hipparion-horses in Eurasia.
 7.4. Multiple hiatuses in the Meotian
 The upper boundary of theMeotian corresponds to a major marineingression in the Paratethys with benthic, planktonic and agglutinatedforaminifera correlative to the paleomagnetic reversal C3Bn.1n(y)
 at an age of ~6.0 Ma (Krijgsman et al., 2010). The total duration ofthe Meotian consequently arrives at 2.2 to 2.6 Myr, implying thatthis stage would comprise about 14 to 16 polarity intervals. Only onenormal polarity interval is observed in the Zheleznyi Rog section,which indicates the presence of significant hiatuses in the sedimen-tary record. Based on our detailed rock magnetic analyses that showthe presence of primary and early authigenic greigite in these rocks,we see no reason to doubt the paleomagnetic signal.
 Several candidates for significant hiatuses are indeed present inthe sedimentary succession of Zheleznyi Rog (Fig. 9a–c). At the limitbetween the lower and upper Meotian (−341 m) the sedimentarylayers are clearly affected by gravity flow containing reworkedlithoclasts (Fig. 9c). They consist of clayey breccias with bouldersand pebbles of diatomite clays (Popov et al., 1996). This limit exactlycorrelates to the reversed to normal change in magnetic polarity(Figs. 4, 9). The second suspect interval is located 60 m above theMe1–Me2 transition (−280 m; Fig. 9b) and is marked by an angularunconformity (Fig. 9b). We also have a gap in our magnetostrati-graphic record (230–245 m) because the accessibility to the outcropwas limited and the frequent avalanches of rocks made the samplinghazardous.
 The Meotian stage is marked by compressional block movementsin the Eastern Paratethys and its surrounding mountain ranges(Popov et al., 2006). At regional scale, periods of non-deposition anderosion were also documented in the Meotian of the western BlackSea basin (Dinu et al., 2005). A major unconformity has beendescribed from the southern Carpathian foredeep where the upper-most Meotian and lower to middle Pontian are absent (Stoica et al.,2007). The Meotian stage thus contains several major erosionalevents, probably related to a complex interplay of tectonic andglacio-eustatic sea level changes. Consequently, we conclude thatspecial care has to be taken when correlating late Miocene erosionalsurfaces in the Black Sea basin to the Messinian Salinity Crisis eventbecause more (older) candidates are available from the Meotianinterval.
 7.5. The end of the Paratethys Sea
 During the lowermost Pontian (Odessian/Novorosian) substage,the Eastern Paratethys was most likely connected to the Mediterra-nean basin, as suggested by the presence of marine biomarkers in theBlack Sea sediments (Vasiliev et al., 2010). At Zheleznyi Rog, the endof the Novorossian is marked by a distinct lumashell layer (at−130 min Figs. 4 and 9). This layer indicates a sudden decrease in sea level,which is most likely related to the glacial peaks TG 22–20 at an age of~5.8 Ma (Krijgsman et al., 2010). In the Dacian Basin, a similar drop insea level corresponds to the base of the Portaferrian, which is markedby a transition in sedimentary facies to shallow coastal environmentsand a change in ostracod fauna from basinal to littoral, fluvial andlacustrine species (Krijgsman et al., 2010).
 The condensed reddish coastal sand unit, which gives the nameto Zheleznyi Rog (Iron Cape), marks the base of the Kimmerian inthe Black Sea basin. This transition indicates a second more dramaticlowering of the water level in the Black Sea basin, and was shownto correspond to the peak interval of the Mediterranean MessinianSalinity Crisis at 5.6–5.5 Ma (Krijgsman et al., 2010). The EasternParatethys became isolated from the Mediterranean and the level ofthe Black Sea may have substantially dropped as evidenced by seismicprofiles at the Romanian margin (Dinu et al., 2005; Gillet et al., 2007).This low stand event most likely isolated the Caspian basin as well,which experienced a major sea level drop at 5.5 Ma, exemplifiedby the expanding deltaic systems of the Volga river into the SouthCaspian Basin (Hinds et al., 2004; Popov et al., 2006). Integratedstratigraphic data indicate that the Kimmerian substage of the RussianBlack Sea margin is time equivalent to the upper Portaferrian andBosphorian substages of the Dacian basin(Krijgsman et al., 2010). The
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 Dacian basin also shows sea level lowering and expanding deltaicsystems in the Portaferrian, when it becomes largely restricted fromthe Black Sea domain by the sill in the Dobrogea region (Leever et al.,2010). 87Sr/86Sr ratios of Bosphorian ostracods and mollusks indicatemuch lower values than those in the coeval ocean waters, indicatingthat the Dacian basin was mainly fed by river waters and that itremained isolated from the Mediterranean during the early Pliocene(Vasiliev et al., 2010b). Consequently, this Mio-Pliocene phase ofbasin reorganization can be regarded as the end of the Paratethys Sea,and as the beginning of the Black Sea and Caspian Sea as we knowfrom today.
 8. Conclusions
 We present a detailed magnetostratigraphic record for the 475 mZheleznyi Rog section located on the Taman Peninsula of the RussianBlack Sea margin. The section covers the interval from the upperKhersonian to lower Kimmerian stages, correlative to the lateMioceneto early Pliocene. The paleomagnetic signal of Zheleznyi Rog is mostlybased on greigite and therefore special care was taken during thethermal demagnetization in the range of 300–390 °C. Rock magneticanalyses show the same characteristics as for the greigite of theCarpathian foredeep, suggesting that the paleomagnetic signal inTaman is carried by a combination of primary magnetofossil greigiteand early diagenetic authigenic greigite. Dual-polarity component ofthe NRM, isolated by thermal and alternating field stepwise de-magnetizations, yields a magnetostratigraphic sequence of 8 polarityzones. Our data confirm the earlier interpretations of Trubikhin(1989) and Pevzner et al. (2003), but the polarity pattern cannot becorrelated straightforwardly to the GPTS, despite the high resolutionof sampling. A volcaniclastic ash layer at the Khersonian part of thesection is dated by 40Ar/39Ar ages at 8.69±0.18 Ma using incrementalheating and at 8.54±0.02 using combined fusion. The most likelycorrelation of the Khersonian–Meotian transition is to chron C4r.1r atan age of 8.2 Ma, an alternative correlation is to C4r.2r and 8.6 Ma.These ages are in good agreement with results from the Carpathianforedeep, but are significantly younger than previous assumptionsfrom the Black Sea domain. The new age for the Khersonian–Meotiantransition has significant consequences for the Hipparion-datumand shows that all Vallesian fossil sites in the Eastern Paratethys aremost likely younger than 11.2 Ma. The Khersonian–Meotian transitioncorresponds to a major tectonic reorganization, which seems to be thedriving mechanism for environmental change in the Paratethys,where small changes in the gateway areas can dramatically affect theenvironment and faunas inhabiting the basins. The Meotian stage hasa total duration of 2.2 tomaximum2.6 Myr, and is marked bymultipleerosional events, not only in the Zheleznyi Rog section but also inthe western Black Sea margin and in the south Carpathian foredeep.A second restriction event takes place at 5.5 Ma, isolating the BlackSea domain from the Mediterranean and most probably from theCaspian and Dacian regions as well. This event can thus be regardedas the end of the Paratethys Sea.
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