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Cenozoic fluvial sequence archive of the Chennai-Pondicherry Coast, Tamilnadu, India

Hema Achyuthan 

Department of Geology, Anna University, Chennai 600 025.

hachyuthan@yahoo.com

Near coastal and delta region are important landscapes in which to study Cenozoic depositional environments. The area studied is around Pondicherry approximately 150 km - south of Chennai, with a narrow continental shelf to seaward. The Palar, a large river, enters the Bay of Bengal along its shores. The coastal areas around Pondicherry preserve ferruginous boulder gravel deposits, ferricretes and redeposited fluvial sediments of varying thickness over the Cuddalore Sandstone of Mio-Pliocene age. Surveys of channel geometry and substrate resistance along incised ephemeral channels in Pondicherry were examined in order to understand the influence of substrate on channel geometry. The study indicates that as substrate resistance increases, the channel grows narrower and deeper, with undulating wall and bed topography with more localized erosion in the form of potholes and longitudinal grooves, and a steeper and more variable bed gradient. 

Sections studied along the channel cuttings reveal weathered, mottled sandstone bedrock (3.5-4 m thick- Lithounit I) overlain by well rounded, flattened gravel-pebble bed of (60-80 cm thick- Lithounit II). This unit is well cemented by ferrugnised sand and silt of quartz and feldspar. The unit II is in turn overlain by ferruginous coarse to medium silt with few flattened gravel and pebbles of quartz, jasper and agate-litho unit III. Mesolithic artifacts are found on this surface and also on the redeposited material overlying this unit.

Pebble to pebble contact, orientation and geometry of deposition and matrix composition of units II and III indicate that the gravel bars were oriented in a NNE direction and that the channel was active with turbulent water, flowing NE during the Cenozoic period. Presently the ephemeral channel incision and redeposition of Quaternary sediments has occurred along the Pondicherry fault oriented E-W. Geotectonic activity and basin structural configuration has played an important role in the shift of the present day stream course.
Fluvial terraces of the Banaz–Ulubey stream valley in Anatolia
İbrahim Atalay

Department of Geography, Buca Faculty of Education, Dokuz Eylül University, İzmir, Turkey
The study area, located in the inner part of the Aegean Region, is drained by the Ulubey-Banaz stream which is one the main tributaries of the Büyük Menderes river, flowing into Aegean Sea. The Ulubey-Banaz canyon, which is 100-500 m wide, 160-
170 m deep, and 40-45 km long, extends along the Banaz-Ulubey stream. In this valley there are at least three main terrace levels, developed on the bedrock and in abandoned meander loops.

The western part of Anatolia has been subjected to vertical tectonic movements from the Neogene to the Quaternary. A horst-graben system has developed on this time scale in the Aegean region. The formation of the Ulubey-Banaz canyon is related to the subsidence of the Büyük Menderes Graben and to karstification processes. The streams named Ulubey and Banaz developed on Neogene lacustrine limestone, sandy limestone and clayey limestone and then incised into these rocks. At least three cycles of erosion and dynamic rejuvenation have resulted in the development of abandoned meander loops and terraces along the Banaz-Ulubey stream. According to profile analysis of the valley, at least three terraces are observed, at altitudes of 10, 30 and 50-55 m above the present river level. Furthermore, as a result of karstification, conical karstic hills are seen along the steep valley slopes. The Banaz-Ulubey canyon system thus has important eco-tourist potential as well as scientific interest.
From IGCP 449 to 518: 
fluvial sequences as evidence for landscape and climatic evolution in the Late Cenozoic
David Bridgland
Department of Geography, Durham University, Durham DH1 3LE, UK.
d.r.bridgland@dur.ac.uk

River terrace sequences have long been recognized as important archives of Quaternary climatic and environmental change, especially in areas where calcareous groundwater aids the preservation of numerous vertebrate and/or molluscan fossils.  In Europe, many such sequences are repositories for stone age artefacts, recording the presence of early humans.  A key means of dating remains biostratigraphy, especially using vertebrates and molluscs.  Amino acid geochronology (again using molluscs) and various absolute dating methods have also been employed.  Now that many terrace sequences can be reliably dated and correlated with the oceanic record, potentially useful patterns can be recognized, providing a valuable tool for improved understandiing of landscape evolution: terraces record fragments of former valley floors, from which, if preservation is adequate, valley shape and general landscape characteristics can be reconstructed.   
 
IGCP Project No. 449 (Global Correlation of Late Cenozoic fluvial deposits), which finished last year, instigated the compilation of fluvial records from all over the World.  With reference to the data collected, matching climatically-forced river terrace generation to Quaternary Milankovitch cycles, using independent lines of evidence, allows the fluvial archive of climatic fluctuation, landscape change and human occupation to be well constrained temporally.  These are all key areas of concern for new project IGCP 518, as will hopefully be demonstrated at this Inaugural meeting.
Fluvial sequences as evidence for landscape and climatic evolution in the Late Cenozoic 
David Bridgland
Department of Geography, Durham University, Durham DH1 3LE, UK.
d.r.bridgland@dur.ac.uk

This project seeks to compile and compare data from Late Cenozoic fluvial environments worldwide.  It builds upon the achievements of  former project IGCP 449 'Global Correlation of Late Cenozoic Fluvial Deposits', which ran from 2000 to 2004 inclusive.  As well as enabling continuation of the activities instigated by the former project, and in particular the compilation of a data archive, the new project seeks to develop some important themes.  The first is landscape evolution, for which the fluvial record can provide a wealth of important evidence.  The second is climatic evolution as evidenced from fluvial records; palaeoclimate is a major topic for Quaternary research involving all environments, but one in which the fluvial contribution has generally been underplayed hitherto.  Fluvial sediments can reveal direct and indirect evidence for climate at the time of deposition and fluvial activity is greatly influenced by climate, leading to a correlation between climatic cycles and cyclic fluvial activity, such as terrace formation.  Themes that were previously developed as working groups within IGCP 449 will also continue, namely 'Archaeology from fluvial sequences', 'Biostratigraphy 

from fluvial sequences' and 'Crustal Deformation & Uplift Modelling based on fluvial evidence'.
The Labe River – floodplain development

Eva Břízová

Czech Geological Survey, Klárov 3/131, 118 21 Prague 1, tel. +420257089520
brizova@cgu.cz

The Labe River was an important factor in the development of the vegetation cover in central Bohemia as early as in the Late Glacial stage and particularly in the Holocene. Palynological study of the organic oxbow-lake sediments of the Labe River revealed the complexity of the notion of floodplain from the viewpoint of vegetational history and of other scientific disciplines. For pollen analysis samples of organic palaeomeander fills were collected from test-pits on the localities Chrást (CH, CHR), Kozly (KZ, KZL, KZY) and Stará Boleslav (SBL, SB, SBS). Concurrently, samples were collected for radiocarbon dating.


The historical development of the Labe River and of the other major rivers can be summarized in the following points (adapted after Frenzel 1995):

· at the turn of the Last Glacial peak (pleniglacial) and the Late Glacial stage - anastomosing rivers turn into meandering ones, the floodplain is stabilized, abandoned channels are infilled;
· at the boundary between the Glacial and the Holocene (Younger Dryas/Pre-Boreal) - decline in river energy, formation of floodplain soils, onset of organic deposition in a quiet environment = further stabilization

· Middle and particularly Upper Holocene - a short period of intensive erosion at the boundary of the Boreal/Atlantic periods 8000 years ago (c. 6000 - 5500 B.P.); causes a rapid increase in precipitation towards the end of the Boreal (hydrologic change) and a probable human influence (beginning of agriculture) - observed in Poland (Starkel), Hungary (Gábris), Belarus (Kalicki), in the Czech Republic, Moravia (Havlíček), all the authors quoted in Frenzel (1995); Bohemia (Břízová 1995, 1999a, 1999b, 1999c, 2004a, 2004b, Boháčová et al. 2000, Dreslerová 1995, Dreslerová et al. 2004 - Labe River; Beneš 1995 - south Bohemia - Malše and Vltava rivers)

· Upper Holocene (Sub-Boreal/Older Sub-Atlantic boundary) about 2700 - 2500 B.P. - further erosion and genesis of the base of the present-day floodplain level observed on the Labe River (Břízová - pollen analysis SBL, CH, SBS)

· A.D. 400 and the high Middle Ages - colluvial erosion in the floodplains, A.D. 1200 - advance of mountain glaciers and continental ice sheets in Americas and in Europe, drop in average annual temperature by 1 - 1.5oC = arrival of floods culminating towards the end of the Middle Ages and the beginning of modern times; the changes both in vegetation and in the hydrologic river regime were influenced by increased deforestation and by the first floods; the base for the sediments forming the present-day floodplain has been created.
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Geomorphology of China’s Yangtze River: Key Issues and Perspectives
Zhongyuan Chen

Department of Geography, East China Normal University, Shanghai 200062, China

Z.Chen@ecnu.edu.cn
The Yangtze is 6300 km long and has a drainage basin of 1.8 million km2, making it longest river in Asia and third longest in the world. It rises in the Kunlun Mountains of the Himalayan Plateau, ~5000-6000 m above sea level, and flows eastward across the Sichuan Basin and the Three Gorges valley to middle and lower Yangtze basins. The Yangtze eventually empties into the East China Sea near Shanghai, where it has built a Holocene delta covering a subaerial area of ~30,000 km2.


The development of the Yangtze has been closely associated with the rise of the Himalayan Plateau. In the twentieth century, the work of many geomorphologists established that the upper Yangtze was formerly connected with the Red River, flowing southeastward through Vietnam into the South China Sea. The continuing collision between the Indian and Eurasian plates between the Miocene and Quaternary diverted the Yangtze eastward into the East China Sea. The underlying morphological processes were extremely complicated, including the formation of an unusual right-angular bend in the upper Yangtze valley at the SE margin of the Tibetan Plateau.  Here, the river course changes from S-SE to E-NE at a point close to the headwaters of the Red River.  A thick sequence (>3000 m) of Eocene-Oligocene conglomerates in this area has become folded as a result of intense crustal deformation, and now forms the NW-SE-oriented drainage divide as well as providing suitable materials for dating.  However, the timing and detailed mechanism for the separation of the Yangtze from the former Red River are unclear. 


The low-lying Sichuan Basin, east of the Himalayan Plateau, is surrounded by mountains reaching 2000-3000 m above sea-level, its only drainage outlet being eastward along the Three Gorges Valley.  This is another key reach for understanding the evolution of the Yangtze. Between 5 and 7 Quaternary fluvial terraces are observed both in the upper Yangtze valley and below the Three Gorges, and have recently been the subject of detailed sedimentological and dating studies.  It is likely that the incision by the river within the modern Three Gorges Valley began around 0.7 Ma, although uncertainties remain regarding the underlying mechanism and any relationship it may have had to coupling between crustal deformation and climate.


The middle Yangtze, immediately below the Three Gorges Valley, is marked by two huge subsiding basins, the Jianghan and Dongting basins, where subsidence initiated before or during the Early Pleistocene. The Quaternary sediment in these basins is ~200-300 m thick.  The lower Yangtze then flows further eastward through a series of lower mountain ranges that rise ~500 m above sea-level, until it reaches the coast, where the Quaternary sediments are between 200 and 450 m thick.  There have been many integrated chronostratigraphical, geochemical, biological and mineralogical analyses of borehole sediments in the middle and lower Yangtze, aimed at distinguishing upstream and local sediment sources, in relation to valley incision.

One interesting result is that the >400 m thick sedimentary sequences in the river mouth area consist of 5 or 6 cycles (each 40-60 m thick) of basal coarse gravelly sands overlain by fine silt and mud. The sediment transported throughout the Yangtze system is mostly fine sand and silt at the present river mouth. This coarse material resembles typical alluvial fan deposits and may instead originate from the ~500 m high mountain ranges located some ~300 km away.  The Holocene Yangtze deltaic facies only appears in the upper 30-50 m of the succession.  This sedimentary record may hint that the modern Yangtze, flowing into the East China Sea is very young, in contrast with the pre-Quaternary origin of almost all major rivers of the world.


Detailed study the incision by the Yangtze River, both before and during the Quaternary, especially regarding the effects of crustal deformation and climate, is a major challenge.  Previous work has provided substantial insights and has highlighted further research priorities, regarding analyses of mountains, terraces and borehole data, and the development of dating evidence.  The aims are to increase knowledge of the Yangtze and to enable comparison with other major rivers, such as the Yellow River (Huanghe), Red River and Mekong, which all flow from the Himalayan Plateau..

One interesting result is that the >400 m thick sedimentary sequences in the river mouth area consist of 5 or 6 cycles (each 40-60 m thick) of basal coarse gravelly sands overlain by fine silt and mud. The sediment transported throughout the Yangtze system is mostly fine sand and silt at the present river mouth. This coarse material resembles typical alluvial fan deposits and may instead originate from the ~500 m high mountain ranges located some ~300 km away.  The Holocene Yangtze deltaic facies only appears in the upper 30-50 m of the succession.  This sedimentary record may hint that the modern Yangtze, flowing into the East China Sea is very young, in contrast with the pre-Quaternary origin of almost all major rivers of the world.


Detailed study the incision by the Yangtze River, both before and during the Quaternary, especially regarding the effects of crustal deformation and climate, is a major challenge.  Previous work has provided substantial insights and has highlighted further research priorities, regarding analyses of mountains, terraces and borehole data, and the development of dating evidence.  The aims are to increase knowledge of the Yangtze and to enable comparison with other major rivers, such as the Yellow River (Huanghe), Red River and Mekong, which all flow from the Himalayan Plateau.
Late Cenozoic evolution of the Rivers Tigris and Euphrates
in SE Turkey
T. Demir1, A. Seyrek2, R. Westaway3, D.R. Bridgland4, A. Beck4 and K. Challis5
1Department of Geography, Harran University, 63300 Şanlıurfa, Turkey
tdemir@harran.edu.tr
2 Department of Soil Science, Harran University, 63300 Şanlıurfa, Turkey
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3 Faculty of Mathematics and Computing, The Open University, Eldon House, Gosforth, Newcastle-upon-Tyne, NE3 3PW, U.K. 
4 Department of Geography, University of Durham, Durham DH1 3LE, UK.
5Department of Archaeology, University of Birmingham 

Many rivers in the Asian part of Turkey and the Levant have long terrace staircases.  Best known amongst these is the sequence from the Euphrates, which now benefits from new dating work based on Ar-Ar geochronology of basalts overlying terrace gravels in the Syrian part of its course.  Similar work is being undertaken in SE Turkey, on the Tigris at Diyarbakır and the Ceyhan at Düziçi.  A consistent pattern had emerged from previous studies, one of staircases in which Middle Pleistocene terraces are typically found up to 100m above river level.  Terrace formation is believed to be climatically forced, but enabled by surface uplift.  Even though the region is in a plate boundary zone, the uplift indicated by the terrace altitudes is generally comparable to that in other, tectonically less active regions, such as NW Europe. It seems that, in most rivers, the main Middle Pleistocene cold stages, those resulting in glaciations in northern Europe, are represented by terraces in Turkey and the Middle East: notably MIS 22, 16, 12, 8, 6 and 2.  However, the timing of terrace aggradation within the Milankovitch climate cycle is still poorly understood.
Long-timescale evolution of the River Euphrates in Syria: 

latest results
T. Demir1, M. Pringle2, D.R. Bridgland3, A. Seyrek4, S. Yurtmen5, 

R. Westaway6, A. Beck3, K. Challis7 and M.J. White8
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We present the first results from Ar-Ar dating at five localities in northern and eastern Syria of basalt flows that cap fluvial deposits of the Euphrates: Shireen, Jebel Mankar, Halabiyeh, Zalabiyeh, and Ayash. This dating allows the ages of the terraces along this reach of the Euphrates to be constrained. In the geological mapping of Syria, carried out by Russian specialists in the 1960s, the basalt at Shireen was assigned an ‘Early Pleistocene’ age, with those at Halabiyeh and Zalabiyeh thought to be ‘Middle Pleistocene’ and those at Jebel Mankar and Ayash, ‘Late Pleistocene’. A dating scheme was subsequently developed for the Euphrates terraces that was in broad agreement with these age assignments, which has been used ever since for analysing the Palaeolithic archaeology associated with the terrace deposits. This scheme recognises six terraces, with interpreted ages as follows: Qf0, MIS 2; QfI, MIS 6 or 4; QfII, MIS 8; QfIII, MIS 12; QfIV, MIS 16; and QfV, MIS 22 and older. 


Sample 03SY04 came from Ayash, just upstream of Deir ez-Zor, where basalt caps fluvial sand, gravel and silt of Euphrates terrace QfI, ~10 m above present river level. This sample has yielded a date of ~400 ka, indicating that this terrace is no younger than MIS 12. Sample 03SY08 came from Jebel Mankar West, the more westerly of two small volcanic necks in the left bank of the Euphrates near Karameh, downstream of Raqqa, and has yielded a date of ~70 ka. Tephra from this neck locally blankets the surface of terrace QfI, indicating that its eruption post-dates the formation of this terrace. Sample 03SY03 came from Halabiyeh, where basalt caps gravel that had previously been assigned to terrace QfIII in the right bank of the Euphrates, ~65 m above present river level. Sample 03SY05 came from Zalabiyeh on the opposite side of the river, nearby, where other basalt caps another spread of gravel, ~10 m lower, which had also previously been assigned to terrace QfIII. These two samples have yielded dates of ~2800 ka and ~2100 ka, respectively. The deposits of terrace QfIII in this area are thus Late Pliocene, rather than Middle Pleistocene as was previously thought. Finally, at Shireen, east of Manbij, sample 03SY09, which overlies gravel that has previously been grouped within terrace QfV, has yielded a date of ~8800 ka. 


Our results thus indicate that the earlier dating scheme for most of the Euphrates in Syria is spectacularly in error. However, from other evidence we suspect that the existing terrace chronology in the extreme north of Syria and in neighbouring parts of Turkey, such as around Birecik, is correct; the terraces have thus previously been miscorrelated between these two reaches of the Euphrates. The archaeological literature has recognised different assemblages of artefacts in each designated terrace, between northern and eastern Syria: for instance, the artefacts found in terrace QfII in eastern Syria are typically much cruder than those in terrace QfII in northern Syria. This literature indeed includes lengthy discourses concerning reasons for these differences, such as different human adaptation strategies to the more arid conditions in eastern than in northern Syria. Miscorrelation of the terrace scheme now provides a much simpler explanation. Over each interval of time, net amounts of vertical crustal motion have been much less in eastern Syria than farther north. For instance, we estimate that terrace QfII around Raqqa and Deir ez-Zor, ~20-25 m above present river level, finished aggrading in MIS 22, whereas terrace QfII at Birecik probably formed in MIS 8, as previously suggested. 


The net incision below the level of the highest Euphrates gravels decreases dramatically downstream, from ~210 m at Birecik and ~75 m at Raqqa to ~50 m west of the Syria-Iraq border. Although these gravels are not necessarily synchronous, this variation provides an indication of how much faster, overall, the post-Pliocene regional uplift has been in southern Turkey than in eastern Syria. Another important difference is that in southern Turkey the fluvial incision, and thus uplift, has been continuous since the deposition of the preceding stacked sequence, whereas in eastern Syria uplift has alternated with subsidence. Notably, around and downstream of Raqqa, after deposition of the deposits assigned to terrace QfIII the Euphrates incised (we estimate, in the early Early Pleistocene) to as much as ~35 m below its present level, before aggradation (we estimate, in the late Early Pleistocene) of up to ~60 m thickness of sand and gravel assigned to terrace QfII. By analogy with other river systems worldwide, we attribute the apparent high stability of the crust in eastern Syria and the observed alternations in sense of vertical crustal motions to the presence of a relatively thin (~6-7 km thick) layer of mobile lower crust. This layer is so thin in eastern Syria because much of the crustal column consists of a thick basal layer of mafic rock, formed by underplating. In southern Turkey, this layer is much thicker (>~10 km), resulting in a stronger and steadier uplift response. 
Climatic evolution during Interglacials and Holocene in

 the Late Cenozoic according oxbow sequences in Lithuania

Algirdas Gaigalas

Department of Geology and Mineralogy, Vilnius University, 
M. K. Cziurlionis Str. 21, LT 03101 Vilnius, Lithuania
Algirdas.Gaigalas@gf.vu.lt
Data from oxbow lake sediments in river valleys were used to distinguish climatic and environmental fluctuations during Late Cenozoic in Lithuania. These sediments are horizontally layered or laminated and reflect the cyclical nature of fluctuations at different scales: megacycles macrocycles, microcycles and nanocycles. Climate is the main factor of oxbow deposits formations in the river valleys. Normal aquatic fluvial sedimentation took place during various interglacials (Vindžiūnai, Turgeliai, Butėnai, Snaigupėlė and Merkinė), as well as the interstadials of the last (Nemunas) glaciation. The climate of interglacials was warmer than that of recent times. The average annual temperature of the Butėnai Interglacial was 1-1.5 degrees higher than that of the Atlantic Holocene. At the Merkinė Interglacial the average annual temperature might have been by two degrees higher and the annual precipitation (up to 120 cm) was much higher than at present time in Lithuania. Climatic conditions of interglacials were favourable for peat sedimentation in oxbow lakes of river valleys. The warm–climate events of interglacials are of a broad transcontinental, or even hemispherical significance.

Three complexes of Holocene oxbow sediments were distinguished: lower 10,000–8,000 BP, middle 8,000–4,300 BP and upper –4,300 BP. Oxbow lakes in the river valleys are most located on the floodplain itself and on the first terrace above the floodplain. Dark oak-wood remains of the Atlantic climatic period are found at the bottom of the floodplain alluvium. The dendrochronogram of oak timber from the oxbow sediments of Neris River (Vilnius city) has demonstrated the deterioration of climatic conditions after the Atlantic period, during the Subboreal. 

Changes of temperature indices in different parts of the region were synchronous. No distinct synchronicity was observed in the variations of annual precipitation. Some provincial differences are fixed in palaeoclimatic indices.
Did the Nile, near the end of the Pleistocene, temporarily cease to reach the sea?
F. Gullentops and P. Vermeersch

Geo-Institute Leuven, Katholieke Universiteit Leuven, Redingenstraat 16, B-3000 Leuven
Frans.gullentops@geo.kuleuven.ac.be

Along the upper Nile in Egypt several localities are known with Nile silts extending to well above the high water level.  They contain a typical cultural assemblage and date from around 11.000 BP.  Their unusual situation was explained by high inundations of a “wild Nile” (Wendorf & Schild 1989). 

A similar site at El Makhatma below the town of Qena on the Middle Nile was recently exhaustively published by P Vermeersch (2000).  The Sheik Houssein silts are up to 7m above the modern floodplain and contain horizons of human occupation with artefacts of fishing communities and abundant palaeontological remains and were reported to the same inundations.

From a hydrodynamic point of view it must be stressed that these huge inundations necessitate extreme discharges, tens of times stronger than the pre-dam floods which would change the valley in a channel, preclude all sedimentation of suspension charge and result in strong erosion in vertical as well as lateral senses.  There are no geomorphological signs of this.  

In the given context only one other mechanism is possible: sedimentation in local, temporary lakes produced by ephemeral damming.  Huge alluvial fans of tributary wadis are not present and are opposed to the necessary climatic conditions.  Dunal damming by strong transverse aeolian activity is the only alternative.  It supposes simultaneous local hyperaridity to mobilise the sand sources and extreme draught in the upper Nile to realise practically a seasonal endoreic regime to allow the gradual built-up of a dunal barrier.

The last conditions are well known and low discharges of the Sudan Nile are now generally accepted for parts of MIS 2 and especially the end of that stage.  At the same time the Eastern Sahara and the adjacent parts of the Arabian Peninsula suffered a high level of aridity.  In the Western Desert of Egypt long sand streaks are revealed on satellite images.  Along the Middle Nile such streaks show dramatic sand movement.  They show the slightly curved stream flow of the north-west Harmatan which is clearly funnelled by the wide incised valley from Asyut to the south-east.  Irregularities in the valley wall produce individualised wind cells which produce clear cut parallel streaks over tens of kilometres.  In hyperarid conditions and a natural, non-irrigated, Nile valley, this funnelling wind will deflate the Nile sediments and moreover find coarser sands in all the wadi fans.  Huge amounts of sediment must have been blown up valley.  At the sharp bend at Nag Hammadi the material continues its south-eastern direction and a suspension-load pulse invades the limestone plateau.  Individual streaks can be followed over 50 km, crossing the plateau and falling into the valley upstream of Luxor.  It seems evident that the Nile bend at Nag Hammadi is a suitable place for abandonment of the traction load and building of a dune field.   In 1980 sandpits, just outside the actual alluvial plain, showed a succession of more than 10m dune sands prograding west.

The topographical situation from Nag Hammadi to Qena over 80 km shows that a dune field of 15m height was sufficient to develop a lake reaching upstream even beyond the El Makhatma sites.  The dam must be seen as a large dune field. Its development during the yearly low waters and overflow channels are then easily repaired.  Seepage through this dam was minimised as the sediment-laden Nile waters clogged the pores.  If some Nile flow passed through the dune field during high waters it was insufficient to reach the sea.

The growing lake extended beyond Qena.  Sedimentation of the strong suspension load can be expected to be essentially in the papyrus rim of the upper part.  Lowering through evaporation loss will lead to shrinkage cracks and temporary occupation.  Characteristics of the fish population are better explained by lake than temporary ponds. 

This extreme Nile event seems to coincide with the Younger Dryas and strengthen the global importance of this short but drastic climatic change.
Lower and Middle Palaeolithic Occupation of the Middle and Lower Trent, UK
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The River Trent is the most northerly river in Britain to have yielded significant Palaeolithic assemblages from its Pleistocene sediments.  The potential of this system to elucidate aspects of hominid adaptation on the extreme fringes of their range is therefore considerable.  Furthermore, there is the genuine possibility of hidden richness of resource, in that non-flint artefacts are likely to have been highly important in this flint-poor region, yet in terms of collection history have probably gone largely unrecognised and thus under-reported.  The Trent Valley is also one of the most important aggregate areas in the UK and intensive mineral extraction is diminishing the Pleistocene resource annually.  The opportunity to examine the Palaeolithic heritage in the area, which may have profound implications for Palaeolithic resource management, must not be lost.

The work described, part of an English Heritage project funded through the Aggregates Levy Sustainability Fund (ALSF), aims to elucidate the Palaeolithic archive of the present-day Trent Valley as well as areas formerly drained by the Trent prior to ‘ice-age’ drainage diversions, i.e. the Lincoln and Ancaster Gaps.  At its downstream (eastern end), it will provide comprehensive coverage of the area enclosed between the northernmost (present-day) and southernmost (Ancaster) Trent courses.  It will review the available evidence of Palaeolithic activity and the Quaternary and geomorphological context of this material in order to provide an informed basis for resource management and a strategy for the prospection of Palaeolithic sites. As well as enhancing the record and our understanding the Quaternary History of the Trent, it is hoped that this project can shed light on some of the current interpretative issues surrounding the Hominin occupation of Britain.  

Specific project aims are:
· To review available collections of Palaeolithic artefacts from fluvial sites throughout the area to be covered 
· To monitor operational gravel quarries & to record Quaternary palaeoenvironmental evidence 

· To record Quaternary palaeoenvironmental evidence from selected historical sites 

· To feed results of this project into both the county-based Sites and Monuments Records (SMR) and into other statutory and non-statutory conservation strategies

· Dissemination of the findings to the science and wider community via outreach activities and the production of a non-technical (popular) publication.

To provide a high quality dataset of both cultural and environmental evidence that will allow the Palaeolithic archaeology of the Trent Valley to be placed within a secure stratigraphic framework and compared with other UK Palaeolithic artefact records.

The last hunters-gatherers of Anatolia:

problems and suggestions
Metin Kartal

Dil ve Tarih Coğrafya Fakültesi, Prehistoriya Anibilim Dale, 06100 Sihhiye Ankara, Turkey
In Anatolia, the first appearance of a nomadic way of life differs from one region to another depending on the available dating. The earliest dates for nomadic peoples come particularly from southeastern Anatolia. Before that, sedentary hunter-gatherers were widespread through virtually all Anatolia. 


We focus on the Epipalaeolithic Period in order to understand the way of life of the last hunter-gatherers of Anatolia, although our knowledge is sparse for this time period. In addition, for several reasons, this period has wrongly been termed the Mesolithic in Anatolia by previous archaeologists. In our opinion, the term Epipalaeolithic should be used in preference. 


The archaeological data for this stage is mainly obtained from southwestern and central Anatolia, although there is no specific reason why other regions have not been considered by archaeologists. 

 
An understanding of the Epipalaeolithic will inform us as to why the sedentary way of life was abandoned and how the nomadic mode was adopted, and also help to establish the nature of the connections between Europe and Anatolia, and between the Middle East and Anatolia during the latest hunter-gatherer phase and the earliest phase of food production.
Retreat of Mount Süphan glaciers
with special reference to Global Warming

Ökkeş Kesici
Gaziantep University, Muallim Rıfat Education Faculty, Kilis, Turkey
kesici@gantep.edu.tr

The aim of this study is to identify the direction and speed of climatic changes occurring in the Eastern part of Turkey through the examination of glacial changes in the region. In addition, to find answers to questions whether or not the global warming has any effect on the climate of the Eastern Turkey and, if so, what its magnitude and scope is, will also be among the objectives of the study. To trace the probable effects of the global warming, Eastern Anatolian Mount Süphan, one of the highest in the region with summit glaciers, was chosen as an area of field work.

During the investigation, aerial photographs, our field studies, and related literature were widely used so that analysis of the area for a period of hundred-years from the end of 19th century to the present became possible. The findings are alarming in all aspects. The Süphan caldera, 2.5-3 km in length; 400 m in width; 70 -100 m in depth, was almost full of glaciers at the end of the 19th century. Within just over a hundred year, approximately 97% of the glaciers have almost melted down, a clear indication of ever increasing effects of global warming  since the second half of the 19th century.

Alternative models for the Late Cenozoic
tectonostratigraphic evolution of Cyprus: 
new evidence from southern Cyprus 

T. C. Kinnaird and A.H.F. Robertson

School of Geosciences, University of Edinburgh, West Mains Road, Edinburgh EH9 3JW, UK.
T.C.Kinnaird@glg.ed.ac.uk

The neotectonic setting of Cyprus is controversial and several models exist including, (i) subduction / incipient collision, (ii) advanced collision and (iii) transpression. In the first model, a subduction zone, commonly referred to as the Cyprus Arc, is believed to exist between the Eratosthenes Seamount and the south coast of Cyprus. Subduction in its present setting was initiated in the Mid-Miocene (c. 15 Ma). Extension in the overlying plate, forming the Polis and Mesaoria Basins, was caused by retreat of this trench. The Eratosthenes seamount is believed to have collided with the arc in the Pliocene 
(c. 3 Ma); this obstructed subduction and initiated rapid uplift of the island. 


In a second interpretation, a series of south-verging, thick-skinned linked imbricate thrusts are believed to occur at depth in the forearc region of the Cyprus arc, between the Kyrenia Range in the north (i.e. the Kyrenia fold/thrust belt) and the Eratosthenes Seamount in the south (i.e. the ‘Paphos Thrust’). It is argued that the present thrust geometry was initiated in the Eocene (c. 45 Ma); when imbricate thrusting developed in the forearc region, forming the ‘Troodos-Larnaka culmination’. In this model, the Mesaoria Basin evolved in the Miocene to Pliocene as a piggy-back basin. 


In a third hypothesis, a system of left-lateral faults are inferred between two restraining blocks; the Kyrenia Range in the north and the Eratosthenes Seamount in the south. In this model late Miocene tectonism was dominated by transpression. Cyprus is envisaged as being extruded westwards, similar to (and related to) the escape tectonics, resulting in the Anatolian Plate motion. 


To test these tectonic models we are currently investigating the structural and sedimentological evolution of southern Cyprus, during the Neogene-Recent. We have found that sedimentation since Late Miocene time was in structurally controlled depressions/basins, elongated NNW-SSE; consistent with a localised WSW-ENE extensional tectonic regime. Geophysical evidence (focal earthquake mechanisms, seismic tomography) suggests that collision is nowadays occurring at depth beneath Cyprus. However, at a higher structural level our data are consistent with gravity spreading outwards from the developing collision/’subduction’ zone. The argument that southern Cyprus, specifically, has been in a syn-collisional setting since the Mid-Miocene is not been supported by our studies. Evidence for this model apparently came from the appearance of Troodos ophiolite-derived conglomerates within latest Miocene non-marine facies (Lago Mare facies) in SW Cyprus. However, detailed sedimentary logging, facies analysis and geomorphological studies indicate that these conglomerates are instead terrace deposits of Early-Mid Pleistocene age (when by general agreement collision-related uplift was taking place). Other reported evidence for the ‘collisional’ models is inferred compression-related thrusting in SW Cyprus (i.e.  “Paphos thrust’). However, this deformation could also relate to high-level extensional gravity tectonics. 


Our present view is that southern Cyprus continues to undergo WNW-ENE extension related to the southwest-ward retreat of the Cyprus active margin in a regional setting of incipient continental collision.
No sea-way through Southwestern Amazonia during the Late Miocene
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The Solimões Formation in Acre (Southwestern Brazilian Amazonia) and  its fossil content (vertebrate paleofauna and palynology), indicate that the sediments were deposited in a continental environment formed by avulsive fluvial belts in a floodbasin-floodplain environment. The main source area was the Andes chain. Widespread lacustrine-swampy deposits, multistoried channel deposits and paleosoils are the typical elements that characterize the Solimões Formation sediments that outcrop in southwestern Brazilian Amazonia. New data on fossil vertebrate assemblages and palynology, corroborate the Late Miocene age as earlier claimed by Latrubesse (1992) and Latrubesse et al, (1997). The fossils are assigned to the Huayquerian mammal age (SALMA) (9-6.5 Ma).  


The geologic and paleontologic data discussed here show that the existence of an intracontinental seaway through soutwestern Amazonia during the   upper Miocene (11-10 Ma), connecting the Caribbean Sea with the Parana basin as proposed by Rasanen et al. (1995) is unsustainable in light of geological and paleontological evidence. Additionally, problems of correlation on the sea-way model presented by Rasanen et al (1995) are analyzed and indicate that mistakes were committed for them, correlating wrongly units of northwestern Amazonia and the Chaco-Parana basin. Additionally, we discuss the stratigraphic record proposed by Horn (1993a) in northwestern Amazonia. 

Late Cenozoic fluvial development within the coastal plains and shelf of the Sea of Azov and Black Sea basin 

A.Matoshko1, P.Gozhik2 and V.Semenenko2
1Institute of Geography, National Academy of Sciences of Ukraine, 44 Volodymyrska Street, 01034 Kiev, Ukraine; matoshko@iptelecom.net.ua 

 2 Institute of Geological Sciences, National Academy of Sciences of Ukraine, 55B Gonchara Street, 01054 Kiev, Ukraine; ignnanu@geolog.freenet.kiev.ua 

The occurrence, structure, stratigraphy and development of the fluvial and deltaic deposits of the Late Cenozoic is presented, with accent on the buried Miocene and Pliocene alluvium between the main valleys. These deposits are widely spread from the mouth of the Don to the mouth of the Danube within the northern coasts of the Sea of Azov and the Black Sea. Diverse accumulative bodies are considered: intracontinental basins, piedmont sheets, sheets of the coastal plains, progradational deltas, infills of the palaeo-incisions including deltas of infilling, cut-and-fill suites and corresponding terraces typical of the present day valleys. Modern evidence about fluvial relief and deposits of the shelf, as well as about terrigenous deposition in general, supplements the picture of fluvial coastal activity. Dating and correlation of the fluvial suites and series are established with reference to palaeontologically studied marine index beds, mammalian and molluscan faunas, and magnetostratigraphic dates. Fluvial erosion-aggradational cycles (upper Serravillian – Messinian, Zanclean – lower Piacenzian, upper Piacenzian – Gelasian, and Pleistocene) are reconstructed using the background of sea level changes and climatic variations known from palaeobotanical data. The maximum river incision fell in the early Zanclean time and the development of alluvial coastal plains - unique for this area – occurred in the humid Gelasian time. The Pleistocene glaciations caused a different set of fluvial processes. The combination of tectonic movements (regional pulsed uplift with phases of stabilisation and/or subsidence, differentiated downwarping of the Black Sea depression, and local movements of the separate tectonic structures) are presumed to be responsible for the great variety of alluvial bodies, erosion-aggradational cycles, and the formation of the river terraces.
Fluvial slope processes in the northern part of Ukraine 

after the Dnieper Glaciation

A.Matoshko 
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The occurrence and stratigraphy of the slope wash, gully and 'balka' alluvium and the structure of the corresponded landforms (slopes, gullies, 'balkas') within the plains of the northern part of Ukraine formed after the Dnieper (Saale) glaciation is considered. The relative stratigraphy of these deposits is based on the correlation with the river terraces and Palaeolithic sites in the slope wash as well as on 14C dates. There is a distinct difference between true loess (aeolian) and loess-like slopewash deposits. The base and top of the glacial Dnieper Suite have been studied in detail before (Matoshko and Chugunny, 1993) represent the base surfaces for the analysis of the slope processes and relief change in the late Middle Pleistocene, Late Pleistocene and Holocene. The development of the slope processes has included distinct phases, the most active of which were associated with the ablation of the glacier ice (late Late Pleistocene), the degradation of permafrost (late Late Pleistocene) and anthropogenic factors (the last 300 years). They alternated with phases of deceleration or cessation of slope processes. Complicated combinations of factors (precipitation regimes, the composition and state of the substrate, the presence or absence of vegetation cover, human factors) had different effects on different slope processes. Such activity did not always coincide with, or indeed was sometimes in anti-phase with, the activity of the permanent streams.

The Late Cenozoic evolution of the River Prut
Marcel Mindrescu and Margarint Mihai Ciprian
University of Suceava, Department of Geography, 9, Universitatii Street, Suceava, 722025, Romania
mmhans@atlas.usv.ro

The aim of this study is to identify the evolution of the River Prut using river terraces and to investigate any difference relative to the other big rivers in this area. The most important rivers of the Moldavian Plateau – the Prut and Siret - have advanced successively from north to south through different structural units (the Moldavian Platform and Barlad Depression). The Prut terraces are parallel to each other and to the modern valley floor. Only near the confluence with the Danube do the Prut terraces decrease significantly in altitude, such that the latest terraces are lost due to the lower level of the Black Sea during the Late Pleistocene (Würm cold stage), when these terraces developed, followed by flood plain aggradation. The highest river terraces are at altitudes of 115-120 m, 75-80 m and 57- 65 m upstream of the confluence, but are interbedded with deltaic deposits further downstream. The combination of subsidence of the Covurlui coastal plain, the higher than present level of the Black Sea during its Palaeoeuxinian highstand (MIS 11), and continuous regional uplift has led to the separation of these terraces.


If we compare the altitudes of the terraces of the main Moldavian rivers, the Siret and Prut (which are only 80 km apart), we discover that there is an altitudinal gap between them. The Prut flood plain and its terrace system are 160 m lower than the Siret system. This indicates a different altitudinal position of these rivers, even before their terraces developed, and that later tectonic uplift and climatic conditions have not affected either river’s incision. 

There are some possible explanations of this latter issue:

· it could be due to the Prut being further away from its source than the Siret;

· perhaps tectonic faults along the Prut can explain this altitudinal difference;

· subsidence of the Jijia Basin, which is situated in the Middle Prut, might be important;

· post-Volhinian tectonic uplift, which was much stronger towards the eastern Carpathians, may have had a role.

Overall, we have noted large alluvial complexes at every important confluence, such as the Prut-Jijia confluence, which is spread over 30 km because of downstream migration.
New Ar/Ar dates from the River Euphrates in Syria
and the River Tigris in Turkey
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Ar-Ar dating of basalt lavas has been undertaken at five localities on the Euphrates in northern and eastern Syria and at Diyarbakır, on the Tigris in SE Turkey.  All these basalts overlie fluvial deposits, for which the dates provide termini ante quem.  Only the Turkish site will be visited on the excursion.  The basalt here has an age of ~1.1 Ma, since which time the river has incised by ~70 m.  The oldest Euphrates sample gives an age of ~8.9 Ma (Late Miocene) and thus corresponds with the Çatboğazı volcanics of SE Turkey.  The youngest is from a cinder cone overlying the low terrace near Raqqa and is dated to 70 ka.  


This is a pilot for a more extensive dating programme in this region.
Alluvıal geomorphology and confluence dynamıcs
 in the Ganga valley, India
N.G. Roy and R. Sinha
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Rivers of the western Ganga plains in Uttar Pradesh show narrow active flood plains and are incised in nature whereas the rivers of eastern Ganga plains in north Bihar have much wider flood plains and are not incised. Such geomorphic diversity has been attributed to differences in stream power and sediment supply from the catchment areas. Besides the variation in geomorphology, the dynamics of river systems also vary both spatially and temporally. Remote sensing images and topographic maps have been used to understand the geomorphic processes in parts of the Gangetic plains of Uttar Pradesh. Detailed geomorphic investigations aided by remote sensing and historical maps suggest that the confluences of three major rivers in the region namely Ganga, Ramganga, and Garra have moved both upstream and downstream during the last 30 years.


A simple mechanism which effects the upstream migration is an increase in sinuosity of one of the channel near the confluence and then a cut-off. Another mechanism which frequently operates is the ‘river capture’ by lateral bank erosion and migration. The major river encroaches and beheads the smaller river thereby shifting the confluence position upstream. The downstream migration of the confluence point in most cases appears to be related to aggradation in the confluence area and local avulsions of the primary channel in a multi-channel system. We speculate that these processes are manifestation of local fluctuations in water and sediment budget. An increase in water budget increases the power to erode its bank, produces cut-offs and encourages local capture. An increased sediment budget due to bank erosion in the upstream reaches would encourage aggradation in the confluence area downstream due to reduced velocity and gradient. Local channel-floodplains adjustment may cause switching of channels away from the confluence point, thereby moving the confluence point downstream. Such degradational and aggradational regimes may alternate in a large river system such as the Ganga and this may explain the opposite trends of migration (upstream and downstream) of the two confluences studied. There is a remarkable difference in the fluvial dynamics of this region compared to the eastern Gangetic plains from where rapid and frequent channel avulsions have been reported. We do not observe any definite trend in the movement of the confluence points and our work departs from earlier suggestions of regional controls such as choking up of rivers due to sea level rise or increased erosion in the catchment areas.
The fluvial network of the Iberian Peninsula: 
a chronological framework
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This poster compiles recent work on Spanish fluvial systems and tries to determine the present state on knowledge and the main requirements for future research.  


Knowledge of the evolution of the Spanish fluvial networks has improved during recent years as the number of studied river systems and available dates has increased. However, the chronological framework is a major issue, as methodological constraints limit the range of application and spatial coverage is sparse. Integration of “absolute” dating methods with biostratigraphy and palaeomagnetism allows us to depict the recent evolution of these systems.

The start of incision has been variable, reflecting the heterogeneity of substrata and tectonic settings during the Late Cenozoic. The differentiated Early Pleistocene and older fluvial sequences in the inner areas of the Iberian Peninsula shows more detail and better preservation than the terrace flights in the coastal lowlands. In Middle Pleistocene times, the situation changed as the spatial distribution changed. Changes in tectonics could have interfered with climate and sea-level, modifying the previous pattern.


In the Late Pleistocene and Holocene, the scheme becomes more asynchronous. There is no clear evidence either of climate control or of regional tectonic patterns that could be responsible for such configuration. However, such differences might be real or instead just artefacts due to the distribution of dating evidence.
The Palaeolithic record from the Euphrates
Andrew Shaw
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The Euphrates terraces in Turkey, Syria and Iraq are reviewed by a separate contribution to this meeting (Demir et al.), so this poster will merely comment on the potential for placing the artefacts from this valley into a meaningful dating framework.  Despite the fact that Euphrates terraces deposits have been noted and mapped in Turkey, Syria and Iraq, Palaeolithic archaeology has only been documented from deposits around Bireck and Gaziantep in Turkey (Minzoni-Déroche, 1987; Minzoni-Déroche and Sanlaville, 1988) and in the vicinity of Raqaa, Manbij and Deir ez-Zor in Syria (Besançon and Geyer, 2003; Copeland 2004). Six river terrace levels have been recognised in these areas, QfV, the oldest, to Qf0, which is regarded as Holocene. It is likely that that this scheme underestimates the true number of terraces and conflates geologically separate deposits (see Demir et al. this volume). As things stand, terrace QfI is considered to equate to MIS 2, 4, and/or 6; QfII to MIS 8 and/or 10, QfIII to MIS 12 and/or 14, QfIV to MIS 16, and QfV to some older period (Besançon and Geyer, 2003). No fossil bearing deposits have thus far been identified from the Euphrates.

Only sparse artefact occurrences have been noted from QfV and QfIV deposits. These consist of a few flakes and the occasional migrating platform core (Copeland, 2004). QfIII and QfII deposits contain the earliest substantial artefact concentrations. These assemblages are characterised by the presence of trihedrals and handaxes frequently displaying minimal flake scars, along with flakes and migrating platform cores. Of particular interest are a number of ‘flat debitage’ cores from the site of Maadan, located in Qf III gravels near Raqqa (Copeland, 2004). These are produced on river pebbles and possess a roughly prepared striking platform, while the natural prexisting convexties of the flaking surface have been exploited by the knapper to place some control on flake production. Similar cores have been reported in QfII gravels at Ain Abu Jemaa, Hamadine and Ain Tabous (Copeland 2004). It is possible that these cores represent a conceptual leap in core production methods which eventually lead to the appearance of Levallois technology in the region (c.f. White and Ashton, 2003). 


Artefact assemblages from QfI terrace deposits possess limited evidence for presence of Levallois core reduction. Discoidal core reduction is also inevidence. In addition some sites such as Halouanji I and II and Rhayat 1 also possess a small handaxe component (Hours 1979, Copeland 2004). In addition to the artefacts recovered from river gravels, a significant body of material exists from the surface of terrace formations in the Raqaa and Menbij areas. This material is frequently unrolled and possesses a large Levallois component (Copeland 2004). Such artefacts probably represent the exploitation of pre-exiting river gravels as a raw material source by later toolmakers.  Currently our understating of the Palaeolithic archaeology of the Euphrates is limited. Due to the fact that it has traditionally been considered within a conflated geological sequence, an evolutionary framework for the Palaeolithic of the Euphrates has been adhered to which undoubtedly masks inter-site artefact variability. In order to fully assess spatial and temporal variability between existing Palaeolithic assemblages from the Euphrates it is necessary to place the material within a more refined dating framework.
Valley and interfluve processes in the southern Ganga plains, India: exploring facies and magnetic signatures
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The major rivers of the southern Ganga Plains are characterized by narrow incised valleys, bordered by cliffs, with active floodplains a few kilometres wide. The intervening interfluves, up to 100 km wide, are more elevated floodplains out of range of big-river flooding and traversed by smaller plains-fed channels. There is a strong contrast in elevation and style between valley and interfluve floodplains. We have investigated the history of channels and floodplains over the past 100 ka in the Kanpur region of Uttar Pradesh using two drill cores in the Ganga Valley, cliff sections for 70 km along the valley margin between Bithur and Kannauj, and a drill core in the interfluve. The stratigraphic framework is supported by OSL and radiocarbon dates, as well as magnetic susceptibility profiles and clay-mineral analysis.  


The valley cores contain channel belts attributed to the palaeo-Ganga, which yield dates of 26 ka and 6 ka. The Ganga was close to its present position at 26 ka and probably accumulated channel and floodplain sediment until precipitation and discharge were greatly reduced during the Last Glacial Maximum (LGM). At Bithur, floodplain deposits dated at 27 ka are overlain by eolian and lake deposits, suggesting that wide areas of the valley were converted to swamps and dunes during the LGM as the floodplains “detached” from the parent river. The river probably began to incise as the monsoon intensified and discharge increased after 15 ka, and the channel appears to have shifted to its present position prior to 6 ka, when additional incision created the high cliffs at Bithur and Kannauj. Valley floodplain deposits show only modest evidence for pedogenesis, in accord with their position proximal to a large, sediment-charged river.


Despite its location only 10 km from the Ganga Valley, the 50 m interfluve core consists entirely of floodplain fines that date back to about 86 ka. The interfluve appears to have been a site of floodplain accumulation from small plains-fed channels over this period, during which Himalayan and plains-fed channels appear to have occupied separate floodplain tracts, with large parts of the plains detached from the direct effects of the big rivers. The interfluve floodplains were sites of more intense pedogenesis, and accumulated through cycles of aggradation and soil formation, possibly in response to monsoonal fluctuations on a timescale of 103 to 104 years.
Late Cenozoic fluvial-lacustrine successions as a reflection of hydrographic palaeo-network change in Lithuania
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Change of hydrographic palaeo-network in areas of Pleistocene continental glaciations was forced by global climate changes and was greatly influenced by advances and retreats of the glaciers. Such changes had influenced a hydrodynamic character of rivers in wide nonglaciated areas as well. In many cases, in areas of continental glaciations, a Late Cenozoic hydrographic palaeo-network can be implied only from the fluvial-lacustrine sediments buried under glacigenic deposits. Such a situation applies in all the territory of Lithuania, where glacigenic deposits compose a major part of the Quaternary sequence.


Sedimentological evidence of pre-glacial and interglacially related fluvial and lacustrine sedimentation have been deduced from lithofacies change reflected in depositional structures, peculiarities of grain-size frequency distribution and composition of sediments studied in outcrops. Lithostratigraphy, peculiarities of occurrence and pattern of bed topography derived from borehole core data and proved under palaeogeomorphological interpretations support an insight into the lateral distribution of possible aquatic sedimentation. Sequences of sediment packages distinguished on detailed sedimentological study referred to as lithofacies associations infer an alteration of meandering and braided river palaeoenvironments, possibly indicating an alteration of warm or temperate pre-glacial and interglacial and cold periglacial climate conditions. However palaeobasins of both interglacially and periglacially related sedimentation are spatially linked to palaeosurface topography and tend to be inherited all over the Quaternary.
Euphates River terraces between Al-Qaim and Khan Al-Baghdadi (Iraq)

Jaroslav Tyráček
Czech Geological Survey, Klárov 3/131, 118 21 Prague 1, tel. +420257089520
tyracek@cgu.cz
The studied reach of the Euphrates valley comprises some 250 km long river course from the Iraqi/Syrian border as far as Khan Al-Baghdadi. The geology of the area is simple. Tectonically it belongs to the stable shelf of the Arabian platform (Buday & Tyráček 1980)  and is built by subhorizontally bedded Miocene marine carbonates which merge due north below the evaporitic suite of the Lower Fars Formation. The only exception to flat lying sediments is WSW-NEN trending Anah anticline with the Oligocene core.

      
The terrace system is not easy to decipher. It is because the Euphrates being a typical allochthonous river lacks sufficient load of clasts. This is responsible for patchy development of terraces and their small thickness. The valley sector under study falls into three parts, i.e. the terraced first (upper) and third (lower) which are separated by the second unterraced some 15 km long erosion gap cutting through the Anah anticline. The gravel bodies are usually thin and may reach up to a few metres only. Often they are reduced to lag gravel forming typical desert pavement. The well rounded and well sorted gravel of all terraces is composed of the most resistant far transported lithologies except for the lowest levels where the admixture of local limestones and dolomites is present. The gravel is either loose or cemented to calcareous conglomerate. Sometimes thin gravel spreads are incorporated into surficial calcretes or gypcretes.

      
Despite of inadequate fluvial record the preliminary terrace system was established. Altogether 10 aggradation terraces were classified into following 5 groups (Tyráček 1987):

High-level terraces:
Group   I          
80 m above the river at Khan Al-Baghdadi

                                Group  II           
68 m              “                          “

Middle terraces        Group III  a      
56 m              “                          “

                                            III   b     
49 m              “                          “

                                            III   c     
44 m              “                          “ 

                                 Group IV  a      
34 m              “                          “

                                            IV  b      
26 m              “                          “                       

                                            IV  c      
20 m              “                          “

Low terraces            Group V   a      
12 m              “                          “

                                            V b         
4-6 m             “                          “

      
Dating the fluvial record is no easy task because neither paleontological nor archaeological data are available and not a single dated level exists. Owing to the tectonic stability the principle of general decrease in age with the decreasing relative altitude of terraces can be applied. The morphostratigraphic position of terraces was, therefore, used for the dating. So the high-level terraces conforming with the onset of the formation of modern drainage pattern are classified to Lower Pleistocene, groups III and IV to Middle Pleistocene and group V to Upper Pleistocene.

      
The downstream development of Euphrates fluvial sediments and in particular the transition to the Quaternary sedimentary sequence in Mesopotamia is still not well understood. Whereas Tigris makes a large conspicuous alluvial gravel fan (Jassim 1981) nothing of this kind have been observed on Euphrates. The assumed sandy and silty distal fan and fan-fringe facies of the Tigris fan pass evidently into the respective sediments in Mesopotamia. The same development, even without fan formation, may be supposed along Euphrates. It seems probable that at least the lateral downstream transition of the youngest gravels can be expected. This facies change is rather abrupt and takes place still beyond the limits of the Mesopotamian plain.    

      
The Quaternary sediments in Mesopotamia differ strongly being deposited in quite distinct environment and transported from diverse sources (Minaříková 2004).  The sedimentation was at least partly controlled by Pleistocene sea-level changes  (base level of erosion) what evidently manifested itself by alternating phases of sedimentation and erosion. Because of vast area of the lowland the rivers had not been able to remove all older alluvial sediments during erosion phases. They remained untouched and the eroded parts were subsequently silted. Owing to many repetitions of the process the plain forms most probably an intricate mosaics of diverse alluvial sediments of monotonous lithology alternately eroded and deposited by individual rivers like Tigris, Euphrates, Diyala or Adhaim. On the other hand the impact of the sea level changes was buffered by extreme prolongation of the Shatt al Arab River course which emptied as far as the Gulf of Oman. In the Strait of Hormuz the submarine platforms at 9, 18, 29, 37, 66, 80, 100 and 120m below the sea level (Kessler 1973) demonstrate a successive incision of the river during the glacial low water stands, but they do not show morphologically upstream in the whole Gulf and in Mesopotamia. 
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Lateral variations in Late Cenozoic uplift across Turkey: the role of lower-crustal flow in landscape evolution
Rob Westaway
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IGCP 518 and its predecessor, IGCP 449, have included many studies of Late Cenozoic landscape evolution in different parts of Turkey. A key conclusion from this work has been that, although Turkey is located in a plate boundary zone (between the Eurasian, African, Arabian, and Turkish plates), the observed vertical crustal motions have not been caused primarily by plate motions but instead represent regional surface uplift, onto which local effects of active faulting are superimposed. Overall, rates of regional uplift since the Early Pleistocene increase northward and eastward, from typical values of ~0.1-0.15 mm a-1 in western and southern Turkey to maximum rates of several tenths of 1 mm a-1 in the northeast. This regional variation is interpreted as the isostatic response to typically faster erosion in the northeast, where the climate is wettest. Modelling of such erosion, assuming that it has been isostatically compensated by inward flow of lower crust, has constrained crustal properties such as the Moho temperature and effective viscosity of the lower crust, in many parts of Turkey. Amounts of regional uplift estimated since the Middle Pliocene (~3 Ma) vary from a typical value of ~400 m in western Turkey to probably well in excess of a kilometre in the northeast. 


This presentation will review the evidence from and interpretations of the localities that have been stuidied in detail, concentrating on sites where fluvial terrace deposits have been dated using K-Ar and Ar-Ar dating of overlying basalt flows. Localities studied include Kula on the Grediz River, the Karaçay / Baklan / Denizli region, the Sakarya near Adapazarı, sites along the Ceyhan around Toprakkale and Düziçi, sites on the Euphrates (Fırat) around Elazığ and in the northern Arabian Platform, and the Tigris (Dicle) around Diyarbakır.
Neogene tectonics, climate changes, and fluvial system evolution

in the Balkan Peninsula
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The evolution of the fluvial systems on the Balkan Peninsula is largely controlled by the tectonic events related to the Alpine orogenesis and the extensional collapse of the Alpine orogen. Transpressional events in Early Miocene times closed the Paratethys Late Oligocene – earliest Miocene lacustrine and fluvial system. The onset of a new fluvial network was controlled by the uplift of the Carpathian and Stara-planina (Balkan) chains and movements along the major fault belts (Maritsa, Strouma and Mesta) to the South of the latter. After a peneplanation in Early and Middle Miocene times, the normal and strike-slip fault movements influenced on regional and local scale both the evolution of the fluvial systems, and jointly with global and orbital factors, the climate conditions and marine transgressions. The following principal stages in this evolution may be outlined.


- Early Miocene times (Eggenburgian – Karpatian): formation of peneplain both to the North and to the South of the Balkan chain; low hilly relief; moderately hot and humid climate, occasional lakes partly with increased deposition of plant debris; incision of deep valleys and local Paratethys ingression in the western part of the Moesian platform


- Middle Miocene times (Badenian – Sarmatian): relief differentiation in South Bulgaria; Paratethys transgressions (Pannonian and Euxinian basins) in the Moesian platform; humid subtropical to tropical climate with local aridization along the Strouma system


- Late Miocene (Maeotian – Middle Pontian): hilly relief with mature braided fluviolacustrine systems in savannah climate with local transitions to semiarid and arid conditions (Peri-Aegean systems) and Aegean ingression northwards to the Middle-Mesta fault; in the Moesian platform – changing salinity from brackish to evaporitic in moderately warm humid climate;


- Latest Miocene (Late Pontian): increase of differential vertical movements and deposition of thick coarse sediments in the Peri-Aegean fluvial systems; break of the Pannonian – Precarpathian corridor, and coarser terrigenous sediments in the Moesian platform; probable climatic differentiation in altitude; warm climate  with local aridization 


- Pliocene: intense vertical movements, gradual regression, transition from subtropical (with local aridization) to moderate climate with deciduous vegetation; 


- end Pliocene: very intense vertical movements, block tilting and rotations, right-lateral slip along the North-Anatolian Fault Zone; regression of Paratethys basins from Danube plain, and formation of the Danube fluvial system; cooling of the climate


Pleistocene: steady vertical movements of the whole region, with climate oscillations (temperate and cold, with glaciations in high mountains); steppe vegetation in the Danube plain with loess deposition.
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