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INTRODUCTION
Rivers play a predominant role in the Earth's systems on the continents, providing the major routeway for both hydrological and sediment cycling.  Within their geomorphological and sedimentary records rivers provide critically important archives of global change. Specifically, the sedimentary records left by rivers represent considerable databanks of palaeoclimatic and palaeoenvironmental information concerning responses in the land domain to changes in the atmospheric, oceanic and ice-sheet domains.

In recent decades substantial progress has been made in the description and interpretation of late Cenozoic and, especially, Quaternary fluvial systems and their evolution.  This research has involved a wide and growing range of disciplines, including geomorphology, sedimentology, palaeontology, archaeology and mathematical modelling.  To promote and facilitate this avenue of study, a research group was established in 1996 under the auspices of the British Quaternary Research Association, the FLuvial Archive Group (FLAG) (Maddy, 1997a).  

Of importance in many previous studies has been causality, in particular the degree to which river dynamics respond to extrinsic or intrinsic controls. This is equally important to earth scientists, biologists and archaeologists, e.g. in attempts to determine whether episodes of valley floor change (erosion and/or deposition) result from tectonic activity or climate change.  Equally, a river manager confronted by an unstable channel must establish the causes of instability and the measures that can be taken to control it.  The present project will allow comparison of data on fluvial changes and their relation to various types of forcing (such as climate) on a global scale.

The proposed project is timely in the light of recent advances in methodology for the study of fluvial systems and their sedimentary sequences and in the understanding of the Cenozoic palaeoenvironmental record in general.  In particular, it is now possible to correlate the fluvial archives from the late Cenozoic with the globally valid oxygen isotope record from oceanic sediments (cf. Shackleton and Opdyke, 1973).  Thus river sequences can be used to link the oceanic record into the interiors of continents, fluvial archives providing potential frameworks for continental studies.  Frameworks thus established can provide a structure onto which high-resolution studies can be built, as well as contexts for a variety of related disciplines (e.g. faunal evolution, human occupation and migration, late Cenozoic environmental change).

AIMS AND OBJECTIVES

The project aims to compile and disseminate a data collection of long fluviatile sequences.  As stated, such sequences are of major significance in that potentially they can provide frameworks for Cenozoic sequences on land.  This will be the first time that such a collection of data has been assembled systematically and that data on Late Cenozoic fluvial sequences from around the World has been available in a readily accessible format.  Emphasis will be given to assembling data in a readily digestible format, with use of summary diagrams and tables.

Specific objectives are as follows:

· Establishment of an agreed methodology and strategy for the study and recording of fluvial sequences 

· Compilation of a database of well-dated Late Cenozoic fluvial sequences from all parts of the World. 

· Designation of the best of these as regional fluvial stratotypes, with which less well-dated sequences, partial sequences and sequences from other environments can be compared.

· Correlation of fluvial sequences with the global marine record, by whatever means possible and with emphasis on a multi-proxy approach.

· Dissemination of this information by publication in monographs, journals and on WWW as well as through meetings to be held both as part of the proposed project and more widely.

SCOPE AND RATIONALE

Fluvial archives benefit from a global distribution, being represented on all continents and across all climatic zones, with the exception of the polar regions and the driest deserts. Although the majority of readily accessible reported studies are from the temperate latitudes of Eurasia and North America, it is clear that comparable data can be obtained from further afield: e.g. China, South America and Africa.  While it is clearly impractical to include studies of every river, an essential element of this project will be to integrate representative information from the full geographical range.

Spatial Scales

The project starts with the knowledge that an ample but at present poorly coordinated supply of data exists from the temperate latitudes of Eurasia, where the normal river development during the late Cenozoic has been to form staircases of terrace deposits (except in areas of subsidence). These staircases have been formed in response to climatic forcing, which has led to cyclic incision and aggradation in synchrony with glacial/interglacial cycles, superimposed upon a background of progressive uplift (Bridgland, 1994, in press; Maddy, 1997b) .  In areas that have not experienced uplift, the climatic signal is still reflected by alternations of deposition and erosion (e.g. Vandenberghe, 1995), but rejuvenation and valley incision has not occurred (e.g. the lower Rhine).  

Because of the wealth of data from NW Europe, this area will form the starting point and provide the initial focus for Phase 1 of the project, from which it is intended to expand, by collecting comparative data, into other regions.  Work will begin at the outset of the project in all regions, but it is anticipated that data from NW Europe can be ready for incorporation into the project the most quickly, hence its choice for Phase 1.  Next, in Phase 2 of the project, focus will be concentrated on the adjacent regions of eastern Europe, southern Europe, North America, North Africa and the Near East. The more distant regions of the Middle East, Asia, Australasia, sub-Saharan Africa and South America will be targeted for the third phase of the project. The final phase (4) of the project will identify remaining data vacuum areas and develop strategies for future investigation of these.  The eventual scope of the project will be global in the sense that it seeks to compare data from river systems with significant sedimentary records distributed across the globe.  The geographical coverage of the phased project is depicted in Figure 1.

The above-mentioned 4 phases are recognized as part of the rationale for coordination of the project and are reflected in the sequence of meetings envisaged (see Work Plan).  It must be emphasized that they do not mean that participants from regions identified for consideration during Phases 2 and 3 would start work after those in the Phase1 area.  Indeed, the sequence recognizes that more work may well be required to compile data from these areas in a form suitable for inclusion in the project, so that workers in these areas will have more time from the start-date of the project to compile and prepare their data for input.

Temporal Scales

The main emphasis will be on the past 1Ma.  This is because the vast majority of the well-preserved fluvial sequences and much of the available dating evidence fall within that time-scale.  That is also the period during which rivers in many parts of the World can be seen to have been responding to the 100Ka eccentricity cycles, which only became dominant at about 800Ka (Ruddiman et al., 1986).  Although it will be necessary to focus correlation within this narrow temporal band, there seems good reason to consider the full range of preserved fluviatile deposits in systems belonging to extant rivers, in some parts of the World can be traced back into the late Tertiary. The proposed project will concentrate on basin-scale events with relatively low temporal resolution (103 - 105 years).

BACKGROUND - THE NATURE OF THE DATABANK

Staircases of large-scale aggradational river terraces are a notable feature of many valleys in the temperate latitudes, particularly in areas beyond the reach of the erosive activities of Pleistocene ice sheets.  The reconstruction of longitudinal profiles represents the main tool for correlation of often very fragmentary former floodplain remnants.  Correlation can be additionally undertaken using sediment composition (e.g. clast lithologies, mineralogy, erratic input), biostratigraphy and geochronology (see below).

It is now recognized that the cyclic fluctuations of climate during the Quaternary have driven the generation of terraces, through the direct and indirect influence of both temperature and precipitation on fluviatile activity (Bull, 1991; Bridgland, 1994, in press). Climatic forcing alone is insufficient to cause terraces to form, however; uplift is also necessary, so that terrace sequences can provide a useful record of crustal movement.  If river terraces can be dated, they can provide a means of gauging landscape change, since they record successive valley-floor levels.  Terrace sequences can thus provide a framework for modelling fluvial incision as a part of landscape evolution (Maddy, 1997b).  It is thought that incision is a direct response to crustal uplift and therefore provides an approximate measure of the amount of uplift (Van den Berg, 1994, 1996).  Evidence from deformed fluvial sequences of the Mahi River, India, has provided a record of fault movement in a tectonically active area.  Such studies are of clear value to geophysical research.

However, not all fluvial deposits underlie terraces (NB a distinction should be made between the terrace landform and its underlying sediment).  In subsiding sedimentary basins, grabens, aulacogens and in many continental shelf areas, thick piles of river sediments have accumulated during the Cenozoic.  Study of these has not always been easy, generally relying on boreholes and geophysical techniques to determine the geometry and nature of buried and sometimes submerged sequences and channels (e.g.  Ruegg, 1994; Yim, 1994; Bridgland & D'Olier, 1995; Alekseev et al., 1997; Veligrakis et al., 1999).

PRESENT STATE OF KNOWLEDGE

Baseline data is summarized in Table 1.  Key elements only will be highlighted here, with a commentary on the potential for innovative results arising from the project.

Phase 1 area

NW Europe: numerous extensive fluviatile records are known (Table 1), mainly in the form of terrace staircases.  There are important buried sequences in the Lower Rhine and North Sea basins and terrace systems extend out onto the continental shelf of the North Sea and English Channel.  Much work needs to be done on inter-correlation within this area, where there is a long history of research by geologists, geographers and archaeologists on fluviatile records.  

Phase 2 areas

E. Europe: numerous records are known to exist, especially from the Czech Republic, Russia, the various countries on the Danube and from other Black Sea Rivers.  Much of the published work is in German, Russian and/or other languages.  An important aim of the project is to disseminate details of the important sequences in this area to a wider audience.

Key sequences already well known include that from the  Svratka River near Brno, presented in the seminal work of Kukla (1975, 1977). The Prut, Dniepr and Dniestr Rivers, all flowing into the Black Sea, have important sequences within which evidence related to sea-level change is included (Table 1).

S. Europe: Extensive terrace systems are documented from Iberia, where they are repositories for faunal and archaeological remains (Table 1).  Much of the published work is in languages other than English. Again, the project will lead to the wider dissemination of this data.

N. Africa: Terrace sequences are known from the Nile and other rivers. Much published work from this area is in French.

North America: The terraces of the Mississippi system are well known (e.g. Blum, in press).  Rivers on the eastern seaboard have extensive Cenozoic sequences, some extending back into the late Mesozoic (Pazzaglia and Gardner, 1994). Recent work is also available on rivers in N. California (Merritts et al., 1994).  Research on long fluvial sequences is generally more poorly developed than in Europe (Table 1).

Phase 3 areas

Middle East (Israel, Mesopotamia): A highlight in this area is that Tyracek (1987) has recorded a full staircase of terraces, suggestive of climatically-driven formation at a Milankovitch scale, in the Euphrates River (Iraq).

Asia: China is known to have some of the most extensive fluviatile sequences in the World, often with thick loessic overburden that has been studied extensively (Li, 1991; Porter et al., 1992).  The Yellow River has formed over 20 terraces in response to uplift of the Tibetan Plateau by over 1km.  In India, Middle Pleistocene alluvial deposits of the Pravara River, now between 2 and 15m above the river, have yielded Acheulian (Lower Palaeolithic) artefacts.  They represent one of the most important prehistoric archaeological sites in India (Kale and Rajaguru, 1987; Mishra, 1991, 1994). The range of heights is suggestive of multiple terraces, but pre-Late Pleistocene Quaternary stratigraphy in India is inconclusive as yet.  Comparison with better-dated records in other parts of the World, to be facilitated by the proposed project, may lead to significant advances. 

Far East: An extensive terrace staircase, seemingly formed in synchrony with climatic fluctuation at the Milankovitch scale, is recorded from the Usui River in Japan (Sugai, 1993).  In Korea, significant Quaternary terrace records are known from the Han, Nakdong, Keum, Youngan and Sumjn Rivers (Table1).  

Australasia: Although Australia is not a landscape dominated by fluvial environments, some rivers in the SE are known to have terrace sequences (Table 1).  Rivers flowing into inland playa basins have also provided important records for environmental change. An example is the Cooper, which has left a sedimentary sequence representing the last two full climatic cycles, with important preservation of extinct megafaunal remains (Nanson et al., 1999).  The Charwell River in New Zealand has well documented terrace systems covering Pleistocene time-scales (Bull, 1991).  

Sub-Saharan Africa: Large rivers such as the Vaal - Orange have terrace systems.  The long-term stability of the African landcape has led to the preservation of sequences that extend back into the early Neogene (Table 1).  The terraces of the Sundays River, eastern South Africa have provided important evidence of uplift history extending back over a comparable time scale (Hattingh and Rust, 1999).  In Rwanda, fluvial sequences have yielded important evidence for palaeohydrological evolution and the influence on drainage of volcanic eruptions (Schmidt and Neuffer, 1995).  The sequence in the Mukungwa valley, Rwanda, includes sediments yielding faunal and archaeological remains (Schmidt, 1996).

South America: Significant sequences are known from the Parana and the Uraguay rivers of Argentina and the Magdalena/La Plata in Colombia (Table 1). An important objective of this project will be to ensure that the information available from South America becomes more widely known.

METHODOLOGY

Enhanced dating of fluviatile sequences in recent years makes the proposed project extremely timely, as this will be of considerable assistance in the correlation process. Important recent advances in this respect are: 

· Improved understanding of biostratigraphy, especially using animal fossils, the primary basis for relative dating;

· Application of absolute dating techniques, as well as calibrated relative methods such as amino acid geochronology;

· Recognition of critical stratigraphic markers provided by magnetic reversals, glaciations, marine transgressions, volcanic eruptions, etc. ;

· Regionally, within parts of the 'old world', anthropogenic artefact assemblages provide a means of relative dating ;

· At least regionally, the progressive valley incision recorded by terrace formation can, provided that the causative uplift can be modelled, provide a broad guide to age. 

These advances, together with more traditional field-based methods, allow the formulation of a widely accepted and generally applicable methodological framework for the investigation of fluvial sequences. The rich and comprehensive archive represented by the fluvial record requires a multidisciplinary approach to investigation.  This will involve field study by a team of specialists with expertise in geomorphology, stratigraphy, sedimentology, palaeontology, archaeology and geochronology.  

Lithostratigraphy

Fundamental to the utilization of fluvial archives is the establishment of a secure lithostratigraphical framework within which the additional palaeoenvironmental and palaeoclimatic data can be placed. Formal lithostratigraphy (cf Hedberg, 1976) has been seldom undertaken in the case of river terraces except in the UK and North America, workers elsewhere preferring informal geomorphology-based nomenclature.  An alternative would be to use allostratigraphic units (North American Commission on Stratigraphic Nomenclature NACSN, 1983), which were specifically designed to overcome the difficulties in applying formal lithostratigraphical nomenclature. Effectively, however, it will be both necessary and desirable to make use of nomenclature already well established and this will be the normal policy, unless problems are encountered.

River-laid sediments may contain fossils, which can be useful for biostratigraphy, and datable materials (organic for radiocarbon age estimation, bone, travertine and other calcareous precipitates for U-Series methods, teeth for Electron Spin Resonance methods and ample quartz- and feldspar-rich sediments for luminescence methods), which can be used to establish an independent geochronology. 

In the temperate latitudes a high proportion of the deposits representing the Pleistocene interglacials are found within fluvial contexts, usually where sporadic lenses of warm-climate sediment have survived within primarily periglacial fluviatile sequences.  These form the basis for biostratigtraphical studies from river sequences.

Biostratigraphy

This is a traditional and well-tried method for establishing relative chronologies for fluviatile sequences.  Applicable only where fossiliferous sediments have been preserved, the method has proved useful in many parts of the World.  The best fossil groups are those that can be identified readily to species level and those that have undergone significant evolutionary change within the late Cenozoic.  Others may provide valuable palaeoenvironmental data that can be fed into climato-stratigraphic reconstructions.  Expertise is available in academic departments and museums, the latter often holding significant archives of faunal material collected over many decades.  The most important groups are as follows (with details of availability within the project):

Vertebrates   (contributor list 1): These include land animals as well as fish and other aquatic vertebrates.  Recent work suggests that mammalian fossils offer the most powerful tool for correlation of fluvial sequences with the global marine record of glacials and interglacials (Schreve, 1997; Bridgland and Schreve, in press).  The bones and teeth of large mammals are commonly found in fluviatile deposits, probably because animal carcasses often find their way into rivers.

Vertebrate remains from river deposits sometimes include hominid fossils, such as at Swanscombe, UK, in the Thames sequence (Conway et al., 1996), and Steinheim, Germany, within sediments of the River Murr (Adam et al., 1995).  Mammals are especially valuable as they have undergone considerable evolution and numerous extinctions during the Neogene and Quaternary (Horacek, 1990).  Small mammals and other small vertebrates are readily obtained from systematically collected samples by sieving (Rabeder, 1974, 1981; Fejfar & Heinrich, 1983). 

Molluscs  (contributor list 2): With terrestrial, freshwater, brackish and marine representatives, molluscs can record nearby land habitats as well as, in the lower reaches of rivers, the transition to the marine environment.  Thus they allow sea-level changes at the downstream ends of river courses to be detected (Markova and Mihailescu, 1994).  The Mollusca supply important biostratigraphical and palaeoenvironmental information (Lozek, 1964a, 1964b; Horacek & Lozek, 1988; Keen, 1990; Kovanda et al., 1995; Preece, 1995, 1999) and, in recent years, have provided the raw material for the powerful geochronological method based on the epimerization of amino acids within mollusc shells (Miller et al., 1979; Bowen et al., 1986; Bates, 1994).  Molluscs are also extremely important cimato-stratigraphical tools, since they provide reliable evidence for palaeoclimate and palaeoenvironmental conditions.  

An example of valuable biostratigraphical constraints provided by the study of molluscs is the occurrence of Corbicula fluminalis in British fluvial sequences, in which this bivalve occurs in deposits attributed to the OIS 11, 9 and 7 interglacials, but was absent during the last interglacial (Keen, 1990; Bridgland, 1994; Preece, 1995, 1999).  

Palaeobotany  (contributor list 3): This includes the study of pollen and spores, as well as macroscopic plant remains.  Pollen, recognized as the most widespread source of environmental and stratigraphical evidence since the study of the Pleistocene interglacials began (Pike and Godwin, 1953; West, 1956; Zagwijn, 1985), is often present in organic fluviatile sediments, such as those representing infilled oxbow lakes.  However, these seldom record a large proportion of the time represented by any particular interglacial, in contrast to sequences filling kettle hole lakes in glaciated areas, which have provided the most complete palynological records of such episodes (Mangerud, 1991).  Pollen sequences are particularly important because, even where a relatively brief period is represented, they can reveal where in the climatic (glacial-interglacial-glacial) cycle a sediment was laid down. Certain gross characteristics of interglacial pollen records may be of value for distinguishing between particular temperate-climate episodes (Tzedakis and Bennett, 1996; Tzedakis et al., 1997).

Macroscopic plant fossils provide valuable additional information, as they allow higher taxonomic resolution than is generally available from palynological data.  Species that are poor pollen producers can also be represented. However, it is less easy to undertake quantifiable studies and much less work has been carried out on macrofossils than on pollen.

Ostracods : These provide important palaeoenvironmental information, particularly in relation to marine influences at the downstream ends of rivers.  However, they are of limited value for biostratigraphy.  If significant ostracod assemblages are encountered there are numerous specialists to whom they can be referred.

Beetles : Beetles have proved to be perhaps the most sensitive of the fossil groups for the reconstruction of palaeoclimate.  The Mutual Climatic Range Method can provide limits of palaeotemperature based on coleopteran assemblages (Atkinson et al., 1987).  This method is of obvious importance to climato-stratigraphy, but the biostratigaphical value of Coleoptera is equivocal, given the minimal evolution shown by the group during the late Cenozoic.

Geochronology

Geochronology is crucial for dating fluvial sequences and will be applied where opportunities present themselves.  Geochronological methods have been applied widely in Europe and North America, but less extensively elsewhere.  The project will be a catalyst for this type of new research undertaking, which will be promoted where potential for dating has yet to be realized.

Geochronological techniques are available in a number of the institutions committed to the project, as follows:

Palaeomagnetism (contributor list 4): This method is valuable in providing isochrons (fixed points within sequences).  Location of the Matuyama-Bruhnes reversal is particularly valuable as a marker for the base of the Middle Pleistocene (780,000Ka).  This marker is an important element in the dating of the Somme (Antoine, 1994) and Alpine  (Fink et al., 1979) terraces sequences.

Amino acid geochronology (contributor list 5): This has proved to be one of the most effective geochronological techniques for application to fluviatile sequences in north-west Europe, although its potential has yet to be realized elsewhere. The method is applicable in temperate latitudes over the last 0.5Ma although higher epimerization rates in warmer climates will reduce this range. Recently the development of new preparation techniques has greatly enhanced the reliability of this method and these methods will be used during this project (Stathopolos and Hare, 1993; Sykes et al.,1995). 

This AAG method has proved effective in the Thames, UK (Miller et al., 1979; Bowen et al., 1989, 1995; Bridgland, 1994), in the Severn-Avon, UK (Maddy et al., 1991) and in the Somme, France (Bates, 1994).  This is a method that can be applied to any fluviatile sequence in which molluscan fossils are commonly preserved, the shells providing the raw material for dating.  There is thus great potential for applying the method to the Wipper terraces in East Germany (Mania, 1995), to the fossiliferous sequences of the Black Sea rivers in Moldova and Ukraine, and to many other areas.

Luminescence dating  (contributor list 6): Luminscence methods, in particular IRSL (infrared stimulated luminescence) and GLSL (green light stimulated luminescence), applied to grains of quartz and feldspar, perhaps present the most exciting possibilities for the dating of fluvial sequences. Systematic dating of fluvial sequences using IRSL (infrared stimulated luminescence) and GLSL (green light stimulated luminescence)  has been shown to produce well constrained chronologies for sites unsuitable for dating by other techniques.  These methods are applicable to sediments within the age range up to 200ka; e.g. Perkins and Rhodes (1994) dated fluvial deposits to beyond 100ka using coarse grained, fluvially deposited sands at Tattershall, Lincolnshire.  This project will utilise some of the latest developments in this field (Duller, 1994; 1995).  Thermoluminesence (TL) and optically stimulated luminescence (OSL) methods have also been applied to loess overlying river terrace deposits.  For example, OSL has been used to date Pleistocene sediments of fluvial and aeolian origin in the valley of the River Luni, India (Jain et al., 1999).

Uranium Series Dating (contributor list 7): This method requires uranium‑bearing deposits within closed systems in which the radiometric material is neither gained nor lost after deposition.  The most effective applications to date have been on speleothems and other calcareous precipitates.  The method is well suited to dating travertines within fluvial sequences, such as those in East Germany. It may also be possible method to date intraformational peat layers. 

Potassium-Argon  (40K /40Ar and  40Ar/39Ar) Dating (contributor list 8): The K-Ar dating technique has been widely applied for the dating of igneous rocks with recent developments particularly in 40Ar/39Ar dating allowing the possible dating of Quaternary materials with relatively high temporal resolution (Richards and Smart, 1991). In many areas fluvial sediments are intercalated with tephras and lava flows etc., allowing the possibility of utilizing these techniques to constrain the ages of fluvial sequences. 

Cosmogenic Isotopes (contributor list 9): Cosmogenic isotope (Al26, Cl36 and Be10) dating is the most recent method to be added to our battery of dating techniques and is based upon the modelling of cosmogenic isotope uptake on newly exposed rock/boulder surfaces. Although do date there have been relatively few studies using this technique (e.g. the Indus: Burbank et al., 1996), they have considerable potential, especially for use in sequences that include strath (erosional) terraces and significant gorges cut into bedrock.

Archaeology (contributor list 10)

In north-west Europe, where some of the best-known studies of river terrace sequences have been carried out, the fluviatile deposits are also an important repository for Palaeolithic artefacts, from which a record of early human occupation can be reconstructed (much more readily than from rare occurrences of hominid fossils).  Indeed, in Britain and on the European continent, river terrace deposits have provided the bulk of the artifactual evidence for the presence of Lower Palaeolithic hunter-gatherers (Wymer, 1968, 1988; Roebroeks and van Kolfshoten, 1995).  

Presumably this is also true of fluvial sequences in the Near East, Middle East, parts of Asia and Africa, although the records are distinctly patchy.  The records of Lower Palaeolithic artefacts from the sediments of the Pravara River in India and the Mukungwa River in Rwanda have already been cited.  Artefact discoveries from fluvial sequences in southern Africa record the activities of early humans in that area during and since the Early Pleistocene, perhaps even the late Tertiary (Butzer et al., 1973; Helgren, 1978, 1979; Beaumont and Morris, 1990).  Some of the evidence for the earliest known phases of human history also comes from fluvial sequences within the project brief, within the infill of the Turkana and Baringo Basins of the East African rift systems (Feibel et al., 1999).

Correlation with regional and global frameworks.

In many parts of the world, particularly the mid-latitudes of the Northern Hemisphere, detailed stratigraphical sequences are recognized on the basis of the interpretation of glaciogenic and lacustrine sedimentary archives that have been independently dated and correlated. Indeed many of these archives have been the subject of previous IGCP programmes. These archives provide the basic elements of regional stratigraphy to which the stratigraphy of fluvial basins can be added. Indeed, in many areas the fundamental building blocks of Quaternary stratigraphy are rooted in the interpretation of fluvial sequences. Where the potential of fluvial archives is yet to be realised, great opportunities exist for the foundation of well-dated regional stratigraphical models.

A key aim of the project is to cross-correlate fluvial sequences by correlating the record from each river system with the oceanic oxygen isotope record.  This will be achieved using all available data.  This will principally constitute applying biostratigraphical and geochronological evidence using the established lithostratigraphy as a framework (see above).   Thus by building on regional models, established early on, it should be possible to progress towards the main objective of this project: the global correlation of fluvial sequences. This correlation can only be achieved with reference to a truly global framework. The only presently recognized global signal is the oxygen isotope (18O) signal from the deep oceans. This signal, recognizable in all the worlds major oceans, has been calibrated using a limited number of age control points and astronomical tuning to precisely calculated orbital frequencies, to provide a global temporal framework for the whole of the period under study in this project (Shackleton et al., 1990). Establishing correlation between fluvial units and 18O stages can be achieved through a variety of means including: absolute/relative dating, inferred sea-level change effects (downstream reaches only), major continental glaciation of basins, palaeoclimatic sequence reconstruction, etc. 

OUTPUT AND DISSEMINATION OF RESULTS
The compiled information will be entered into a database, the precise form of which will be determined early in the project.  It will contain base-line information such as sediment types, height of sedimentary units above sea-level, downstream gradient, relation to adjacent non-fluviatile deposits, palaeontological data, archaeological content, fossil soils and any dating evidence.  It is anticipated that summary tables, idealized transverse sections through terrace staircases and long-profile diagrams will form part of the database.

It is anticipated that the dissemination process will include the placing of all or part of the database on the internet.  Publication of results in scientific journals and books is an important objective. This will place research already undertaken before a wider audience, since it will be available in English.  It will also include novel correlation information directly resultant from the project.

It is likely that the meetings organized a part of the project will themselves lead to publication of edited volumes or special issues of journals.  This has been the pattern already established by meetings of the Fluvial Archive Group (Maddy et al., in press) and negotiations with Quaternary Science Reviews have already revealed an interest in a special issue that might result from the proposed project.

WIDER CONTEXT 

No previous project has attempted global correlation of the sedimentary records provided by the World's rivers. Several regionally based IGCP projects have paid considerable attention to such deposits, however, and the results of these will feed into the proposed project.  Examples are IGCP 73/1/24 (Quaternary Glaciations of the Northern Hemisphere), IGCP 378 (Circumalpine Quaternary correlations) and IGCP 396 (Continental Shelves in the Quaternary).  There may also be some minor overlap with IGCP 415 (Glaciation and Reorganisation of Asia's Drainage) and discussions concerning how the proposed project would interact with this existing programme have already taken place with Prof. Teller, its coordinator.

This proposed project forms an integral part of the activities of the FLuvial Archives Group (FLAG), through which outputs from this project will feed directly into closely allied research initiatives linked to IGBP Pages and the GLOCOPH Commission of INQUA.

EXCHANGE OF SCIENCE

Expertise on the study of fluvial sequences and on related areas of research that feed into the project, such as geochronological methodology, will be disseminated, by means of the project, to areas where it is at present lacking.  This will be carried out by means of participation in working groups and by holding workshops on key methodological topics at project meetings.  It is hoped that the project will also serve to encourage exchange visits between participants and other scientific links.

BENEFIT TO SOCIETY

In addition to furthering academic research and promoting the exchange of ideas and scientific methods (see above), a number of aspects of the project will be of potential value to society.  These range from provision of enhanced information on river activity, of value to water authorities and river management bodies, to benefits to companies engaged in wealth creating enterprises such as mineral extraction from fluvial sediments.  Some of these will be identified under subheadings, below.

Environmental change

The Late Cenozoic records to be researched and collected during the course of the proposed project will provide a database of environmental change during the Late Cenozoic and, especially, the Quaternary.  This has been a period of fluctuating climate, which has resulted in considerable environmental instability.  There is increasing evidence that human activities are causing atmospheric changes that may lead to future climatic change over a very brief timescale, in geological terms. The proposed study will provide useful data on past changes that will help scientists to make accurate predictions about the future.

River management and water supply

The database of fluvial sedimentary records will represent an archive of river activity and its relation to forcing factors such as climate, vegetation and tectonic activity.  Some of the higher-resolution studies, in particular, will provide detailed information on the extent and rapidity of changes in the river environment and of fluvial activity.  These will be of value to those responsible for managing the World's rivers, or for providing advice for those living in close proximity to rivers, many of whom will depend on the river for their livelihood.  Closely related to living in harmony with rivers is their use for water supply, for drinking, for industry and for crop irrigation.  Those managing water extraction from rivers again require the best possible knowledge and understanding of river activity, knowledge that the proposed project will enhance.  In general, it is clear that a better understanding of what rivers have done in the past will lead to more informed prediction of what they might do in the future.

The commercial value of river sediments 

The mineral extraction industry exploits river deposits in many parts of the World.  This exploitation ranges from low value bulk extraction of sand and gravel by the aggregate industry to the procuring of high value secondary (placer) minerals from fluvial sediments.  Data on the distribution of fluvial deposits, their classification by type, age and origin and a better understanding of their emplacement, all of which will be delivered by the proposed project, will be of value to those exploiting such deposits commercially.

Aggregates: These are highly bulky and expensive to transport, so must generally be obtained locally.  In many already developed areas the supply of aggregates is becoming exhausted and alternatives, such as crushed rock, are increasingly used.  Data from the project will represent optimal information on the reserves of fluviatile aggregate available for extraction, as well as on the varying quality of the material, which relates to its genesis.  Alternatives to floodplain and river terrace sources, such as offshore aggregates that can be extracted by dredging (e.g. Yim, 1994), may also be covered by the project if they are of fluvial origin. 

Placer deposits: These can be of very high value, such as the diamonds that are extracted from the late Cenozoic sediments of the Vaal-Orange River in South Africa, which have been secondarily derived from the erosion of kimberlite pipes (Helgren, 1979; De Wit et al., 1997). A substantial proportion of South Africa's wealth generation comes from the diamond industry, of which alluvial diamonds represent a significant part.  Placer deposits are also important in other parts of the World and in pre-Cenozoic fluvial deposits.  Gold and tin are both commonly found as placers.  As already stated, data from the project will provide enhanced knowledge of the distribution and quality of late Cenozoic alluvial sediments, which are potential sources of placer minerals, while the improved knowledge of Cenozoic fluvial activity will assist the interpretation and understanding of earlier alluvial sediments.

Other valuable sediments from fluvial sequences: Sediments of non-fluviatile origin that occur in association with alluvial deposits are sometimes of commercial value.  These include, amongst others, valley bottom peats, loessic material overlying fluvial gravels (of use for brick-making and as a supply of 'loam') and travertine (a source of lime).  

In some cases the alluvial sediments themselves have special qualities and are more valuable than sand or aggregate for building.  High silica sands are required for glass-making and other industries, whereas other sands may be suitable for use in filter systems.  Again, data on distribution and quality of fluvial sediments will assist in these commercial interests.
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