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from around the World that was initiated as part of IGCP 449.  In so doing it will 
highlight the key applications identified in the title: (1) the palaeoenvironmental 
(including biostratigraphical) evidence available from fluvial sequences, which is 
often critical for dating and/or correlation with the global marine record, and (2) the 
information that fluvial sequences, particularly river terraces, provide about Late 
Cenozoic landscape evolution.  The full value of the second of these came to light 
during the original project, as patterns of differently disposed deposits became 
apparent, related to different crustal types and different patterns of uplift.   

Output will be by publication, building on the stream of special issues initiated under 
IGCP 449, and by continuing to build the internet database of fluvial sequences 
established under the initial project. 
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INTRODUCTION 
 
IGCP 449 (Global Correlation of Late Cenozoic fluvial deposits) instigated the compilation of 
fluvial records from all over the World, engaging countries as widely separated as Australia, 
Brazil, Canada, India, Morocco, Russia, South Africa and Turkey.  It was always known, 
however, that the project would be building upon an already-well-researched body of European 
data, and so it proved.  To this European resource has been added significant quantities of data 
from pre-existing research in the former Soviet Block, now made accessible in English-
language publications for the first time (Appendices A, C, D & F).  Research on fluvial 
sequences elsewhere in the World remains rather patchy, a situation that, perhaps surprisingly, 
pertains in North as well as South America.  There are important records from the Middle East 
and from India and China, but a large part of the tropical and equatorial zones remains poorly 
represented.   
 
The follow-up project will seek to continue the task of data collection initiated by Project 449, 
to extend the coverage to new countries and river systems, and to continue the compilation of 
the internet database started under the initial project.  At the same time, it will develop specific 
themes that were found, during the initial project, to be innovative and of potential importance 
to various branches of the Earth Sciences, as will be explained below.  The rationale for the 
follow-up project is thus broadly similar to that of Project 449, although its title reflects the 
themes it plans to develop, beyond the overarching task of correlation.   
 
Within their geomorphological and sedimentary records, rivers provide valuable archives of 
global change. Specifically, the sedimentary records left by rivers represent considerable 
databanks of palaeoclimatic and palaeoenvironmental information, as demonstrated by the data 
amassed as part of the IGCP 449 programme.  In particular, fluvial archives are repositories for 
fossils and archaeological material, which provide important evidence about biotic evolution 
and early human occupation, respectively, as well as being of value for biostratigraphical and 
relative dating.  Subthemes within the initial project, devoted to these interests and reporting 
separately, will be continued within the follow-up project.  These lines of evidence contribute 
to the general palaeo-environmental interpretation of fluvial sequences, which also benefits 
from sedimentological and other palaeoclimatic evidence (e.g. periglacial structure; soil-
formation evidence).   
 
The physical disposition of fluvial sequences, be it as fragmented terrace remnants or as 
stacked basin-fills, provides valuable information about crustal evolution.  Although that was 
already known prior to the start of IGCP 449, the discovery of different preservational patterns 
of fluvial records in different types of crust - ancient crust (Archaean or older) as opposed to 
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post-Archaean crust - has been an important unforeseen result of the initial project (Westaway 
et al., 2003a; Bridgland & Westaway, in press) and contributes to the modified rationale for the 
follow-up project. 
 
The substantial progress that has been made in recent decades in the description and 
interpretation of late Cenozoic and, especially, Quaternary fluvial sequences has thus been 
further advanced by the activities of IGCP 449.  This research has involved a wide and 
growing range of disciplines, including geomorphology, sedimentology, palaeontology, 
archaeology and mathematical modelling.    The latter project benefitted from a close 
relationship with the pre-existing Fluvial Archive Group (FLAG), a research group that was 
established in 1996 under the auspices of the British Quaternary Research Association.  This 
relationship included representation of IGCP 449 within biennial FLAG conferences during 
2002, 2002 and 2004, and in the resultant conference proceedings publications (Appendices A 
& C). 
 
The original project was 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, particularly in relation to the globally valid oxygen 
isotope record from oceanic sediments (cf. Shackleton & Opdyke, 1973; Bassinot et al., 1994).  
Since river sequences can be used to link the oceanic record into the interiors of continents, 
fluvial archives provide potential frameworks for continental studies – a major thrust of IGCP 
449.  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).  Project 449 has made 
significant advances towards the goal of correlating Late Cenozoic terrestrial and oceanic 
records, by using the globally valid marine record as a template for correlation and comparison 
between fluvial sequences in different parts of the World (Bridgland et al., 2004a).  In the 
future project the expanding record from ice cores (Augustin et al., 2004) may become 
increasingly important as a potential palaeo-environmental template.  As ever, a combination 
of relative and absolute dating of the fluvial record will be required to relate it to the 
template(s). 
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AIMS AND OBJECTIVES 
 
The new project aims to continue the compilation and dissemination of data on long fluviatile 
sequences that started under IGCP 449.  Such sequences are of major significance in that 
potentially they can provide frameworks for Cenozoic sequences on land.  IGCP 449 has 
instigated the first systematic collection of data on Late Cenozoic fluvial sequences from 
around the World and has made it available in a readily accessible format, by publications and 
on the growing internet database.  In the new project emphasis will continue to be given to 
assembling data in a readily digestible format, with use of summary diagrams and tables. 
 
Specific objectives: 
 
♦ Completion of the internet database of well-dated Late Cenozoic fluvial sequences from 

all parts of the World.  

♦ Determining the optimum way of designing and compiling this database, so that it is 
readily assembled and supplemented and is accessible to search engines. 

♦ The database will eventually include the most important fluvial archives, some 
designated as regional fluvial stratotypes, with which less well-dated sequences, partial 
sequences and sequences from other environments can be compared. 

♦ The project will promote the use of the fluvial data resource in the evaluation of 
evidence for palaeoclimate, in connection with dating and stratigraphical data. 

♦ The project will promote the use of the fluvial data resource in the evaluation of 
implications for landscape evolution, relating incision and base-level changes, variations 
in valley width and other features to stratigraphy and other evidence of age. 

♦ The project will promote the correlation of fluvial sequences with the global marine 
record, by whatever means possible and with emphasis on a multi-proxy approach. 

♦ Further dissemination of this information will be by publication in journals and books, 
as well as through meetings to be held both as part of the proposed project and more 
widely. 
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BACKGROUND - THE NATURE OF THE DATABANK 
 
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.  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.  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, 2000; Starkel, 2003; 
Vandenberghe, 2003). Climatic forcing alone is insufficient to cause terraces to form, however; 
surface uplift is also necessary, so that terrace sequences can also 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, as well as course diversions 
and changes in valley width.  Terrace sequences can thus provide a framework for modelling 
fluvial incision as a part of landscape evolution (Maddy, 1997; Maddy et al., 2000; Westaway 
et al., 2002).  Fluvial incision is believed to be a direct response to surface uplift and can 
therefore provide a measure of the amount of this uplift (Van den Berg, 1994, 1996).   
 
Not all fluvial deposits underlie terraces, however (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; Alekseev & 
Drouchits, 2004; Veligrakis et al., 1999; Bridgland, 2001; Patyk-Kara and Postolenko, 2004).  
 
 
Spatial Scales 
 
Project 449 started with the knowledge that there existed an ample but poorly coordinated 
supply of data from the temperate latitudes of Eurasia, where the normal river development 
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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, 2000; Maddy, 1997; Westaway et 
al., 2002; Starkel, 2003).  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; Brunnacker et al., 1982).  Similarly, 
the sequences beneath the southern Gangetic plains in India consist of discontinuity-bounded 
units that reflect alternate floodplain aggradation and degradation (Sinha et al., 2002; Gibling 
et al. in press; Tandon et al., in press; Sinha et al., in press).  
 
Because of the wealth of data from NW Europe, this area formed the starting point for IGCP 
449 and the project subsequently extended, by collecting comparative data, into other regions.  
Data from outside this core area was thus added, notably from central & 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, which were 
targeted for later phases of the project, have been covered in part, although data remains patchy 
(see below).  The gaps in coverage will be particular targets for the follow-up project (see 
Work Plan).   
 
Temporal Scales 
 
The main emphasis of the initial project (IGCP 449) was the past 1Ma.  This was because the 
vast majority of the well-preserved fluvial sequences and much of the available dating 
evidence fall within that timescale.  That is also the period during which rivers in many parts 
of the World can be seen to have been responding to the 100 ka eccentricity cycles, which 
became dominant at about 800 ka (Ruddiman et al., 1986).  One of the findings to emerge as 
the IGCP 449 database accumulated was that patterns of fluvial sediment preservation, 
particularly as terraces, indicate changes in fluvial incision and valley form over time.  These 
can be shown to relate to periods of faster uplift at different times during the Late Cenozoic, 
their timing perhaps coupled to Earth surface systems (Van den Berg, 1996; Westaway, 2001, 
2002a, b, c).  These temporal variations in fluvial activity, which have had a profound effect on 
landscape evolution, are superimposed on differences in response in relation to different crustal 
types (Westaway et al., 2003a).  To examine these patterns further, the new project will seek 
out the rarer records from earlier parts of the Late Cenozoic as well as adding further examples 
of the more recent Quaternary sequences from areas of the World in which these are as yet 
unknown. 
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OVERARCHING RATIONALE 
 
It is recognized that the new project needs to engage scientists in areas poorly represented 
within Project 449, while at the same time continuing to involve those who contributed to the 
initial project.  The best way to ensure the latter is to provide new aims, namely the 
investigation of landscape and climatic evolution as recorded in the fluvial sequences already 
documented. 
 
 
METHODOLOGY 
 
The recent development of enhanced dating techniques applicable to fluvial sequences made 
the initial project, IGCP 449, extremely timely, as these have been of considerable assistance 
in the correlation process. Important advances in this respect have been:  
 
♦ Improved understanding of biostratigraphy, especially using animal fossils, the primary 

basis for relative dating; 

♦ Application of enhanced absolute dating techniques, notably luminescence 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., which can often be linked 
with geochronological studies (e.g. dating of interbedded lavas using potassium – argon 
or argon – argon methods); 

♦ 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 
provide a broad guide to age.   The improved interpretation now possible for this type of 
record has led to enhanced understanding of landscape evolution, with significant 
advances made during the course of IGCP 449, directly as a result of the accumulating 
data archive (see Westaway et al., 2003a; see also below, p. 14). 

 
Together with more traditional field-based methods, the above advances have allowed the 
formulation of a multidisciplinary methodological framework for the investigation of fluvial 
sequences, involving teams of specialists with expertise in geomorphology, stratigraphy, 
sedimentology, palaeontology, archaeology and geochronology.  The cumulative results can be 
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seen in the IGCP 449 internet database: 
http://www.geography.dur.ac.uk/research/igcp_449/igcp_449.html 
(see below, p. 15) 
 
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 seldom 
been undertaken in the case of river terraces except in the UK and North America, workers 
elsewhere preferring informal geomorphology-based nomenclature.  It is clearly desirable to 
make use of nomenclature that is already well established; this is and will continue to be the 
normal policy. 
 
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.  Details of availability are given in Table 1.  The most important 
groups are as follows:  
 
Vertebrates: 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 (Preece & Parfitt, 2000; 
Stuart & Lister, 2001; Schreve, 2001a, b; Schreve & Bridgland, 2002b; Auguste et al., 2003; 
Matoshko et al., 2004; Ubilla, 2004).  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).  At another German fluvial site, 
Mauer, in the Neckar system, a hominid mandible from fluviatile sands represents the type 
specimen of Homo heidelbergenisis.  Mammals are especially valuable for biostratigraphy, as 
they have undergone considerable evolution and numerous extinctions during the Neogene and 
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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: 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 & Mihailescu, 1994; Bridgland et al., 1999, 2001).  The 
Mollusca supply important biostratigraphical and palaeoenvironmental information (Lozek, 
1964a, 1964b; Horacek & Lozek, 1988; Keen, 1990, 2001; Kovanda et al., 1995; Preece, 1995, 
1999, 2001; Antoine & Limondin-Louzouet, 2004) 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., 1989, 1995; Bates, 1994; Penckman et 
al., 2003).  Molluscs are also extremely important climato-stratigraphical tools, since they 
provide reliable evidence for palaeoclimate and palaeoenvironmental conditions.   
 
Palaeobotany: 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 & 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 deeper lakes 
in glaciated areas, which have provided the most complete palynological records of such 
episodes (cf. Mangerud, 1991; Thomas, 2001).  Pollen sequences are particularly important 
because, even where a relatively brief period is represented, they can reveal at which point 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 & Bennett, 1996; Tzedakis et al., 1997; 
Thomas, 2001). 
 
Macroscopic plant fossils provide valuable additional information, as they allow higher 
taxonomic resolution than is generally available from palynological data, although it is less 
easy to undertake quantifiable studies.  Species that are poor pollen producers can also be 
represented. 
 
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 (Griffiths, 2001).  
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Beetles : Beetles (Coleoptera) have proved to be perhaps the most sensitive of the fossil groups 
for the reconstruction of palaeoclimate, using the Mutual Climatic Range Method, which 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 their minimal evolution during the late Cenozoic.  Beetle 
preservation in fluvial deposits is patchy and generally restricted to more organic sediment 
types. 
 

 
Geochronology 
 
Geochronological methods can be applied to fluvial sequences where opportunities present 
themselves.  Work of this type has been undertaken widely in Europe, North America and 
India, but less extensively elsewhere.  Project 449 was a catalyst for new research of this type, 
there having been significant contributions during its lifetime (e.g. Agusti et al., 2001; Nott et 
al., 2002; Schulte, 2002; Braga et al., 2003;Jain et al., 2003; Zhang et al., 2003; Penkman et 
al., 2003; Singh et al., 2003; Srivastava et al., 2003a, b; Westaway et al., 2003b, 2004a, b; 
Antoine & Limondin-Louzouet, 2004; Preece et al., in press).  Geochronological techniques 
are available in a number of the institutions committed to the project, as follows: 
 
Palaeomagnetism: This method is valuable in providing isochrons (fixed points within 
sequences).  Location of the Matuyama-Brunhes reversal is particularly valuable as a marker 
for the base of the Middle Pleistocene (780 ka).  This marker is an important element in the 
dating of the Somme (Antoine, 1994) and Alpine (Fink et al., 1979) terrace sequences. It also 
provides an important constraint in dating the Ohio and Susquehanna terrace staircases, as 
reverse-magnetised glacio-lacustrine sediments cap some of the older river terraces (e.g., 
Jacobson et al., 1988; Ramage et al., 1998). It has been suggested (Westaway, 2003) that 
abrupt changes in the Earth’s rate of rotation, caused by changing global ice volume, may have 
affected the geomagnetic field, from which it follows that geomagnetic excursions in the 
Middle-Late Pleistocene may correlate with the formation of river terraces.  In some river 
terrace staircases that extend back to before the Pleistocene, other geomagnetic reversals 
provide additional dating constraints, for instance in the Maas (e.g., Van den Berg & Van 
Hoof, 2001) and the Dniester (Matoshko et al., 2004).  Stacked sequences of mainly fluvial 
sediment that typically pre-date the observed Late Cenozoic increases in uplift rate can also be 
magnetostratigraphically dated, providing age control for these sediments and age bounds for 
the start of the Late Cenozoic fluvial incision. Examples are in Spain (Agusti et al., 2001; 
Schulte, 2002; Braga et al., 2003; Mather & Stokes, 2003), Greece (van Vugt et al., 1998, 
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2001), India (Sangode & Kumar, 2003; Sanyal et al., 2004) and Turkey (Westaway et al., 
2004a, b). 
 
Amino acid geochronology: This has proved to be one of the most effective geochronological 
techniques for application to fluviatile sequences in north-west Europe, although it has yet to 
be widely applied elsewhere. An exception is its application to land snails in the deposits of the 
Souss valley, Morocco (Occhietti et al., 1994; Bhiry & Occhietti, 2004). The method is 
applicable in temperate latitudes over the last 0.5 Ma, 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 (Penkman et al., 2003; Preece et 
al., in press).  
 
Luminescence dating: Luminescence methods, applied to grains of quartz and feldspar, allow 
the direct dating of fluvial sediments. Thermoluminesence (TL) and optically stimulated 
luminescence (OSL) methods have also been applied to loess overlying river terrace deposits 
and, in the former case, to anthropogenically burned flints in archaeological contexts within 
fluvial settings (Preece et al., in press).  The technique is well developed in India; 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., 1998). A number of other applications have contributed to 
IGCP 449 (Nott et al., 2002; Jain et al., 2003; Jain & Tandon, 2003; Srivastava et al., 2003a, b; 
Zhang et al., 2003). 
 
Uranium series dating: 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, 
where the method has been used to resolve the ages of the Taubach and Ehringsdorf travertines 
in the River Ilm terrace sequence (e.g. Mallik et al., 2000; Bridgland et al., 2004b).  Similarly, 
calcareous concretions at Beeches Pit, West Stow, Suffolk (UK), have provided U-series ages 
that support attribution of the distinctive N.W. European Lyrodiscus molluscan biome to MIS 
11 (Preece et al., in press).  The use of this technique for dating cave deposits has important 
implications for fluvial and landscape history, since caves can record base-level changes 
caused by fluvial incision and, being underground, are more likely to survive intact, even after 
glaciation and other erosive disturbance (e.g. Farrant et al., 1995;  Ford, 2000; Granger & 
Anthony, 2001; Granger et al., 2001).  A promising collaboration between the 
karst/speleothem and fluvial communities is emerging to jointly progress this line of 
investigation, which will be promoted during the new project. 
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Electron spin resonance (ESR) dating: This is a technique suited to calcareous materials such 
as speleothem, travertine/tufa and fossil shell and tooth enamel.  It was used recently to date 
tufa at the top of the Garonne Formation fluvial sequence of the Somme at St Acheul, type 
locality of the Acheulian Palaeolithic Industry; the age of this deposit, which is another to 
contain the Lyrodiscus molluscan biome, was calculated as 403 ± 73 ka, confirming the 
correlation of the St Acheul interglacial with MIS 11 (Antoine & Limondin-Lozouet, 2004).  
 
Potassium-Argon (40K /40Ar and 40Ar/39Ar) dating: These techniques are widely applied for 
the dating of igneous rocks, including lavas and ashes interbedded with fluvial sequences.  A 
key development has been the application of the Cassignol (unspiked) variant of the K/Ar 
technique to Middle Pleistocene basalts interbedded with fluvial deposits in Turkey (Yurtmen 
et al., 2002; Westaway et al., 2003b, 2004a).  Comparable work has been undertaken in the 
Auvergne region of France, where the volcanic rocks are interbedded with terrace deposits of 
the Allier system and were visited during the  FLAG/IGCP 449 2002 meeting at Clermont-
Ferrand (Pastre, 2004; IGCP 449 2002 Annual Report, Appendix I).  Comparative studies have 
been undertaken to evaluate the unspiked K/Ar variant against Ar/Ar dating of Late Cenozoic 
lavas and have shown that the former method, which is quicker and less expensive, produces 
data with comparable error margins.  Further afield, Campbell et al. (2001) used the Ar/Ar 
technique to date tuffs of Andean origin interbedded with sediments of the ancestral Amazon 
River in SE Peru, providing the first quantitative control on the evolutionary history of the 
World’s largest river system. 
 
Cosmogenic Isotopes: Cosmogenic (26Al, 36Cl and 10Be) dating is based upon the modelling of 
the production of these isotopes on newly exposed rock/boulder surfaces by cosmic ray 
bombardment. To date there have been relatively few applications of this technique in fluvial 
systems (e.g. the Indus: Burbank et al., 1996) but they have considerable potential, especially 
for use in sequences that include strath (erosional) terraces and significant gorges cut into 
bedrock.  A variant of the technique can date recent burial of sediment that was formerly 
exposed at the Earth’s surface, making it particularly valuable for dating sediments transported 
into caves by fluvial systems (e.g., Granger & Anthony, 2001; Granger et al., 2001). 
 
Archaeology  
 
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 artefact evidence for the 
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presence of Lower Palaeolithic hunter-gatherers (Wymer, 1968, 1988, 1999; Roebroeks & van 
Kolfshoten, 1995).  This is also true of fluvial sequences in the Near East, Middle East, parts of 
Asia and Africa, although the data from these regions are patchy (e.g. Bar-Yosef, 1998).   
 
IGCP 449 has included an active Palaeolithic working group, led by Sheila Mishra, Deccan 
College, India (currently in Ethiopia) and Mark White (Durham, UK).  During the course of 
the initial project the main advances have been in Europe, with new discoveries of very early 
fluvio-estuarine archaeological records in eastern England (N. Ashton & S. Parfitt, work in 
progress) and the discovery of a fossiliferous tufa at the Acheulian type locality, St Acheul 
(River Somme), northern France (Antoine & Limondin-Louzouet, 2004).  The British 
Government’s Aggregates Levy Sustainability Fund, initiated during the life of IGCP 449, has 
seen a plethora of new studies of Palaeolithic fluvial archives in southern Britain, since these 
coincide with the aggregate sources that the levy is designed to mitigate.  This, on top of an 
already healthy statutory developer-funding system for archaeological assessment and rescue 
ahead of civil engineering and building projects, has led to very significant increases in 
knowledge of the British fluvial Palaeolithic record since 2000 (IGCP 449 Annual Report, 
2003, Appendix Ii).  Most recently, a new Clactonian locality has been discovered in 
association with River Thames tributary deposits along the route of the Channel Tunnel Rail 
Link, on the outskirts of Swanscombe and <5km from the celebrated Swanscombe Skull Site 
National Nature Reserve, a former Thames gravel quarry 
(http://www.oxfordarch.co.uk/pages/ctrlele.htm). 
 
Project 449 Palaeolithic subtheme activity has also been reported from India, Jordan, South 
Africa, Syria, Turkey and the United Arab Emirates (IGCP 449 Annual Reports: 2001, 
Appendix Ei; 2002, Appendix Ci; 2003 Appendix Ii).  It is hoped that these achievements can 
be matched in other areas during the follow-up project. 
 
Landscape and crustal evolution 
 
Already identified as a newly emphasized component of the follow-up project, as recognized 
within its title, the provision of innovative data on landscape evolution has perhaps been the 
most impressive achievement of IGCP 449.  A number of patterns of crustal and landscape 
evolution that have emerged from the initial data collection will be targeted for examination 
and testing during the follow up project, as follows: 
 

• Many regions show transitions from marine to terrestrial environments back in the 
Miocene, related both to global sea-level change and the initiation of uplift.  Such 
records include those from the Andean foreland basin (e.g., Hoorn et al., 1995, SE 

December 26, 2005 Page 13 of 37 IGCP Project proposal 



Turkey (e.g., Westaway & Arger, 1996; Derman, 1999), the Paratethys/Alpine Foreland 
basin (e.g., Pecsi, 1973; Steininger & Rögl, 1984; Vennemann & Hegner, 1998; Kovac 
et al., 2001) and the Murray-Darling, SE Australia (Jones, 2002).  A key aim of the 
new project will be to add to these records and to refine their dating, allowing the 
synchrony of these key transitions to be tested.  

 
• Allied to the above is the common observation of basin inversion between the Miocene 

and Quaternary.  Typically stacked fluvial sedimentation during the late Tertiary is 
followed by uplift and fluvial dissection of the basin infill. Examples from IGCP 449 
include parts of the Murray-Darling Basin, south-eastern Australia (Jones, 2002), and 
the Uşak-Güre Basin of western Turkey (Westaway et al., 2003b; 2004a; Demir et al., 
2004). 

 
• Modelling of the results to date from IGCP 449 suggest that there is a strong correlation 

between measurable parameters observed in fluvial sequences, such as rates of uplift 
and rates of change of uplift rates, and the thermal state of the crust, quantified by the 
thickness of the mobile lower-crustal layer. This is particularly clear from fluvial 
sequences in France, where a systematic effect is observed between the north, along the 
English Channel, and the Massif Central, where the lower crust is much hotter and the 
lower-crustal layer is consequently thicker (Westaway, 2004). At the other extreme, in 
Archaean cratons, which lack any mobile lower-crustal layer, rates of uplift are 
minimal (Westaway et al., 2003a).  Further work will investigate this effect both 
observationally and by numerical modelling but, in order to demonstrate it, accurate 
control of terrace ages is needed.  This line of research is of great potential value in the 
study of landscape evolution, one of the key themes of the follow-up project. 

 
 
INTERNET DATABASE 
 
The internet database established under IGCP 449 will be redesigned and greatly extended 
under the new project.  It is anticipated that a change will be made from the provision of 
summary diagrams as pdfs to fully interactive web pages capable of displaying images to a 
range of sizes and resolutions.  This will allow tagging with captions etc., allowing access for 
search engines.  Material will be added only after publication or acceptance for publication, 
with full details of published sources being provided. 
 
The intention is to include in the database information such as sediment types, height of 
sedimentary units above sea-level, downstream gradient, relation to adjacent non-fluviatile 

December 26, 2005 Page 14 of 37 IGCP Project proposal 



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 and maps will form an important part of the database.   
 
The database resides on the web site of the University of Durham, home institute of co-leader 
David Bridgland (facility provided at no cost).  In late 2004 the Durham site is undergoing a 
complete reorganization and enhancement.  Awaiting completion of this work, which is 
entirely outside the influence of the project, has precluded updatng of the database in recent 
months.  This will be rectified as soon as the new Durham web site is fully operational, 
hopefully before the end of 2004.  Significant amounts of new material, stemming from project 
publications during 2003 and 2004, await incorporation. 
 
 
PRESENT STATE OF KNOWLEDGE AND LEVEL OF ACTIVITY (2004 – the final 
year of IGCP 449) 
 
Baseline data for the start of the new project is summarized in Table 1.  Key elements only will 
be highlighted here, with a commentary on the potential for obtaining innovative results in the 
proposed new project. 
 
NW Europe: numerous extensive fluviatile records were well known, even before IGCP 449 
(Table 1), mainly in the form of terrace staircases.  There are also important buried sequences 
(e.g. the Lower Rhine, the North Sea basin).  Much work was carried out during the lifetime of 
IGCP 449 and has been published in journal articles, including those in the project-sponsored 
special issues and edited volumes (Quaternary International, 2001 [The response of river 
systems to climate change]; Netherlands Journal of Geosciences, 2003 (Appendix A); 
Proceedings of the Geologists’ Association, 2004 (Appendix D); Quaternaire 2004 (Appendix 
C). 
 
Information from this area forms the core of the IGCP 449 internet database, with summary 
sequences available from, e.g., the Rivers Thames, Solent, Trent, Somme, Seine, Allier/Loire 
and Maas.  
 
Eastern Europe and the former Soviet Union: numerous records are well established, 
especially from the Czech Republic, Poland, Russia, the various countries on the Danube and 
from other Black Sea rivers, having been published previously in German, Russian and/or 
other languages.  Under IGCP 449 several summary publications have appeared in English, 
notably those by Matoshko et al., 2002, 2004; Matoshko, 2004; Meyrick & Schreve, 2002; 
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Marks & Pavlovskaya, 2003; Alekseev & Drouchits, 2004; Marks, 2004; Patyk Kara & 
Postolenko, 2004 and Tyráček et al., 2004.  Information from this area has been entered on the 
IGCP 449 internet database, with summary sequences available from the Wipper and Ilm 
(eastern Germany), Vltava (Czech Republic), Vistula (Poland), Dniester (Moldova/Ukraine), 
Dnieper (Ukraine), Volga (Russia), Don (Russia), Kolyma (Russia) and Lena (Russia). Andrei 
Motoshko (Ukrainian National Academy of Sciences, Kiev) will be a co-leader of the new 
project. 
 
Southern Europe: data from southern Europe have accumulated relatively slowly, despite 
project participation in Spain and Italy.  French data is less satisfactory from the south of the 
country, but there are good records from the Iberian Peninsula, where fluvial deposits are 
repositories for faunal and archaeological remains (Santonja & Villa, 1990; Agusti et al., 2001; 
Table 1).  It is hoped that representation of IGCP 449 at the Florence IGC and within the 
FLAG meeting in Siena, during September 2004, and then the 449 end-of-project meeting in 
southern Spain in December 2004, will act as catalysts for the compilation of southern 
European fluvial archives.  The level of Turkish participation has been excellent, providing 
useful links with the Middle East and Asia (cf. Westaway et al., 2003b, 2004a, b; Demir et al., 
2004).  Data also exists from Greece, where an offshore subsiding area in the Gulf of Corinth 
contains a stack of fluvial sediments (Westaway, 2002c).  Again, the new project will lead to 
the wider dissemination of this data.  Material will be added to the internet database as 
publications appear. 
 
N. Africa: the location of a plenary IGCP 449 meeting in Agadir, Morocco, during 2002 led to 
a supply of data from North Africa, although only Egypt (the Nile) was represented from 
Africa outside Morocco (a special issue or collection of papers arising from the Agadir meeting 
is being compiled for publication in the journal Géographie Physique et Quaternaire, 
comprising articles in French and English and including several papers on Morocco and one on 
the Nile, as well as several from other countries around the World).  A paper on fluvial 
sequences in Morocco appears in the IGCP 449 special issue of Proceedings of the Geologists’ 
Association (Bhiry & Occhietti, 2004).  Other North African and circum-Saharan countries 
remain data vacuums.  Material will be added to the internet database as publications appear. 
 
North America: despite project participation in the 16th INQUA Congress in Reno, Nevada, 
(Session No. 3: ‘Fluvial Archives of Environmental Change’), available data on North 
American fluvial archives are modest in extent.  One of the best records is, perhaps 
surprisingly, from the Yukon River in the extreme north of the continent, which has a terrace 
sequence extending back into the Tertiary (Froese  et al., 2000; Duk-Rodkin & Barendregt, 
2001;  Froese, 2002).  Sequences from the USA include that of the Susquehanna, on the 
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eastern seaboard (Pazzaglia & Gardner, 1994) and the Ohio (e.g. Jacobson et al., 1988).  A 
second useful Canadian sequence comes from the St Lawrence (Clet-Pellerin & Occhietti, 
2000). The terraces of the Mississippi system are well known (e.g. Blum & Straffin, 2001).    
Research on long fluvial sequences is generally less well developed than in Europe (Table 1). 
 
Middle East (Israel, Levant, Mesopotamia): building on pioneering work in Iraq by Czech 
project participant Jaroslav Tyráček (1987), significant new data has been accumulated from 
the Middle East during the lifetime of IGCP449.  One such contribution was published in the 
IGCP 449 special issue of Current Science (New Delhi) in 2003, from the Orontes in Syria 
(Bridgland et al., 2003). Other data come from a variety of Turkish rivers in the Levantine part 
of that country (Demir et al., 2004) and, yet to be published, new work on the Euphrates and 
Tigris in both Turkey and Syria.  In Syria the work has been largely inspired by archaeological 
(Palaeolithic) interests in the fluvial sequence (see IGCP 449 Annual Reports: 2002, Appendix 
Ci; 2003, Appendix Ii). 
 
Asia: work in Asia has proved both highly successful and somewhat frustrating during the 
course of IGCP 449.  The success was in India, where a vibrant community became engaged in 
the project through the joint leadership of Sampat Tandon and the location of the 2nd plenary 
meeting in that country during December 2001 - a significant success despite difficulties 
caused by it following so soon after the events in New York on September 11th of that year.  
This led to publication of an IGCP 449 special issue of Current Science (New Delhi) devoted 
to fluvial studies, mostly (but not exclusively) in India, the best of which have been selected 
for adding to the project web site (Table 1).  Rajiv Sinha, co-organizer of the Indian plenary 
meeting (at his home university in Kanpur) will take over from Tandon as one of the leaders of 
the follow-up project. Following the Kanpur (2001) meeting, he has launched a major drilling 
programme in the alluvial Ganges plain, aimed at building a sound database on the Late 
Quaternary sequences. So far, more than 700 metres of cores have been collected and are being 
analysed for sedimentology, magnetic susceptibility and OSL chronology (in collaboration 
with S.K. Tandon (Delhi) and Martin Gibling (Dalhousie)).  
 
Although China was also represented amongst the IGCP 449 leadership, efforts to organize a 
meeting there were repeatedly frustrated, the final straw being the 2003 SARS epidemic.  
China has some of the most extensive fluviatile sequences in the World, often with thick 
loessic overburden, with interbedded fossil soils, that has been studied extensively (Li, 1991; 
Porter et al., 1992).  Its principal river systems, the Yellow (Huanghe) and Yangtze, flow from 
the Tibetan plateau to the East China Sea. Just east of tibet, near the city of Linxia, the Yellow 
River has formed a staircase of terraces, teach overlain by loess, that records ~500 m of 
incision since the earliest Pleistocene (Li et al., 1997). Further upstream, within Tibet itself, 
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where more uplift is expected, the Yellow River is instead very young, its throughgoing 
drainage having superseded a former network of interconnected lake basins in the Late 
Pleistocene (e.g., Shackleton and Chang, 1988; Li, 1991; Fielding et al., 1994). However, 
sediments from these long-lasting palaeolakes may well provide information on long-timescale 
climate change associated with the uplift of Tibet.  East of Tibet, in the ‘Three Gorges’ region 
(now being flooded by one of the world’s largest hydroelectric / irrigation reservoirs) fluvial 
deposits of the Yangtze are found up to ~1250 m above present river level, these being claimed 
as the highest known river terrace in the World (Yang 2004; IGCP 449 2003 Annual Report, 
Appendix Hviii). A Chinese meeting will be given high priority early in the course of the 
follow-up project. 
 
Far East: outside China relatively little is known of records from the Far East, although Sugai 
(1993) and Kim (2001) have published sequences from Japan and Korea respectively.  
Takeyuki Ueki has recently reported on fluvial records from Japan (Ueki 2001; Ueki & 
Yamamoto, 2003).  A karstic record related to fluvial base level is known from Borneo 
(Farrant et al., 1995).  This is a region that has thus far yielded minimal data and so will be 
prioritized during the follow-up project.   
 
Australasia: in 2002 a project meeting took place in Australia, based in the University of 
Wollongong and including a 10 day field programme in the Lake Eyre inland basin and 
adjacent east coast/south coast catchments.  Although Australia has been predominantly (and 
increasingly) arid during the late Quaternary, there are important fluvial archives in the Murray 
- Darling Basin, the filling of which began in the Early Cenozoic (Jones, 2002).  East coast 
rivers such as the Shoalhaven also have excellent sedimentation histories (Nott et al., 2002) 
and important fluvial sequences, interbedded with aeolian and lacustrine sediments, are also 
known from the Lake Eyre region and its main feeders such as Cooper’s Creek (Nanson et al., 
1999).  A review of SE coastal rivers was also undertaken under IGCP 449 (Nanson et al., 
2003).  A further significant project contribution has come from Papua New Guinea, where 
rivers in the Finisterre and Sarawaget mountains show evidence of rapid uplift (Findlay, R.H. 
submitted [IGCP Special Issue, Geographie Physique et Quaternaire]).  Although significant 
records are reported (e.g. Bull, 1991), information from New Zealand has yet to be added to 
the project data banks and will be a prime target for the new project.  However, much of New 
Zealand was recently glaciated and very high erosion rates have been reported, both of which 
may limit the potential for preservation of long-timescale fluvial sequences. 
 
Sub-Saharan Africa: the level of activity in this varied region during the initial project was 
disappointing.  Attempts to initiate new work on the Vaal-Orange sequence were unsuccessful, 
despite much interest in its archaeological contents (IGCP 449 Annual Reports: 2001, 
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Appendix Ei; 2002, Appendix Ci; 2003, Appendix Ii).  Most research taking place during the 
lifetime of IGCP 449 was instigated by foreign workers, such as a Dutch project in Kenya 
(IGCP 449 2002 Annual Report, Appendix Civ).  The long-term stability of the African 
landscape 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 & Rust, 
1999) but there is uncertainty about the chronology.   
 
South America: there was immediate interest in IGCP 449 from workers on mammalian 
faunas from fluvial sequences in Argentina and Uruguay, with representation at the inaugural 
meeting in Prague and a paper in the resultant special issue (Ubilla, 2004). Plans for a meeting 
in Argentina in 2003 foundered because of the economic uncertainties at that time, but could 
be resurrected for the follow-up project.  Meanwhile there was a significant contribution from 
Brazil, which hosted the 2003 plenary meeting in Belem, with an excursion into Amazonia.  
The Amazon is the World’s largest river system but has been relatively little studied due to 
difficulties of access and lack of exposure resulting from the dense vegetation cover.  An 
additional problem that became apparent at the 2003 meeting was that there are major disputes 
between workers concerning both ages and depositional environments of Late Cenozoic 
sediments (Westaway, in press).  Resolution of these disputes will be an urgent priority for the 
follow-up project.  A special publication on the evolution of Amazonia is being prepared and 
will include IGCP 449 contributions, which will then be added to the internet database.  Co-
organizer of the Brazilian IGCP 449 meeting, Edgardo Latrubesse, will be a joint leader of the 
follow-up project.   He and Rajiv Sinha, also a proposed joint project leader, have edited a 
special issue of Geomorphology devoted to tropical rivers, which is identified as a contribution 
to IGCP 449 (publication imminent – see Appendix G) 
 
OUTPUT AND DISSEMINATION OF RESULTS 
 
The compiled information will be added to the established database, the future evolution of 
which will be determined early in the project.  Material will only be posted on the database site 
once it has been published or accepted for publication, with full reference linkage supplied.  It 
is likely that the meetings organized a part of the project will themselves lead to further 
publication of edited volumes or special issues of journals, following the pattern already 
established during the course of IGCP 449 (see Appendices A-G). 
 
WIDER CONTEXT  
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Prior to IGCP 449, no previous project has attempted global correlation of the sedimentary 
records provided by the World’s rivers. Several regionally and/or thematically based IGCP 
projects had paid considerable attention to such deposits, however, notably IGCP 73/1/24 
(Quaternary Glaciations of the Northern Hemisphere), IGCP 378 (Circumalpine Quaternary 
correlations) and IGCP 396 (Continental Shelves in the Quaternary).  IGCP 449 activities 
have overlapped to a certain extent with those of IGCP 437 (Coastal Environmental Change 
during Sea-level Highstands), including representation of 449 at UK 437 meetings in London 
(2000), Durham (2001) and Southampton (2003), as well as vice versa at the 449 meeting in 
Wollongong, Australia, July 2002.  Cooperation and interaction is anticipated between the 
proposed follow-up project and new project IGCP 495 (Quaternary Land-Ocean Interactions:  
Driving Mechanisms and Coastal Responses), which is co-led by Anthony Long, a colleague 
of David Bridgland in Durham.  Another proposed IGCP project, entitled ‘Fluvial Palaeo-
Systems: Evolution and Mineral Deposits’, has a potential minor overlap with this proposed 
project.  The former will, however, mainly concentrate on mineral deposits related to 
palaeodrainage systems, including Pre-Cenozoic ones.  IGCP 449 contributor Natalia Patyk-
Kara will provide a link, ensuring cooperation between the two projects. 

 
The proposed follow-up project will, like IGCP 449, form 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 INQUA and the IGU. 
 
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 less well developed.  This will be carried out by means of 
participation in working groups and by holding workshops on key methodological topics at 
project meetings, in particular on the collection and recording of field evidence, GIS and 
dating methods.  Such workshops were a component part of IGCP 449 meetings, such as in 
Prague (2001), where there was a workshop on database protocols, and Kanpur (2001), where 
there was a workshop on geochronological methods.  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  
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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 
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; concern about this has significantly increased during the life of 
the initial project.  A possible connection with increased incidence of flooding by rivers (see 
the section below) is just one of the issues.  The proposed project will provide useful data on 
past changes that will help scientists to make accurate predictions about the future.  The project 
will also be linked to several other initiatives currently running/planned by the participants. For 
example, Rajiv Sinha (Kanpur, India) is running a project titled “Tracking Environmental 
Change and Human Impact in The Ganga Plains” funded by the Ministry of Human Resources 
and Development, Government of India. The results of such projects will generate valuable 
database input for the proposed IGCP project. 
 
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. 
 
This aspect of societal benefit was brought home to participants in IGCP 449 by the much 
publicized flooding of Prague by the River Vltava during the summer (August 2002) following 
the Inaugural Project Meeting there.  Several studies carried out in India during the tenure of 
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the IGCP 449 project have demonstrated the utility of geomorphological approaches for 
furthering understanding of avulsion related processes and flood hazards of the Indian river 
basins using a case study of the Baghmati river, north Bihar. Very effective use was made of a 
large number of tools, particularly remote sensing, including several image processing 
techniques. The resulting publications have provided new insights on avulsion processes and 
development of anabranching stretches in river systems of humid settings (Jain & Sinha, 
2003b, 2004). The publications arising out of this work constitute a definite addition to 
knowledge in the field of flood studies that is of critical importance in the Indian context (Jain 
& Sinha, 2003c, d).  Another important issue in India and neighbouring countries is arsenic 
poisoning of water supplies, which was also addressed in the publication from the Indian 
meeting (Appendix B).  As well as considering longer timescales, the June 2003 IGCP 449 
field trip to the Amazon addressed environmental management issues related to river systems 
(e.g., flooding, landsliding caused by bank collapse; cf. Latrubesse et al., 2003).  It is intended 
that the follow-up project will include similar ventures in other river systems. 
 
 
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.  
The latter has given rise to data contributing to IGCP 449 from Siberian rivers (Patyk-Kara & 
Postolenko, 2004) and is a key factor in the working of South African fluvial deposits for 
diamonds (Helgren, 1979; De Wit et al., 1997).  In the cratonic part of Brazil, extraction of 
alluvial diamonds has provided extensive information on the complex history of incision and 
aggradation by the upper reaches of the Paraná (Bibus, 1983), whereas extraction of alluvial 
gold exposes the deposits of the Madeira, the largest Amazon tributary (Westaway, in press). 
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.    
 
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).   
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In some cases the alluvial sediments themselves have special qualities and are more valuable 
than mere 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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Appendix F  

Anticipated IGCP 449 special issue Quaternary Science Reviews 2005 

Global Correlation of Late Cenozoic fluvial 
deposits 

To be as papers/posters at end-of-project meeting, December 12-18th 2004, 
Malaga (in many cases final titles and full authorship details unknown): 

Regional syntheses: 

UK - The British fluvial archive: East Midlands drainage evolution in the 
context of the British and NW European record - Andy Howard, Peter Allen, 
Martin Bates, Becky Briant, David Bridgland, Philip Gibbard, Simon Lewis, 
Darrel Maddy, Jim Rose and Rob Westaway 
France - P. Antoine, J-F Pastre, N. Limondin-Louzouet 
Germany - R. Becker-Haumann, M. Frechen 
Italy - M. Coltorti, P. Pieruccini 
Iberia - J.I.S. Navarro & F. Schulte 
Eastern Europe - J. Tyracek et al. 
Russia (south & north-flowing drainage compared?) - A. Matoshko, V. 
Drouchits, N. Patyk-Kara 
India - Rajiv Sinha, S.K. Tandon et al. 
North Africa - A. Ait Hssaine, A. Weisrock, Rafat Zaki 
Southern Africa - P. Beaumont, J. McNabb et  al. 
China – Mo Duanon, Yang Liankang, Liping Zhou 
Australasia - G. Nanson (et al.) 
South America - E. Latrubesse, J. Stevaux (et al.) 
USA  - M. Blum (et al.) 
Canada – S. Occhietti (St Lawrence) & D. Froese (Yukon) 
Middle East & Turkey - T. Demir et al. 
 
Thematic syntheses: 
Mammals - D. Schreve et al. 
Molluscs – D. Keen et al. 
Archaeology - S. Mishra, M.J. White et al. 
Innovation in dating: new methods for amino acid analyses –  
K. Penkman & Matthew Collins 
Relation of fluvial sequences to crustal rheology – R. Westaway 
Overall synthesis (patterns, correlations) – D.R. Bridgland et al. 
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FLAG/IGCP 449 special issue of Geologie en Mijnbouw/Netherlands 
Journal of Geosciences.   

Editors: David Bridgland, Durham, and Frank Sirocko, Mainz 

Published  Volume 81, No.3/4, December 2002 

D. Bridgland & F. Sirocko - Preface: Special Issue arising from the meeting in 
Mainz, Germany, of the Fluvial Archive Group – 263-264. 

D. Bridgland & D. Maddy - Global correlation of long quaternary fluvial 
sequences: a review of baseline knowledge and possible methods and 
criteria for establishing a database – 265-281. 

R. Westaway - Geomorphological consequences of weak lower continental 
crust, and its significance for studies of uplift, landscape evolution, and 
the interpretation of river terrace sequences – 283-303. 

R. Westaway - Long term river sequences: Evidence for global increases in 
surface uplift rates in the Late Pliocene and early Middle Pleistocene 
caused by flow in the lower continental crust induced by surface 
processes – 305-328. 

D. Maddy – An evaluation of climate, crustal movement and base level 
controls on the Middle-Late Pleistocene development of the River 
Severn, UK – 329-338. 

A. Matoshko, P. Gozhik & A. Ivchenko - The fluvial archive of the Middle and 
Lower Dnieper (a review) – 339-355. 

D. Schreve & D. Bridgland - Correlation of English and German Middle 
Pleistocene fluvial sequences based on mammalian biostratigraphy – 
357-373. 

T. Veldkamp, M. van den Berg, van Dijke, van den Berg & van Saparoea -
Reconstructing Late Quaternary morphogenetic process controls in an 
upper reach fluvial system: the Aller Valley (North Germany) – 375-
388. 

K. Cohen, F. Stouthammer & H. Berendsen  - Fluvial deposits as a record of 
neotectoniv activity in the Rhine-Meuse delta, the Netherlands – 389-
405. 

A. Gaigalas & V. Dvareckas - The evolution of river valleys in Lithuania from 
deglaciation to recent changes: data from the sediment infill of oxbow 
lakes – 407-416. 

E.C. Straffin & M.D. Blum – Holocene fluvial response to climate change and 
human activities; Bergundy, France – 417-430. 

F. Sirocko, T. Szeder, K. Seelos, R. Lehne, M. Diehl, B. Rein, W.M. 
Schneider. & M. Dimke - Young tectonic and halokinetic movements in 
the North-German-Basin: its effect on formation of modern rivers and 
surface morphology – 431-441. 
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Special IGCP 449 Issue of Current Science (New Delhi) 
 

Guest Editor: Dr Rajiv Sinha, University of Kanpur 
 

Published – April 2003 (Vol. 84, No. 8) 
  
List of papers: 
 

1. Guest Editorial – Global correlation of Late Cenozoic fluvial deposits: focus 
on India (R. Sinha & S.K. Tandon) – 965-966. 

2. Facies, fossils and correlation of the late miocene fluvial sequences of the 
Himalayan foreland basin (S.B. Bhatia) – 1002-1005. 

3. Mio-Pliocene sedimentation history the north-western parts of the Himalayan 
foreland basin, India (Rohtash Kumar, S.K. Ghosh & S. Sangode) – 1006-
1013. 

4. Magnetostratigraphic Correlation of the Late Cenozoic fluvial sequences from 
NW Himalaya, India (S.J. Sangode & R. Kumar) – 1014-1024. 

5. River systems in the Gangetic plains and their comparison with the Siwaliks: 
a review (V. Jain & R. Sinha) – 1025-1033. 

6. Geomorphology and sedimentology of Piedmont Zone, Ganga Plain, India 
(U.K. Shukla & D.S. Bora) – 1034-1040. 

7. A sediment budget for the Ganga-Brahmaputra catchment (R.J. Wasson) – 
1041-1047. 

8. Quaternary alluvial stratigraphy and paleoclimatic reconstruction at the Thar 
margin (M. Jain and S.K. Tandon) – 1048-1055. 

9. Late Quaternary fluvial sequences of the southern mainland Kachchh, 
Western India: Lithostratigraphy and neotectonic implications (D.M. Maurya, 
S. Bhandari, M.G. Thakkar & L.S. Chamyal) – 1056-1064. 

10. Quaternary fluvial sequences of the south Saurashtra, Gujarat, western India 
(Nilesh Bhatt & U.A. Bhonde) – 1065-1071. 

11. Sedimentary records of palaeofloods in the bedrock gorges of   the Tapi and 
Narmada Rivers, central India (Vishwas S. Kale, Sheila Mishra & Victor R. 
Baker) – 1072-1079. 

12. A long Quaternary terrace sequence in the Orontes River valley, Syria: a 
record of uplift and human occupation (David Bridgland, Graham Philip, Rob 
Westaway & Mark White) – 1080-1089. 

13. Pliocene and Quaternary surface uplift of western Turkey revealed by long-
term river terrace sequences (Rob Westaway, Malcolm Pringle, Sema 
Yurtmen, Tuncer Demir, David Bridgland, George Rowbotham & Darrel 
Maddy) – 1090-1101. 

14. The arsenic cycle in fluvial sediments: mineralogical considerations (B.C. 
Raymahashay & A.S. Khare) – 1102-1104. 

15. The effect of changes in the Earth’s moment of inertia during glaciation on 
geomagnetic polarity excursions and reversals: implications for Quaternary 
chronology (R.W.C. Westaway) – 1105-1115. 
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Special Issue of Proceedings of the Geologists' Association 
Inaugural meeting of IGCP 449 

 
Global Correlation of Late Cenozoic Fluvial Deposits 

Guest editors: D.R. Bridgland, S.K. Tandon & R.W.C. Westaway 
 

To be published as two sets of papers in Vol. 115, in parts 2 & 4 
 
 
97-99 Global Correlation of Late Cenozoic Fluvial Deposits (IGCP 449) Proceedings of 

the Inaugural Meeting Prague, April 21-24th 2001 - D.R. Bridgland, S.K. Tandon & R. 
Westaway 

101-124 River terraces of the Vltava and Labe (Elbe) system in the Bohemian Massif, 
Czech Republic - J. Tyracek, R. Westaway & D.R. Bridgland   

 
125-140 Biostratigraphical correlation between the Quaternary sequences of the Thames 

and key localities in Germany - D.R. Bridgland, D.H. Keen, R. Meyrick, D.C. Schreve & R. 
Westaway  . 

 
141-173 Late Cenozoic fluvial archives in the central and southern part of the East 

European Plain (a review) - Andrei V. Matoshko, Piotr F. Gozhikb &, Gusel Danukalova.  . 
 
175-182 Middle and Late Peistocene fluvial systems in central Poland - L. Marks  
 
In press  River terrace sequences in Turkey - T. Demir, İ. Yeşilnacar & R. Westaway  . 
 
In press  Fluvial sedimentation in a semiarid region: the fan and interfan system of the 

middle Souss Valley, Morocco - N. Bhiry & S. Occhietti   
 
In press  Quaternary fluvial sediments; structure, distribution and genetic conditions in the 

Russian Arctic and Subarctic - M.N. Alekseev, V.A. Drouchits . 
 
In press  Structure and evolution of the Kolyma river  valley: from upper reaches to 

continental shelf - N.G.Patyk-Kara & G.A.Postolenko    
 
In press  Mammalian biostratigraphy of Pleistocene fluvial deposits in northern Uruguay, 

South America - M. Ubilla   
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Géographie Physique et Quaternaire   
IGCP 449 Special issue 

 
(Arising from December 2002 Annual Meeting in Morocco) 

 
Andre Weisrock & Serge Occhietti – SYNTHESIS PAPER (in French) 
 
Ali Ait Hssaine, Andre Weisrock & Serge Occhietti – QUATERNARY OF 
MOROCCO (in French) 
 
T. Demir, R.W.C. Westaway, D.R. Bridgland & A. Seyrek – TERRACE 
STAIRCASES OF THE RIVER EUPHRATES IN SOUTH-EAST TURKEY 
AND NORTHERN SYRIA. 
 
R.M. Zaki – EARLY AND MIDDLE QUATERNARY SEDIMENTS OF THE 
NILE IN NORTHERN UPPER EGYPT.  
 
R.W.C.Westaway, A. Matoshko & D.R. Bridgland – EFFECT OF CRUSTAL 
RHEOLOGY ON UPLIFT RATES IN THE NORTHERN BLACK SEA REGION 
FROM RIVER TERRACE EVIDENCE.  
 
Martin Stokes, Anne Mather & Astrid Blum – THE APPLICATION OF 
STREAM-LENGTH GRADIENT INDICES FOR ELUCIDATING ACTIVE 
TECTONICS IN SE SPAIN 
 
Sheila Mishra – NEOGENE GRAVELS IN PENINSULAR INDIA, THEIR 
WEATHERING AND RELATION TO HUMAN OCCUPATION.   
 
R.H. Findlay - A TALE OF THREE RIVERS; FLUVIAL IMPACT IN A ZONE 
OF RAPID UPLIFT, FINISTERRE AND SARAWAGET MOUNTAINS, PAPUA 
NEW GUINEA.   
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Special Issue on Tropical Rivers 
Geomorphology, Elsevier Science 

 
Contents 

 
Fluvial geomorphology and processes 
 
1. Tropical Rivers 
     E.M. Latrubesse, J.C. Stevaux, R. Sinha 
 
2. Geomorphic characterization and diversity of the fluvial systems of the Gangetic plains 
    R. Sinha,  V. Jain, G. Prasad Babu, S. Ghosh 
 
3. Fluvial process and morphology of the Brahmaputra river system in Assam, India  
    J. N. Sarma 
 
4. Morphologic changes in the Paraná River channel (Argentina) in the light of the climate variability 
     during the twentieth century. 
    M. Amsler,  C.G. Ramonell, and H. Toniolo 
 
Paleohydrology/bedrock channels 
 
5. Reconstructing the c.100-year Flood in Northern Thailand 
    R. Kidson , K.S. Richards, P.A. Carling  
 
6. The Sinuous Bedrock Channel of the Tapi River, Central India: Its form and processes 
     V.S. Kale 
 
7. Physiogeographic features of the Oubangui catchment and environmental trends reflected in   
    discharge and floods at Bangui 1911-1999, Central African Republic 
     Jürgen Runge, C. Nguimalet  
 
Active tectonics/River response 
 
8. Neoectonics and channel evolution of the Lower Ivinhema River: a right-bank tributary of the  
    upper Paraná River, Brazil   
    E. Fortes, J.C. Stevaux, S. Volkmer 
 
9. Response of active tectonics on the alluvial Baghmati river, Himalayan foreland basin, eastern India 
    V. Jain, R. Sinha 
 
10. River avulsions on the Taquari megafan, Pantanal Wetland, Brazil. 
      Mario L. Assaine 
 
Quaternary evolution 
 
11. The late Quaternary evolution of the Negro River, Amazon, Brazil: implications for island and  
      floodplain formation in large anabranching tropical systems 
      E.M. Latrubesse, Elena Franzinelli 
 
12. Rivers turned to rock: Late Quaternary alluvial induration influencing the behaviour and  
      morphology of an anabranching river in the Australian monsoon tropics 
      G.C. Nanson, Brian G. Jones, David M. Price, T. J. Pietsch 


