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Abstract

The Pleistocene development of the lower Severn valley is recorded in the fluvial sediments of the Mathon and Severn Valley
Formations and their relationship to the glacigenic Wolston (Oxygen Isotope Stage 12), Ridgacre (OIS 6) and Stockport (OIS
2) Formations. The most complete stratigraphical record is that of the Severn Valley Formation, which post-dates the Anglian
Wolston Formation and comprises a flight of river terraces, the highest of which is ¢.50 m above the present river. The terrace
staircase indicates that the Severn has progressively incised its valley during the post-Anglian period. The terrace sediments
are predominantly composed of fluvially deposited sands and gravels, largely the result of deposition in high-energy rivers
under cold-climate conditions. Occasionally towards the base of these terrace deposits low-energy fluvial facies are preserved
which contain faunal remains and yield geochronology which support their correlation with interglacial conditions. This sim-
ple stratigraphy supports a climate-driven model for the timing of terrace aggradation and incision, with the incision mode at
its most effective during the cold-warm transitions and the aggradational mode at its most effective during warm-cold climate
transitions. The chronology of terrace aggradation in the lower Severn seems to correspond with the Milankovitch 100ka cli-
mate cycles. The timing of incision events suggests that base level (eustatic sea-level) changes do not play a significant role i.e.
incision occurs as sea-level is rising.

Although climate change is significant in governing the timing of incision, the long-term incision of the River Severn appears
to be driven by crustal uplift. A long-term incision rate of 0.15 m ka'!, calculated using the base of the terrace deposits, is be-
lieved to closely equate with the long-term uplift rate. Superimposed on this long-term uplift are periods of complex terrace
sequence development resulting from rapid incision during periods of glacio-isostatic rebound, with large incision events re-
flecting the rebound adjustment to late glacial stage isostatic depression. However, in no case in the Severn valley has glacial
encroachment led to enhanced incision, suggesting that there has been no additional uplift resulting from isostatic compensa-
tion for glacial erosion.

Keywords: River Severn, river terraces, uplift rates, glacio-isostatic rebound.

Introduction

Recently river terrace studies have enjoyed a revival of
interest (Bridgland, 2000). Early studies such as that
of Penck & Briickner (1909) used river terrace records
to establish evidence for repeated glacial advances. Al-
though such investagations were often prone to over
interpretation, more recent research has highlighted
the wealth of stratigraphic information that can be de-

ciphered from these widespread and important sedi-
mentary archives. This paper discusses one such
archive, the sediment/landform assemblages deposited
and shaped by the river Severn, UK (Fig. 1). The river
Severn has progressively incised its valley during the
Quaternary and at least for the latest chapter in this
development it has preserved on its present valley
sides extensive river terrace deposits that archive a
record of changing environmental conditions.
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Fig. 1. The lower Severn valley. Bold arrows indicate the probable
main Pre-Anglian drainage line (after Barclay et al., 1992).

Previous Studies

Research into the drainage development in this region
has attracted the attention of some of the most influ-
ential geomorphologists of the past century (e.g.
Davis, 1892; Buckman, 1899,1902; Wills, 1948; Lin-
ton, 1951). These early investigations were based
solely on landform evidence, concentrating on the de-
scription of stream alignments and their relationship
to underlying geological structures. This early work
allowed long-term landscape evolution models to be
suggested but subsequently many of these ideas have
been modified or rejected in the light of more recent
examination of the sedimentary record. These later
studies elaborate a more complex development and
demonstrate the power of relatively short-term events
in modifying drainage patterns.

The earliest descriptions of the river terrace gravel
deposits in the Severn valley are by Murchison (1836,
1839), Symonds (1861) and Maw (1864), who be-
lieved that the gravels were marine, a conclusion ap-
parently confirmed by the presence of marine shells
(Symonds, 1861). However, later investigations by
Lucy (1872), mainly in the tributary Avon valley, as-
cribed many of these gravel deposits to a terrestrial

origin. The acceptance of the ‘glacial theory’ in the
latter half of the nineteenth century led to the recog-
nition that large areas of the Severn basin had been
glaciated (e.g. Harrison, 1898) introducing a new,
complicating factor into the understanding of this
sedimentary record. It was soon realized that the ma-
rine shells in the terrace gravels were introduced by
glacial incursion into the basin and therefore did not
reflect a marine depositional environment.

However, later in the nineteenth century advances
in the understanding of river system behaviour
demonstrated that large-scale landscape evolution
could result solely from fluviatile action. This conclu-
sion was reflected in the early twentieth century work
of Gray (1911, 1912, 1914, 1919) who was not con-
vinced by the wholesale application of a glacial origin
to the deposits of the Severn basin, and maintained
that many of the deposits could be explained by the
fluvial redistribution of glacial sediments.

Further significant advances however did not arise
until the deposits were mapped in detail by Wills
(1924, 1937, 1938). He recognised a series of river
terraces at progressively higher levels above the pre-
sent river. Wills was able to demonstrate that the ter-
race deposits testify to a complex interaction of flu-
vial processes and repeated glacial encroachment in-
to the basin. Significantly, he recognised that the ter-
race flight post-dated a major glaciation that covered
almost the entire basin and that subsequent, less ex-
tensive glaciations, encroached into the lower basin
influencing fluvial system behaviour. Perhaps most
significantly he noticed that the present catchment
area, which drains much of mid Wales, is a relatively
recent phenomenon, being the product of Late De-
vensian (OIS 2) glacial diversion. Prior to the Late
Devensian the Severn watershed did not extend
much upstream of Bridgnorth (Fig. 1). Wills (1948)
extended his work to include a comprehensive as-
sessment of the development of the Severn valley
over the whole Quaternary, including long-term tec-
tonic factors.

Subsequent work on the Severn valley deposits
(e.g. Hey, 1958; Maddy et al., 1995) has tended to
build upon the work of Wills, providing progressively
more detail and applying technological advances
which in turn are allowing new questions to be
asked. Of particular interest are questions which re-
late to the driving mechanisms of fluvial system be-
haviour in the lower Severn valley. Of interest in this
paper is the question “What drives river terrace devel-
opment in the Lower Severn Valley? In order to ad-
dress this, it is first necessary to present the current
state of knowledge with respect to the Severn sedi-
mentary record.
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Severn Valley stratigraphy

During the past two decades river terrace deposits
have been classified in the UK using formal lithos-
tratigraphical nomenclature (e.g. Gibbard, 1985;
Whiteman and Rose, 1992). The terrace deposits of
the Severn were first formally defined by Maddy et al.
(1995), although this system was later expanded
(Bowen, 1999; Table 1). This lithostratigraphical
framework has been tied to the global oxygen isotope
stratigraphy (e.g. Shackleton et al., 1990) using both
biostratigraphical and geochronological correlation
(see below). This correlation allows an approximate
chronology to be established for the sequence as a
whole, which further allows some discussion of the
timing and probable causes of major fluvial system
adjustments.

Without doubt the most significant event recorded
in the sedimentary record of the lower Severn valley is
the extensive Middle Pleistocene glaciation (recog-
nized by Wills) that deposited the widespread Wol-
ston/Nurseries Formations (Table 1) and is believed
to be time-equivalent to Oxygen Isotope Stage 12
(Anglian) (Bowen, 1999). Within the lower Severn
valley the Anglian glaciation is represented by the
Woolridge Member of the Wolston Formation. This
member forms the Woolridge Terrace of Wills (1938)
that can be traced on isolated hills above 80 m OD
downstream of Tewkesbury (Hey, 1958). Typically
this member is generally less than 2m in thickness
and consists of sandy clayey coarse gravels. At Wool-
ridge this member lies directly on top of till correlated
with the Thrussington Member of the Wolston For-
mation and thus these sediments are interpreted as
outwash from the Anglian ice-sheet. The Woolridge

Member thus provides an important chronological
marker within the lithostratigraphic sequence, time
equivalent to OIS12. Pre-Anglian river Severn sedi-
ments form the Mathon Formation, while post-Ang-
lian river Severn sediments comprise the Severn Valley
Formation.

Mathon Formation

The Mathon Formation represents drainage along a
north-south drainage line west of the Malvern Hill
axis (Barclay et al., 1992: Fig. 1). This river system
was considered by Barclay et al. (1992) to have exist-
ed immediately prior to the Anglian glaciation. Dur-
ing this time much of the lower Severn area drained
via this route. No geochronology is available from this
Formation although biostratigraphical correlation be-
tween organic beds within this sequence and organic
channel fill sediments at Waverley Wood Farm has
been suggested (Allan Brandon pers comm.). These
latter sediments have been correlated with OIS 15 on
the basis of their aminostratigraphy (Bowen et al.,
1989) and to the late Cromerian complex using bios-
tratigraphy (Shotton et al., 1993).

Severn Valley Formation

The post-Anglian river terrace sequence of the lower
Severn valley is discussed in detail by Maddy et al.
(1995), a summary of which is given below (see table

1).

Spring Hill Member
The Spring Hill Member of the Severn Valley Forma-
tion was first identified by Maddy et al. (1995) and

Table 1 Lithostratigraphic nomenclature for the lower Severn valley (after Bowen, 1999).

OI Stage Formation Members Formation Stage
fluvial glacial
2 Power House
2 Worcester
Stockport Late Devensian
5e-2 Holt Heath
Severn
6 Valley Kidderminster Station Ridgacre ‘Saalian’
9-8 Bushley Green
11-10 Spring Hill
12 Woolridge Wolston Anglian
pre 12 Mathon
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can be mapped from just south of the present Stour /
Severn confluence downstream to Gloucester, sug-
gesting the basin drained an area roughly equivalent
to the present lower Severn Valley. A maximum thick-
ness of 7.2 m has been recorded but typically these
sediments are no more than 2-3 m in thickness. This
member was assigned to OIS 10 by Maddy et al.
(1995) on the basis that it pre-dates the Bushley
Green Member and succeeds the Woolridge Member
of the Wolston Formation. However, no geochrono-
logical evidence is available directly from this member
to securely attribute these sediments to this stage.

Bushley Green Member

The Bushley Green Member represents the sedi-
ments that comprise the Bushley Green terrace of
Wills (1938) and can be mapped from Lower Broad-
heath to Apperley with an upper surface ca. 45 m
above the present river. A thickness of 6.9 m has been
recorded at the type locality but generally this member
is less than 4 m in thickness. Amino acid ratios from
Bushley Green suggest time equivalence of the basal
temperate sediments with OIS 9 (Bowen et al., 1989),
the overlying cold climate (indicated by the presence of
cryogenic structures), high-energy river sediments be-
ing attributed to OIS 8 (Bridgland et al., 1986).

Kidderminster Station Member

The Kidderminster Station Member represents the
sediments that comprise the Kidderminster terrace of
Wills (1938) and can be traced along the whole
length of the Lower Severn and up the Stour Valley
beyond Stourbridge. This member is particularly well
developed in the Stour Valley (Fig. 1) where it has
been little affected by subsequent erosion with se-
quences up to 7.9 m in thickness. Downstream this
member is believed to be generally much thinner. The
sediments contain a suite of lithologies not seen be-
fore in the higher Severn Valley members. These in-
clude the Permian Clent Breccias which although
local had become available for the first time. However,
more exotic clasts include large Welsh volcanic boul-
ders (Wills, 1938) that are similar to Welsh boulders
associated with surface glacigenic sediments east of
the Stour valley around Churchill. Rock exposure age
estimates using 3°Cl methods from several of these
boulders suggest time equivalence with OIS 6 (Mad-
dy et al., 1995). Given that the Kidderminster Station
Member is equivalent to the Cropthorne Member of
the Avon Valley Formation that is known to be of
OIS7-6 age (Maddy et al., 1991; De Roufignac et al.,
1994) it is likely that the Kidderminster Station
Member is closely associated with Stage 6 (Saalian)
glaciation. Hence the new lithologies may be the re-

sult of glacial erosion in the Clent Hills area (Fig. 1).
No OIS 7 deposits have been identified within the
main Severn Valley.

Holt Heath Member

The Holt Heath Member is the most easily mapped
of the lower Severn terraces and comprises the sedi-
ments identified by Wills (1938) as the Main Terrace,
which have recorded thickness up to 10 m. This
member can be mapped from Bridgnorth where it
lays approximately 30 m above the present river to
Gloucester where it descends beneath the modern
floodplain. Last interglacial sediments (OIS 5¢) may
be present at the base of this member at Stourbridge
(Boulton, 1917), although this faunal record of hip-
popotamus is of uncertain value given the likelihood
of reworking. Younger sediments within this member
include organic channel fill sediments attributable to
the Upton Warren Interstadial Complex at Upton
Warren (SO 935673) in the tributary Salwarpe valley
(Fig. 1). Radiocarbon age estimate of 41, 500 £ 1200
and 41,900 = 800 B.P. suggest time equivalence with
OIS 3 (Coope et al.,, 1961). However, amino acid
ratios of 0.066 * 0.007may suggest these dates are
underestimates (Bowen et al., 1989). The majority of
the sediments within the main valley were deposited
by outwash from the Devensian (OIS 2) ice sheet as
they contain characteristic Lake District and Scottish
erratics. Advance of the Late Devensian ice sheet into
this area (Fig.1) is believed to postdate 28ka (Mor-
gan, 1973).

Worcester Member

The Worcester Member comprises the identified as
the Worcester Terrace by Wills (1938). The upper ter-
raced surface lies approximately 8 m below the Holt
Heath Member and is traceable from Bewdley to
Tewkesbury where it continues below the level of the
current alluvium (Beckinsale & Richardson, 1964).
The deposits consist of sands and gravels that are of-
ten coarse. Although no direct geochronology is avail-
able, this member is thought to have been deposited
after the Late Devensian reached its maximum extent
at ¢.18 ka and given the age of the Power House
Member (see below) it must pre-date 13 ka. The sedi-
ments are therefore most likely to result from high-
energy flows during deglaciation (Dawson, 1989).

Power House Member

The Power House Member comprises the sediments
identified as the Power House Terrace of Wills
(1938), although several discontinuous terraces are
most likely present. The sediments are up to 12 m in
thickness and can be mapped from Bridgnorth to
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Worcester (Williams, 1968). Below Worcester the de-
posits are correlated with sediments beneath the
modern alluvium (Beckinsale & Richardson, 1964).
Organic sediments at Stourport have been dated
through radiocarbon age estimation to 12,570 = 220
B.P. (Shotton & Coope, 1983). Brown (1982) consid-
ered these sediments to be the post-glacial valley fill.

River terrace development and incision history

The answer to the question ‘what drives river terrace
development in the lower Severn valley?’ is not easily
determined as numerous factors could play a signifi-
cant role. Adjustments in river longitudinal profile,
leading to floodplain abandonment and terrace for-
mation, can occur in response to a variety of internal
fluvial system dynamic changes and external stimuli
occurring at different temporal and spatial scales. The
terrace sequence described above results from basin-
wide fluvial incision events during the Middle — Late
Pleistocene. Incision events resulting in terrace for-
mation at this scale most probably reflect response to
changes in external variables such as changing cli-
mates, base-level changes or tectonic adjustments.
Unfortunately, during the Quaternary these variables
would have driven fluvial activity collectively, making
the identification of the relative importance of a single
cause difficult. Furthermore, the picture may be
made more complicated by the superimposition upon
these basin-wide events of significant reach-scale inci-
sion resulting from localized catchment changes. De-
spite these problems some observations do allow
plausible causes of incision to be evaluated.

Base-level change

A model of progressive sea-level lowering during the
Quaternary, proposed by Fairbridge (1961), was an
often-cited mechanism (e.g. Clayton, 1977) for the
progressive incision of river valleys i.e. where a lower-
ing of base level of a river is not balanced by lengthen-
ing of its course, incision will result in changes in pro-
file immediately upstream. Such incision could, given
enough time and a readily erodible substrate, be
transmitted throughout the whole basin via knick-
point recession. Hence low sea levels, during cold
stages, could have resulted in downstream incision
with subsequent transmission of this incision up-
stream via knickpoint recession.

Little is known about the downstream extension of
the Severn through the Bristol Channel and beyond
during low sea level stands. However, it is likely that
the river simply extended it course offshore, incising
only in the very downstream reaches close to the con-

tinental shelf-break hundreds of kilometres offshore.
Schumm (1993) and Leopold and Bull (1979) have
suggested that the effects of base-level change will
tend not to be propagated far upstream, particularly
in large rivers, which have more scope to accommo-
date adjustment via other channel variables. Thus
sea-level controlled incision is an unlikely cause of the
incision in the lower Severn valley.

Climatic change

Climate-driven changes have undoubtedly been im-
portant in governing aggradation-incision cycles
(Bull, 1991; Bridgland, 1994; Bridgland & Maddy,
1995; Maddy et al., 2000; Maddy et al., 2001). Cli-
matic control exerts influence on the sediment/dis-
charge ratio with incision promoted when low sedi-
ment availability is concurrent with high discharge
and aggradation being promoted in times of high sed-
iment supply. Leeder & Stewart (1996) have suggest-
ed that incision may be initiated upstream, when in-
creasing discharge outpaces increasing sediment
availability. This can migrate downstream, a process
they referred to as discharge-controlled incision or
‘kinetic incision’, thus providing a mechanism for the
transmission of upstream initiated incision through-
out the whole basin.

The conditions necessary for the initiation of inci-
sion might, for example, be anticipated at the begin-
ning of warm events when hill-slope stabilization by
vegetation reduces sediment supply. The occurrence
of interglacial sediments at the base of river terrace
sediment packages in the Severn e.g. Bushley Green
(OIS 9) and Stourbridge (OIS 5¢) tends to suggest
that incision has indeed occurred immediately prior
to the interglacial i.e. on the glacial-interglacial transi-
tion. Unfortunately the apparent lack of interglacial
sediment preservation within the Spring Hill and
Kidderminster Station Members prevents confirma-
tion of this timing for the initiation of their precursor
incision events. However, OIS 7 sediments are known
from the base of a terrace in the Avon Valley equiva-
lent to the Kidderminster terrace (Maddy et al.,
1991). This timing of incision also occurs when global
sea-levels are rising, providing further evidence for
the relative unimportance of sea-level change as a
driving mechanism. Although there is no direct evi-
dence to support a climate-driven mechanism for the
incision between the deposition of the Holt Heath
and Worcester Members, climate change may in part
drive the incision from the Worcester Member to the
Power Station Member and subsequent incision to
the base of the Holocene floodplain i.e. during the
OIS 2-1 glacial-interglacial transition.
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Although climate control is therefore important in
governing the likely timing of some incision events it
cannot provide a mechanism which leads to long-
term progressive valley incision. This problem is dis-
cussed in relation to terrace formation in the Thames
valley (UK) by Maddy (1997) and Maddy et al.
(2000, 2001). In these papers it is suggested that cli-
mate change governs the timing of aggradation-inci-
sion cycles, in synchrony in the Thames, as here in the
Severn, with the Milankovitch glacial-interglacial cy-
cles, but progressive valley incision and the conse-
quent development of terrace staircases must require
long-term tectonic uplift. These conclusions are sup-
ported by recent modelling exercises (e.g. Veldkamp
& Van Dijke, 2000).

Crustal instabiliry

The concept of uplift control on valley incision has
had a long history in the geomophological literature,
embodied in the ideas of rejuvenation. More recent
studies have demonstrated that valley incision can re-
sult from crustal uplift (e.g. Bull, 1991). Mechanisms
for crustal uplift in Southern England were discussed
by Maddy et al. (2000) who list a number of mecha-
nisms including: direct plate-tectonic stress at, or
near, plate margins; intraplate stress (e.g. Cloetingh et
al.,, 1990) and large-scale glacioisostatic adjustment
(e.g. Lambeck, 1993, 1995).

Using the stratigraphical information given above it
is possible to reconstruct former floodplain levels for
the period since the Anglian glaciation. Fig. 2 shows
interpolated longitudinal profiles of the river terraces
mapped in the lower Severn valley based upon the
height of the terrace surfaces at five localities (Table
2). This diagram illustrates some interesting patterns
that require consideration:

90

a) The OIS12 (late Anglian) Woolridge Member is in-
cised by ¢.30 m prior to deposition of the OIS11-
10 Spring Hill Member. As this area was complete-
ly covered by Anglian ice it is reasonable to antici-
pate that the region was glacio-isostatically de-
pressed until deglaciation and hence this unusually
high amount of incision may be a response to
glacio-isostatic rebound.

b) The incision from the Holt Heath — Worcester —

Power House Members is associated with deglacia-
tion at the end of OIS2 (Devensian) and thus may
also be associated with glacio-isostatic compensa-
tion, with greater amounts of localized incision, up
to ¢. 30 m, closer to the ice front. The pause in inci-
sion during Devensian deglaciation, indicated by
the deposition of the Worcester Member, may re-
flect a short-lived re-advance of the Devensian ice-
sheet, or more likely a catastrophic phase of ice-
sheet down-draw resulting in substantial outwash
deposition.
In both cases (a, b) therefore the incision levels as-
sociated with deglaciation are of the same order of
magnitude and are similar to levels of incision in
front of the Anglian ice-sheet in the Thames valley
where Maddy & Bridgland (2000) have argued for
a glacio-isostatic component.

¢) There is an downstream decrease in terrace gradi-
ent of the Holt Heath Member, perhaps reflecting
increased warping of the terrace towards the ice-
sheet margin, perhaps reflecting differential re-
bound. A similar picture emerges with the Kidder-
minster Station Member perhaps suggesting simi-
lar warping of the terrace profile during late OIS6
(Saalian), although evidence from this event is
much more ambiguous.

Using the altitude of the base of each terrace

(Table 2) for the five localities used above, time-aver-

— Woolridge Terrace (top)

Height m OD

X Power House Terrace (top)
804 + Worcester Terrace (top)
4 Holt Heath Terrace (top)

« Bushley Green Terrace (top)

701 u Kidderminster Terrace (top)
604 * . ) .
* Spring Hill Terrace {(top)

0 - . . . . . Fig. 2. Interpolated terrace surface longitudi-

0 10 20 30 40 50 70 nal profiles based upon heights shown in
Distance Upstream from Gloucester (km) Table 2.

334 Netherlands Journal of Geosciences / Geologie en Mijnbouw 81(3-4) 2002

https://doi.org/10.1017/50016774600022630 Published online by Cambridge University Press


https://doi.org/10.1017/S0016774600022630

Table 2. Age-altitude data for the members of the Severn Valley Formation.
Numbers in italics are estimates based upon observed thicknesses close by.

Topage Top Bottom age Bottom ILocation Grid Ref 31 Reference
ka m OD ka m OD
Gloucester
Woolridge 430 82 81 Woolridge 50806237 14 Maddy, 1989
Spring Hill 330 55 425 52 Spring Hill S0808232 15 Lucy, 1872
Bushley Green 250 42 325 40 Apperley S0863282 10 Maddy, 1989
Kidderminster 140 25 225 21 Maisemore S0810214 0 Worssam et al., 1989
Main 18 15 125 11 Maisemore S0814210 0 Worssam et al., 1989
Worcester 15 10 17 0 Maisemore S0816210 0 Worssam et al., 1989,
Beckinsale & Richardson, 1964
Power House 11 0 13 -9 Maisemore SO817212 0 Worssam et al., 1989
Tewkesbury
Woolridge 430 85 83 Sarn Hill Wood SO859343 18 Maddy, 1989
Spring Hill 330 62 425 59 Windmill Tump S0865351 20 Maddy, 1989
Bushley Green 250 52 325 45 Bushley Green S0862351 20 Maddy, 1989
Kidderminster 140 35 225 31 The Mythe S0890340 18 Worssam et al., 1989
Main 18 15 125 12 Ripple SO876373 22 Maddy, 1989
Worcester 15 10 17 3 Queenbhill S0O868369 22 Worssam et al., 1989,
Beckinsale & Richardson, 1964
Power House 11 3 13 0 Queenhill S0868369 22 Beckinsale & Richardson, 1964
Worcester
Spring Hill 330 67 425 65 Atchen Hill SO810555 44 Moorlock et al., 1985
Bushley Green 250 61 325 58 Lower Broadheath SO809573 46 Moorlock et al., 1985
Kidderminster 140 45 225 41 Hallow SO828580 46 Moorlock et al., 1985
Main 18 27 125 24 Worcester S0835535 41 Wills, 1928
Worcester 15 21 17 16 Worcester SO848540 42 Beckinsale & Richardson, 1964
Power House 11 15 13 8 Worcester S0848540 42 Beckinsale & Richardson, 1964
Holt Heath
Spring Hill 330 69 425 67 Old Hill SO814616 51 Moorlock et al., 1985
Bushley Green
Kidderminster 140 43 225 40 Holt Heath SO818628 52 Maddy, 1989
Main 18 34 125 25 Holt Heath S0O827627 51 Dawson & Bryant, 1987
Worcester 15 22 17 12 Grimley S0835608 50 Dawson, 1989
Power House 11 15 13 11 Grimley SO838609 50 Beckinsale & Richardson, 1964
Stourport
Kidderminster 140 55 225 51 Hartlebury SO825713 60 Maddy, 1989
Common
Main 18 44 125 40 Stourport SO798717 60 Dawson, 1988; Goodwin, 1999
Worcester 15 31 17 21 Wilden S0825729 62 Brown, 1983
Power House 11 21 13 18 Wilden S0824730 62 Shotton & Coope, 1983;

Brown, 1983

d ! distance upstream (km) from Gloucester

aged incision rates for the whole post-Anglian period
can be reconstructed (shown in Fig. 3 a, b). These da-
ta show remarkable consistency suggesting incision
during the past 400 ka at a time-averaged rate of c.
0.15 m ka™'. This observation is remarkable given the
repeated glaciation of the basin; the glacio-isostatic
effects noted above appear therefore to have had only
short-term effect on the overall valley incision rate.
This latter observation also perhaps suggests that
complete glacio-isostatic compensation is achieved

with no net upward or downward crustal movement,
suggesting therefore that glacial erosion was less than
that required to necessitate isostatic compensation.
The calculated incision rate of 0.15 m ka! com-
pares with rates of 0.07 m ka™! calculated from the
terrace record of the Upper Thames (Maddy, 1997)
and rates of ¢. 0.10 m ka! in the Lower Thames valley
(Maddy et al., 2000). This higher incision rate is con-
sistent with the west-east tilting of the Jurassic/Creta-
ceous strata to the east of the Severn valley, suggest-
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Fig. 3. Calculated incision rates in the lower Severn valley based
upon the base of the terrace aggradations at a: Gloucester, Tewks-
bury and Worcester; b: Holt Heath and Stourport. All localities
shown on Fig. 1. Each line represents a linear regression (Y= o +
BX) at a specific location in the lower Severn Valley ranging from
Stourport (upstream) to Gloucester (downstream). In each case
the explanatory variable (Y) represents terrace base altitude and
the independent variable (X) represents estimated age (based on
Table 2). Thus the slope parameter  is an estimate of the time-av-
eraged incision rate (m ka™').

ing this pattern may be the continued response to a
long-term crustal adjustment, perhaps even to dom-
ing (Cope, 1994). However, Maddy (1997) and West-
away et al. (2002) suggest that increased uplift rates
begin immediately prior to the onset of lowland
glaciation c. 2.6 Ma and argue that this uplift is large-
ly therefore a Quaternary phenomenon. This conclu-
sion is based not only on the identification of the
onset of valley incision in the UK but also much fur-
ther afield in the Netherlands (Van den Berg, 1996;
Westaway (2001) and France (Antoine, 1994).
Westaway (2001) and Westaway et al. (2002) pre-
sent a model for uplift driven by flow in the lower
continental crust in response to the repeated pres-
sure/thermal gradient changes induced by the load-
ing/unloading cycles of sea-level change on the conti-

nental shelf and ice-sheet waxing and waning on the
continents. An alternative mechanism involving
lithospheric flexure in response to erosion of the Late
Triassic and Early Jurassic clays and marls from areas
surrounding the Severn valley has been suggested by
Watts et al. (2000). They argue that this erosion has
taken place during the post-Anglian period suggest-
ing connection with a depocentre in the Celtic deep.
Unfortunately Watts et al. (2000) failed to consider
the published information on the sedimentary record
of the Severn and Avon (Maddy et al., 1991; Maddy,
1999), which does not support the erosion rates they
suggest in the post-Anglian period. However, longer-
term erosion (i.e. the whole Pleistocene) of this area
may have been a contributory factor in driving en-
hanced uplift and may help explain the higher rates of
incision seen in this area. A detailed consideration of
the mechanisms driving uplift in this area will be the
subject of a later paper.

Conclusions

The Pleistocene development of the lower Severn val-
ley is typical of other rivers in Southern England in
that the long-term incision appears to be driven by
crustal uplift. Similarly, the stratigraphy of the ter-
raced sediment bodies appears to support the timing
of terrace aggradation and incision being principally
driven by sediment/discharge changes consequent up-
on climate change, a phenomenon already noted from
the Thames valley (Bridgland, 1994; Maddy et al.,
2001). The terrace staircase therefore appears to di-
rectly reflect the Milankovitch-driven 100 ka climate
cycles, with incision concentrated during the cold-
warm transitions (although not exclusively limited to
these periods) and aggradation during warm-cold cli-
mate transitions and to a more limited extent within
the cold climate episodes themselves. Base level con-
trols on this system are believed to be insignificant.

Although the overall level of valley incision is gov-
erned by regional uplift, complex terrace sequences
can develop in response to localized changes. In the
case of the Severn, a complex Late Devensian
deglacial history has resulted in multiple terraces
forming during a phase of glacio-isostatic rebound.
The greatest incision rates experienced during this
deglaciation reflect adjustments in river response to
this rebound together with accommodation of the up-
lift experienced during the cold stage.
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