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1. To establish the recent history of flooding, and of variations in flood magnitude,
through analysis of instrumental flood records;

2. To describe the methods used in reconstructing long flood records from
floodplain sedimentary sequences;

3. To demonstrate that the grain size proxies employed are suitable for use at the
study sites;

4. To produce long dated flood records from floodplain sediment sequences within
the Tywi catchment, which can be used to investigate relationships between
flooding and climate;

5. To compare the sedimentary flood record with available historical flood records,

in terms of length and type and utility of the information provided.

1.3 Structure of the report

This report consists of six sections, including this introduction. Section 2 describes the
Tywi catchment and site investigated as part of this research. Section 3 presents flow
data from three gauging stations within the Tywi catchment. Recent (decadal-scale)
variations in flood magnitude are described and their effects on the results of flood
frequency analysis are assessed. Section 4 summarises the available historical flood
data for the Tywi catchment. Section 5 presents flood records constructed using high-
resolution ltrax core scanning of sedimentary sequences from Abermarlais. Section 6
summarises the main findings of the study and suggests lines of enquiry for further
research.

2. The Tywi catchment and Abermarlais study site

The Afon Tywi, in south-west Wales, is 114 km in length and has a catchment area of
1373 kmZ. The catchment rises to 802 m above Ordnance Datum in Black Mountain, on
its southern boundary. The catchment is predominantly underlain by mudstones,
siltstones and greywackes of Ordovician and Silurian age but at the southern margin of
the catchment Devonian sandstones (Old Red Sandstone) and Carboniferous limestone
crop out. Grassland, used either for hill-farming, livestock farming or dairying, is the
predominant land cover type within the catchment and there is also a significant
proportion of woodland. Arable land and urban areas constitute relatively small

percentages of catchment land cover.
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Figure 1: The Tywi catchment, south Wales, showing the locations of the Exploration

Tywi! study area, the principal towns, the three gauging stations and the Abermarlais

field site.



Table 1: Record lengths of available daily mean flow, daily maximum flow and HiFlows-
UK annual maximum series for the selected flow gauges.

Dolau Hirion Ty Castell Capel Dewi
Gauging station 25/04/1968 01/01/1958 01/02/1958
established
Daily mean flows 1968-2008 1958-1983 and 1974-2009
(water years) 1999-2009
Daily maximum No record 1981-1983 and 1981-2009
flows (water years) 1999-2009
HiFlows-UK annual 1967-2007 1957-2007 1957-2007*
maximum data
(water years)

* HiFlows-UK data for 1957-1973 water years at Capel Dewi have been derived from
data from the Ty Castell gauge (Environment Agency, 2010).

Dolau Hirion annual maximum series
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Figure 2: Annual maximum series derived from daily mean flow data and HiFlows-UK
data for the Dolau Hirion flow gauge.
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Figure 3: Annual maximum series derived from daily mean flow data, daily maximum
flow data and data from the HiFlows-UK archive for the Ty Castell flow gauge.
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Figure 4: Annual maximum series derived from daily mean flow data, daily maximum
flow data and data from the HiFlows-UK archive for the Capel! Dewi flow gauge.
1987 (175 m®s™) respectively, whereas in the HiFlows-UK annual maximum flood



difference in the magnitude of the annual maximum flood discharges between the two
datasets is striking: in the daily mean flow data the largest flood peak is a little over 250
m?s™ while in the HiFlows-UK data the magnitude of the greatest annual maximum
flood peak is in excess of 500 m*s™. In this small, rapidly responding upland catchment
it appears that there may be large differences between daily mean and maximum flows.

At the Ty Castell gauge there are long gaps (1984-1998) in the annual maximum flood
records derived from both the daily mean and daily maximum flow records, which make
it difficult to identify temporal variations in the magnitude of the annual maximum flood.
The short record derived from the daily maximum flow series shows that the greatest
annual maximum flood peaks occurred in the 2003 and 2005 water years. The flood
peaks recorded in the 1981-1983 water years are smaller than the majority of those
which occur during the period 1999-2009. The annual maximum flood record derived
from the daily mean flow series contains a peak in the early part of the record with the
greatest annual maximum flood event occurring in the 1965 water year.

Relatively low annual maximum flood peaks were recorded during the early to mid
1970s followed by an increase to a peak in 1979-1980. In the most recent part of the
record there is a peak at c. 2003-2005, corresponding to that in the daily maximum flow
record. The HiFlows-UK record is the only one which covers the entire period and this
indicates that the annual maximum flood event in the 1987 water year dwarfs every
other annual maximum flood discharge in the record. The pattern of variation in the
early part of the record is similar to that in the annual maximum series derived from the
daily mean flow record, although the magnitude of the instantaneous maximum
discharges is 100-200 m3s™ greater for the larger events in this period. The later part of
the record shows a similar pattern to that recorded at Dolau Hirion, namely a decrease
in mean annual maximum flood magnitudes to the early to mid 1990s followed by an
increase to the end of the record.
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Figure 6: Temporal variations in the magnitude of the annual maximum flood at Ty
Castell. Flood magnitudes are derived from daily maximum flow data (top), daily mean
flow data (middle) and the HiFlows-UK archive (bottom).
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Figure 7: Temporal variations in the magnitude of the annual maximum flood at Capel
Dewi. Flood magnitudes are derived from daily maximum flow data (top), daily mean
flow data (middle) and the HiFlows-UK archive (bottom).
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Figure 8: Variations in the winter (December-March) North Atlantic Oscillation index
between 1900 and 2009. The data have been smoothed using a 5-year running mean
which has been used to define five periods (below right) into which the annual maximum
flood records have been divided for flood frequency analysis.

one year in 20 through the whole record. This rises to more frequently than one year in
ten during the 1971-1985 period as a result of the occurrence of the two highest mean
daily flows during this period. The results from the analysis of the HiFlows-UK annual
maximum data are somewhat different: in each data series, except that for the 1967-
1970 water years, there is a noticeable step change in the magnitudes of the annual
maximum floods as the exceedence probability decreases. This occurs at between c. 70
% and 40 % annual exceedence probabilities, depending on which part of the record is
analysed. This effect may result from the operation of the LIyn Brianne to contain flood
flows when floodwater storage capacity is available. In the whole record the apparent
reduction in flows which may be due to the operation of the reservoir occurs for floods
with exceedence probabilities greater than c. 60 %. The HiFlows-UK instantaneous
maximum data indicate that annual maximum flood peaks exceed 300 m3s™
approximately one year in ten.
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The probability of such an event occurring appears elevated in the 1971-1985 and
1986-1996 periods, notably as a result of the occurrence of the single high-magnitude
flood in 1987 for the 1986-1996 period. As in the flood frequency analysis on the dally
mean flow data, frequent floods in the 1986-1996 period had substantially lower flood

peak discharges than those in other parts of the record.

Flood frequency analysis of the small amount of daily maximum flow data from the Ty
Castell gauge emphasises the lower magnitude of the flood peaks in the 1981-1983
water years as compared with those between 1999.2009. The analysis of the daily
mean data indicate that flood magnitudes were generally lower in 1971-1983 and 1961-
1970 than in 1999-2009, although magnitudes of the floods with the lowest annual
exceedence probabilities in 1971-1983 and 1999-2009 are very similar. Flood frequency
analysis of the HiFlows-UK data for this gauge emphasises the high magnitude of the
1987 flood peak. Through much of the range of annua! exceedence probabilities, flood
magnitudes were greater in the 1997-2007 than in the other parts of the record. In the
entire record the magnitude of the flood which occurs on average in one year in ten was
approximately 650 m3s™. This value varied from between 608 m3s™ for the 1961-1970
period to ¢. 1000 m3™ in the 1986-1996 period, as a result of the high magnitude of the
1987 annual maximum flood, which, according to the flood frequency analysis on the
whole records, would be expected to occur in around one year in 50.

Flood frequency analysis of the annual maximum flood record derived from maximum
daily flow data at the Capel Dewi gauge shows that high-magnitude flood events, with
low annual exceedence probabilities, were most frequent in the 1986-1996 period. For
events with higher annual exceedence probabilities, magnitudes were greater during the
1997-2009 period than in either 1981-1985 or 1986-1996.This is also apparent in the
flood record derived from daily mean flow data. However, for floods with low annual
exceedence probabilities, the annual maximum flood record derived from the mean
daily flow data indicates that the magnitudes of such flows were greatest during the
1973-1985 period. The flood frequency analysis on the data from the HiFlows-UK data
from the Capel Dewi gauge produces different results. Flood magnitudes are greatest in
the 1997-2007 period for floods with annual exceedence probabilities of between 10
and 80 %. As at the Ty Castell gauging station the magnitudes of floods with annual
exceedence probability of 10 % vary considerably between different parts of the record,
being greatest in 1986-1997 and least in 1961-1970.

18
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Figure 11: Flood frequency analysis of annual maximum flood data from the Capel
Dewi gauging station. Flood magnitudes are derived from daily maximum flow data
(top), daily mean flow data (middle) and the HiFlows-UK archive (bottom).
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4, Historical flood data

4.1 Introduction
In the previous section the systematically collected instrumental flow record was the
subject of investigation. in this section the potential of the available historical data for

extending the instrumental record is assessed for the Tywi catchment.

4.2 Historical flood data for the Tywi catchment

Historical flood data for the Tywi catchment have been obtained from the Chronology of
British Hydrological Events database {CBHE) (Black and Law, 2004; Law et al., 1998),
which contained data from a range of sources. In addition, quantitative information for a
single flood event which occurred prior to gauging of flows within the catchment is
available from the Flood Studies Report (NERC, 1975). It is noted that information on
certain floods obtained from the CBHE has since been removed from the database. No
reason for this removal has yet been ascertained. However, much of the removed data
had been extracted from a published source (Lewis, 1992) and is therefore included in
this assessment of the available historical data.

Table 2 lists the dates of the flood events which are referred to in historical sources and
also includes available information on flood magnitude. The available information
suggests that the record is incomplete for the period from 1767: there are probably one
or more floods of greater magnitude than that of 1831 which occurred during the 50
years prior to that date. Likewise, there is no record of the flood of 1852, although the
information about the flood of 1878 imply that the flood peak magnitude in 1852 was
greater than that in 1878. In addition, there is no information about the snowmelt
flooding which occurred in March 1947 The only flood for which quantitative information
is available is that of 1931 for which a discharge of 1270 m3s™” has been estimated,
putting the peak discharge of this event close to that of the high-magnitude flood of
1987, which was the largest, by a significant margin, in the instrumental flow record.
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Frost and Jones (1988) concluded that the peak discharge of the flood event of 1894
may have been greater than any flood in the instrumental record (including that of
1987), while the information collected by Lewis (1992) indicates that the flood peak
discharge of the 1891 event may anly have been a little lower than that of 1894. These
data suggest that, since c. 1890 four flood events with a discharge similar to that of the
flood of 1987 (including the 1987 flood itself) may have occurred. For those events
which occurred prior to 1891 the information on flood magnitude is too limited to draw
any conclusions about the length of time during which the discharges of the floods of
1891 and 1884 had not been exceeded.

4.3 Usefulness of historical flood data

Quantitative historical data, such as the estimated discharge for the 1931 at Ty Castell,
are clearly the most useful for extending the instrumental flood record, particularly
where rating equations exists which are suitable for converting high-magnitude flood
stages to discharges. Relative magnitude information (flood X > flood Y or flood Z the
largest for W years) may also potentially be incorporated into estimates of annual
exceedence probabilities (cf. palaeohydrologic bounds (Levish, 2002)) where
appropriate statistical techniques are available. Where magnitude data are lacking,
information that a significant flood has occurred may be of use in constraining flood
frequencies, although it will not be possible to attach a frequency to a particular
magnitude as in conventional flood frequency analysis.

Historical flood peak data may also be used in conjunction with palaeoflood data to
extend flood records. Dates of significant flood events and relative magnitudes of
numbers of flood events may be used to identify events within the palaeoflood record.
The dating of these events within the palaeoflood record becomes particularly secure
when other dating control (for instance from radiocarbon or historical contamination) is
available. Where event magnitudes are available within the historical record, floods
within the palaeoflood record which occurred prior to historical recording of flood levels
may be classified as having peak magnitudes ‘probably greater than flood X' or
'probably less than flood Y’. This type of information may also be useful in constraining
the magnitude-frequency relationships of high-magnitude flood events with low annual
exceedence probabilities. The type of palaeoflood information derived from floodplain

sedimentary sequences, as described in the following section, is particularly suitable for
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1992), degree of trace element enrichment (e.g. Shotyk et al., 2001; Wolfe and Hartling,
1997), depositional process (e.g. Thorndycraft et al., 1998) and grain size {e.g. Calvert
et al., 2001; Chen et al., 2006; Dypvik and Harris, 2001; Oldfield et al., 2003).

In a lacustrine sedimentary sequence from Petit Lac d’Annecy, France, Thorndycraft et
al. (1998) were able to identify four major flood events using changes in the Fe/Mn ratio
within the core: significantly higher values of the Fe/Mn ratio resulted from the high Fe
content of minerogenic soils washed into the lake during these events. Since
discrimination of flood events in fluvial sedimentary sequences is usually undertaken
primarily upon the basis of grain size reversals, element ratios indicative of changes in
grain size offer the potential for distinguishing between the deposits of individual flood
events in fine-grained sedimentary sequences. The combination of element ratios
indicative of sediment grain size changes and high-resolution core scan data provides
the capability for reconstructing highly detailed records of past flood events from fluvial

sedimentary sequences lacking clearly visible sediment grain size reversals.

A number of lithogenic element ratios have been used as indicators of changing grain
size in various types of sediment including Si/Al (e.g. Calvert et al., 1996; Calvert et al.,
2001), Ti/Al (e.g. Calvert et al., 1996; Schneider et al., 1997), Zr/Al (e.g. Calvert ef al.,
2001; Schneider et al., 1997), Zr/Ti (Oldfield et al., 2003) and Zr/Rb (Chen et al., 20086;
Dypvik and Harris, 2001). The poor detection limits of Al and Si in Itrax XRF analyses
(approximately 20 000 ppm and 10 000 ppm, respectively, using a 10 second count
time; Cox Analytical Systems (no date)) means that ratios incorporating these elements
were unsuitable for interpreting grain size changes from Itrax XRF data. For this reason,
the application of the Zr/Ti and Zr/Rb ratios in palaeoflood reconstruction was
investigated in this study.

Zr, Ti and Rb are lithogenic elements (Oldfield et al., 2003; Shotyk et al., 2001) which
have been used as indicators of catchment erosion in lake sediment studies (e.g. de
Boer, 1997; Koinig ef al., 2003; Wolfe et al, 2005). Zr is immobile in the surficial
environment {(Hardardéttir ef al., 2001; Law et al., 1991; Rose et al., 1879), while Rb is
slightly mobile (Rose et al., 1979). Ti is often considered immobile (Hardardéttir et al.,
2001; Rose et al., 1979), although mobility of Ti has been reported during weathering of
soils, when it becomes enriched in the clay fraction (Sudom and St. Arnaud, 1971). Zris
generally insoluble (Koinig et al., 2003) whereas Ti has low solubility in low temperature
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(median 2.92 %) and 63-125 pm (median 2.54 %) fractions of 121 bed sediment
samples from Manoca Stream, Hawaii. Veldkamp and Kroonenberg (1993) studied the
effect of grain size on the compaosition of sandy sediment from river terraces in the Allier
and Dore catchments in the Limagne rift valley, France. They found that grain size had
a significant effect on the concentration of Rb in the Allier catchment (higher Rb, lower
median grain size over the range 0.2- 1.4 mm) and Ti in the Dore catchment; around 60
% of the variability in these elements was attributable to grain size (Veldkamp and
Kroonenberg, 1993). Furthermore, in the Dore catchment concentrations of Zr also
increased with decreasing median grain size (range 0.2-2.0 mm). In bed sediment
samples from the Meurthe catchment, in the Vosges Mountains, France, Ti and Zr
concentrations were higher in the <0.1 mm fraction than in the 0.1-0.3 mm and 0.3-0.5
mm fractions, and the distribution of Rb between the three fractions showed no
consistent pattern (Albaréde and Sehmi, 1995). Whitmore et al. (2004) found that the
relationship between grain size and Ti, Rb and Zr in 27 New Guinea rivers draining to
the Solomon Sea varied according to the underlying geology. Concentrations of these
three elements tended to increase with decreasing grain size {gravel to mud) although
in approximately half of cases there was no clear relationship (Whitmore ef al., 2004).

These studies of Zr, Ti and Rb distribution in fluvial sediments have generally focused
on coarse-grained sediments, which are significantly coarser than the fine-grained
overbank deposits in the Abermarlais floodplain. However, studies of variations in Zr, Ti
and Rb concentrations between grain size fractions have also been undertaken in other
depositional environments, such as lakes, in which finer-grained sediments
predominate. For example, in samples recovered from the bed of Lake Nasser, Moalila
(1997) found that Ti concentrations were highest in the 20-32 pm size fraction than in
finer (<20 pym) or coarser (32-75 pm and >75 ym) fractions. Rb concentrations were
found to be high in both the finest and coarsest fractions, which was attributed to the
presence of Rb in clay minerals and as a detrital Rb-bearing phase in the coarse
fraction (Moalla, 1997). In well-sorted surface sediments from the Skagerrak, Klaver and
van Weering (1993) found that Rb was five times enriched in the clays relative to the
sands whereas Zr was up to three times enriched in sands and silts compared with the
clays. In a sample of modern mud from the Gulf of Mexico, Ti was found to be
concentrated in the 2-10 pm fraction relative to the coarser (>10 pm) and finer (<2 pm)
fractions. Rb concentrations were highest in the <2 pm fraction and considerably lower
in the =10 pm fraction. Zr concentrations were highest in the >10 pm fraction and lowest
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described by Jones ef al (2007), and was validated in the field during the coring

programme (Figure 12).

The sites selected for sediment coring to produce the sedimentary flood records had a
number of characteristics. First, they were located in palaeochannels as these
topographic low points act as foci for deposition during overbank flood events through
an extended period. Second, the sites were relatively close to the current channel but
beyond the area of floodplain which has been reworked during the period for which
historical maps and aerial photographs were available (c. 170-180 years). Parts of the
floodplain which are distant from the present river channel may not have received
appreciable amounts of sediment during flood events in recent centuries and
consequently may produce a truncated record. Third, coring sites were selected where
there was known, or expected, to be thick sequences of fine-grained, vertically-accreted
floodplain deposits. In the Tywi catchment, the Abermarlais site was selected for
production of a sedimentary flood record in preference to the other sites investigated
because initial coring indicated that the thicknesses of fine-grained sediment were
greater at this site that at the others. In addition, based on previcus experience in the
Severn and Dee catchments, this site was expected to be more suitable as the
sediment was finer-grained (mainly silts and clays) than at other sites downstream
(such as College Farm, where sedimentary sequences contained a higher proportion of
sands, derived from the Old Red Sandstone, which crops out in the southern part of the

catchment).
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5.3.2 Sediment coring

Coring of floodplain sediment sequences was undertaken using a motorised percussion
corer. Cores were collected from the Abermarlais site in June 2010. Initially, cores were
collected using an open chamber gouge with an internal diameter of 756 mm. Cores
were extracted in one metre sections and described in terms of colour, grain size
distribution, bedding structures {e.g. imbrication) and organic matter content. Organic
samples suitable for radiocarbon dating were collected where available. Subsequently,
cased (50 mm diameter) cores were collected for detailed laboratory analysis. The
tubes were sealed at each end immediately after extraction and were transported and
stored in a horizontal position. Cased cores were initially split in half lengthwise using a
circular saw to cut through the plastic tubing and either a wire or brass plates were used
to split the sediment core into two halves. One half of the sample was designated as the
archive half and was prepared for scanning using the Itrax core scanner and
subsequently stored. The other half of the split core was sub-sampled for particle size
analysis.

Five organic matter samples suitable for radiocarbon dating were recovered from the
Abermarlais site: two of wood, two of charred material and one of plant material. These
were sent to Beta Analytic for dating. The radiocarbon ages were calibrated using
OxCal version 4 (Bronk Ramsey, 2009) and the IntCal04 calibration curve (Reimer et
al., 2009).

5.3.3 Itrax core scanning

The ltrax core scanner is an automated scanning instrument (Croudace et al., 2006)
which produces three principal types of data output: high resolution (up to 100 pm)
optical and radiographic images and elemental (XRF) profiles of split sediment cores.
For the production of flood records from the Abermarlais floodplain sediment sequences
the Itrax core scanner was used for XRF measurements of 28 elements at 500 pm
intervals using a Mo-tube operated at 30 kV and 30 mA and a 10 s exposure time. The
Itrax core scanner provides XRF results as element intensities rather than element
concentrations. Log-ratios of these XRF intensities were used to produce flood records.
The use of log-ratios of element intensities for analysis of XRF core scan data is

recommended by Weltje and Tjallingii (2008) since these are related to log-ratios of
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Since sediment grain size data are a type of compositional data (subject to the constant
sum constraint), grain sizes was expressed as log-ratios in order to permit the
application of standard statistical methods (Aitchison, 1982; Weltje and Tjallingii, 2008).
It is not possible to calculate a log-ratio for two sediment grain-size fractions where the
percentage of sediment in either of them is 0. For this reason, log-ratios involving
fractions coarser than 3 ¢ were not calculated for either site, since sediment in this grain

size range was not present in a number of the samples analysed.

Log-ratios of sediment grain size data were calculated for each pair of 0.5 § size
fractions smaller than 3 ¢. The larger grain size fraction was always used as the
numerator and the smaller grain size fraction as the denominator, as this should
produce a positive correlation with the Zr/Ti and Zr/Rb ratios, if they are suitable for use
as grain size proxies at this site, since Zr is expected to be concentrated in a coarser
grain size fractions than either Ti or Rb, and therefore the Zr/Ti and Zr/Rb ratios are
expected to increase with increasing grain size. A mean value of Ln(Zr/Ti) and
Ln{Zr/Rb) was calculated for each subsample using the Itrax core scan data for the
depth interval from which the subsample was taken. Pearson product-moment
correlation was used to establish whether there was a relationship between sediment
grain size and whether this relationship was of the expected form (i.e. positive).
Correlation coefficients were calculated for each grain-size log-ratio with each of the two
lithogenic element log-ratios. A significance level was calculated for each correlation
coefficient. Correlation coefficients were calculated using grain size results from both
the sedigraph and the laser granulometer, in order to determine whether there was a
difference in the results according to the method used (Tables 3 to 6). Within the results
tables significant correlations are highlighted. Correlations significant at the 5 % level
are shaded green, those significant at the 1 % level are shaded yellow, those significant
at the 0.1 % level are shaded orange and those significant at the 0.01 % level are
shaded red.
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Figure 13: The most significant positive correlation between the log-ratio of Zr/Ti and
sediment grain size (the ratio of the 5.5-6.0 ¢ fraction to the 9.5-10.0 ¢ fraction).
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Figure 14. The most significant positive correlation between the log-ratio of Zr/Rb and
sediment grain size (the ratio of the 5.5-6.0 ¢ fraction to the 9.5-10.0 ¢ fraction).
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This may be caused by changes at the site during the event, related to the
flow of water or deposition of sediment in the immediate vicinity of the site
from which the sediment sequence was recovered, or, perhaps more likely, to
variations in the calibre of sediment supplied to the site relating to fluctuations
in water depth and flow velocity as the result of, for example, the arrival at
different times of minor peaks generated in different sub-catchments
upstream of the site or the effects of a multi-peaked rainfall event. Therefore,
a cluster of peaks in the record, which occur within a few millimetres or, in
some cases, a few centimetres of each other, and between which levels of the
log-ratios are in general elevated above the norm, are interpreted as
representing sediment deposited during the course of a single flood event.

it has thus far not been possible to determine the exact extent to which the
magnitudes of peaks in the records of these geochemical grain size proxies is
related to the peak discharges of the floods that deposited the sediment. The
assumption is here made that a peak in either or both of In{Zr/Rb) and
In(Zr/Ti) indicates that a major flood event has occurred. It is also assumed
that, to a certain extent, the relative magnitudes of the peaks within these data
series reflect the relative magnitudes of the floods that they record. However,
it has not been possible to determine either the magnitude of the errors which
might be expected when using the Itrax core scanner to measure the variation
in elemental concentrations or the magnitude of the errors between the grain
size as represented as represented by the proxy and the actual grain size or
the magnitude of the errors which would result in estimating the magnitude of
a flood peak discharge from the sediment which it deposited. Notwithstanding
this, it has been possible to demonstrate at a site in the Severn catchment
(the Roundabout, north of Welshpool), by comparison of the grain size proxy
record with the occurrence of isolated individual layers of gravel within the
predominantly silty sediment sequence analysed, that the coarsest layers
within the sediment sequence produced the largest peaks in the grain size
proxy record. The assumption that such coarse layers were deposited during
flood events the magnitude of which is represented by the calibre of the

sediment is an assumption which underpins the field of palaeoflood hydrology.
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two cores from Abermarlais to a time scale: the ground surface was assigned
an age of AD2010, the year in which the cores were collected from the
floodplain. Three radiocarbon-dated samples were available for Core AM1.
The upper two radiccarbon samples returned ages which were very similar,
as were also the calibrated ranges of these dates. Therefore, a mean depth
for the two samples was calculated and the midpoint of the 2 ¢ ages was
used in this case. The depth and mid-point of the 2 & calibrated age range for
the third sample from close to the base of the cored sequence (below the
base of the sediment sequence which was recovered for laboratory analysis)
was for the depth — time conversion of the basal portion of the sequence. Two
radiocarbon-dated samples were available for Core AM3, both of which were
recovered from horizons below those for which sediment had been recovered
for laboratory analysis. The upper (and slightly older) of these two samples

was used for the depth — time conversion of this core.

Linear interpolation between the dated horizons was used estimate the age of
each Zr/Rb or Zr/Ti measurement within the record. For Core AM1 therefore,
two different sedimentation rates were calculated, for the upper and lower
portions of the core (above and below 1560 mm). For Core AM3 a single
sedimentation rate was assumed for the entire period of record. The use of
linear interpolation to estimate the ages of floodplain sediments between such
a small number of dated horizons is not ideal. Work in other catchments,
notably the upper River Severn, has revealed the extent to which floodplain
sedimentation rates may vary, particularly due to anthropogenic activity in
recent centuries. This includes expansion of areas used for agriculture,
particularly into upland parts of the catchment and discharge of fine-grained
mine waste directly to the river system. The latter is not likely to be as
significant in the upper Tywi catchment as it was in the upper Severn during
the 1860s to 1890s, but the extent to which agricultural activities may have
affected sedimentation rates, and therefore the estimated ages of major flood
events within the records from the Tywi catchment is unknown. This must be

borne in mind when interpreting the result presented in the following section.
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Flood magnitude (dimensionless units)
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Figure 16: Flood peaks derived from the Zr/Ti and Zr/Rb records from Cores
AM1 and AM3 plotted against the mean age of Irish bog oaks (Leuschner ef

al., 2002).
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affected the sedimentary sequences which are used as a record of flood events. Other
issues relate to interpretation of the variation in the geochemical grain size proxies, in
particular, the extent to which this reflects flood peak discharges. This is a broader issue
relating to the reconstruction of palaeoflood records from fine-grained floodplain
sediment sequences and may be addressed by future research.
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