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1. Context
o The significance of tidally influenced rivers

2. Study site and methods
o The lower Dyfi

o Mapping and coring

3. Results
o Channel and valley floor dynamics, and sediment sequences

o ITRAX core scanning, geochemical profiles and sediment provenance.

4. Implications
o …. for managing tidally influenced rivers



• Morphodynamics in non-tidal rivers and estuaries are widely researched 
and documented by fluvial geomorphologists and coastal scientists, 
respectively.

• Historically, however, fluvial geomorphologists have often truncated the 
downstream limit of their study reaches at the tidal limit, and coastal 
scientists have truncated their upstream interest where the water is no 
longer saline.

• This leaves a relatively under-researched  ‘tidally-influenced’ river reach, 
where relatively little is known about spatial and temporal variations in 
river channel dynamics and overbank sedimentation rates/patterns.

• Although under-researched, tidally-influenced rivers are probably one of 
the most vulnerable environments to the effects of climate change.
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Estuary Tidally-influenced river Non-tidal river

Normal Tidal Limit - the point 

at which the level of a river or 

stream ceases to be affected 

by the tidal flow (OS, 2011).

Estuarine Turbidity Maximum (ETM) - Strong tidal forces push salinity 

upriver beneath the outflowing river water. The turbulence caused by this 

tidal forcing results in resuspension of sediment and other particulate 

material present on the river bed. Concurrently, dissolved material in the river 

water flocculates when it comes into contact with the salt wedge pushing its 

way upriver. The combination of these two processes results in elevated 

levels of suspended particulate material – the ETM (CRETM, 2011).

Back-water effects when river 

flood coupled with a spring tide.

RETZ – River-Estuarine 

Transition Zone
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NERC-funded project in (with the School of Ocean Sciences 
at Bangor University) to investigate the impacts of 
hydrological variability on material transfers through the 
River-Estuary Transition Zone.

Objectives:
• To document the long term (decadal-millennial) sediment 

and morpho-dynamic evolution of the tidally-influenced 
Afon Dyfi.

• To identify sediment, and sediment-associated 
contaminant, sources, and how these have varied over 
time and spatially within the Dyfi catchment.

• To establish the role and relative importance of rising sea-
level, river flooding, catchment land-use change in tidally-
influenced rivers.
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2. Study site and methods

• Dyfi catchment, mid Wales 
– a pVO catchment.

• Rural, but valuable 
floodplain transport 
infrastructure. 

• Area = 680 km2.

• Headwaters at 655 m.

• 43km non-tidal.

• NTL @ 43 km.

• ETM@ c. 47 km

• Estuary @ 49-57 km.

• TIR c. 12 km long (20% 
of river+estuary
length).



Methods
• Analysis of large-scale serial OS maps 

and aerial photographs to document 
river channel change from 1844-present.

• Geomorphological mapping of Holocene 
and historical alluvial landforms and 
units using LiDAR.

• Coring (n=18; 57 m) of Holocene and 
historical alluvial units to establish sub-
surface stratigraphy and to collect 
material for dating, physical and 
chemical analyses.

• Itrax core scanning to determine 
contaminant metal concentrations and 
establish a chemostratigraphy.

• 14C dating of organic material to provide 
a geochronology.
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3. Results – channel dynamics

c.AD 850-1050



3. Results – valley floor morphology



• Two Holocene morphological units in tidally-influenced Afon Dyfi:

• Unit 1 (green): aggradation (>3.5 m) c. 5400 cal BP-present day.

• Incision/lateral erosion phase between 1100 and 920 cal BP.

• Coincident with c. 1.5 m entrenchment event between T4/T5 in 
non-tidal Dyfi.

• Unit 2 (blue): aggradation (c. 3.8 m) c. 920-730 cal BP-present day.

3. Results – valley floor morphology



3. Results – floodplain geochemistry

• Itrax (XRF) core 
scanning or 18 
floodplain cores (57 
m), and 14C  dating, 
used to calculate 
sedimentation rates 
throughout TIR 
floodplain.

• Itrax core scan at 
500μm showing Pb
values Pb levels rise at 
1845 with onset of 
large-scale mining.

• Peak Pb values dated 
to mid 1860s.
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• Pre-mining sedimentation rates relatively 
low (0.6 – 2.1 mm yr-1).

• Mining era (1845-1884) sedimentation rates 
similar (c. 20-30 cm) throughout tidally-
influenced Afon Dyfi.

• Post mining sedimentation rates highly 
variable depending on:

o Channel proximity
(c.f. 2.1 channel proximal levee and 
2.2 floodplain margin).

o Flood embankments (c.f. 1.2 
unprotected and 1.3 protected).

Core No Years BP mm/year

1.2 0-140 12.1

140-390 9.2

1.3 0-140 1.4

140-4140 0.6

4140-5370 0.8

2.1 0-140 2.9

2.2 0-140 0.7

140-2800 1.3

3.3 0-140 1.4

140-3540 0.8

3540-4330 1.4

3.4 0-140 1.4

3.5 0-140 0.7

140-100 2.6

4.1 0-140 1.4

140-820 5.4

4.2 0-140 0.7

4.3 0-140 0.7

140-700 2.3

700-1640 2.0

700-1640 2.1

4.4 0-140 19.3

3. Results – sedimentation rates



3. Results – sediment provenance

• Contaminant dispersal, 
especially from Dylife mine in 
the Twymyn catchment, 
coupled with some distinct 
geological regions, provides a 
geochemical signature within 
floodplain sediment profiles.

• Affords an opportunity to 
apply a sediment 
fingerprinting/mixing model 
to determine sediment 
provenance.



3. Results – sediment provenance

• In upstream cores (   ), mining signal from Tywmyn
not apparent, but headwaters and trunk stream 
valley floor becoming progressively more important.

• In downstream cores (   ), over 50%  of sediment 
derived from lower catchment tributaries and 
estuary sources.



4. Implications – sea level rise
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4. Implications

• Sedimentation rates matched sea level rise throughout much of mid to late 

Holocene, but in the last 2000 years there has been a significant divergence.

• Major period of floodplain sedimentation (0.5-4 m) in tidally-influenced Afon Dyfi over 

the last 400 years, but in last 100 years sedimentation rates have significantly 

reduced, in places by an order of magnitude.

• This has serious implications for flood risk management in that tidal flood risk would 

have been reduced during the period of accelerated floodplain  sedimentation (early 

17th to late 19th century) but may now be increasing due to reduced catchment 

sediment supply and rising sea level. The ‘geomorphological credit’ built up by 

accelerated sedimentation over the last 400 years at risk of rapidly going into deficit 

if sea level rise predictions are correct.

• Catchment management schemes (e.g. afforestation) involving a reduction in 

sediment supply could be problematic. But there could be benefits by reducing 

runoff. Major management challenge – balancing piedmont v lowland v TIR flood 

risk.

• To what extent is the Dyfi typical of tidally-influenced rivers in Wales and the UK? 
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