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Abstract 

 

River bends are complicated and dynamic features of meandering fluvial systems; understanding point-bar deposits in seismic and at outcrop is 

challenging as successions represent partially preserved remnants. Predictive tools to capture geomorphological details of the internal architecture and 

heterogeneity of meander-fills, and to classify them in a meaningful way for comparison is important in understanding the geologic record. This research 

uses an integrated GIS and quantitative sedimentological approach to predict and classify the geometry and internal architecture of components of 

meandering fluvial systems from different settings to better understand scroll-bar development and modes of growth. A classification scheme identifies 

end-member models, which can be used to interpret the origin of ancient point-bar accumulations from their internal heterogeneity and architecture. To 

achieve this, a novel ‘Intersection Shape Method’ has been developed that allows quantitative comparison of meanders with markedly differing 

morphologies. Measurements of 35 morphometric parameters of 390 meander bends from 13 different rivers (13,650 in total) have been acquired using 

Google Earth Pro. Studied rivers were selected to isolate the effects independent variables (e.g., climatic zone, valley slope and discharge); systems 

strongly modified by anthropogenic activity have been avoided. Analyses of ancient point-bar successions (Pennsylvanian, Wales; Jurassic, England) 

serve as test data sets for the reconstruction of meander morphology from preserved stratal architectures; distributions of 19 lithofacies and 2500 

palaeocurrent readings highlight subtle yet predictable variations in ripple, dune and bar growth histories. The approach has yielded the following novel 

findings: (i) climatic regime exerts a primary control on meander morphology through its role in determining mean annual discharge, sediment supply, 

and vegetation type and density; (ii) fluvial systems with different gradients, sediment calibers, channel sizes, accumulation rates and climate regime all 

exhibit different yet predictable trends in meander and scroll-bar development. This method can also be applied to high-resolution seismic slices (e.g., 

Cretaceous McMurray Formation, Alberta, Canada; Triassic Mungaroo Formation, NW Shelf, Australia) to help infer river characteristics and predict 

internal architectures and heterogeneity. 
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Ancient outcrop

N

A high-resolution study has 
been undertaken to characterize 
the internal sedimentary 
succession of an ancient point-
bar deposits from a Westphalian 
(Carboniferous) “Coal 
Measures” succession at Nolton 
Haven, Pembrokeshire, UK.
Over 2505 paleocurrents have 
been measured and related to 
lithofacies distributions via 
detailed graphic logging and 
architectural depictions of the 
distribution of internal bounding 
surfaces within the bar element. 
Over 1121 mud drapes were 
measured, 37 detailed logs 
drawn and over 503 clasts have 
been measured, counted and 
classified. Nolton Haven beach
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Rippled surfaces with climbing ripples.

Coal granules common across 
carbonaceous drapes. They become
less common towards SSW.

Carbonaceous drapes become 
rare and mud drapes common in
zone associated with changed migration direction.

Conglomerate and sandstone beds 
slumped and deformed.

A series of smaller channels cutting 
through the deposit likely represent
minor chute channel development.

Large sets of trough cross-bedding associated with a directional 
change in the growth trajectory of point bar. “Feathered” mud drapes 
are common here: impact on sand connectivity.

Rootlets and plant 
fragments in
abandoned channel 
fill.

There are some correlations between 
models and facies distribution in 
outcrop, including style of grading and 
facies changes up palaeo bank.

Higher frequency of occurrence of
erosional surfaces; rapid changes in
facies due to repeated reworking.

If the chute channel had been formed by mid-channel bars, coarse or conglomeratic 
sand could be expected here; preservation potential of a mid-channel bar is low; chute
channel was more likely formed by a splay. 10 cm
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