


Understanding the fluvial system...
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>50% ‘bedrock’ exposed, minimal sediment storage
(frequent flushing), steep headwaters, high Q

Rain and snow Glacier /| Rapids
w 4,, g . Waterfall
N5 *2'4, Tributary
| ?2“ S SR v1 Flood plain
7. 4 Vo !
_’kw 2‘\- ,.M/i 2 ~4{ Oxbow lake
- 5 Saltmarsh

~u Deposited

Source | sediment

Zzone

Transition ""->1
Z0one =

S

ater

Alluvial rivers: Q> Q, Depositional

z sediment storage in Zone
floodplains - lowlands,

high Q, low S

Sediment



Understanding the fluvial system...

Elevation

Ariver at work... (i.e. energy
consumed to transport water
and sediment)

Rivers only want the energy
to transport their water and
supplied sediment to ocean
basins, and nothing more!
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Understanding the fluvial system...

- From small to large-scale... « Characteristics depend & RE%EH"‘3i" :
(from short to long timescale) on type of river |
(depositional style) =
Channel form

Channel pattern

* Depositional Environment = specific X
set of depositional elements

_———

Scales of depositional elements in a
fluvial system

o === = e —————

Bedforms

« Depositional elements built with
sedimentary characteristics (grain size,
structure, lithologies etc.): Facies




Channel form and depositional environments

Sedimentary perspecitve
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Channel form and depositional environments

* River planform = adjustment to boundary conditions (internal variables)

+ controlling variables Qs and Qw
a continuum of

channel pattern
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Channel form and depositional environments

Rivers with exactly the energy required to move their
bedload are straight without bedforms and are in the stationary

equilibrium state

r
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Dynamics — adjustment and change

Qw, Qs and boundary conditions change downstream — systematic change

in form (pattern) and processes downstream...

Qw and Qs both fluctuate through time, and boundary conditions can change
over long timescales - continuous adjustment takes place... how?
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Fluvial landscapes of the Amazon River Basin...

r : HydroSHEDS
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River network derived
from SRTM elevation data
at 500 m resolution
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Source-to-sink Amazon...
Sediment dispersal and fluvial system in southernmost Amazonia = Eastern Bolivia
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1 - Parapeti River

Sand bedforms



1 - Parapeti River

Floodout channellzed
flow ceases and floodwaters -
spill across adjacent,
unchannelled, alluvial
surfaces”

Fluvial depositional environments in
‘floodout zones can be subdivided into
channels, floodplains (flanking the channels)
and floodouts (beyond the channel term|n| or
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1 - Parapeti River

Terrace .
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There are two types of floodout: intermediate floodouts, where un-channelled
floodwaters spread out but channels reform further down-valley; and terminal
floodouts, where un-channelled floodwaters spread out and ultimately dissipate

Tooth 1999
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Take home — climate and sediment dispersal

Rivers and
climate and
sediment

dispersal...

Sediment
routing??

Processes of
dispersal?
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Larkin et al. 2017



2 - Guapay (Grande) River
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3 - Guapay (Grande) River

) — ca. 8 g/l, up to 88 g/l concentration
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3 - Guapay (Grande) River

136 Mio t TTS (total suspended sediment) — ca. 8 g/l, up to 88 g/l concentration

117.74£0.3 1C yrs BP
@ 5.6 m depth
Where is all that sediment?
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3 - Guapay (Grande) River
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3 - Guapay (Grande) River
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3 - Guapay (Grande) River
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3 - Guapay (Grande) River




3 - Guapay (Grande) '-Ri_vér'
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Take home - Megafans or DFS

. Geomorphological
" Units

Piedmont

Megafans of
Major Rivers

Upland e
(Structural High) Lachlan / M‘bidgee - Oz

1100 km
Megafans - Large Distributary Fluvial Systems (DFS) §

150 km




Take home - Megafans or DFS
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Take home - Megafans or DFS

Channel filling, avulsions and the distribution of sediment

Low Y deposition rate

mgne fraquent avulsion lass frequent avulsion
(less lateral migration) (more lateral migration)
Low deposition rate High deposition rate
—— channel fill
High'y deposition rate High Y deposition rate
i 1 4 —— ovarbank
2
slow subsidence rate fast subsidence rate
(channal fill > overbank) (channal fill = ovarbank)

\\! .,

Low deposition rate

Megafan dynamics or foreland basin filling (10s of Mio. yrs):
Rates of subsidence and frequency of avulsion
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3 - Mamoré River

Floodplain lake

Point bar Overbank fines

Lateral

accretion
Oxbow

Cut-off

Channelfillvag,
Oxbow '-‘.\‘

Meandering dynamics — forms



3 - Mamoré River

and higher
0.9

0.8

bar type index

and lower

Meandering dynamics — processes and rates



3 - Mamoré River
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3 - Mamoré River

t?-ar type index future cutoff 1080 ywary
Z ; = o Vit
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Forward numerical modelling

What drives meandering rates — discharge/flow or sediment ?



. P
: Rio Chimoré Puerto Ganadero
Point bars 4 Input into M1 ((64 Mt yr™) M2

(~82 Mt yr™) o e

La Satisima
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Rio Grande... - e
136 Miot TTS Point bars large
(total suspended and long
\ sediment) —ca. 8 Sediment input
g/l, up to 88 g/l from Rio Grande
concentration

g GQogleeaith

Con tine et al. 2014



3 - Mamoré River

65°15'W 65°W 64°45'W
i /3 ! 64°50W

@ Older than ca. 3 ka

Rosetales @ .

Mean annual discharge (Q, ) Bankfull discharge (Q,)
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Relationship Q and fluvial geometry
(e.g. width, wavelength, radius...)



3 - Llanos de Moxos

Bolivian Amazon: “Llanos de Moxos” — inundation savannah...

Trombetas
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3 - Llanos de Moxos

Bolivian Amazon: “Llanos de Moxos” — inundation savannah...

des = white water

Local rivers — from plains = clear »a huge floodplain®
extremely low gradient (0.00001)



3 - Llanos de Moxos
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= 4—$olimoes River
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4 — Solimoes and Negro Rivers




Google Earth

mege LantsatICopernicus

Black water river — humic acids...




R Ti"“ P R
B &

Aggrading floodplain

. ~—~ w

\.t

I
-y
o

|
[o+]
]

Last glacial
maximum

y P - 100 200 300
T j . il Time [in thousands of yedlrs ago

Sea-level position
relative to present, in meters

L
o
o

& S Rio Solimdes
¥ <
W Incised valley Incised valley

Rio Solimoes
(Amazon main stem)

Channel incision via base (sea)-leveljowering



The Amazon mouth...
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The past Amazon

Increase in
Andean-derived
b, sediments

7t0 2.5 Ma

West-flowing

East-flowing
Amazon

South
Atlantic
Ocean

Pacific
Ocean

Pre-65 Ma
Pre-Atlantic opening

Post-Atlantic opening

Drainage inversion through tectonics (Atlantic Rift and Andean uplift)



The future Amazon
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Understanding the fluvial system...

Basins and their rivers are dynamic over all temporal

and spatial scales

Channels will likely have predictable trends in the
downstream direction (but not always, e.g. large rivers)
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Thank you...
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