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Hillslope — channel transition...

« Where and how d.smncé;
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Elevation

it all begins...
Channel
initiation by
surface erosion

Stream Order
systems

turbulence — shear

Interfluve

Gullies

Gullies
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Drainage divide

Channel
head

1st order
2nd order

3rd order

Drainage divide

Stream flow
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Diffusive hillslope processes,
such as soil creep, dominate.

(7N

Mountain or bedrock rivers: Q. > Qg
(i.e.

excess power), steep headwaters

o E——

Mainstem
river

Advective fluvial processes dominate.

Distance from divide




Mountain Rivers...

1.What are bedrock (and mountain) rivers and
what are the mechanisms of bedrock erosion?

2.Which role does sediment play in bedrock
erosion?

3. How does climate and environmental ¢
Influence erosion and the evolution of
form?

4.How does the river longprofi
river system) adjust to
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Density is 1000 kg/m3
~ Gravitation 9.8 m/s?2

Discharge ~ 2 m3/s (3000 m3/s in flood)

Gradient 0.0025 m/m

- Stream power = 49 W = 0.049 kW
(73 500 W = 73.5 kW in flood)

_1 kW 1.34 horsepower...



SpeC|f|c Stream Power
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Stream power =49 W/m

-Width 2 m (60 m in flood)

Specific stream power = 24.5 W/m?
(1225 W/m?2 in flood)

Specific stream power world wide...
. >12 000 W/m2 in riverine floods
~ > 300 000 W/m? in outburst floods



Stream Power

Harsprangsfallet (Sweden) before and after hydro
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The role of bedrock propertles

wedging,
plucking

¢ hydraulic clasi‘r

wedging

Crack Growth
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The I‘O|e Of Sed|ment Pressure difference

1. local
shear stress

» Processes at river bed: Force
(fluvial T, or ®) vs Resistance
(gravity, rock strength)

2. shear strength @VS resistance
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The role of sediment

During a flood, shear :
stress on the stream
bed increases as the
depth and velocity

of water increase

Critical shear stress
above which bedrock
erosion occurs (t,) IS
higher than that
required to entrain
sediment from the
channel bed (1)

1. — critical shear stress
--- for sediment entrainment

Shear stress on bed

« Thus, rare floods, high-stream po
large shear stresses on the bed,



The role of bedrock properties

 What controls the rate of

E=1(Q. S, K

Weathered sandstone
Artificial - 20:1 wet
Sandstone
Artificial -12:1 dry
Artificial - 6:1 wet
Artificial - 8:1 dry
Mudstone
Artificial - 4:1 wet

: Mudstone

10: Artificial - 2:1 wet
11: Sandstone

12: Limestone

13: Marble

14: Sandstone

15: Sandstone

16: Weathered granite
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Rock strength

17: Marble

18: Basalt

19: Graywacke
20: Sandstone
21: Sandstone
22: Sandstone
23: Andesite
24: Greenstone
25: Metasandstone
26: Welded tuff
27: Granite

28: Quartzite
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Tensile Strength (o,) (MPa)

. BedroCk structur

constant k
represents
erosivity role of
rock type/
properties (often
estimated instead
of measured)...
l.e. steepness
index
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Bedrock Incision Rates

« What controls the rate of E=f (Q S
cr s

bedrock incision (E) ?

« Rate of bedrock incision also depends on the
sediment supply to the channel

K, Qs)
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Bedrock River Dynamics




Bedrock River Dynamics

10 ; « Hillslope steepening (fluvial incision

Olympic Mountains, ) )
Washington State causes hillslope erosion...)

0.8 1

= * Threshold hillslopes — erosion rates
500* controlled by mass-wasting frequencies
% i (and rock strength) instead of slope
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Gulch Canyon, Utah Blue Mountains, NSW A



Bedrock River Dynamics

crossprofile

‘ EROSION ‘
[ @)

« Channel lowering by diffusive erosion (top-down...)

Liwu R, Taiwan






Bedrock River Dynamics

« Change in conditions over time leads to adjustment... !

Qs = qt(qW1S)
2 thin covering of

alluvium

/

bedrock

- sediment supply

Ots < de(Aw:S)
@ bedrock exposed
* Transformation from
oy detachment-limited to
transport-limited ri
channel

+ discharge ___,
+ slope bedrock

Ots = 0t(Gw,S)
thin covering of

alluvium

bedrock

bed has aggraded
to new mobile-bed
equilibrium

+ sediment supply
- discharge
- slope

—

bedrock
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Change and Adjustment

Internal vs
External
controls

Driving
variables vs
boundary
conditions

Which climate parameters would influence fluvial system ??

CLIMATE 1
[ s

Fluvial system boundary \

e |

+ Sui{st_& \I
Topography [ vegetation
| + Hillslope >
> system =
=
Flow  Sediment 9
regime  regime ~
T
=
Channel- g
floodplain system

BASE LEVEL 3




Sediment production, general aridity More rainfall, less sediment supply
and channel aggradation and channel incision

Qs > Qc Qs < Qc

e INCREASING RESISTING POWER INCREASING STREAM POWER
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Climate Change, Incision and Terraces

 Fill Terraces vs Straths - Uplift = Slope change = stream power ?

« Tectonics vs Climate... « Climate change = more rain = stream power ?

4000 m asI ~0°C mean annual temp. = intense frost dynamics = sedlment productlon

fill terrace
Modern
floodplain

Modern
channel



Climate Change, Incision and Terraces

- Strath vs Fill Terraces_

Paired Paired

Modern strath terraces fill terrace
floodplain Modern

Modern floodplain

channel

Alluvial
cover

Strath terrace
~ i

Bedrock

Southern Tibet, Himalaya






River longprofile

» What causes ‘bedrock rivers’ & why do they predominate in mountain regions?

Bedrock rivers: Q. > Q. (i.e. excess power) Alluvial rivers: Qs> Q,

1 >50% ‘bedrock’ exposed, minimal sediment 2 sediment storage in
storage (frequent flushing), steep floodplains - lowlands,
headwaters, high Q high Q, low S

A ' Head Approaching a “balance”
Exogenic (dynamic equilibrium)
(Climate)

Change in...

baselevel
(erosional base)

Gentler gradient

Elevation

A Mouth
>

River length

* Rivers only want the energy to tr
sediment to ocean basins, an



Baselevel change

» Longprofile trying to approach a “balance” (dynamic equilibrium)

Time2 Time 2

Knickpoint 1

Base Base
level fall level rise

ﬁ 7'/
/' As base level rises, the river
deposits its load of sediment.

Time 3 Time 3
Continued
base Foreset beds

Knickpoint 2 level rise
Base

.-
------

Delta

When base level falls,
a knickpoint is initiated
and begins to
propagate upstream.

Knickpoint 1

Topset beds

~
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Channel reachesabove |\ N ~~Tt-mmams--- Subsequent rises in
the active knickpoints , base level shift the
remain graded to the Buried delta locus of deposition

original base levels. <o fartherinland.

 Rapid change in s
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Break-in-gradient knickpoints Break-in-elevation knickpoints
v (vertical knickpoints)

—4 ,

cohesive non-cohesive
substrates substrates knickpoint height (Hx) knickpoint height (Hk)
<= flow depth (h) >> flow depth (h)

h
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B Fixed knickpoint (Model 1)

Stationary




Knickpoints and Waterfalls

Niagara Falls; US

(4) Waterfall retreats upstream

Hard rock

Soft rock

Porto Alegre, Brasil, Cascada de Caraco



S, Argentma
resistant bedrock steps ~ Ilthogemc knLckpom{S
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Knickpoints Migration

- ’ » e

A=

* Headward
migration of

soree iRl

4 ol
Py « 0.3 m/yr (0.91 m/yr
historically)

« Expected lifetime
of 50.000 yrs

4
4
4
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« Adjustment to new baselevel: Transient landscapes (headward propagati

« Rapid initial knickpoint propagation rates, which decline as drainage
decreases stepwise at tributary junctions

* Transmission of
information (event of .
base-level change in the https://youtu.

past)



https://youtu.be/B3FOBcOKmok

Bedrock and Mountain Rivers....

 Bedrock rivers occur where Q. > Qq

« Erosion proceeds via plucking, abrasion &
solution

* Bedrock erosionrate, E=1(Q, S, g5 K)

* Knickpoint retreat is the key mechanism f
transmitting base level fall

« Sediments exert strong control
processes of bedrock erosio
effect’
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