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credits

arc priority areaselection
the bci index
prof leopold (very high on the all-time bci list)

the murray back arc' basin salinity crisis!



just what Is erosion trying to do?




River networks and self-organizat ion*

L re ecting not so simple system dynamics - ARC rest assired!



Fluvial landscapes

Unmistakable mosaicsof channels and hillslopes!

’ re ecting ecie nt and inec lent transport modes, resoectively



The wisdom of uvial geomorphology

A myriad of saling laws;

Horton: = Rp: = R,
rIW+1 XW

Tv+1
= Rr; Ty = Ty(R7)V *
Tv Ty v 1(T)

Tokunaga:

Hack: |/ a"



Fractal character of uvial landscapes

Just another de<ription- so
what?

In fact, anarti ce arisingfrom
theinteraction of various scale
- dependant processes (Chase
1992Y to make a kind of over-

all sale independency

3 such asincision and tectonics which roughen the landscape on the short-
and long-range, respedvely, and masswagsage and sadimentation which
smooth the landscape on short- and long-wavelengths, respectively.



Yes, but why networks ?

“The most probable river pro-
les approach the conditi on
IN which the downstream pro-
duction of entropy per unit
massis constant."*

Leopold & Langbein (1962)

* but what on earth is this thing geonorphic entropy



Optim al chann el networks (OC N)

Optimal channel networks mini-
mize overall energy expenditure>

Rodriguez-lturbe et al (1992)

> at leag when compared with other political systems



Entropy and dissipativ e systems (1)

Irr eversibleth ermodynamics produceentr opy.

In the linear, near to equilib rium, Irreversible
region, ertropy production Is given by the
product of a u x and a force® :

— XZFi

> strictly in theregionthat Onsagersreciprocity relations apply, asopposed
to the far-from equilibr ium irr eversible region



Entropy and dissipativ e systems (2)

For heat conauction

the uxistheheat ow, F; =@

and the force the inversetemperature gradient ,
X=r (1=T) :

= qr (1=T)/ %q:r T






The Importance of entrop y

~ The thermodynamics of close-to equlib rium
sydems .... evolves towards a stationary
state characterized by a mini mum en-
trop y producti on compati ble with the
constr aints im posed on the system. '’

Prigogine & Stengers, Order out of Chaos, p 138.



[

Entropy generation minim izati on (EGM)

1.5

EGM providesthearrow of time
for non-equilibrium thermody-  os
namics’
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canwe seewhat leopold & lang- .
bein wereon about with the con-
stant downstream production of
entropy ?
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Thermal landscap es?

The concept of entr opy production In geomorphic sysems
IS pretty weird, so how about thermal landscapes?

Do heat trees spontaneously arise from EGM principles?



Thermal landscap e rules
As simple as a 2-stagealgorithi m with one rule:

compute thetemperature and entropy production e€lds
with boundary condition s for irreversble heat o w.

convert insulators (hillslopes to conductors (channels)
at points of maximum entropy production?®.

3 consigent with the concet of a threshold for channel formation



Thermal landscap e reality

Heat ow driven by boundary conditions and internal heat production.
Channels progressively embedded according to EGM.












Some observations on EGM networks

Points of maximum e,
provide the mog re-
sigance to ow, and
th erefore experiencethe
greateg pressure’.

Channelization of the
points of maximum e,
provides the best re-
turn (ie., reduction in T).






E ectiv e networking -
a modern guide to not so simpl e systems

Networksresult from thethermody-
namic optimiz ation in sysgems with
area (or volume) to point ow In-
volving tran sport processeswith con-

trasting e ¢ iency’.

) sudh as channels and hillslopes



Heat tr ees are not riv ers! but

river networks re ect a sysem-wide optimization of mass
transport between hillslopes and channels, limited by a
threshold for channel formation.



The continental crust. a really simpl e sys-
tem ?

Why Is the crust so
thick / thin?
at / rugged?
strong / weak?
stressed / unstressed?

gecchemically strati ed
[ unstr ati ed?



Why does it matter ?

If the crust weren't soweak
then it couldn't do this'®

) for the disbelievers, extension in continental interiors Is the primary
Indication of intraplate tectonic activity in the modern Earth!



It does matter!

and If it couldn't do that, could It
do this?

Ipso facto,

If contin ents were to strong for In-
traplate tectonics then plate tec-
tonics would be dierent or even,
possibly, not possble!*

L disbelievers beware, let the true signi cance of intraplate tectonics be
upon you!



On streng th !

What contr ols strength of con-
tin ental Interiors?

crustal thickness(probably)

it hospherc thickness(cer-
tainly)

thedistribution of heat pro-
ducing elements (absolute-

Iy) 12

2 | would say that, wouldn't |



and stres s!

What contr ols stress in corl-
nental interiors?'s

plate geograply (plat e bound-
aries)

mantle - lit hospherecoupling
(dynamic topography)

crustal thickness(p otential
energy)

3 and, for Dietmar, crustal architecture, even if it hasa high BCI rating!



and the primary observati on!

Contin ents are (ju st about)
everywhere deforming!

Stable conti nental regionsas-
mIic moment release equates
to strain rates are of the
order of 10 s ! (0.6% of
the Earth's seismic momen
relea).

Is thi s just fortuitous, or Is It that contin ents are somehow
precondition ed to respond



Adel aideans be warn ed!

SE Australia Is shortening at a rate of about 1 km per myr

equating to a crustal thickening rate of 3.5 km/100 Ma!



so what Is the connection between salinit y
and crustal self-organisation!



