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credits

� arc priorit y area selection

� the bci index

� prof leopold (very high on the all-ti me bci list)

� the murray `back arc' basin salini ty crisis!
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just what is erosion trying to do?
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Ri ver net wor ks and self-organizat ion 1

re
ect ing not so simple system dynamics - ARC rest assured!1
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Fluvial landscap es

Unmistakable mosaicsof channels and hillslopes!2

re
ect ing e�cie nt and ine�c ient tr ansport modes, respectively2
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The wisdom of 
uvial geomorphology

A myriad of scaling laws:

Horton: nw

nw+1
= Rn;

X w+1

X w
= Rx

Tokunaga: Tv+1

Tv
= RT ; Tv = T1(RT)v� 1

Hack: l / ah
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Fr actal char act er of 
uvial land scapes

Just another description- so
what?

In fact, an arti�ce arising from
theinteraction of variousscale
- dependant processes(Chase,
1992)3 to makea kind of over-
all scale independency.

such as incision and tectonics which roughen the landscape on the short-3

and long-range, respectvely, and masswastage and sedimentat ion which
smooth the landscape on short- and long-wavelengths, respectively.
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Yes, but wh y net works ?

`The most probable river pro-
�les approach theconditi on
in which thedownstream pro-
duction of entropy per unit
mass is constant.' 4

Leopold & Langbein (1962)

but what on earth is th is th ing geomorphic entropy4
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Optim al chann el net works (OC N)

Optimal channel networks mini-
mize overall energy expenditure 5

Rodriguez-Itu rbe et al (1992)

at least when compared wit h other political systems5
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En t r opy and dissipativ e systems (1)

Irr eversiblethermodynamicsproduceentr opy.

In the linear, near to equilib rium, irreversible
region, entr opy production � is given by the
product of a 
u x and a force6 :

� = X :F i

strictly in theregion that Onsagers' reciprocity relations apply, asopposed6

to the far-from equilibr ium irr eversible region
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En t r opy and dissipativ e systems (2)

For heat conduction :

the 
u x is the heat 
o w, F i = q

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

� = q:r (1=T) /
1

T2 q:r T
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The imp or t ance of entrop y

` The thermodynamics of close-to equilib rium
systems .... evolves t owards a st ationary
state characterized by a mini mum en-
trop y pr oducti on compati ble with t he
constr aints im posed on the syst em. '

Prigogine & Stengers,`Order out of Chaos', p 138.
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En t r opy gener ati on mi nim izati on (EGM)

10
-6

10
-4

volumetric entropy production field
t  = k/T2.grad T.grad T

-0.5

0

0.5

1

1.5 temperature 
field

0
0

0.5

1

1.5
x 10

-4

total entropy production

deviation from equilibrium

spatial domain

spatial domain

EGM providesthearrow of ti me
for non-equil ibr ium thermody-
namics7

canweseewhat leopold & lang-
bein wereon about with thecon-
stant `downstream production of
entropy' ?

at least in the linear, near-to equilib rium region7
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Thermal landscap es?

The concept of entr opy production in geomorphic systems
is prett y weird, so how about thermal landscapes?

Do heat trees spontaneously arise from EGM principles?
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Thermal landscap e ru les

As simple as a 2-stagealgorithi m with one rule:

� compute the temperature and entropy production � elds
with boundary condition s for irreversible heat
o w.

� convert insulators (hil lslopes) to conductors (channels)
at points of maximum entropy product ion8.

consistent with the concept of a threshold for channel formation8
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Thermal landscap e reali t y

Heat 
o w driven by boundary condit ions and internal heat production.

Channels progressively embedded according to EGM.
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Some observ ati ons on EGM net works

Points of maximum � gen

provide the most re-
sistance to 
o w, and
thereforeexperiencethe
greatest `pressure'.

Channelization of the
points of maximum � gen

provides the best re-
turn (ie., reducti on in T).
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E� ectiv e net working -
a moder n gui de to not so simpl e syste ms

Networksresult from thethermody-
namic optimiz ation in systems with
area (or volume) to point 
 ow in-
volving transport processeswith con-
trastin g e�c iency9.

such as channels and hillslopes9
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Heat tr ees ar e not riv ers! but

river networks re
 ect a system-wide optimization of mass
transport between hil lslopes and channels, limited by a
threshold for channel formation.
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The conti nental cr ust: a real ly simpl e sys-
tem ?

Why is the crust so

� th ick / thin ?

� 
at / rugged?

� strong / weak?

� stressed / unstressed?

� geochemically strati� ed
/ unstr ati�ed?
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Wh y does it mat ter ?

If the crust weren't soweak
then it couldn't do this10

for the disbelievers, extension in contin ental interiors is the primary10

indication of intrap late tectonic activ it y in the modern Earth!
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It does matter!

and if it couldn't do that, could it
do th is?

ipso facto,

if contin ents were to str ong for in-
trap late tectonics then plate tec-
tonics would be di�e rent or even,
possibly, not possible!11

disbelievers beware, let the tr ue signi� cance of intr aplate tectonics be11

upon you!
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On streng t h !

What contr olsstrength of con-
tin ental interiors?

� crustal th ickness(probably)

� lit hospheric th ickness(cer-
tain ly)

� thedistr ibution of heat pro-
ducing elements (absolute-
ly) 12

I would say that, wouldn't I12
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and stres s!

What contr ols stress in conti-
nental interiors?13

� plate geography (plat ebound-
aries)

� mantle - lit hospherecoupling
(dynamic topography)

� crustal th ickness(potential
energy)

and, for Dietmar, crustal architecture, even if it has a high BCI rating!13
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and the pr imary observ ati on!

Contin ents are(ju st about)
everywhere deforming!

Stableconti nental regionseis-
mic moment releaseequates
to strain rates are of the
order of 10� 17s� 1 (0.6% of
theEarth's seismic moment
release).

Is thi s just fortu itous, or is it that contin ents are somehow
precondition ed to respond
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Adel aideans be warn ed!

SE Austral ia is shortening at a rate of about 1 km per myr

equating to a crustal th ickening rate of 3.5 km/100 Ma!
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so what is the conn ection between sal init y
and crus t al self-organisation!


