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  of	
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  following	
  the	
  chain	
  of	
  V
	
  (indeed,	
  usually	
  the	
  valley	
  was	
  created	
  

o 
that	
  point	
  upslope	
  

s	
  

Wate
§ 
§ 

rs

§ 
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  transect	
  across	
  a	
  contour	
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II.	
  Large-­‐scale	
  topography	
  
	
  

Laser	
  altimetry	
  [PPT]	
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  ellipsoid,	
  showing	
  equator
	
  flattening	
  (a-­‐c)/a	
  =	
  1/298.26

ial	
  radius	
  
	
  

• 
If	
  a	
  ~	
  6370	
  km,	
  then	
  a-­‐

	
  >	
  polar	
  radius	
   ]	
  

Larg
o
o

est
 
 
Mt.	
  Ev
	
  topo	
  fea

ere
t res	
  

•

s
u

c	
  ~	
  21	
  k
h:
m
	
  
	
  

a c

 

t	
  =	
  8
on
.8	
  km
	
  Eart
	
  

• 
So	
  Ear

Mariana	
  Trench	
  =	
  -­‐11	
  km

Why s
gest	
  topogr

	
  

o
	
  i
 

th’s	
  flattening	
  is	
  its	
  lar
	
  Earth	
  oblate?	
  

aphic	
  feature	
  

o 

The	
  answer	
  once	
  again	
  is	
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 The	
  first-­‐order	
  model	
  of	
  Earth’s	
  shape	
  is	
  therefore	
  an	
  ellipsoid.	
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  to	
  think	
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  this	
  ellipsoidal	
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  is	
  that	
  it	
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  of	
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  of	
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  gravitational	
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  is	
  the	
  “reference	
  

∇

If	
  we	
  measure	
  actual	
  gravitational	
  potential	
  over	
  the	
  Earth’s	
  surface,	
  there	
  
are	
  deviations	
  from	
  the	
  refer
[PPT:	
  Geoid	
  anomaly	
  map].	
  Some	
  of	
  these	
  anomalies	
  have	
  a	
  known	
  

ence	
  geoid	
  (“anomalies”)	
  of	
  as	
  much	
  as	
  100	
  m.	
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o
a
 
o 
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Subducting	
  slabs	
  create	
  positive	
  anomalies	
  over	
  Andes,	
  Indonesia	
  
tion:	
  

Remnant	
  depressions	
  from	
  ice	
  sheets	
  creates	
  negative	
  anomaly	
  over	
  
Hudson	
  Bay	
  

3.	
  
	
  
Gl

o Some	
  anomalies	
  (negative	
  over	
  Southern	
  India)	
  unexplained	
  

•
ob
 
a
Earth’s	
  surface	
  elevations	
  are	
  bimodal	
  [PPT:	
  Shaded	
  relief,	
  then	
  PDF	
  and	
  C
l	
  distribution	
  of	
  elevations	
  

• 
of	
  elevations].	
  These	
  distributions	
  are	
  known	
  as	
  the	
  “hypsometry”.	
  

DF	
  

Mean	
  e
o 
o 

levations:	
  

o 

C
Oce
ontinents:	
  +0.8	
  km	
  (often	
  called	
  “freeboard”)	
  

Wh
an	
  basins:	
  -­‐3.8	
  km	
  

	
  
reflect	
  bimodal	
  crustal	
  composition	
  and	
  thickness	
  

at	
  controls	
  these	
  elevations?	
  To	
  first	
  order,	
  bimodal	
  elevations	
  

4.	
  Isost
• Wh

asy	
  
at	
  e
and	
  

ff
t
e
op
ct	
  wi
ogra
ll	
  e
p
r
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os
	
  
ion	
  of	
  continental	
  crust	
  have	
  on	
  elevations?	
  

• 
• 

Lesson:	
  non-­‐uniform	
  erosion	
  can	
  cause	
  uplift	
  
	
  	
  

This	
  may	
  be	
  one	
  of	
  the	
  reasons	
  why	
  margins	
  of	
  Tibetan	
  Plateau	
  are	
  higher	
  
than	
  interior	
  [PPT:	
  Satellite	
  image	
  of	
  plateau]	
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• We	
  can	
  us
hick

e	
  a	
  s -­‐for

continents	
  are	
  amalgamations	
  of	
  old	
  mountain	
  ranges,	
  this	
  gives	
  us	
  a	
  first-­‐
root	
  t ness	
  

pac
over	
  

e
~	
  2	
  
-­‐time	
  substitution	
  to	
  track	
  elevation	
  and	
  mountain	
  
Gyr	
  [PPT:	
  Terry	
  Blackburn	
  paper].	
  Because	
  

order	
  picture	
  of	
  the	
  controls	
  on	
  continental	
  topography.

5.	
  Topographic	
  effects	
  of	
  mantle	
  proce
	
  

	
  

• Isostatic	
  rebound:	
  time-­‐
o 

dependent
sses

	
  
	
  

Uplift	
  in	
  response	
  to	
  removal	
  of	
  ice	
  loads	
  [PPT:	
  H
isostatic	
  reponse.	
  Ma 	
  

o 

udson	
  Bay	
  
ntle	
  is	
  viscoelastic.

• 
del

shorel
Ongoing	
  subsidence	
  in	
  response	
  to	
  sediment	
  deposition	
  in	
  large	
  river	
  

ines]	
  

Flex
o
u
 
re:	
  Lit

ta
hosp
s,	
  desp

here	
  
ite	
  
resp
recent

on
	
  
ds	
  
cha
to	
  
nges	
  
loads	
  

in	
  load	
  (e.g.	
  Mississippi)	
  

o Differential	
  “warping”	
  of	
  glacial	
  lake	
  shorelines	
  following	
  removal	
  of	
  
Trough	
  and	
  forebulge	
  around	
  ocea

as	
  
n	
  isl
an	
  el

ands
astic	
  

	
  
shell	
  

• Dynamic	
  topography:	
  deflection	
  of	
  Earth’s	
  s
ice	
  sheet	
  loads	
  

mantle	
  (=	
  topography	
  –	
  isostasy).	
  Amplitude	
  can	
  be	
  as	
  much	
  as	
  1	
  km	
  –	
  
urface	
  due	
  to	
  flow	
  in	
  upper

as
	
  

large
o 
	
  as	
  mean	
  continental	
  elevation!	
  

	
  

o 

Mi
rebound,	
  presumably	
  b/c	
  of	
  downwelling	
  beneath	
  C
trovica:	
  Hudson	
  Bay	
  uplift	
  is	
  less	
  than	
  expected	
  fo

anad
r	
  pos

a	
  
tglacial	
  

Upwelling	
  beneath	
  east	
  coast	
  of	
  North	
  America	
  may	
  explain	
  why	
  
Appalachians	
  are	
  still	
  high,	
  despite	
  lack	
  of	
  orogenic	
  events	
  for	
  

	
  
hundreds	
  of	
  Myr.	
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