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Figure 3.1 Global topography showing both ocean
n depth away from major spreading centers, e.g., t
{source: http;//www.Ideo.columbia.edu/~smalI/GDEM.htmI, ok
¢ Small. Continental elevations derived from EROS GTOPO30 DEM. Su
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bathymetry and land elevations. Ocean bathymetry reveals orderly increase
he mid-Atlantic Ridge. Note also the continental shelves.
Digital Elevation Model generated by D. T. Sandwell, W. H. F. Smith, and

bmarine elevations based on Scripps/NOAA predicted

bathymetry derived from Geosat, ERS-1, and Topex/Poseidon Satellite altimetry).

but on material behavior differences. The lithosphere
is a rheological boundary layer. The rheology of a
material, derived from the Greek rhein for “to flow,”
describes the rate and style of deformation of that
material under stress. The main determinant of the
theology of the mantle is its temperature. This means
hat we can think of the lithosphere as a thermal
boundary layer as well as a rheological one. But what
* meant by this fancy phrase “boundary layer”? We
W’, ¢ it several times in geomorphology. Most gen-
“lly it is a region close to the surface of some object
?;w* hich some property changes dramatically. Here
“urface is the bottom of the ocean, the object is the
eh:h' and the property undergoing rapid or large-scale
atx? %e s the temperature. As another example, we
of lh‘cvc in the atmospheric boundary layer, the bzfse
atmosphere where one of several propertics

changing rapidly is the wind velocity. It is zero at the
ground surface and changes rapidly within the bottom
kilometer, even in the bottom few meters. The other
edge of a boundary layer is often arbitrary. In the case
of the lithosphere, we chose to take the bottom bound-
ary of the lithosphere to be where the mantle has reached
a temperature of about 1200°C. This choice is based
upon laboratory experiments that show that mantle
materials above this temperature deform sufficiently
rapidly to behave as fluids on geological timescales.
So the base of the lithosphere is defined by an isotherm.
We reiterate that the lithosphere, unlike the crust, is a
layer defined by rheology, and not by composition.
Given the above discussion of the lithosphere, we
see that the problem of the gross pattern of topog-
raphy on the ocean floor is therefore transformed

into a problem in heat flow. Here we introduce the
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Figure 3.28 Vertical deflection of the North American lithosphere associated with the mantle flow field. The flow field is calculated
from buoyancy forces set up by the density structure of the mantle, which is in turn constrained by seismic velocity structure (tomography)

Note the amplitude is of the order of 1km over central North America (reproduced from Forte et al., 2007, Figure 2, with permission
from the American Geophysical Union).

both the period of the oscillation and those variables

gooshing of the mantle across the continental edge
that take the place of the diffusivity:

oceurs, It seems to the authors that the geomorphic
ok signal of this phenomenon will be best displaved
o (3.38)  where large rivers approach the coastline. Large
SHEERN rivers have small slopes. For example. the slope
X:;ll:nﬂ:s t;l:reoble'rr(ni has yet to be fullyl exploited, we  of the Amazon is around lem/km, or 10 7, whil
g reader to look for hints that this that of the Mississippi is perhaps a few times thi
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