
Lecture 16: Gravity, Isostasy and Flexure

Read pages 42-51 in KK&V 

Homework 6



Newton:  F = G (m1 m2)/r2

and      F = ma

Gravity: theory and measurements



Airy

Pratt

In XVIII and 
XIX 
centuries, 
surveys set 
out to 
measure
the shape 
of the Earth

They used 
plumb bobs 
and 
expected 
them to be 
attracted 
toward 
adjacent 
mountains 
such as 
Andes and 
Himalayas
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… but the plumb bobs did not deflect as much as expected



Airy

Pratt

… smaller than predicted deflection could result from either 
overestimated mass (density) of the mountains, or some 
deficit of mass below the mountains



Airy
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Isostasy – the state of gravitational 
equilibrium between the Earth’s crust 
and mantle, as if the (lighter) crust were 
floating on a (heavier) mantle





















Also surveys in India in the 
1800s showed compensation 
of the Himalayas.





How do we 
measure 
gravity?



T = 2π L
g

L







A straightforward calculation converts sea surface height to gravity



“Predicted” topography based on satellite radar altimetry measurements 
combined with shipboard bathymetry measurements



Use gravity to map 
hidden structures

The interpretation is 
ambiguous unless you 
have an independent  
way of mapping the 
shape of the source

Three shapes, all 
have same 
anomaly



We use gravity 
anomalies to 
study isostatic
compensation

Free-air gravity 
anomalies

Over oceans, no 
free-air 
correction is 
needed



Bouguer Anomaly

The bouguer 
anomaly is negative 
over a mountain 
range and reflects 
the low-density 
crustal root 
associate with Airy 
isostatic 
compensation

Garland (1971)

Pierre Bouguer was 
one of the French 
surveyors in the 
Andes in the 1740’s

Note: VE is not the 
same above and 
below sea level

Correct for mass between observation point and 
reference level

Approximate effect with a slab of thickness h:







Simple model from earlier:

Let’s move zero level to bottom of top body 

Composite anomaly  = free-air anomaly
Bouguer correction = effect of top body
Bouguer anom = composite – Bouguer correction

KK&V (2009)

Another way of thinking of it:
With the Bouguer anomaly you 
only see the effect of the root
(think of example shown earlier)



Bouguer anomaly over 
the oceans

Replace water with 
rock with same density 
as adjacent continent

Reveals “anti-root”
(thin crust) beneath 
oceans

Lowrie (1997)



What does the Bouguer
anomaly look like over a 
mid-ocean spreading 
center like the Mid-Atlantic 
ridge?

And what does that tell us?

Note: topography gets 
shallower but free-air 
anomaly stays near zero 
(on average)



Bouguer anomaly drops by 200 
mgals over the mid-ocean ridge:

The mid-ocean ridges are 
generally isostatically
compensated:
Free-air anomaly is roughly zero

Since the ridge axis is shallower 
than flanks, the Bouguer
correction is smaller, so get a 
drop in the Bouguer anomaly 
centered on ridge axis

Reveals body of warm (less 
dense) asthenospheric material

Note ambiguity in size of body



Isostatic anomaly (IA)

You calculate the 
shape of root by 
assuming Airy isostasy 
and typical crustal 
densities

Isostatic anomaly 
should be zero if your 
model is correct

Of course, you don’t 
really know the shape 
of the root …



The root on the 
right is not as large 
as the one on the 
left but the 
“correction” was 
made for an “ideal”
root so the isostatic
anomaly is positive

Why might the 
compensation not 
be 100% ?

If the compensation is not 100% 
then the isostatic anomaly will not be zero
(which is essentially the reason for 
calculating isostatic anomalies)  









The “plate” of plate tectonics









Glacial rebound: the 
best constraint on the 
viscosity of the upper 
mantle:

This figure shows the 
rate of vertical crustal 
movement relative to 
mean sea-level in 
mm/yr

(Lowrie, 1997)



(Dueker, U. Wyoming)

(~ Airy isostasy)



(Ken Dueker, U. Wyoming)



Topography



Gravity



Te can be estimated by comparing the 
amplitude and wavelength of the observed 
gravity anomaly to the predicted anomaly 

based on an elastic plate model.

Note that Te is much smaller than the total 
thickness of the lithosphere


