
Gravity Modeling

Seeks to characterize
subsurface structures
via geometry of 
variations in mass
density … 

 depends on rock
type, porosity and 
pore fluids, 
temperature

Generally  lowest for 
soils/seds, higher for
lithified sed rx, highest
for crystalline rx, 
increases with depth



Most structural studies use terrestrial (or surface-based) 
gravimeter measurements, which will include the effects from the following: 
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We are only interested in the last contribution.  So, we subtract out the KNOWN 
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NOTE: signs for g assume:

Positive height of measuring station, h, above ellipsoid height, h
0

Eastward velocity at the Earth's surface w.r.t. 
its inertial (moving) reference frame, v

east
 is positive

Estimating Gravity Anomalies



Instrument drift is the variation in
gravity only due to the fact that 
the gravimeter registers different 
readings with time, due to:

mechanical, 

thermal, and 

electrical 

changes within the instrument

Tidal beats are due to resonance 
between diurnal solar and semi-diurnal
lunar tides.  The beat period is just 
over 14 days, or twice a month!

Instrument Drift (Instrument specific)

(Courtesy: Chuck Conner - USF)



Solid Earth Tides  (~ 0.3 mGal / 300 Gal)
Solid Earth shape changes due to tidal attractions from 
nearby heavenly bodies (dominated by the Moon & Sun).

Peak tidal acceleration is the difference between the 
Moon (or Sun)'s pull at the centroid of the Earth and its 
surface (nearside/far-side):

Sun's contribution ~ HALF that of the Moon ! 

Very well understood.  So, for these corrections, 
record:  lon-lat, date, and time of measurement 

Can use well established solid earth tidal models 
(e.g., CSR 3.0 - Eanes & Bettadur, 1995; ETERNA 3.30 – Wenzel et al 
1996; Matthews et al., 1997).

https://geodesyworld.github.io/SOFTS/solid.htm 

https://github.com/hydrogeoscience/pygtide  

W. Lowrie, 2000

https://geodesyworld.github.io/SOFTS/solid.htm
https://github.com/hydrogeoscience/pygtide


Due to the East-/West-ward 
motion of gravity station 
in an inertial frame (e.g., 
ship, aircraft):

Eotvos Correction
(Varies, ~ 10s of mGal to 1000s of mGal)

W. Lowrie, 2000



Mass of atmosphere above (primarily a function of Lapse rate, and height)
We assume a “Bouguer” slab (later slide) of air of height, h.  Then,

 

Another pressure effect is associated with time-dependence of air 
mass above station:  g

atm(t)
 ~ -3.0 p nano-Gal   (record pressure in Pa). 

Higher pressure increases upward acceleration – for typical high & low 
pressure system changes of 5-10 kPa, this effect contributes to < 30  Gal.  
 

Water-table below (function of rainfall, porosity, runoff, …) ~ 10-50 Gal 

Atmospheric & Hydrologic Corrections
(~ 50 Gal  EACH)
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Distance r from Earth’s center of 
mass is a function of latitude, so we 
subtract from the total, gravity due to 
ellipsoidal figure of the earth.

Earth’s rotation induces an 
outward (centrifugal – non-inertial) 
acceleration as a function of radial 
distance from axis of rotation, so we
correct for this also.

Excess mass due to the equatorial
bulge adds to the gravity at the 
Equator.  

These three effects result in 
~ 5.186 Gal higher gravity at the 
poles compared to that at the equator



Normal Gravity g
n
 (Reference Ellipsoid)

(~ 5186 mGal {!!} higher at poles than equator)



(1 Gal accuracy 1.25 m latitude accuracy!)

Normal Gravity g
n
 (Reference Ellipsoid)



Following topography during a survey changes the radial distance to the Earth's 
center of mass.  Correction for this change is elevation is called “free air”:

Free Air Correction (~ 0.3086 mGal/m)

(1 Gal accuracy  3 mm height accuracy!)



After observed gravity measurement 
is corrected for free air and other 
effects talked about so far, we call it 
the free air anomaly:

At right, millions of terrestrial free air 
Relative measurements have been 
referenced to a small network of 
Absolute gravity stations and 
adjusted to a common reference.

(courtesy, Tony Lowry)
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Free Air Anomaly



Simple Bouguer: Approximate topography as a slab with thickness h:

 

For elevation above the ellipsoid, the “excess” mass below the station adds to 
the ellipsoidal gravity.  So, the Bouguer correction for positive elevation change, h, 
is negative. For standard  = 2670 kg/m3, the simple Bouguer correction is 
-0.11195 mGal/m :
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Complete Bouguer: Additional correction for upward attraction of mass above; 
 and “negative attraction” of missing mass below (dotted material & grey terms above) … 

h

Topographic Mass: Bouguer Correction 
(~ -0.112 mGal/m)



h

Topographic Mass: Terrain Correction 
(varies)

W. Lowrie, 2000



Western North America: Bouguer Anomaly

(courtesy, Tony Lowry)



We are now ready to estimate geometric shapes of interior density variations!

g
interior

 = g
m
 – g

ref
 

where, 

g
ref

 =  g
normal

 – g
tides

 – g
Eotvos

+ |g
atm,h

| – g
atm,p

 – g
Free-Air

 + g
Bouguer

 – [ |
i
g

Terrain,i 
| + g

H
2
O
 ]

 




1
 >  

0

01

gref
gm

Interior Gravity Anomalies
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