
In this study, the upper crystalline basement lies between the 
basement topography and 16 km below mean sea level. The 

residual gravity anomaly of the upper basement is estimated 
by stripping the gravity effects of known and geologically 
consistent 3D model density distributions of known and 
expected geologies above and below the upper crystalline 
basement. Modeling the geology as piecewise continuous 
density distributions allows me to model 100 square degrees 
of mapped and expected surface and subsurface geologies 
from the topographic surface to 100 km below sea level. Then 
inverting these expected density distributions I minimize the 
misfit between the observed and estimated free-air gravity. 
This residual free-air anomaly reflects the density distribution 
in the upper basement.

The observed gravity data are 3D free-air gravity point data 
collected at unique spatial locations and times, and the free-
air gravity measures the gravity effect of the Earth’s unique 
3D density distribution. Modeling the Earth’s 3D density 
distribution consist of representative 3D geology models 
containing observed, expected, and geologically consistent 
3D formation and lithology boundaries. Then using lithology 
to density relationships, I build an expected 3D density 
distribution. The gravity effect of the model 3D density 

distribution is calculated at each 3D gravity data point using 
SIGMA, a recently developed gravity and gravity gradiometry 
algorithm.

Then, using a geologically and statistically constrained density 
inversion, the expected density model is adjusted to minimize 
the misfit between the observed and estimated free-air gravity. 
The residual free-air anomaly, RFAA, represents the basement 
geology mass distribution and indicates a complex basement 
geology and geologic structure that appear to be consistent 
with earthquake seismicity and thermal maturity sources as 
reflected in the Woodford Shale vitrinite reflectance data. 
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