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EXTENDED ABSTRACT

Due to the development of airborne gravity gradiometry technology, the past two
decades have seen a resurgence in the use of gravity, one of the first geophysical explora-
tion methods. The gravity field of a prospect can now be surveyed rapidly and with wide
bandwidth.

Although qualitative interpretation of gravity data is possible, a quantitative inter-
pretation requires some form of inversion, which is defined as any method that converts
the survey observations to an estimate of the underlying source mass distribution.

Rigorous inversion methods require the solution of large optimization problems. A
task that is computationally expensive and can require advanced mathematical
knowledge to interpret correctly. Therefore there is a need for an inversion method that
is fast, scales well, and is relatively easy to interpret. Because of this we have developed
Source Body Migration as an approximate inversion method for full tensor gravity gra-
diometry data.

Source Body Migration fits a set of constant density source bodies to the gravity
gradient observations. This is done by the iterative application of potential field migra-
tion, a 3D imaging method for potential field data.

After a brief explanation of Source Body Migration, its application will be demon-
strated using data from a full tensor gradiometer survey of the Vinton salt structure in
coastal Louisiana.

Originally published as: Brewster, J., and J. Mims, 2016, Source body migration, an approximate inversion method for full
tensor gravity gradiometer data: Gulf Coast Association of Geological Societies Transactions, v. 66, p. 697-699.
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SUPPLEMENTAL NOTES FOR SLIDES

Slide 3 (PDF page 6)

Schematic of the instrument.
Gradient is measured by taking the difference of the gravity field between 2 accelerometers 10 cm apart.

3 instruments (GGIs) to get Full Tensor.

Slide 4 (PDF page 7)

The FTG measures all 5 independent components of the gravity gradient tensor.

Slide 5 (PDF page 8)

Bell Geospace FTG survey over the Vinton salt structure, onshore Louisiana.
Tzz clearly shows the central, positive anomaly due to cap rock and shallow salt.

This is surrounded by a large, negative anomaly due to deeper salt.

Slide 6 (PDF page 9)

Google Earth image shows wells drilled around the edge of the central Tzz high.

Slide 9 (PDF page 12)

Shallow high density and deep low density well imaged.

In unconstrained output density contrast exceeds realistic limits in some locations.

Slide 10 (PDF page 13)
Density contrast vs. depth rules taken from known rock properties.
Non-uniqueness of gravity modelling means that any voxel can be replaced by a lower density sphere of voxels.

This makes no change in the expected gravity field.

Slide 12 (PDF page 15)

Largest negative density contrast seen at 4000 m depth.

Slide 14 (PDF page 17)

The forward modelled field of the salt model is subtracted from the FTG observations.
Source Body Migration now produces less density contrast.

This is the estimated deviation from the model.
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Slide 15 (PDF page 18)

Negative contrast at 4000 m depth is no longer present.

Bodies fit at 2000 m indicate that the model should be extended further to the northeast.

Slide 17 (PDF page 20)

Bell Geospace data library in the Gulf of Mexico.

Full resolution available under license.

Slide 18 (PDF page 21)

Plan slices of Gulf of Mexico density.

Note at 3000 m gaps in the results over the Sigsbee Escarpment — as there should be.
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Outline

- The FTG gravity gradiometer
- Source Body Migration

- Application to survey in onshore Louisiana
— Without density constraints
— With density constraints
— After subtracting source model
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The FTG Gravity Gradiometer g/_f?f%

Difference between
accelerometers removes host
~ 1 Meter in each dimension vehicle effect

Inertially stabilized platform Spin Axis

3 “GGls” allow Full Tensor
Measurement
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The Gradient T ==
e Gradient Tensor

Observations from Vinton Dome salt body, Louisiana, USA
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Potential Field Migration T

A method of rapidly
generating 3D density
images from potential
field data

Role reversal:
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Source Body Migration i
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Best results have been
found to be obtained if
algorithm is run free of
density constraints

Here density contrast is
limited only to the range
+/- 1 gm/cc
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Plan View Slices
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Source Model

Model of salt
structure published
in thesis by Chris
g 7680 Ennen, University of
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Residual After Subtracting Model S
esidual After Subtracting Mode

This represents
deviation from salt
model
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Plan Slices: Residual from Model ?
€

200 M

© e e @@
. 0. O ® @
). e ~& 9
s 400 m
% CU( \i;n@g K,/(;f - Caillli T T
oY @ © g > @4 ® o < @
3340000 i—?ﬂw 'Jbbo @,. G@ni%;rq '\’%\ ® @ T @ \_i% {
e el @ C e 6 J £ %
v L] ¥ 0% e to K . @ @ ® ‘o
e A KN fa 3340000 }‘? LA ©2 9
¢ & - °
3335000 b L% - STV ]
e o« ¢ pe D3 ® i
! @ (V] \q}%@) ® Q (‘@ @ k@ o @ . @& @
B ST e S o}@ ) —
e S Mg =oAs 3335000 [ o &
TP Qo \% ¥ W @ { & c
E) c 2 o, o 9
3330000 (&5 {3 O{.gg\q A .= L AN ‘& e _ 9 q
v ) & b o 3340000 |-
IS ek ' ' ) ¢
e S e /2.‘-9 ~ & (9@ P 3 O tl
437000 442000 447000 3330000 [} e @ 1~
|
S sl ALY 0
437000 442000 447000 3335000 G°C 5
<
J
v\t’

c
3330000 Gﬁdz
U i

437000 442000 447000

1000 m

3340000 |-

() d
Por] -

3335000 |- )
3330000 B
: \ m
| 1 ol

3330000 \ 1 437000 442000 447000
j °| 2000
1

T T / S
J 3340000 |- \/
|

[ . | .
4000 m 437000 442000 447000 20.40-0.25-0.10 0.05 0.20 0.35

7 BellGeospace gm/cc




Q %%'/\..
/B3

Migration Vs. Inversion
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Although development of inversion methods is very
advanced, problem to be solved is very large.

There is still a place in the interpretation workflow for an
alternative that is fast and stable
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Gulf of Mexico 8%7
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Gulf of Mexico
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Conclusion

- Source Body Migration has a place in the
interpretation workflow as a method of rapidly
producing 3D density images from FTG data
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