
vIt	  appears	  that	  under	  their	  own	  units	  the	  gravity	  
gradient	  is	  a	  million	  times	  worse	  than	  the	  gravity.

vIn	  reality	  this	  is	  not	  the	  case.	  

vIn	  particular,	  the	  opposite	  is	  true	  in	  terms	  of	  
dealing	  with	  the	  nuisance	  of	  elevation	  
corrections.



∆h

∆𝑔 = −1.9×108𝜇𝑔𝑎𝑙	  
∆ℎ
𝑅?

∆
𝜕𝑔
𝜕𝑧 = −9.0×10B𝐸

∆ℎ
𝑅?

RE = 6.371 x 106 meter, The average radius of the Earth 



∆h

∆𝑔 = −1.9×108𝜇𝑔𝑎𝑙	  
∆ℎ
𝑅?

∆
𝜕𝑔
𝜕𝑧 = −9.0×10B𝐸

∆ℎ
𝑅?

RE = 6.371 x 106 meter, The average radius of the Earth 

The	  gradient	  has	  ~	  Million	  times	  smaller	  elevation	  
corrections	  than	  the	  gravity	  (under	  their	  own	  units)
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Gradient	  is	  sensitive	  to	  shallow	  and	  sharp	  
structures
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Hajkova et	  al,	  2010

A	  big	  nuisance	  for	  airborne	  gravity	  is	  the	  height	  
correction	  for	  repeated	  flyby	  

∆h ≈ 0.3 m for 0.1mgal



http://www.intrepid-geophysics.com/ig/index.php?page=gradiometry

For	  airborne	  gravity	  gradient	  the	  accuracy	  of	  aircraft	  
height	  is	  much	  less	  important	  

∆h ≈ 350 m for 0.5E



Probe	  the	  static	  structure:	  the	  double	  rings	  of	  

Vredefort Crater,	  South	  Africa,	  with	  Gravity	  Gradient	  

https://en.wikipedia.org/wiki/Vredefort_crater#/media/File:Vredefort_crater.jpg



Artistic	  Reconstruction	  of	  the	  Crater	  from	  geological	  evidence	  

http://news.nationalgeographic.com/news/2013/13/130214-biggest-asteroid-impacts-
meteorites-space-2012da14/



Investigating	  area	  by	  airborne	  gradiometer	  	  

Beiki at al.  (2010)

Interpretation of GGT data using eigenvector analysis 

Figure 2. Geology map of the Vredefort impact area (after 
Lana et al., 2003). The study area is shown with dashed 
rectangular. 
 
Airborne GGT data  
In 2007, the Vredefort dome area was covered with a Fal-
con Airborne Gravity Gradiometry (AGG) survey con-
ducted by Fugro Airborne Surveys. The Survey compro-
mised two blocks, covering central and western parts of the 
Vredefort dome area. In this abstract, the results of the 
eastern block (central part of the Vredefort dome) are used 
to demonstrate the application of the presented method.  
The Vredefort Dome area was flown north-south with a 
line spacing of 1 km. The nominal height of the aircraft was 
80 m above the ground with a sampling interval of about 7 
m along the flight lines. The multi-step Falcon AGG 
processing procedures were used to process the measured 
modulated differential curvature gradients.  
In the processing a low pass filter with cut off wavelength 
of 1000 m was applied to the data set. Then the data were 
re-sampled with a new sampling interval of 250 m in x- and 

y- directions. Figure 3a shows the gridded
zz

g  data with a 

cell size of 250 m.  
 
Figure 3b illustrates the calculated dimensionality indicator 
I derived from the measured GGT components. The dimen-
sionality map provides useful information for a better inter-
pretation of the GGT data. Figure 3b shows that quasi 2D 
geological bodies are dominant. However, some structures 
like the phanerozoic sediments surrounded by greenstones 
(area K) and also the central part of the dome (area J) show 
a dimensionality, I close to unity.  
 
The estimates of depths to center of mass of causative bo-
dies are displayed in Figure 3c regardless of calculated 

dimensionality. For simplicity, we only 
show estimates close to maxima of gzz and 
depth estimates greater than 4000 m or 
with relative errors greater than 50% are 
rejected. For ring structures E and F, the 
depths vary between 1000 m to 1500 m 
while for C and D they are deeper than 
1500 m. The areas J (central part of the 
dome), H and K are also have depths 
greater than 1500 m. We note that the ring 
structures marked in Figure 3a have quite 
stable depth estimates.               
 
For simplicity, we only show estimates of 
strike directions close to maxima of gzz 
and with I less than 0.3 in Figure 3d. The 
small lines representing the estimated 
strike directions are mainly directed along 
the linear features marked in Figure 3a. 
The estimated strikes of bodies C, D, E, F, 

and G are very stable along the strike of the gravity anoma-
lies (Figure 3a). However, the estimated strikes for some 
small features like bodies A and B are not stable. They are 
predominantly directed NE-SW. This might be affected by 
a large gravity anomaly which is located outside of the 
study area in northeast (see Wooldridge, 2004). The rose 
diagrams of the whole study area and the central part of the 
impact structure (area J) are illustrated in Figures 4a and 
4b, respectively. The estimated strikes in the central part of 
the impact structure (Figure 4b) are strongly dominated by 
the N30W direction. 
 
Conclusions 
 
We have described a new method to locate causative bodies 
using eigenvectors acquired from the GGT. We use a ro-
bust least squares technique to estimate their center of mass 
estimated as the point closest to lines passing through ob-
servation points in direction in the eigenvectors. It is also 
shown that for a quasi 2D body, the third eigenvectors pro-
vide a very stable estimate of the strike of the field.  
 
The GGT data from the Vredefort impact area, delineate 
very well the different parts such as the dense central uplift 
area, dense ring structures and less dense metasediments. 
Depth estimates along the ring structures are very stable 
with inner rings predominantly in the range 1000 to 1500 m 
and outer rings predominantly exceeding 1500 m. In the 
central uplift part they are somewhat more scattered with 
most estimates exceeding 1500 m.  
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Interpretation of GGT data using eigenvector analysis 

 

 
Figure 3. a) The first vertical derivative of the gravity field, gzz of the vredefort impact structure, b) calculated dimensionality 
map, c) estimated location of causative bodies based on their depths to the center of mass, d) detected strike directions of anoma-
lies with dimensionality, I < 0.3.  
 

 
Figure 4. Rose diagrams of the estimated strikes for a) whole study area, and b) the central part of the impact structure (area J) for 
data points with I< 0.3. Each bin is equal to 7.2 degree.   

Beiki at al.  (2010)
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Probe natural gas production

https://www.waltongas.com/index.php/blog/category/44/types-of-natural-gas/



Traditional natural gas production

Gravity	  can	  be	  used	  to	  monitor	  the	  underground	  mass	  changes.	  We	  will	  

show	  that	  the	  gravity	  signal	  is	  mostly	  dominated	  by	  the	  land	  subsidence	  

/uplift,	  while	  the	  gravity	  gradient	  is	  	  land-‐subsidence/uplift	  proof.	  



Half-‐space

Self-gravitating elastic half space model set up

ez

uh ------ Displacement

𝜙 -‐-‐-‐-‐-‐-‐-‐-‐ Perturbed	  gravitational	  potential

er

∇2uh +
1

1− 2σ
∇∇⋅uh −

ρ0
µ
∇φ +

ρ0g
µ

ez ⋅∇uh − ez∇⋅uh( ) = 0

∇2φ = −4πGρ0∇⋅uh

lim
R→∞
z→+∞

uh,φ( )→ 0

Free	  surface



Poroelastic ball embedded in a self-
gravitating half space

ez

p ------ Incremental	  pressure	  variation

𝛽 -‐-‐-‐-‐-‐-‐-‐-‐ Poroelastic expansion	  coefficient

er

p𝛽

𝜆𝛻 𝛻 H u	   + 𝜇𝛻 H 𝛻𝐮 + 𝐮𝛻 − 3𝜆 + 2𝜇 𝛽𝛻𝑝 = 0

Free	  surface

Decoupled	  pore	  mechanics



Gravity and gravitational gradient from self-
gravitation on the free surface
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Hydraulic fracturing for shale gas 

https://thebreakthrough.org/index.php/programs/energy-and-climate/where-the-shale-gas-revolution-came-from
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Conclusions

The	  gravity	  gradient	  can	  effectively	  denuisance the	  ground	  

subsidence/uplift	  effect	  in	  deformation-‐related	  time-‐varying	  

gravity	  variations.	  


