
810      THE LEADING EDGE      October 2019

Bright Spots first appeared in the February 2005 issue of TLE. 
It was coordinated by Stephen Hill. Over the years, coordina-

tors also included Christopher Liner, Ken Mahrer, Yonghe Sun, 
and John Stockwell. Hill laid out the goal of Bright Spots in his 
inaugural column: “My goal is to share the excitement of the 
breadth of our profession and to tempt you to increase your reading 
of Geophysics, not to replace it. Thus, these are excerpts of articles, 
teasers, if you will.” I have tried to adhere to that challenging goal 
by producing teasers that capture the paper’s interest instead of 
reiterating a summary. This way of writing is not taught in school, 
and originally, I drafted the excerpts myself. Later, I involved 
authors and wish I had more time to involve them more often. In 
the future, I hope to address this type of communication in a 
separate TLE article. Please check out the interesting papers below.  

Mineral exploration and permafrost
Revil et al. present an experimental study of induced polariza-

tion behavior of rocks and sediments containing metal particles 
in freezing conditions in their paper, “Induced polarization response 
of porous media with metallic particles — Part 9. Influence of 
permafrost.” Induced polarization is the key method used to locate 
ore bodies, and because valuable mineral resources can be hosted 
in permafrost, a better understanding of how to interpret induced 
polarization data in freezing conditions is valuable for mineral 
exploration. The authors state that they have been unable to find 
any quantitative work is this area. In the paper, they investigate 
more extreme conditions than they did in the previous papers of 
this series to further test the heuristic aspects of their model, 
especially regarding relaxation time phenomena. Their test samples 
consist of metallic grains embedded in a porous background mate-
rial, which in this case was sand saturated by an electrolyte. With 
freezing, a fraction of the liquid water in the pore space becomes 
ice, while salt remains sequestered in the liquid component. They 
develop a new polarization model based on the Stern layer concept 
that explains the induced polarization measurements. The measured 
complex conductivity spectra are fitted with double Cole-Cole 
relaxation time parameters. The Cole-Cole exponent and the 
chargeability are observed to be essentially independent of tem-
perature, but the instantaneous conductivity depends on tempera-
ture in a predictable way (Figure 1).

Improving seismic images by using common-horizon panels 
After obtaining a final migrated image, questions sometimes 

remain about the quality of focusing and whether the image can 
be improved. In his paper, “Improving seismic image using 
common-horizon panel,” Liu introduces the common-horizon 
panel (CHP) method for evaluating focusing. The method provides 
quantitative information for adjusting mispositioned interfaces or 
for correcting deformed wavefields, potentially resulting in 
improved image quality. CHPs are generated by extrapolating 
seismic gathers to a selected target horizon and applying the time-
shift imaging condition. For the correct velocity model, the panel 
shows a flat event at zero time, while in the case of an erroneous 

velocity model, the event becomes kinematically oscillating. Any 
deviation from zero time in the CHP indicates incorrect velocities 
that need updating or inappropriate wavefields that need correction. 
Compared with the commonly used common-image gathers, the 
events in CHPs are more trackable because geologic interfaces are 
typically continuous in space. The paper demonstrates two CHP 
applications with synthetic and field data examples. In the first 
application, CHP is used to iteratively update the rough geometry 
of a subsurface interface, such as a salt boundary, by picking the 
zero time lag until the event in the stacked CHP is flattened. 
Figure 2 shows a field data example of using CHP to tune salt 
geometry and the resulting enhanced seismic image. For the second 
application, CHP at the reference horizon is used to correct 
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Figure 1. (Figure 17 from Revil et al.). Evolution of instantaneous conductivity 
as a function of temperature. Data determined from a double Cole-Cole fit of the 
data on chalcopyrite and graphite sandstone samples are shown in blue below the 
freezing temperature and in red above the freezing temperature.
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conductive anomalies more accurately than the phase tensor alone, 
especially if the MT data are sparsely sampled or have noise or 
data gaps. Furthermore, it is noteworthy that the derived amplitude 
phase decomposition is an entirely new algebraic matrix decom-
position and may hold untapped potential for other disciplines 
that interpret complex matrices or second-rank tensors.

Open-source offshore Brazilian 3D model for controlled-
source electromagnetics 

In their paper, “MARLIM R3D: A realistic model for CSEM 
simulations — Phase II: The CSEM dataset,” Correa and Menezes 
make available an open-source synthetic full-azimuth marine 
controlled-source electromagnetic (CSEM) data set for the Marlim 
R3D (MR3D) model. The data set can be used for research or 
commercial purposes. This work will facilitate the assessment of 
marine CSEM for offshore Brazil and the development of modeling 
and interpretation methods for data from this region. MR3D is 
an open-source, complex, and realistic geoelectric CSEM model 
of typical postsalt turbiditic reservoirs at the Brazilian offshore 
margin. Correa and Menezes use a 3D CSEM finite-difference 
time-domain forward-modeling method to generate the full-
azimuth CSEM data set for the MR3D earth model. The data 
set is comprehensive. They produce both noise-free data and data 
with 1% noise for 500 seabed receivers and for 25 east–west and 
20 north–south source lines for  six electromagnetic field com-
ponents (Ex, Ey, Ez, Hx, Hy, and Hz) at six frequencies in the 
0.125–1.25 Hz range. This kind of data set is important for provid-
ing benchmark data to evaluate the accuracy of a modeling code 
or an interpretation scheme. The robust number of source and 
receiver lines lets the user realize different approaches (e.g., maps 
with 1D, 2.5D, and 3D inversions). Following the guidelines 
provided by the SEG Advanced Modeling Program (SEAM), 
the authors are extending the MR3D project to include seismic, 
gravity, and magnetotelluric simulations. In the future, all of these 
data will be publicly available.

Data-driven internal multiple elimination 
Eliminating internal multiples is a challenging problem for 

seismic imaging. Zhang et al. present a comparison of three 
schemes for data-driven internal multiple elimination in “Data-
driven internal multiple elimination and its consequences for 
imaging: A comparison of strategies.” All three schemes work 
without any model information. Two schemes are derived from 
Marchenko equations, and one is derived from the inverse scat-
tering series (ISS). The comparison is carried out from theory to 
numerical examples. The authors show that the schemes derived 
from Marchenko equations successfully predict all orders of 
internal multiple reflections with the correct amplitude, and thus, 
adaptive subtraction is not required for implementation. The 
scheme derived from ISS by Ten Kroode (2002) and Löer et al. 
(2016) predicts all orders of internal multiple reflection but with 
incorrect amplitude. The authors show that the ISS scheme can 
be understood as the first iteration of the schemes derived from 
Marchenko equations. Because the amplitudes are not predicted 
accurately, adaptive filtering is required with the ISS-based scheme 
for subtracting predicted events from the original data set. The 
schemes derived from Marchenko equations are more robust for 

extrapolated wavefields by utilizing the picked time lag from each 
plane-wave gather. Depending on the quality of the time picks, 
images can be improved, and higher resolution can be achieved. 

Using amplitude information in magnetotellurics
In “The amplitude-phase decomposition of the magnetotelluric 

impedance tensor,” Neukirch et al. define a new matrix decomposi-
tion for magnetotelluric (MT) data that allows the use of phase 
and amplitude information. The MT method excels in the detection 
and characterization of subsurface fluids and hydrothermal systems 
because of the strong effect on subsurface electric conductivity. 
Interpretation of sparse MT data can be hindered by a physical 
phenomenon, such as the galvanic distortion of the electric field 
that deflects and/or channels electric currents due to anomalies 
at the near surface. In practice, this adverse effect can be circum-
vented by sacrificing half of the acquired MT data, discarding all 
amplitude information, and interpreting solely phase tensor 
information. Unfortunately, the phase tensor definition involves 
complex algebra that makes it difficult for the user to quantify 
what has been sacrificed. To quantify and illustrate the commonly 
discarded information caused by sole use of the phase tensor, 
Neukirch et al. define a new matrix decomposition that yields 
phase and amplitude tensors from the MT data so the amplitude 
tensor represents the lost information. The phase tensor is sys-
tematically compared to the amplitude tensor on synthetic 
examples. They conclude that, although the phase tensor may be 
theoretically sufficient to infer about the subsurface at large, the 
amplitude tensor can help identify conductivity or thickness of 

Figure 2. (Figure 17 from Liu). Results of the CHP method showing (a) the 
updated velocity model and the migrated image obtained using (b) the updated 
and (c) original velocity models. Red arrows indicate areas with improved imaging.
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internal multiple reflection elimination, 
but they come with a higher computa-
tional cost.

Stress in the vicinity of an inclined 
borehole

In the exploration and development 
of unconventional resources, under-
standing the stress state near a borehole 
is essential for the design of drilling and 
fracturing activities. Li et al. provide 
programs in both MATLAB and 
Python that solve the general problem 
for stress distributions around any 
inclined borehole within an arbitrarily 
oriented anisotropic medium of any 
symmetry. The programs are described 
in their paper, “A program to calculate 
the state of stress in the vicinity of an 
inclined borehole through an anisotro-
pic rock formation.” Any borehole exist-
ing within a continuous solid medium 
concentrates the stresses applied to that 
medium causing a redistribution of the 
stress near the borehole. It is important 
to understand the magnitudes and pat-
terns of this stress concentration, 
because these can lead to damage and 
borehole collapse if too strong. Solutions 
describing the stress concentrations in 
the vicinity of a borehole drilled through 
anisotropic rock exist, but they are 
complex and have not been readily avail-
able. To overcome this limitation, the 
authors develop the algorithm ASCIB3D that solves the general 
problem for stress distributions around any inclined borehole 
within an arbitrarily oriented anisotropic medium of any symmetry. 
Although the code requires users to input a number of different 
parameters related to borehole geometry, material elasticity, and 
stress orientations, the authors attempted to make this as conve-
nient as possible by couching the inputs in terms of the common 
structural geology and geophysical logging parameters, which 
geoscientists and geoengineers commonly employ.

Understanding electromagnetic induction
“On the physical principles underlying electromagnetic induc-

tion” by Everett and Chave is highly recommended to anyone 
interested in electromagnetic (EM) methods. The following is a 
comment from the assistant editor who nominated this paper. 
“This is a thorough, detailed exposition on the behavior of EM 
fields in non-GPR EM geophysical methods, which is written 
by two experts with deep physical and mathematical understanding 
of geophysical EM methods. This paper will provide a broader 
understanding of EM geophysics, even to those who are already 
familiar and comfortable with geophysical EM methods, but it 
will also be educational and particularly enlightening to those 
coming to geophysical EM methods from seismic methods.” The 

paper shows from several vantage points that EM induction 
operates in the magnetoquastatic regime, where displacement 
current is neglectable and where it is appropriate to use diffusion 
concepts rather than those of wave propagation. They suggest use 
of the Poynting vector and the Joule heating parameters as powerful 
tools for understanding how geologic medium shapes EM 
induction responses.

Other papers nominated by the editors
• Zuo et al. — “3D magnetic amplitude inversion in the presence 

of self-demagnetization and permanent magnetization” 
• Liu et al. — “Polynomial-based density inversion of gravity 

anomalies for concealed iron-deposit exploration in 
North China” 

References
Löer, K., A. Curtis, and G. A. Meles, 2016, Relating source-receiver 

interferometry to an inverse-scattering series to derive a new 
method to estimate internal multiples: Geophysics, 81, no. 3, 
Q27–Q40, https://doi.org/10.1190/geo2015-0330.1.

Ten Kroode, P. E., 2002, Prediction of internal multiples: Wave 
Motion, 35, no. 4, 315–338, https://doi.org/10.1016/
S0165-2125(01)00109-3.

Figure 3. (Figure 5 from Correa and Menezes). Inline electric field normalized amplitude versus offset maps at 
different frequencies and offsets including (a) 1.0 Hz and 6000 m offset, (b) 0.75 Hz and 6000 m offset, (c) 0.5 Hz 
and 6000 m offset, and (d) 0.25 Hz and 8000 m offset. The Marlim reservoir exhibits anomalous values above the 
background at 6000–8000 m offsets. Black circles indicate the positions of receivers on the seabed, and the red 
circle is the reference receiver, which images the background. 
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