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Deep Structure: Strength through 
integration in the deepwater Gulf of Mexico

Other potential deepwater plays include 
the Late Jurassic Norphlet aeolian dune 
play and the Upper Cretaceous submarine 
fan play in the Western deepwater Gulf. 
These potential plays combined with the 
Wilcox play ensure that the deepwater sec-
tor will be an important exploration target 
for many years to come. This was further 
reinforced by the record-breaking MMS 
lease sales for the Western and Central Gulf 
of Mexico in 2007.

Understanding these play-fairway 
opportunities requires a regional, structur-
al and stratigraphic context for the Paleo-
gene Wilcox including sub-salt sediment 
distribution and a better understanding of 
the tectonic framework of the basement. 
Moreover, mapping the structure of the 
rifted basement will progress our under-
standing of its impact on sedimentation, 
the distribution of autochthonous salt, and 
the location of the Continental-Oceanic 
Boundary (COB).

Despite the huge volume of seismic data 
(2D and 3D) acquired in the region, one of 
the most fundamental challenges facing 
the industry is the problem of sub-salt 
imaging. Even with the latest processing 
technologies, seismic imaging of the sub-
salt stratigraphic section is problematic 
due to the allochthonous salt canopy.

“Deep Structure”
The purpose of “Deep Structure” is to 

combat the sub-salt imaging problem by 
using an integrated approach. By integrat-
ing long-offset (10km) Deep Focus seismic 
data, high resolution marine gravity data 
and high resolution airborne magnetics 
data, Fugro has significantly increased its 
understanding of the sub-salt geology of 
the Deepwater Gulf of Mexico. Although 
each dataset can be interpreted in isolation 
and used as a stand-alone product, integra-
tion of these datasets has lead to a better 

understanding of the sub-salt section and 
has produced a robust and comprehensive 
interpretation. The new interpretation and 
modeling results provide a solid platform 
for future exploration and research in the 
sub-salt arena.

The new integrated basement interpre-
tation relies heavily on the seismic data 
outboard of salt where seismic imaging 
is best. This area has been called the cali-
bration area and is the best area to com-
pare the magnetic basement and acoustic 
basement without the influence of a salt 
canopy.

In the calibration area we have looked 
at the relationship between acoustic base-
ment and magnetic basement anomalies. 
This allowed us to better assess the rela-
tionship underneath salt and enabled us to 
trace some of these anomalies back under 
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salt where seismic imaging is more of a 
challenge.

The new interpreted magnetic base-
ment was constructed using standard 
depth-to-basement techniques. This quan-
titative analysis of the magnetic data was 
primarily carried out by means of Werner 
deconvolution, Euler deconvolution and 
Peters half slope methods. Gravity data 
was used to help resolve areas of dis-
crepancy between the basement surfaces 
prior to finalizing the integrated basement 
surface.

Constraining basement
This integrated basement, together with 

top and base allochthonous salt horizons 
from the Deep Focus work outlined above, 
were then used as the cornerstone for 2D 
and 3D gravity and magnetics inversion 
and forward modeling work. Again this 
integration has lead to a much better con-
strained basement for assigning density 
and susceptibility values.

Fugro has also developed a workflow 
to distinguish basement signal from auto-
chthonous and deep allochthonous salt 
signals during the 3D modeling process.   

All of this work has lead to a new under-
standing of the morphology and structure 
of the basement and sub-salt stratigraphy 
in the area of Phase 1 (see inset figure) that 
could not have been achieved from using 
seismic data alone. The implication of all of 
this is that as we move into planned Phas-
es 2 and 3, the lessons learned and the 
techniques developed will allow Fugro to 
better cope with the inevitable complexi-
ties that will be encountered as we work 
through Garden Banks, Green Canyon and 
East Breaks. 

We have developed an important exam-
ple of the power of integration and its 
importance in geophysical and geological 
interpretation.   
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TEMP-VEL resolution with respect to two thin (10 m) hydrocarbon layers located at 1000 and 4000 m depth. 
Resistance of these layers is100 Ohm-m. The resistivity of the sediments between these layers is very low (0.5 
Ohm-m).

Results form measurements within (black) and outside (red) a hydrocarbon filled structure.
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“We spent a lot of time trying to under-
stand the technology and looking into 
several patents. As a consequence we put 
together a group of EM experts that should 
study existing methods and try to find 
alternative and better ways to get better 
resolution. One of the results was that we 
decided to use a vertical source.”

“Three elements were important to us: 
We should not use existing patents, we 
wanted to develop a method with certain 
advantages compared to existing meth-
ods, and it should be possible to put the 
theory into practice.” 

“The patent investigations and simula-
tions have enabled us to form a knowledge 
base of existing technologies and methods 
and cleared the route to the best solutions 
and to get full freedom to operate,” Kjers-
tad says.

PetroMarker was formed in 2004 with 
the purpose to develop and operate the 
new marine electromagnetic survey meth-
od that now had been patented. 

A team of Norwegian and international 
scientists and researchers then refined the 
method, and it is now known as TEMP-
VEL® (Transient ElectroMagnetic Prospect-

ing with Vertical Electrical Lines). In parallel, 
a team of engineers with background and 
experience in geophysical surveying and 
offshore operations designed the offshore 
equipment as well as the acquisition and 
processing software. The original method 

was further developed for use in shallower 
waters. This new method was named TEMP-
AEL® (Transient ElectroMagnetic Prospect-
ing with Adjusted Electrical Lines).

The TEMP-VEL® and TEMP-AEL® meth-
ods both consist of vertical transmitters 
and receivers, operating in time domain 
and in near zone. A basic system consists 
of one vertical dipole deployed from the 
survey vessel and one or more vertical 
receiver stations placed on the sea-bed 
using the same vessel. The typical distance 
between receiver stations is 1 000 m.

Kjerstad claims a number of advantages 
with these methods. “First of all, we offer 
improved investigation depth, all the way 
down to 5000 m below sea-bed. Our ambi-
tion is also to make the technology less 
dependent on water depths. Furthermore, 
we offer improved horizontal resolution, 
with target reservoir area between 5 and 
25 km2, as well as improved vertical resolu-
tion, with minimum target reservoir thick-
ness between 30 and 100 m.” Kjerstad also 
says that this technology has the capability 
to detect and discriminate vertically placed 
resistive targets. On top of that, his goal is 
to improve survey efficiency and thereby 
reducing cost.
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Geologists who started on 
the rigs 40 years ago are 
being replaced by a younger, 
more computer literate 
generation.

geologist to the digital oilfield, and change 
the way both geologists and geological 
data is used.”

Moving from paper to digital data
“Geology at the wellsite has always 

been an analogue function, with geolo-
gists gathering data to produce a comple-
tion log at the end of drilling. Even though 
geologists were using computers for this 
- in 1991 HRH were the first company to 

create a computerised log drawing system 
- the final product was still a paper log and 
the workflow hadn’t actually changed in 
25 years. The data collected to produce 
this log was not being used further in the 
process.” 

“The drilling side gather data at the 
wellsite and pass it on to a central office 
or system where it is available to everyone 
in real time.” David continues. “Geological 
information, such as core data, geological 

Jane Whaley
David Harrison, Managing Director of 

HRH Geological Services, is a man with a 
mission; to bring geologists to the digital 
oilfield, alongside their geophysical and 
engineering colleagues.

“The ‘digital oilfield’ is the buzz phrase 
in the industry at the moment, pursued in 
particular by the large service companies 
like Schlumberger and Halliburton,” says 
David. “Our aim in HRH is to connect the 

In today’s digital oilfield, bringing geologists into the workflow with geophysicists 
and reservoir engineers is vital to maximise the potential of every well.

Connecting the Geologist 
to the Digital Oilfield 
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Exploration interest in the deepwater US Gulf of Mexico is at an all time high following the discovery, 
in 2001, of thick Paleogene submarine turbidite sands  in the Baha #2 well. This ‘Wilcox’ sand play has 
now expanded across most of the deepwater and is the main reservoir target. These reservoir targets 
are typically 3 and 4 way structural closures, obscured by a thick allochthonous salt canopy and cored by 
deep allochthonous salt.  
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Image of a 2D gravity and magnetic model using 
2ModTM.


