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Curvature has long been used by 
geologists to predict the density 
of natural fractures from outcrop. 

Sand box experiments show that 
correlations between curvature and strain 
can be significant, which is supportive 
of the curvature-strain-natural fractures 
supposition inherent in the use of curvature 
to predict natural fractures. Seismic 
horizon-based curvature estimates have 
been shown to be potentially effective 
in the same manner as that of geologic 
map approaches. This was followed by 
volumetric seismic curvature, which has 
largely replaced horizon-based curvature 
estimates perhaps due to the elimination of 
picking a horizon in data not well suited to 
horizon picking, or not having a pickable 
horizon in our zone of interest. 

The first author and 
others have found 
statistically significant 
correlations between 
volumetric most-
positive curvature and 
natural fracture density 
indicated from high-
resolution image log 
data along horizontal 
wells. One of the 
methods of computing seismic volumetric 
curvature attribute involves Fourier filtering, 
and has gained widespread acceptance. 
There are other methods for generation 
and filtering of curvature that are available 
in our industry. We examine the impact of 
specific curvature parameter selection- an 
interpreter level detail rarely discussed in 
the literature- on fracture density prediction.

The Falher F tight sandstone of the 
deep basin in Alberta, Canada, is gas 
charged, deeply buried at about 3,200 
meters true vertical depth, and over-
pressured with gradients of about 14.5 
kilopascals per meter. The net horizontal 
stress in the Falher F is quite low, which 
makes the drilling mud window narrow. 
Compounding this operational challenge is 
the fact that the sand has abundant natural 
fractures, which can lead to mud losses or 
gas kicks depending on the management 
of the mud weight. Either the loss of too 
much mud or the uncontrolled production 
of too much gas can lead to catastrophic 
operational failure in this over-pressured 
system.

Case Study

We assessed the best curvature 
parameterization as being the one in 
which the hazard presented by the natural 
fractures was most clearly interpreted 
from map and line views, and had the 
highest correlation to fracture density. We 
argue that the interpretive objective, or 
target, should generally be given primary 
consideration when choosing curvature 
parameters. Our study area is depicted 
in figure 1, and has four horizontal wells, 
depicted as wells 0, A, B, and C. Well 0 
and Well A both encountered numerous 
open fractures, suffered uncontrolled 
losses of drilling mud and were abandoned 
due to related operational concerns. Well 
C had no discernable operational issues, 
although some fracture infill material 
was reported by the wellsite team. The 

operational failure of wells 0 and A suggest 
that a high density of fractures must exist 
near the end of those wellbores. Well B 
has image log fracture density data, which 
is displayed in figure 1a. Figure 1b shows 
a larger area around the wells with two 
evaluation lines displayed in white. The 
lower seismic line is depicted in figure 1c. 
A reasonable but uncertain interpretation of 
the events from these wells is that a trend 
of high density fractures exists in a curve 
or line going from the toe of Well 0, past 

the high fracture density area of Well B, to 
the toe of Well A. The lateral length of Well 
B is just over 1,500 meters. Exact scales 
and the direction of North are not given to 
protect the confidentiality of the data.

Method

While an interpreter defines surface 
patches of a given size (xy) and 
appropriate software algorithms then fit with 
a mathematical quadratic surface, second-

order derivatives are estimated from a 
cuboid of data (xyz) for volumes. Different 
curvature measures are then computed 
from the coefficients of the quadratic 
surface or second-order derivative 
measures. For a more detailed description 
of how surface and volumetric curvature 
attributes are estimated from seismic 
data, please see the Geophysical Corner 
columns in the November and December 
2007 issues of the Explorer.

As the most-positive and most-negative 
curvature attributes are found to be the 
easiest measure to visually correlate to 
the features of geologic interest, a series 
of most-positive curvature were created 
on structure-oriented filtered seismic data. 
The estimates of most-positive curvature 
using different methods varied by their 
parameters and are described by: 

u Whether the estimates are based on 
horizon or volumetric estimation methods.

u The size of the cuboid that is used 
in the initial estimate of the derivatives 
(x and y-size are in traces, z-size is in 
milliseconds).

u The type of filtering applied to the 
curvature values, which is workflow 
dependent. This refers to unfiltered 
curvature estimates, Gaussian filtering or 
Fourier filtering.

The estimates of the most-positive 
curvature were derived from four separate 
industrially offered applications. The 
Gaussian size is given only by two 
numbers, the first defining a proxy for 
the x and y size, and the second number 
defining the z size. Qualitative comparisons 
were made based on the map interpretation 
of curvature and the two lines described in 
figure 1. Quantitative evaluation of curvature 
was made by linear regression with the 
upscaled fracture density from the image 
log of the 1,500-meter long lateral of Well B.
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Figure 1. Maps depicting the key elements of the case study. (a) A 3-D perspective view of wells 0, A, B, and C. Well B has an image log estimate 
of fracture density. The fracture density is displayed as rings whose size is linearly proportional to density. Well 0 and Well A both encountered 
numerous open fractures, suffered uncontrolled losses of drilling mud and were abandoned due to related operational concerns. Well C had no 
discernable operational issues, although some fracture infill material was reported by the wellsite team. (b) A time structure map of the Falher F 
for a portion of the study area. The two seismic lines to be used in the line analysis are shown as the white straight lines. (c) The southernmost 
of the two indicated seismic lines. The toe of Well A is indicated by an arrow, and coincides with a structural feature. All seismic data images are 
arbitrarily cut and rotated, with exact scales hidden, to protect the confidential nature of the data. The same color bar is used for all the images.

Figure 2: Most-positive curvature attribute estimates at the Falher F surface. Image log fracture 
density data along Well B are shown as discs proportional in size to the fracture density. 
(a) The 9x9 horizon based method has artefacts (shown enclosed in a circle) which are the 
dominant feature of the image. The expected arcuate feature connecting the toes of Well 0, Well 
A, and the high fracture densities from Well B is shown with a black dashed curve on images 
(b) to (d). (b) The 9x9x98ms, unfiltered volumetric method appears reasonable. Shorter time 
windows appeared unstable and were more difficult to interpret. (c) The 2x9 Gaussian filtered 
volumetric method is not materially dissimilar to the unfiltered result. The Gaussian size has 
a complex definition. (d) The 5x5x22ms Fourier filtered with an alpha value of 0.2 has better 
preservation of curved features in map view, which may be implementation related.
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Results

Only a small subset of the results is shown 
in this article though the comparison was 
carried out on both vertical lines as well as 
horizontal displays from the attribute volumes. 

Figure 2 depicts a subset of the map 
comparisons. The image log fracture 
density as shown along the lateral of Well 
B along with the position of the toe of Wells 
0 and Well A are important considerations 
in this figure, as interpretability was based 
on the expected arcuate or linear curvature 
feature connecting the toes of Well 0, Well 
A, and the high fracture densities from Well 
B. All the results, except for the horizon-
based one, show the expected high most-
positive curvature trend, although some 
details change in the complexity of the 
trend. The horizon based map of Figure 2a 
was considered poor as it was dominated 
by pick-based artefacts (enclosed in a 
circle). The main arcuate feature mentioned 
above is shown in black dashed curve 
and overlaid on the images in (b) to 
(d). The unfiltered 9x9x98 milliseconds 
volumetric result of figure 2b appears quite 
interpretable on map view, although smaller 

time (z) windows gave poor results. The 
Gaussian filtered volumetric result is shown 
in figure 2c, and is considered good. The 
Fourier filtered result (with a fractional index 
parameter alpha=0.2) is shown in figure 2d, 
and is considered excellent, especially in its 
preservation of curved features. 

Linear regression was performed 
between the most-positive curvature maps 
and the fracture densities from the image 
log along the lateral of Well B. Figure 3 
shows the log comparison, the correlation 
coefficients, and rolls up the overall 
evaluation of the parameter test. Figure 
3a shows the correlations of curvature 
and fracture density in a log format. The 
entire set of results is summarized in figure 
3b. The Fourier filtered results were the 
most robust to parameterization and were 
stable at small cuboid sizes. The Gaussian 
filtered results seemed decent for all but 
the smallest and largest parameters tested. 
The unfiltered volumetric approach required 
large time windows, which was concerning 
to the localization of the interpretation for 
fractures. The horizon-based method 
suffered from pick based artefacts in most 
comparisons.
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Figure 3. Selected results. (a) Gamma Ray log, upscaled fracture density from image log data, 
and most positive curvature with Fourier filtering and an alpha value of 0.8 for the horizontal 
length of Well B. (b) A results summary with a roll-up of the correlations to fracture density as 
well as the qualitative line and map based evaluations. Correlation coefficients passing the 1 
percent p-test for significance are colored dark yellow.
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with Julia Gardner, the queen of Tertiary 
coastal biostratigraphy, and stayed at 
her Washington, D.C. home for several 
days. They forged lifelong friendships and 
working relationships. 

When Richards and Ellisor returned 
to Houston, invigorated and motivated, 
they – along with Kniker – began, in 
earnest, their work sorting out the coastal 
stratigraphy. All three felt strongly that 
their subsurface work had to be closely 
tied to surface “ground truth” and initiated 
many field trips into central Texas. 
Richard took yet another trip around the 
north and northeast Gulf Coast collecting 
samples. She also conducted frequent 
meetings with drillers – constantly 
instructing them on sample-catching 
techniques as well as their washing and 
preparation for the laboratories. Dumble 
also took an interest in Richards’ personal 
life and sent her out into the field often 
with his bachelor field geologist, Paul 
Applin. The matchmaking was successful 
and they were married by 1923. 

In 1925, the three women published 
their epic work and landmark AAPG paper 
which, according to retired Shell Oil micro-
paleontologist Ed Picou, established the 
basic framework of benthic zonation in the 
Gulf Coast: “Subsurface Stratigraphy of 
the Coastal Plain of Texas and Louisiana.” 

A Transformed Industry

Very quickly, micropaleontology was a 
necessity for every oil company and drill-
ing venture. Initial skeptic J. J. Galloway, 
in 1928, noted, as stated earlier, that more 
than 300 micropaleontologists were using 
this tool to work out stratigraphy and struc-
ture. Galloway had himself capitalized on 
their discovery and, within a year of their 
Amherst paper, was consulting for oil com-
panies using foraminifera.

Not until the 1930s did electric 
logs start making a presence in Gulf 
Coast wells. Micropaleontology kept its 
dominance in exploration, while being 
combined with electrical logs and 
eventually seismic, for decades. 

Ellisor’s career with Humble 
(ExxonMobil) exemplifies the impact and 
scope of these early lab managers – she 
started the Humble lab with herself and 
one sample washer. By 1946, Humble Oil 
reported in their company magazine, The 
Humble Way, that they had:

u 12 micropaleontologists 
u two paleontologists 
u 20 sample washers 
u several clerks 
u 220,000 samples washed annually. 

It is past time to give credit where 
credit is due and honor these three 
female scientists who changed the course 
of stratigraphy and the economics of 
petroleum exploration forever.  EX
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are basin and play openers. These are 
rare and wonderful finds with game 
changer impact to their regions and to 
the world.”

To that end, the Forum will also 
discuss: 

u Goliat was the first oil field to 
come on stream in the Barents Sea, 
and reports by ENI indicate that the 
platform has a storage capacity of 
almost one million barrels, which 
could be, according to Sternbach, 
a “significant game changer” for 
the Barents Sea and for industry 
exploration of remote and challenging 
areas.

u Of Zohr, in the eastern 
Mediterranean, ENI reports that 
reservoirs are Cretaceous Rudist 
reefs and Miocene Carbonates, where 
the nature of its gas may indicate a 
paradigm shift with both local and 

global implications.
u The Senegal discoveries are 

reported to be significant oil reserves 
in shelf sandstone reservoirs in 
intermediate water depths of the 
African margins.

u Successes and exploration efforts 
have been reported in the east African 
rift basins in Ethiopia, Uganda, Kenya, 
Mozambique and Madagascar. 

The Forum will also feature a brief 
presentation of highlighted vignettes of 
exploration insights from the decade-
long Discovery Thinking program. This 
will be a tribute to more than the 115 
men and women presenters (or co-
authors) to this enduring and popular 
program. 

“These 100 who made a difference,’ 
said Sternbach, “are a proud part of 
the AAPG 100th Anniversary legacy. 
We are thankful for their generous 
contributions to make our exploration 
heritage better than ever before.”  EX
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Conclusions

The interpretation of the distribution 
and density of natural fractures was 
affected by the curvature parameters. 
The volume-based approaches seemed 
better in map evaluation than the horizon-
based estimates, although the smallest 
xyz cuboid size of the volumetric estimates 
tended to bear greater similarity to the 
horizon solutions. Filtering of the curvature 
results was also material to the evaluation 
of the risk from natural fractures, with the 
Fourier based filtering showing the most 
robustness to different parameterization. 
Of the volume-based methods, the 

unfiltered approach was most problematic 
to effective interpretation, requiring bigger 
time windows for stability. Evaluation of 
the best parameterization of curvature 
required the use of objective correlations 
to the interpretive target as well as more 
subjective map and line comparisons. 
Based on the interpretation of fractures, 
there appeared to be a sweet spot size 
for the cuboid or filtering for each of the 
volumetric approaches. A rational approach 
to choosing the parameters for curvature 
requires the consideration of the interpretive 
objective or target, as “best” is inextricably 
bound by purpose.
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The Department of Geology at Stephen F. Austin State University (SFA) invites 
applications for a tenure-track position at the assistant (or associate) professor 
level. Applicants must have a doctoral degree in geology or a related field with 
emphasis on petroleum geology, a strong commitment to excellence in teaching 
and a willingness to direct Master of Science geology graduate students in 
research. Preference will be given to candidates with petroleum industry and/or 
research experience. Teaching responsibilities will include introductory courses, 
upper-level and graduate courses in the applicant's specialty, and occasional 
weekend field trip courses. Other expectations include research, university service 
and continuing professional development.
Submit a letter of application, CV, Transcripts, Statement of Research Philosophy, 
Statement of Teaching Philosophy and contact information for three references to 
https://careers.sfasu.edu (posting 0605053). 

Also mail official transcripts to: 
Dr. Wesley Brown, Search Committee Chair Stephen F. Austin State University
Department of Geology
PO Box 13011 SFA Station
Nacogdoches, TX 75962-3011
(936) 468-3701
Review of applications will begin 
on November 3, 2017, and continue 
until the position is filled. SFA is an 
equal-opportunity employer. This is a 
security-sensitive position and will be 
subject to a criminal history check.




