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What makes the wiggle waggle:
a perspective on rock physics
From experience as a practitioner and educator Rob Simm* provides a personal view on rock
physics applications in seismic interpretation.

I

n response to the demands of oil and gas exploration
and production rock physics today is a large subject
with many trends and directions. A panoply of university researchers, academic/industry consortia, service
companies, oil industry experts, and subsurface technical
staff are all involved in applying and advancing the science
across an array of play types. The science involves a broad
range of topics, from pore scale transport processes to
seismic scale inference of fluid and lithology, so to review
the science and the applications of the science is a daunting
prospect. What follows are observations from my perspective as an explorer and trainer applying rock physics in
seismic interpretation, mostly in conventional reservoir
settings. Whatever the strengths and limitations of this
viewpoint, the underlying theme in this discussion of developments and challenges is how rock physics is a critical part
of our thinking in E&P.

Relevance of rock physics
The definition of rock physics given by Sayers and Chopra
(2009) (with slight modifications) is a useful place to start:
‘Rock physics addresses the relationships between measurements of elastic parameters (made from surface, well,
and laboratory equipment), the intrinsic properties of rocks
(such as mineralogy, porosity, pore shapes, pore fluids, pore
pressures, permeability, viscosity, and stress sensitivity)
and overall rock architecture (such as laminations and
fractures). As such, rock physics provides the understanding
necessary to optimize all imaging and characterization solutions based on elastic data’.
What I particularly like about this definition is that
geophysicists, petrophysicists, geologists, and reservoir
engineers will all recognize in it elements relevant to their
own discipline. Rock physics information permeates and
connects all aspects of subsurface interpretation. However,
this connectivity does not necessarily impart a common
language and, as I will discuss later, the integration of these
disciplines with rock physics information is a significant
challenge.
In the 1980s, ‘Rock physics’ was an esoteric pursuit of
academics studying rock properties and their relationships
through laboratory measurements and theory. Whilst seis-

mic interpreters recognized the use of simple 2D modelling
in interpretation, the understanding of AVO phenomena
was in its infancy and, given the limited quality of seismic
at the time, the idea of interpreting hydrocarbon signatures
from seismic was generally confined to the recognition
of bright spots as potential indications of gas. Seismic
was principally a tool for mapping structural traps and
‘sequence stratigraphy’ was the key to defining where
reservoir units might be found.
The increased relevance of rock physics throughout
the 1990s the mapping of reservoir properties was made
possible by using rock physics in the interpretation of
seismic attribute maps. As seismic data quality improved
through the 1990s, seismic attribute maps offered the
possibility, through the application of rock physics, of
mapping reservoir properties. Over time the physical interpretation of seismic data has been assisted through other
developments, including improvements in full waveform
sonic logging and interpretation, as well as the generation
of commercial software tools for seismic analysis and log
based seismic modelling.

‘Seismic rock physics’ mindset
In many of the world’s petroleum basins the obvious structural closures have been drilled and the challenge is to find
oil and gas in fairly subtle traps. Prospect identification
which incorporates the interpretation of seismic amplitude
variations has become commonplace, particularly in unconsolidated and partially consolidated basin fill sequences. In
these types of settings seismic interpretation of rock and
fluid effects is done through combining geological interpretation with quantitative models and physical concepts.
From an exploration point of view the philosophy is: ‘What
seismic signatures do you expect from various rock and
fluid scenarios? and can these signatures be identified with
confidence in the seismic data?’ (Figure 1).
Physics-supported interpretation does not eliminate
risk owing to the problem of non-uniqueness (i.e., different
combinations of rock physics parameters giving similar
seismic expression). However, in a general sense it has been
found to work often enough to make a significant impact
on the bottom line. There are many examples where spot-
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Figure 1 The ‘Seismic Rock Physics’ sleuth gets to work.

ting key diagnostic effects, such as bright spots, dim spots,
phase reversals, and contact effects have resulted in oil and
gas discoveries. In mature basins, such as the Northern and
Central North Sea, there are now many instances where the
amplitudes leave little doubt that hydrocarbons are present,
the key question is ‘how much?’
Oil patch geoscientists are notorious for their fast and
loose use of buzzwords and labels, and the use of rock
physics in seismic interpretation has not escaped this fate. A
popular term initially coined by Shell is ‘quantitative interpretation’ (or ‘QI’), with the ‘QI team’ usually comprising a
representative from each of the main subsurface disciplines
(more on this later). Possibly the best definition is that
given by Wayne Pennington (1997) in which he describes
‘seismic petrophysics’ as ‘the careful and purposeful use
of rock physics data and theory in the interpretation of
seismic observations’. The word ‘purposeful’ is crucial here,
suggesting a deliberate and tenacious application of the
science. Focusing on quantification of the interpretation
and putting seismic patterns into a physical context is
basically a mindset. Given that rock physics can be equally
important in exploration as well as production settings I
consider that the broader term of ‘seismic rock physics’
maybe more appropriate than ‘seismic petrophysics’. However, whatever labels we give to it, we should be mindful
of history and the fact that it is the same mindset which
instigated ‘stratigraphic modelling’, ‘seismic lithology’, and
‘incremental pay thickness modelling’ in the 1970s, 1980s,
and 1990s respectively.
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Status and technical developments
The publication, in 1998, of the Rock Physics Handbook by
Mavko, Mukerji and Dvorkin was an early milestone in the
modern era of applied rock physics. For the first time a mass
of rock physics equations, theories, and data were brought
together in one place for the first time. The book effectively
confirmed the Stanford Rock Physics Lab (set up in 1976) as
the fount of rock physics knowledge on the planet, heralded
a new era of industry and academic cooperation, and was
effectively the spur for the development of bespoke rock
physics software, first as spreadsheets then later as properly
coded programs. (Incidentally, the copies of this book owned
by highly numerate geophysicists tend to be well thumbed
and in poor state of repair; mine, however, is in fairly good
shape!). Over time, a process is occurring in which this body
of equations and theories is being tested in the field, and
gradually we understand their application and limitations. It
has been interesting to see how some of the more complex
rock physics models have been passed over for more flexible
and practical (often heuristic) equations. A fundamental philosophical issue in seismic applications of rock physics, arising from the seismic non-uniqueness problem, is the fact that
model complexity does not guarantee accuracy in prediction.
The primary point of focus in applied rock physics so far
has been conventional reservoirs comprising sandstones and
carbonates. For sandstone reservoirs the main rock physics
ingredients required to generate simple seismic models from
log data (such as log QC and editing, shear wave prediction,
fluid substitution, and rock physics modelling) are fairly
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widely recognized and there is a considerable amount of
published data which is indispensable for quality control
in interpretation and characterization. There isn’t total
agreement on workflow, however. Rock physics analysis
of log data within oil companies has tended to be carried
out by self taught enthusiasts who often find their own
solutions, and the nature of their work precludes detailed
publication. There remains a range of problematic issues,
such as the application of invasion corrections to sonic logs
and Gassmann fluid substitution in laminated shale, shaley
sand, and tight gas sand lithologies, which are not dealt
with uniformly across the industry. The seminal practical
textbook has yet to be written.
Of the many developments in the application of rock
physics, I would pick three as being highly significant.
n Rock physics models
n AVO developments
n Time lapse
A whole range of rock physics models have been generated,
effectively providing a synthesis of practical rock physics
especially helpful to the interpreter. These models help in
understanding porosity vs velocity relations and appreciating the variation of stiffness with changing porosity (a key
element in the magnitude of fluid substitution effects on
sonic logs). Two sets of models have made a major contribution; these are ‘contact models’ (such Dvorkin’s ‘friable
sand’ and ‘contact cement’ models) and ‘inclusion models’
(such as the ‘Xu-White’ model). An indispensable reference
with details of these models is given in Avseth et al. (2005).
It might be argued that AVO technology is not exactly
rock physics, but without the technologies that give us rock
properties from seismic there would be little need for rock
physics. The first significant development which deserves
mention is the idea of angle dependent impedance encapsulated in the extended elastic impedance (EEI) concept
developed at BP. As a name it certainly lacks excitement,
something a little racier would have held our attention
better I feel. Anyway, the importance of EEI is that it is
effectively a unified view of conventional two-term AVO,
putting into a single context much of the previously published work. There are two essential aspects. Firstly, the EEI
concept shows how AVO is a continuum of rock and fluid
factors and how seismic AVO analysis should aim not only
at defining fluid related anomalies but also the description
of the underlying geology. Secondly, EEI provides a very
practical approach to log-based AVO analysis and combining this with an understanding of seismic resolution is a
solid basis for seismic interpretation.
Significant advances have also been made in the
inversion of seismic for rock properties (such as acoustic
impedance and Poisson ratio or LambdaRho and MuRho),
with simultaneous inversion providing results directly
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from pre-stack data. There are examples where applying
the technique on fields with multiple well penetrations
and good well ties have given improvements in reservoir
definition beyond those available from traditional AVO
techniques. Indeed, given that we can now directly invert
to the acoustic properties using simultaneous inversion,
some workers hold the view that conventional two-term
AVO techniques are now passé. This is naïve given that
deriving an accurate estimate of Poisson ratio from seismic
is actually quite difficult, requiring a stringent set of data
conditions. In many cases, bias of one form or another
is introduced into the result, for example when merging
the low frequency component. The interpreter needs to
understand both conventional AVO approaches as well as
the latest trends in inversion.
Meaningful reservoir description from seismic inversion is traditionally a two step process, with trace inversion
to acoustic properties as the first step followed by another
transformation to reservoir properties. An alternative idea,
credited to Dennis Neff, is to invert to rock properties
through trace matching. A matching model trace, generated from a rock physics data base and following rule
sets dictated by geological and rock physics relationships
observed in wells, gives a direct interpretation of key
reservoir properties. Multiple matches give useful information on uncertainty and probability. Of course 3D trace
matching is the ultimate goal (and some service companies
and academics are already looking at this), but a simple
1D application in which AVO stack traces are matched
simultaneously (with specific control on scaling, offset
variant wavelet shape, and relative timing of traces) would
be highly informative for the interpreter. For me, this type
of approach would be an ultimate use of rock physics.
Perhaps the most dramatic seismic development that
owes a great deal to rock physics is time-lapse seismic. Since
the 1990s when it was uncertain whether time-lapse would
be worth the cost, experience has shown that employed
on the right reservoir at the right time, time-lapse can be
critical for efficient reservoir development. Optimization of
infill well locations and producer/injector strategies are both
examples where time-lapse can have a significant impact on
the bottom line. Often, the cost of time lapse over the life
of a field is the equivalent of one or two infill wells, a good
insurance policy for fields where drilling and well interventions are costly. However, the decision to carry out time-lapse
is not always an easy one to justify. Feasibility studies often
tell only part of the story with seismic repeatability being a
significant unknown quantity. In stratigraphically complex
reservoirs uncertainties in reservoir characterization can cast
doubt on the usefulness of the dynamic data generated from
time-lapse. Even in reservoirs thought of as straightforward,
experience has shown that it can take several years to understand how to use the data effectively in the development of
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the field. Challenges in time-lapse seismic remain, including
understanding the stress sensitivity and geomechanics of
reservoir and non-reservoir lithologies as well as identifying
by-passed pay in thin-bedded environments. Increasingly,
time-lapse techniques will be used to monitor reservoirs for
carbon dioxide sequestration.

Scientific challenges
There are a whole range of outstanding challenges for rock
physics in oil and gas exploration and production. Some
of these are old problems that are taking time to solve,
whereas others are new challenges for relatively new types
of hydrocarbon plays.
Carbonates
Prediction of reservoir properties from seismic in carbonate
reservoirs is difficult. In general, the dominant effect of
mineral moduli on acoustic properties means that porosity
variations have a significant effect on seismic amplitudes
while fluid effects are secondary. Seismic studies have
therefore tended to focus on the acoustic impedance decrease
associated with porous zones. A key issue that we would like
to address from seismic is pore-scale heterogeneity as it has a
significant impact on producibility. Theoretically, pore scale
effects have a manifestation in compressional velocity (Vp)
as well as the compressional/shear velocity ratio (Vp/Vs), but
isolating pore type from porosity and mineral type effects in
seismic is often not possible. Given the level of variability in
carbonates, interpreters should be wary of applying any form
of generalized model without good reason. No doubt our
understanding of carbonate reservoirs will improve with the
publication of more detailed case studies.
Interesting but elusive
There is a category of ‘Interesting but elusive’ rock physics
topics in which acoustic characteristics, from a theoretical
point of view, have long been known to offer useful information but which have not become part of the day-to-day
workflow of the interpreter. This would include anisotropy,
attenuation, and electromagnetic (EM). Most of what we
do in E&P assumes an isotropic and elastic world where
the convolutional model adequately describes the link
between geology and seismic. Whilst this model appears
to work most of the time, processors have found that in
some basins transverse isotropy (anisotropy associated
with horizontal layers) needs to be taken into account in
order to effectively flatten the gathers at incidence angles
beyond around 300. Of course this anisotropy is likely
to affect the amplitudes as well as the velocity but corrections are not usually applied owing to uncertainties in
the relevant anisotropic parameters. Whilst it is suspected
that variations in anisotropy may be responsible for false
positive direct hydrocarbon indicators, there are virtually
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no convincing published examples in the literature. This is
probably because costs generally preclude us from collecting
the appropriate calibration data.
Attenuation has long been recognized as carrying the
promise of direct hydrocarbon detection and the potential
for permeability interpretation from seismic. Whilst there
has been some success using spectral decomposition in
detecting attenuation related to hydrocarbon presence,
determining a methodology for getting robust estimates of
attenuation from seismic has so far proved problematic.
Spectral decomposition as a technique appears to be
useful for analyzing thickness and other morphological
aspects of the reservoir but it is unclear how rock physics
can be used for quantitative interpretation. Similar comments could apply to the use of EM. Despite significant
advances in data acquisition and some interesting case
studies, low bandwidth and non-uniqueness has meant that
the promise of EM as a risk evaluator for every prospect
has, as yet, to materialize.
Unconventional resources
With the growing importance of unconventional resources in
world hydrocarbon supply, rock physics attention has started
to focus on plays such as gas and organic-rich shale, coal bed
methane, heavy oil sands, tight gas sands, and gas hydrates.
In general, the rock physics of unconventional resources
is poorly understood but a high degree of rock physics
complexity and heterogeneity within each play type appears
characteristic. This effectively means that it is unlikely that
there will be a single practical seismic solution or production
strategy for any one play. For example, it is clear that shales
are highly variable lithologies, presenting dramatically different production challenges depending on numerous factors
such as mineral content, pore framework, diagenesis, stress
state, and fluid flow properties, and so production strategies
(such as hydraulic fracturing) that work on one play may not
work in the same way on another. Much like carbonates, our
understanding of unconventional plays is likely to develop
on a play specific basis.

Skills and integration
The rise of rock physics has dramatically expanded expectations on the seismic interpreter (and I know some
interpreters who wish this was not the case). Not only do
the interpreters need to be seismic processors, structural
geologists, and sequence stratigraphers but they need to
know how to incorporate both quantitative and qualitative amplitude information into prospect evaluations,
explain the significance of amplitude information to other
team members, and be an informed buyer of rock physics
services. It is a high expectation, particularly considering
the fact that amplitude interpretation is not always the key
issue for every interpretation.
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So how do we incorporate rock physics appropriately
into seismic interpretations? Part of the answer is education
and training. It is unfortunate that the professional literature
tends to be highly detailed and academic (aghhh…too
many equations and too little time…) or basic marketing
material long on promises and short on detail. With regards
to training, my view is that we are only at the beginning in
terms of having enough courses to properly equip subsurface
technicians with the knowledge they need. Whilst there are
some training courses available to give a general understanding of how to start incorporating rock physics into
seismic interpretation, there is room for more. Likewise, our
profession could do with more detailed textbook treatments.
Technical staff should work towards increasing their handson knowledge of the other disciplines. I don’t believe that we
should necessarily be trying to make ‘super-interpreters’ but
multi-disciplinary problems require each discipline to think
outside the box.
Whilst it could be expected that seismic interpreters are
capable of generating seismic models to incorporate into
their interpretations, it is generally unrealistic to expect them
to be able to perform detailed rock physics analysis and
create a rock physics database. The job may be done by the
petrophysicist but not often do you find a petrophysicist who
is switched on to sonic logs and enthusiastic to think in the
seismic domain. Petrophysicists tend to be a scarce resource
under serious pressure to provide traditional log interpretations. Maybe with time, as the important areas of overlap
are understood (especially in the universities), there will be
a redefinition of practical geophysics and petrophysics. In
the meantime, owing to the size of the task and importance
of applying rock physics, there are the QI teams, whether
retained within the oil companies or provided by the service
companies. By their nature the QI team ensures a certain level
of discipline integration but there is the problem of how their
work is integrated into the wider project. Involving ‘expert’
services can work well when the various objectives of the
work are clearly understood and there is time for iterating
through results with feedback from the project team. Rock
physics reports with a hundred crossplots and no practical
conclusions are useless. Learning transfer is essential if the
project team is to use the rock physics analysis appropriately.
Integration is a non-trivial challenge.

full stretch, and courses in applied rock physics are sold out.
Yet with the promises, inevitably, there are pitfalls. Expectations can be unrealistic, particularly in areas where data
quality or calibration is not good enough. Equally, there can
be a tendency to ritualize the workflow and stop thinking.
We need to remember that seismic rock physics is
fundamentally a mindset not a commodity. No doubt the
future will bring us improvements in computing power and
software platform integration, and seismic imaging improvements will extend the reach of rock physics. It is the creative
thinking process, however, that will find the hydrocarbon
in both conventional and unconventional plays alike. Rock
physics is the means by which we work out (in the words of
a former mentor of mine) ‘what makes the wiggle waggle’.
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Final remarks
Over the past two decades bottom line exploration success
has validated the use of rock physics in seismic amplitude
interpretation to the extent that it has become an integral
part of how we explore. As a subject, rock physics is flourishing owing to the wide range of practical E&P problems for
which it can help find solutions. The awareness amongst
exploration managers is high, the benefits of applied research
funding have been proven, service companies are working at
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