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ervoir rocks with either depositional or diagenetic porosity. Dia-
genetic reservoir porosity may originate before or after the
establishment of an effective diagenetic seal. Hydrocarbon traps
with diagenetic seals may conform in their geometry as well to
structure or stratigraphy as to diagenetic facies. Therefore, some
structural and stratigraphic traps may, in part or entirely, depend
on diagenetic seals.

An example of such sealing is the Recinus Cardium “A” pool.
In this field, lateral, top, and bottom sands have formed as a
result of mesogenetic cementation at the margins of the sand
body. The limiting injection pressure in these seals is approxi-
mately 550 psi (3,790 kPa) (mercury against air), which translates
to a pore throat radius of 0.195 microns. This seal could effec-
tively withstand a hydrocarbon-water injection pressure of 51 psi
(352 kPa), which represents a trapped hydrocarbon column of
between 200 and 500 ft (61 and 92 m). This clearly indicates that
diagenetic seals can be tremendously effective.

Detailed analysis of diagenetic seals in sandstones and carbon-
ate rocks can considerably improve our ability to predict their
occurrence and to recognize their spatial and temporal relation-
ship to reservoir rocks and hydrocarbon migration.

SCHOELL, MARTIN, Bundesanstalt fiir Geowissenschaften
und Rohstoffe, Hannover, Federal Republic of Germany

Genetic Characterization of Natural Gases

An empirical model is presented in which the origin of most
natural gases can be deduced from compositional variations in
the gases.

The genetic characterization is performed using the C,, com-
position of the gases, the “C concentration in methane (6”C,) and
ethane (6°C,), as well as the deuterium concentration in methane
8D. Three diagrams are designed in which C, ., 6D, and 6"°C, are
plotted versus 6"C,. In these three diagrams, compositional fields
can be defined for primary gases, i.e., those gases for which com-
positional changes are due to processes occurring during their
formation (biogenic and thermogenic associated and nonasso-
ciated gases, respectively). Secondary gases result from mixing
processes after formation of gases. The variability of natural
gases can be described by (and reduced to) predominantly vari-
ous mixing processes of primary gases. Two types of migration of
gases can be recognized: shallow migration where thermogenic
gases are stripped of C,, or become mixed with biogenic gases,
and deep migration where deep dry gases become mixed with
gases from more immature sources. Case histories will be pre-
sented to demonstrate the applicability of the model.

SCHOLLE,P. A.. and R. B. HALLEY, U.S. Geol. Survey, Den-
ver, CO

Burial Diagenesis in Carbonate Rocks

Burial diagenesis, those changes in rock composition, mineral-
ogy, and texture which occur below the zone of near-surface
water circulation, generally becomes the dominant control on
rock porosity at depths below a few hundred meters. Experimen-
tal, observational, and geochemical data show that porosity loss
through burial diagenesis results from both physical and chemi-
cal compaction. In near-surface sections, dewatering, grain reori-
entation, grain breakage, and other mechanical processes lead to
sediment/rock porosities as low as 30% . Continued porosity loss
requires a combination of mechanical compaction, chemical dis-
solution at grain contacts and along solution seams, and repreci-
pitation as intergranular cement. Through these mechanisms
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carbonate rock porosity may be reduced to values near zero in
“semi-closed” systems without significant introduction of
allochthonous cementing material. Therefore, cementation may
occur in systems where the only fluid movement is water expul-
sion,

Significant rates of noncompactional fluid flow increase the
likelihood of cementation and make the identification of
cements more complex. Such cements may be deposited by
hydrothermal, artesian, or thermally convective fluids. Current
research suggests that a combination of geochemical and petro-
graphic criteria may eventually serve to distinguish cements of
various origins.
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Empirical observations in various basins indicate that patterns
of porosity loss with depth are predictable (Fig. 1). These rela-
tionships provide general standards against which individual case
studies of diagenesis may be compared. In many regions, these
standards provide predictive tools for estimating porosity prior
to drilling. In other areas, the standards allow identification of
anomalously high porosity and focus attention on mechanisms
which preserve early porosity or generate porosity at depth. Fac-
tors already shown to be important include geopressuring, early
oil migration, hydrothermal alteration, diagenesis of organic
matter, and dolomitization. Comparisions of oil field porosities
with standard curves allow us to refine our basic understanding
of diagenesis as well as our ability to predict reservoir quality.

SETTLE, MARK, NASA, Washington, D.C., and JAMES V.
TARANIK, Univ, Nevada, Reno, NV

Current Research in Geological Applications of Remote Sensing
Techniques and Implications for Petroleum Geology

Exploration geologists have made extensive use of aerial pho-
tography and orbital Landsat imagery, primarily for purposes of
structural mapping. The Landsat 4 spacecraft launched in July
1982 is carrying a new imaging instrument called the Thematic
Mapper which represents a significant advance over earlier
Landsat sensors. The Thematic Mapper possesses improved
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spectral resolution (seven spectral channels distributed through-
out the visible and infrared portions of the electromagnetic spec-
trum), improved spatial resolution (30 x 30 m [98 x 98 ft]
ground resolution), and improved sensitivity (256 gray levels in
each spectral channel). Experimental studies with airborne The-
matic Mapper simulators tentatively indicate that these measure-
ment capabilities will have a major payoff in terms of our ability
to detect variations in clay mineralogy and abundance, to map
bleaching effects in surficial rocks and soils that may be pro-
duced by hydrocarbon seepage, and to detect variations in the
distribution and vigor of natural vegetation that are also related
to seepage phenomena. The improved spatial resolution of the
Thematic Mapper will enable photogeologists to identify smaller
scale landforms and drainage features which will also contribute
to improved structural mapping capabilities. Research is cur-
rently underway to determine the utility of Thematic Mapper
measurements for geologic mapping in complex areas character-
ized by large relief and extensive vegetation. Recent experimental
results have underscored the need for improved spectral resolu-
tion in the next generation of visible and infrared sensors.

Radar imaging techniques also represent an important source
of information concerning geological conditions at the earth’s
surface. Imaging radars artificially illuminate the earth at an
angle of incidence and azimuthal direction that can be controlled
by the radar operator. Variations in radar backscatter intensity
observed at different angles of incidence are largely governed by
areal variations in surface relief and roughness. Exploration
geologists have made extensive use of airborne radar surveys for
terrain analysis and structural mapping, particularly in tropical
environments. However, it is difficult to obtain quantitative
information on surface roughness conditions from airborne sur-
veys because of the large variation in incidence angle that occurs
across the radar’s ground swath. Spaceborne radar systems offer
the unique advantage of being able to illuminate large areas at a
nearly constant angle of incidence due to their much greater ele-
vation above the earth’s surface. A Shuttle Imaging Radar Exper-
iment (SIR-B), which will be conducted in August 1984, is
designed to acquire multiple images of selected regions at differ-
ent radar incidence angles. In principle, the coregistration of
these images will enable researchers to differentiate surficial
materials on the basis of their roughness characteristics in much
the same way that multispectral measurements at visible wave-
lengths are used to detect variations in surface pigmentation.
Experimental studies tentatively indicate that variations in sur-
face roughness detected in orbital radar surveys can be related to
subtle differences in the lithology of sedimentary rock units.
Orbital radar techniques may provide an important new tool for
mapping facies variations within sedimentary basins. Additional
orbital experiments are being planned during the latter 1980s to
evaluate the geological utility of radar imagery obtained at multi-
ple frequencies and multiple polarizations.

SHANMUGAM, G., Mobil Research and Development, Dallas,
X

Secondary Porosity in Sandstones

Secondary porosity in sandstones is caused by dissolution and
fracturing, and is common in the sedimentary record. Secondary
porosity commonly develops in the deep subsurface and thus
provides an opportunity to extend exploration to depths tradi-
tionally considered unsuitable for exploration.

Two contrasting routes of diagenesis exist in nature: porosity
reduction and porosity enhancement. Porosity reduction is com-
monly caused by compaction and cementation, whereas porosity
enhancement is primarily caused by dissolution of carbonate
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minerals. The dissolution of carbonate minerals in the deep sub-
surface can be attributed to release of carbon dioxide during ther-
mal maturation of kerogen. Clay-carbonate reaction and
flushing of undersaturated meteoric water from erosional
unconformity are equally important mechanisms in generating
secondary porosity at various depths.

Two basic types of primary pores (intergranular and intragran-
ular) and four basic types of secondary pores (grain fractures,
rock fractures, intergranular, and intragranular) can be differen-
tiated on the basis of (1) position of pores, (2) timing of origin,
and (3) processes of origin. The proposed classification system is
useful in inferring reservoir quality.

Various types of secondary porosity are recognized using a
comprehensive set of 20 criteria. The various criteria are based on
manner of breakage, pore geometry, grain geometry, products of
dissolution, and sediment packing. Examples of secondary
porosity gathered in part from investigation of 2,000 thin sec-
tions will serve as a guide for recognizing secondary porosity in
outcrop, in hand specimen, under the scanning electron micro-
scope, and most importantly, under the petrographic micro-
scope.

New evidence suggests that silicate minerals, including quartz,
dissolve more commonly than have been reported. The abundant
occurrence of secondary porosity in reservoir sandstones empha-
sizes the importance of secondary porosity in evaluating deep res-
ervoirs.

Since the first recognition of secondary porosity by Nutting in
1934, Chepikov in 1959 and 1961 not only developed the first set
of criteria for recognition of secondary porosity but also intro-
duced the concept in which development of secondary porosity is
related to arrival of oil.

SHARP, JOHN M,, JR., Univ. Texas, Austin, TX, MICHAEL
H. KORTENHOFE, Univ. Missouri, Columbia, MO, and MARK
W. HODSON, Marathon Oil Co., Houston, TX

Numerical Model of Shale Compaction, Aquathermal Pressur-
ing, and Hydraulic Fracturing

Clastic sediments, which are fine-grained or clayey, are capa-
ble of retaining fluids at pressures considerably greater than
hydrostatic. The excess pressures can be induced by any of sev-
eral mechanisms. A numerical model is developed which con-
siders simultaneously the effects of compaction disequilibrium
and aquathermal pressuring. Energy transport of conduction
only is used to provide temperature profiles. The pressure and
temperature dependency of isobaric thermal expansivity and iso-
thermal compressibility are integrated in the solution. Simula-
tions were conducted for a variety of heat flux, permeability,
stratigraphic, and sedimentation conditions.

It is shown that, while compaction disequilibrium itself
explains the general pressures in Gulf Coast sections, aquather-
mal pressuring can lead to fluid pressures greater than lithostatic.
Fluid release by hydraulic fraturing must then occur. This combi-
nation of processes provides an explanation for the observed var-
iations in shale bulk density, excess pressure, and thermal
gradient. A Mohr failure diagram, using a two-part failure enve-
lope combined with horizontal versus vertical stress data pro-
vides a means of determining when fracturing is initiated and the
orientation of the fractures. A variety of stress conditions that
result in both horizontal and vertical fractures are considered.
The depth of fracture initiation is highly dependent on the sedi-
mentation rate, the sand versus shale ratio of the sediments, and
on the tensile strength and hydraulic conductivity of the shale.



