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sional surface, and the top is gradational with the over-
lying shale. The dominant sedimentary structures are
parallel lamination and low-angle cross-lamination fill-
ing broad, shallow troughs. Wave-ripple cross-lamina-
tion and wave ripples are commonly developed in the
upper parts of the cycles. Trace fossils are generally re-
stricted to the rippled surfaces and consist of horizontal
Ophiomorpha and Thalassinoides, Diplocraterion, and
Chondrites. Shells, including gastropods, bivalves, and
ammonites, occur as lenses near the base of the cycles
and as concretions laterally where the sandstones are
not developed.

The thin sandstone cycles occur as elongate bodies
that are a few tens of miles across and several tens of
miles long. The bodies collectively occur in a south-
ward-projecting lobe that covers an area of 40,000 sq mi
(64,372 sq km) in central Montana. The sediments were
transported as much as 700 mi (1,127 km) in a south-
eastward direction from the Dunvegan delta in north-
western Alberta. The sandstone cycles are interpreted to
have been deposited by storm events on a broad shal-
low shelf. The sand was probably transported by in-
tense wave action and storm-generated currents and de-
posited after erosion during the waning stages of the
storm.
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Development of Biogenic Gas from Shallow, Low-Per-
meability Reservoirs—Examples from Southeastern
Alberta and Bowdoin Dome Area, North-Central
Montana

Prior to 1970, shallow gas production was established
in “sweet spots” where the reservoirs are best developed
in the northern Great Plains. Recent advances in com-
pletion technology coupled with higher gas prices have
led to the expansion of these areas through the devel-
opment of submarginal, low-permeability reservoirs.
The development is concentrated in two main areas
which cover more than 22,000 sq km. The gas occurs at
depths less than 600 m, and recoverable reserves aver-
age 2 Bef of gas per section.

The reservoirs are of Late Cretaceous age and gener-
ally consist of siltstone and sandstone laminae, a few
millimeters or less in thickness, enclosed in organic-rich
silty shale that serves as a seal and was the source for
the biogenic gas. The laminae are discontinuous be-
cause of depositional processes and/or biologic activity.
Coarsening-upward sandstone cycles are locally devel-
oped. Although these cycles display the best reservoir
properties, they are volumetrically minor. Porosity is
confined to small passageways within the laminae,
among randomly oriented allogenic clay platelets, and
to well-sorted sandstone near the top of coarsening-up-
ward cycles. Diagenesis has reduced permeability and
resulted in the formation of fluid-sensitive clays and
carbonate cement. However, dissolution has enhanced
porosity and permeability in well-sorted lithologies.

The reservoirs are stimulated with sand proppant,
carbon dioxide, and water to provide economic flow
rates. Typical wells have initial potentials of 300 Mcf of
gas per day. Production declines rapidly the first year,
but levels off to about 100 Mcf of gas per day. Wells are
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difficult to evaluate because conventional logs cannot
distinguish pay zones in sequences of thin, discontinu-
ous, low-permeability reservoirs.
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Low-Cost Microprocessor System for Paleontologic In-
formation, Including Images

A major problem with paleontologic information is
that the names by which fossils are recorded tend to
change in meaning over the years, and to be applied
differently by different authors. This prevents the
growth of an enduring, reliable data base for biostrati-
graphic and paleoenvironmental interpretations. We are
using the storage and sorting capabilities of a micro-
computer to supplement Linnaean names with a search-
able system of morphologic descriptors. A problem with
systems of descriptors is that they can convey only a
very limited fraction of the information about the shape
of a fossil. Our microcomputer system, therefore, has
the capability of storing a low-resolution image together
with the set of verbal and numeric descriptors of each
form.
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Location of Littoral Energy Fence and Resolution of
Relict Features on Atlantic Shelf, United States—
Fourier Grain Shape Analysis

Even though, in any given area, shelf sands deposited
during the Holocene-Pleistocene may have a common
provenance, sands deposited during the latest transgres-
sion can be distinguished from sands delivered earlier,
by using Fourier Grain Shape Analysis. Sands with lon-
ger residence times on the Long Island shelf have
smooth abraded grain profiles whereas the youngest
sand tends to be much more irregularly shaped. In the
nearshore zone, the percentage of irregular grains
grades rapidly from approximately 100% at the beach-
face to 70% at the 10 m depth. Seaward of the 10-m
isobath, the proportion of irregular sand decreases at a
much slower rate. This change in gradient defines a
boundary between nearshore sands and more abraded
sands of the middle and outer shelves where little on-
shore-offshore mixing of sediments occurs. This bound-
ary, the littoral energy fence, also has been seen on the
South Carolina shelf.

Sands on the Long Island middle and outer shelf are
characterized by relatively high percentages of highly
abraded sand. Samples from this zone show areas with
slightly higher (80 to 100%) or lower (50 to 80%) propor-
tions of abraded quartz. This pattern appears to be re-
lated to morphologic elements on the shelf. In contrast,
the South Carolina middle and outer shelf contains
broad, coast-perpendicular stripes of abraded sand al-
ternating with stripes from 10 to 30 km wide that are
strongly dominated by first-generation irregular sand.
Stripes containing high proportions (over 75%) of irreg-
ular sands are interpreted to be understories of alluvial
valleys of the ancestral Cooper, Santee, and Waccamaw
Rivers.

These results indicate that shelf sediments preserve a



