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because they provide a rational basis for pedogeochemical 
sampling techniques applicable to the search for base metals, the 
detection of deep leads (buried stream channels containing 
placer deposits), and telethermal uraniferous deposits associated 
with calcreted valley fills. 

FISHER, MICHAEL A., U.S. Geol. Survey, Menlo Park, CA 

Geology of Norton Basin, Northern Bering Sea 

The rocks that floor the Norton basin are most likely of 
Precambrian and Paleozoic age, like those that crop out around 
the basin. A maximum of 6.5 km of mainly Cenozoic rocks lies 
over basement in the basin. I believe that alluvial fans are pres
ent deep in the basin and border major basement fault blocks. 
These fans are the lowest units of the basin fill in many areas 
and probably consist of uppermost Cretaceous and Paleogene, 
coal- and volcanic-rich rocks. Mainly clastic nonmarine 
sedimentary rocks overlie the fan deposits. The Neogene and 
Quaternary basin rocks apparently were deposited in a marine 
environment. 

The Norton basin comprises two structural areas that are 
separated by a major northwest-striking horst. The first struc
tural area lies west of this horst, where major normal faults 
strike northwest to form local areas where the basin is as deep as 
5.0 km. The second area, east of the horst, includes major nor
mal faults that strike east and northeast; the deepest part of the 
Norton basin (6.5 km) lies there. 

During the Late Jurassic and Early Cretaceous, basement 
rocks now beneath the Norton basin were affected by the 
orogeny that formed the Brooks Range. These basement rocks 
were metamorphosed and thrust, and then eroded deeply nearly 
50 m.y. before the basin began to form. In the middle Late 
Cretaceous, the area of the eastern Seward Peninsula and 
eastern Norton Sound was subjected to east-west compression 
and consequent eastward thrusting. During the latest 
Cretaceous and early Paleogene, the compression gave way to 
regional extension that formed northeast-trending grabens on
shore, east of Norton basin. I believe that the Norton basin most 
likely formed in response to this regional extension. Initial 
deepening of the basin was controlled by major normal faults 
and occurred rapidly, whereas later subsidence was slower and 
more regional in scale. 

FRANKS, PAUL C , Univ. Tulsa, Tulsa, OK, and WILLIAM 
L. PELZMANN, Amoco Production Co., Denver, CO 

Petrologic and Stratigraphic Controls of Secondary Porosity, 
"Second" Frontier Sandstone (Late Cretaceous), Moxa Arch, 
Wyoming 

The "Second" Frontier sandstone along the Moxa arch, 
southwestern Wyoming, forms a progradational sequence of 
marginal-marine and paralic to fluvial deposits that host impor
tant gas reservoirs. Thickness trends indicate that the paralic or 
fluvial sands had different immediate sediment sources than 
underlying marginal-marine sands did. Environmental inter
pretations imply that both deltaic and interdeltaic sedimentation 
controlled the distribution of sand deposits. Storage capacity 
mainly is in secondary "intergranular" pores, many of which 
formed by dissolution of calcite replacements of interstitial clay. 

The development and preservation of secondary porosity en
tailed a complex diagenetic paragenesis that was controlled by 
deep burial and compaction, by compositional and textural 
variations imparted by depositional environments, and by posi
tion on structure. Best effective porosity is in thick deposits of 

medium to coarse-grained paralic or fluvial sandstone that con
tained, prior to dissolution, less than 60% chert and from 10 to 
30% interstitial clay, calcite, and other unstable components. 
Other effective porosity is in fine to medium-grained marginal-
marine sandstone that likewise contained appreciable unstable 
constituents. The smectite content and ordering of mixed-layer 
illite-smectite are related to permeability (IM ordering and more 
smectitic clay in more permeable sandstone; IMII ordering and 
less smectitic clay in less permeable sandstone). Many of the 
diagenetic reactions, as growth of authigenic albite and 
recrystallization and authigenesis of clay, entailed components 
that already were available in the sandstone. Some diagenetic 
products suggest local kinetic controls that operated in realms 
nearly as small as single pore volumes. 

FRISINGER, RUSTY, Schlumberger-DoU Research, 
Ridgefield, CT 

Sandstone Stratigraphy Using Core Description, Dipmeter 
Curves, and Other Available Logs 

Smaller reservoir targets and enhanced recovery projects de
mand exacting stratigraphic interpretation to evaluate economic 
feasibility of a field. The stratigraphic interpretation of a forma
tion requires an accurate geologic model and detailed rock in
formation. Although detailed information may be obtained 
from cores, cores are not available in large portions of the reser
voir rock being studied. Electric logs are available in most wells, 
but few logs provide the detailed information required for 
stratigraphic study. The dipmeter, electromagnetic propagation 
tools, and microresistivity devices can provide detailed data. 
Only the dipmeter makes high resolution measurements on dif
ferent sides of the borehole and provides the orientation of the 
information in space. Using the dipmeter, the interpretations 
obtained can be projected into the region away from the 
borehole. The dipmeter has been capable of providing high 
resolution data from the resistivity curves for the last decade, 
but until recently only a few have used the curves. 

The synergism of geologic models, dipmeter resistivity curves, 
core data, and other logs is an invaluable aid to the accurate in
terpretation of the stratigraphy of sand and shale units. Ex
amples discussed include: a fluvial point bar of the Fort Union 
Formation in the Wind River basin, Wyoming; a Shannon Sand 
marine bar facies; and an analysis of the internal characteristics 
of a Tensleep Formation reservoir in an eolian system. These ex
amples show that once the model is established and the dipmeter 
resistivity curve response is understood, the stratigraphy and 
some of the heterogeneous characteristics of these reservoirs can 
be more easily described. 

FROST, B. RONALD, RONALD C. SURDAM, and LAURA 
J. CROSSEY,* Univ. Wyoming, Laramie, WY 

Secondary Porosity in Laumontite-Bearing Sandstones 

Some sedimentary rocks, particularly those containing 
volcanogenic material, develop laumontite cements during 
burial with increasing temperature. The development of 
laumontite cements in sandstones is highly destructive to reser
voir potential. As a result, in the search for hydrocarbons, 
laumontite-bearing sedimentary rocks commonly are considered 
economic basement. However, it is possible to develop second
ary porosity after the formation of laumontite. 

Theoretical considerations show that the stability of laumon
tite (Lm) is limited by the following equilibria: (1) Lm + CO2 
= Calcite (Cc) + Kaolinite (Kao) + 2 Quartz (Q) -I- 2 H2O, 
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and (2) Lm + 2 H+ = Kao + 2 Q + Ca++. At diagenetic 
temperatures, equilibrium (1) has a steep slope on a T-XC02 
diagram, indicating that the boundary between zeolite and clay 
minerals during diagenesis is more strongly controlled by fluid 
composition than by temperature. Equilibrium (1) and (2) along 
with the complimentary equilibrium (3) Cc + 2 H + = C a + + 
+ CO2 + H2O can be plotted on an isothermal projeaion. 
This projection shows that either an increase in XC02 or a 
decrease in pH can cause the breakdown of laumontite. 
Destruction of Lm by reaction (1) leads to a volume decrease of 
10%, whereas Lm elimination by reaction (2) leads to a volume 
decrease of 28%. During diagenesis, as a resuh of decarboxyla
tion reactions, previously formed laumontite can be destabiliz
ed, creating secondary porosity. In contrast, the development of 
secondary permeability emd ultimately the recreation of reser
voir potential will be a function of aluminum mobility. Whether 
secondary porosity and permeability develop in laumontite-rich 
sedimentary rocks will be dependent on the sequence, rates, and 
magnitude of the laumontite-forming and organic maturation 
reactions. 

GAGLIANONE, PAULO CESAR, and JUSTO CAMEJO 
FERREIRA,* PETROBRAS, Rio de Janeiro, BrazU 

Primary Migration in Guaricema Field Area, Sergipe-Alagoas 
Basin, Brazil 

The Guaricema field is situated in a structural low containing 
a thick deposit of deep-water mjirine shales. Oil and gas are pro
duced from an isolated lenticular sand body of Paleocene age. 
In this particular geological situation a local source for the oil 
C2in be tentatively assumed. 

The Guaricema area contains a fair volume of good mature 
source rocks in close association with the reservoir. The organic 
carbon content is above 1.0% and the organic extract averages 
4,400 ppm. 

Gas chromatograms and carbon isotopes data characterize 
the oil as mature and derived predominantly from marine 
sapropelic organic matter. Excellent correlation between the oil 
and bitumen extracted from the adjacent shales shows those 
shales are the source rocks for the oil. 

The composition of the extracts also provides evidence of 
primary migration by systematic changes toward the reservoir 
("chromatographic effect"). In particular, the amount of resins 
and asphedtenes decreases drastically. Close to the reservoir, the 
organic extracts are similar to the reservoir oil. 

The total volume of effective source rocks in the Guaricema 
field area was estimated in 3.9 km^. The shales still contain 
50,000,000 m3 of oil. As the original oil in place in that field was 
16,000,000 m3, we concluded that the primary migration was 
very effective, exceeding 20%. 

The high efficiency of the primary migration was probably 
favored by the close association between effective source rocks 
and reservoir. Both lateral and vertical primary migration were 
effective. 

Any mechanism to explain the primary migration in the 
Guaricema area must account for the high efficiency here 
evidenced, including the ability of causing much more concen
tration than dispersion of the hydrocarbons. Migration in an oil 
phase seems to be the more likely mechanism. 

GALVIN, CYRIL, Coastal Engineer, Springfield, VA 

Origin of Mid-Atlantic Barrier Islands and Implications for 
Petroleum Exploration 

The resemblance in plan between Cherokee shoestring sands 
in southeast Kansas and existing barrier islands around the New 
York Bight suggests that a genetic interpretation of Mid-
Atlantic barrier islands may aid in exploration and development 
of linear oil-bearing sands. Mid-Atlantic barrier island chains 
are elongate sand bodies with typical dimensions of 5 to 25 mi (8 
to 40 km) alongshore, less than 1 mi (1.6 km) across shore, and 
10 to 40 ft (3 to 12 m) thick. These barrier islands develop and 
are maintained by the wave-driven longshore distribution of 
sands from a source. For Mid-Atlantic barrier islands, there are 
no rivers acting as sediment sources and the direct contribution 
of eroding bluffs is relatively unimportant. For the most part, 
the sources of the sand are the existing beach and nearshore. 
Shoreline changes over the past 200 years show that the 
longshore distribution is episodic, probably reflecting shifts in 
angle of wave attack or the uncovering of previously buried 
nearshore sand bodies more than sea-level rise. The historic 
charts clearly show that large sand deposits overwhelm any sea-
level rise effects on a time scale of decades to centuries (Fire 
Island, Sandy Hook, Fishing Point, and others). These sand 
bodies advance onto and are backed by relatively fine-grained 
material with a high organic content, suggesting that source 
material is not lacking. TTiey will have a relatively good chance 
of being preserved in the rock record under prevailing transgres-
sive conditions. Of immediate use for petroleum exploration is 
the center-line offset of individual barriers within the chain. 
Center lines of the largest and most active barriers extend 
seaward of smaller barrier islands on the downdrift side. Also, 
barrier islands develop toward the low latitudes, reflecting the 
effect of waves generated by storms in the high latitude seas. 
Barrier islands on a worldwide basis appear limited to the 
leeward side of continental land masses. 

GARGUS, GREG A., SHIRLEY A. LIEBMAN, and 
EUGENE J. LEVY, Chemical Data Systems, Inc., Oxford, PA 

Geochemical Research with Advanced Pyrolysis/Concentrator 
Technology 

Source-rock studies to determine potential fuel-bearing and 
processing characteristics demand reliable analytical data both 
in the field and laboratory. The CDS 820GS Geochemical 
Research System has been designed and engineered to provide 
concerted analytical information, the thermal distillation profile 
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