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and Sacate Formations. That this westerly shift continued is 
documented by Oligocene (Sespe) isopach trends and paleocur-
rent-slope indicators. In late Paleogene-early Neogene time, 
Vaqueros sands, unconformably overlying the nonmarine 
Sespe, were winnowed over time-persistent, east-west structural 
highs. 

The culmination of the development of the western Trans
verse Ranges is marked by middle Miocene rifting, foundering, 
and volcanism. Deep-basin sedimentation essentially began 
with this event. The synclinal distribution of late Miocene 
turbidite sands is evidence for the continued growth of the early 
formed structural highs. 

Late Neogene sediments within the Santa Clara graben oifer 
a classical example of structurally controlled sedimentation. 
Pleistocene and Holocene submarine-fan deposits reflect the 
impingement of the westward-plunging Montalvo anticlino-
riura. Contrasting northern and southern shelf deposits of simi
lar age also are controlled by early formed structural trends. 
Many of these structures are the oil and gas fields of the 
modem Santa Barbara basin. 

FISHER, W. L., Bur. Econ. Geology, Univ. Texas, Austin, Tex. 

DELTAIC SEDIMENTATION, SALT MOBILIZATION, 
AND GROWTH FAULTING IN GULF COAST BASIN 

Regional fades mapping and analysis of thick, terrigenous 
wedges, and mapping of principal structural features (salt intru
sion and growth faulting) indicate a direct relation between 
sedimentation and tectonics in the western Gulf basin. Proxi
mal parts of clastic wedges infiUing the basin consist of paralic, 
mainly deltaic, depositional systems; distal parts are made up 
largely of deep-water, continental-slope deposits. Two kinds of 
delta systems are characteristic: (1) high-constructive deltas 
marked by rapid, large-volume deposition; and (2) high-de
structive deltas with large sand content and slower rates of 
accumulation. 

Distribution of 4 major high-constructive delta systems and 
associated continental-slope systems is coincident with 4 major 
salt-diapir fields (including about 90% of the domal salt struc
tures of the basin). Mobilization of deep seated, bedded salt 
occurred by lateral migration to interdeltaic areas and by distal 
migration, establishing diapir fields fronting major delta sys
tems and coincident with slope systems. Salt mobilization re
lated to strike-depositional (barrier bar and strandplain) sys
tems was generally as broad salt ridges rather than domes. 

In high-constructive deltas, growth faulting is fades coinci
dent, forming at the boundary of delta-front sands and thick 
prodelta muds. As with salt mobilization, the principal tectonic 
grain of growth faulting developed in connection with the 4 
major episodes of high-constructive wedges in the offlap filling 
of the basin, rejuvenating growth faulting and salt mobilization 
initiated by the high constructive deltas. Accordingly, direct 
fades correlation in distribution of growth faulting and salt 
mobilization occurred. 

FORRESTER, J. D. 

HOW MINING INDUSTRY CONSIDERS THE ENVIRON
MENT 

No abstract available. 

FOSTER, NORMAN H., Trend Exploration Ltd., Denver, 
Colo. 

PRACTICAL APPLICATION OF REMOTE SENSING TO 
PETROLEUM AND MINERAL EXPLORATION 

The symposium papers concern many aspects of the applica
tion of remote sensing to natural resource exploration. Remote 
sensing is best discussed in the context of the electromagnetic 
spectrum. Any device which senses a part of the spectrum from 
a remote position may be classified as a remote sensor. Visible 
fight is the most familiar part of the spectrum, and our eyes and 

a camera with its film are remote sensors. In the shorter wave
lengths, ultraviolet light has been useful in hmestone-dolomite 
studies. X-ray diffraction patterns long have been used in min
eral identification. In exploration for radioactive minerals, sens
ing parts of the gamma-ray spectrum with airborne or ground 
scintillometers is a common technique. On the longer wave
length side of the spectrum, near and far infrared are adjacent 
to visible light. Near or photographic infrared, when taken with 
a low sun angle, has been very useful in mapping faults and 
other features which are topographically expressed. Far, or 
thermal, infrared is also useful in mapping faults. Because water 
has a tendency to be more abundant in fault zones, they com
monly are expressed as slight temperature lows due to the 
cooling eflfect of evaporation. 

Side-looking-radar imagery also is very useful in fault delin
eation and for general mapping purposes, particularly in areas 
where cloudiness is a problem in conventional aerial photogra
phy. Side-scan sonar is a technique used to obtain underwater 
imagery, and should prove useful in bathymetric studies of shelf 

FRANKS, S. G., and J. HELWIG, Dept. Geology, Case West
ern Reserve Univ., Cleveland, Ohio 

PETROLOGY AND SEDIMENTATION OF EARLY PA
LEOZOIC ISLAND-ARC DEPOSITS, NEWFOUND
LAND 

The Cambro-Ordovician New Bay Formation (2,000 m) of 
the Newfoundland Appalachians is a southward-thickening 
prism of conglomeratic, volcanogenic turbidites interbedded 
with sandstone and black argillite. Abundant sedimentary 
structures include tool and scour marks, cross-lamination, nor
mal and multiple graded bedding, slump folds, and channels. 
The top of the formation is mostly agglomerate interbedded 
with red-and-green laminated silty argillite. Trails and burrows 
are the only fossils. 

The sandstones are lithic-feldspathic arenites and basaltic 
wackes composed of fresh, angular unstable mineral grains and 
little quartz. The conglomerates have volcanic and sedimentary 
clasts enclosed in an ashy matrix altered to chlorite. Volcanic 
clasts are basalt, andesite, and dacite porphyry. Sedimentary 
clasts include green cherty siltite, fine-grained feldspathic aren-
ite, abundant rip-up clasts of argillite, and rare jasper. 

Analysis of Bouma sequences, amalgamated contacts, and 
trace fossils indicates abrupt regression late in New Bay deposi
tion. Sole marks, slump folds, and channel axes indicate mar
ginal sediment supply from turbidity currents and slumping 
down an east-facing submarine slope. 

On the northwest the formation thins and apparently passes 
into marine and subaerial pyroclastic strata of the Wild Bight 
Group. On the east it is in sedimentary and tectonic contact 
with the Dunnage melange which has been interpreted as an 
ocean trench deposit. The petrology and sedimentology of the 
New Bay Formation compares closely with certain Miocene 
volcanic arc deposits described from Malekula Island, New 
Hebrides. Therefore the New Bay is interpreted as a volcano
genic "apron" deposited in the arc-trench gap of a Cambro-
Ordovician island arc. 

ERASER, GORDON S., and NORMAN C. HESTER, Illinois 
State Geol. Survey, Urbana, 111. 

STARVED ROCK MEMBER OF ST. PETER SAND-
STONE^OFFSHORE SHOAL 

The Starved Rock Member of the St. Peter Sandstone has 
been described as a clean, medium-grained sandstone that was 
deposited in a broad band across northern Illinois. This deposit 
displays a sequence of sedimentary structures that indicates 
deposition in shallow water. From the base upward the struc
tures include (1) massive beds; (2) small-scale trough cross-
strata; (3) high-angle tabular cross strata; (4) large-scale trough 
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cross strata; (5) alternating beds of horizontal, burrowed lami
nae and small-scale trough cross strata; and (6) massive and 
burrowed beds. 

Tabular cross strata and small-scale trough cross strata show 
a consistent northwest orientation, whereas the large-scale 
trough cross strata show no preferred orientation. Both tabular 
and large-scale trough cross strata consist of medium-coarse 
sand, whereas the small-scale trough cross strata and horizontal 
laminae are of medium sand. Discontinuous horizontal lami
nae, present at irregular vertical intervals in the section, consist 
of interlaminated medium to fine sand and silt. 

Recently, the sand waves of the North Sea have been pro
posed as an analog for the St. Peter environment in Wisconsin, 
because of the presence of such sedimentary structures as very 
large-scale tabular cross strata. However, the sedimentary 
structures, directional data, and textures observed in the 
Starved Rock Member resemble more closely those developed 
on nonbarred coasts, like that of Oregon. The presence of 
inferred deeper water sediments within the St. Peter, landward 
of the Starved Rock Member, indicates that this sand body 
may have been deposited as an offshore shoal. 

FREEMAN, TOM, Dept. Geology, Univ. Missouri-Columbia, 
Columbia, Mo. 

TEMPORAL DOLOMITE-CALCITE SEQUENCE AND ITS 
ENVIRONMENTAL IMPLICATIONS 

Where dolomite and calcite cements occur together, calcite is 
commonly the younger. This is true of cements that fill both 
primary (intergranular and intraskeletal) and secondary (vug 
and vein) pores. Rarely there is an alternation of cement types, 
but where this occurs, dolomite is still usually the penultimate, 
and calcite the ultimate. 

In primary pores, the most likely unidirectional process pro
ducing the sequence, dolomite-calcite, is a change from marine 
to freshwater phreatic conditions through a lowering of sea 
level, elevation of the land, or increase in freshwater head. 

In secondary pores, fluid inclusion studies of epigenetic dolo
mite-calcite show the dolomite to be both hotter and saltier 
than the associated younger calcite. Therefore, this sequence 
most likely records precipitation concomitant with erosional 
unloading, which should both reduce the geothermal environ
ment and promote a freshening of the water. 

FRIEDMAN, GERALD M., Dept. Geology, Rensselaer Poly-
tech. Inst., Troy, N.Y., and JOHN E. SANDERS, Dept. 
Geology, Barnard College, New York, N.Y. 

ASPECTS OF GEOLOGIC HISTORY AND MARINE GE
OLOGY OF NEW YORK BIGHT 

The New York Bight consists of two shelf sectors: (1) New 
Jersey shelf, trending NE-SW; and (2) Long Island shelf, trend
ing east-west, which are separated by the Hudson shelf valley 
(extending southeast from outer New York Harbor to the Hud
son apron at the shelf edge near the head of the Hudson 
submarine canyon). Although the present shoreline configura
tion of the bight results from the Holocene submergence, 2 
important earlier developments include post-Miocene uplift of 
the Appalachians and especially of New England, and Quater
nary glaciations. 

During the Pliocene, uplift inland created the present re
gional dips of the coastal-plain strata and supplied sediment to 
fans which prograded a thin sheet of gravel across the mariiie 
coastal-plain formations. There followed a great drop in base 
level and deep cutting of major river valleys. The inner cuesta 
and adjoining inner lowland of the coastal plain, part of which 
is now filled by the water of Long Island Sound, were formed 
and large quantities of sediment built the shelf edge seaward. 
Erosion in submarine canyons was especially active at this time. 

During the Pleistocene, in connection with continental glaci
ations, many changes of base level and climate occurred. Dur
ing the Wisconsin Stage, ice flowing from about N20°W depos

ited 2 prominent terminal moraines atop Long Island's coastal-
plain cuesta—the Ronkonkama (older and more southerly) and 
Harbor Hill (younger and more northerly) moraines. During 
each deglaciation, wide outwash plains spread across parts of 
what is now the Long Island shelf and extensive lakes floored 
by varved clays formed north of each moraine ridge. Rapid 
drainage of these moraine-dammed lakes through the Narrows 
(between Staten Island and Brooklyn) is thought to have been 
responsible for final erosion of the Hudson shelf valley and for 
major deposition on the Hudson apron. 

As the sea transgressed across sandy outwash (Long Island 
shelf) and fluvial gravels (New Jersey shelf), it formed barrier 
chains and reworked the sediments. During parts of the sub
mergence, some barrier chains retreated progressively land
ward, and the surf zone reworked all shelf sediments. At other 
times the barriers were drowned in place. 

FRIEDMAN, GERALD M., AMIHAI SNEH, and ROY W. 
OWEN, Dept. Geology, Rensselaer Polytech. Inst., Troy, 
N.Y. 

GENERATION OF LAMINATED GYPSUM IN SEA-
MARGINAL POOL, RED SEA 

In the rock record, laminated gypsum commonly is inter
preted as formed by precipitation from a body of brine. A study 
of a hypersaline pool at Ras Muhamad, the southernmost tip of 
the Sinai Peninsula, suggests an alternative interpretation of 
origin. Algal mats carpet a sea-marginal hypersahne pool, 
which has a sahnity of 127°/°'> in the spring when the sulfate 
concentration has reached 9,700 mg/1; by mid-summer sahnity 
has risen to 3l4''/oo and, as a result of the precipitation of 
gypsum, the sulfate level has dropped to 4,570 mg/l. In the 
spring the SO/Cl ratio is almost identical with that of seawater 
(14.0 X 10-^ for seawater; 13.9 X 10"= for the pool), but has 
dropped sharply by mid-summer as gypsum precipitates (2.4 X 
10-2). 

Algal mats not only survive, but are remarkably active at this 
high salinity. Gypsum precipitates as a meshwork between the 
mats and, depending on the algal growth, concentrates as crys
tals in laminae ranging in thickness from I to 2 cm. Compac
tion of such laminae as they become part of the rock record 
would result in much thinner laminae. Dark organic mats alter
nate with white layers of gypsum. Such a deposit in the rock 
record has, in the past, been mistaken for a deep-sea deposit. 

Laminites of aragonite precipitated by algae alternate with 
laminae of gypsum. Oncolites, pellets, ooids, and spherulites are 
particles precipitated within the algal mats. 

GEBELEIN, CONRAD D., Bermuda Biol. Sta., St. George's 
West, Bermuda 

SEDIMENTOLOGY AND STRATIGRAPHY OF RECENT 
SHALLOW-MARINE AND TIDAL-FLAT SEDIMENTS, 
SOUTHWEST ANDROS ISLAND, BAHAMAS 

Shallow-marine and tidal-flat carbonate sediments form a 
seaward-prograding wedge (maximum 6 m thick) on the south
west coast of Andros Island. Sediments have been deposited in 
a large (85 X 25 km), arcuate embayment in Pleistocene lime
stone. Incursion of the sea over freshwater peat reached the 
inner, central margin of the embayment 5,000-7,000 years ago. 
Subsequent lateral progradation (maximum 30 km perpendicu
lar to strike) of marine and tidal-flat sediments has occurred in 
several phases. 1. Continuous lateral progradation of a very 
shallow (less than I m), wide (3-5 km) subtidal platform adja
cent to the shoreline. Sediments on the platform are poorly 
sorted, massive, fossiliferous, white-pellet muds with prominent 
filled burrows. 2. Development of 5 major shorehnes, roughly 
parallel and 2-5 km apart, during the past 5,000 years. Each 
new shoreline developed, presumably by storm action, onto the 
subtidal platform, and isolated a shallow linear lagoon. Aban
doned shorelines form parallel bands of discrete to coalesced. 


