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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. 
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symmetrical, V-shaped hummocks. These vegetated ridges (up 
to 1 m high) are positions of former beach ridges and tidal-
channel levees. Sediments in the hummocks are thin-bedded (3-
15 cm), unlithified pellet sands with pronounced fenestral fab
rics. Sloping flanks of the hummocks are composed of lithified 
crusts (up to 3 cm thick), commonly separated by unlithified 
sediment layers. 3. Initial infilling of the lagoons in the form of 
closely spaced, circular to ellipsoidal Carolina bays. Bay mar
gins form by spit accretion of well-sorted pellet and skeletal 
sands. The bays themselves fill with poorly sorted, muddy pellet 
sands. 4. Bay sedimentation generates a mosaic of isolated 
small sand bodies within a muddy, pelletal, massive sediment. 
Vertical infilling of the lagoons in the form of laterally continu
ous, alternate thin beds of blue-green algae and pellet mud. (5) 
Capping of the sequence by laterally continuous, thin crusts of 
aragonite-dolomite. 

GELDSETZER, HELMUT, Dept. Geology, Univ. Port Eliza
beth, Port Elizabeth, S. Africa 

TECTONICALLY CONTROLLED SEDIMENTATION 
DURING MIDDLE PALEOZOIC IN NORTHEASTERN 
NORTH AMERICA 

The Silurian-Mississippian time interval in northeastern 
North America can be subdivided into major interregional, 
depositional, and erosional episodes, reflecting vertical move
ments of the North American crustal plate. A detailed analysis 
of the preserved depositional record indicates the presence of 6 
major unconformity-bounded sequences on the eastern craton, 
3 in the transitional region of New York and Pennsylvania, and 
2 on the Appalachian plate margin of the New England States 
and the Maritime Provinces. Good biostratigraphic and litho-
stratigraphic control clearly demonstrates that this decrease in 
the number of sequences is due to an easterly increasing change 
in tectonic style reflected by higher rates of subsidence, less 
uniform erosional fragmentation, and better preservation. 

The interregional pattern of preservation and the predomi
nance of carbonate facies suggest broad epeirogenic movements 
during Silurian time. Pronounced facies changes and variations 
in thickness during Early and early Middle Devonian time 
characterize the transition from epeirogenic to orogenic move
ments of the Acadian orogeny. Isostatic uplift and foredeep 
development mark the late Middle and late Devonian. The 
Mississippian record indicates greatly increased subsidence on 
the craton and tensional block faulting, with renewed volcan-
ism on the Appalachian plate margin. 

GIBSON, JAMES M., Texaco Inc., Los Angeles, Calif. 

FORAMINIFERAL AND NANNOPLANKTON BIO-
STRATIGRAPHY, PALEOECOLOGY, AND BASINAL 
RECONSTRUCTION, ANITA FORMATION, WESTERN 
SANTA YNEZ MOUNTAINS, CALIFORNIA 

The Anita Formation crops out along the crest of the Santa 
Ynez Mountains, California, from Santa Ynez Peak westward 
to Point Conception. Planktonic and benthonic foraminiferal 
faunas and calcareous nannoplankton floras were studied from 
6 measured sections between Arroyo el Bulito and Santa Ynez 
Peak. In general, Anita Formation strata are assigned to the 
time interval from early Paleocene to early middle Eocene on 
the basis of prevailing planktonic correlations. Also from plank
tonic evidence, reported Ynezian benthonic foraminiferal as
semblages appear to be early Paleocene to late Paleocene in 
age; Bulitian assemblages are of late Paleocene age; Penutian 
assemblages are late Paleocene in some sections and early 
Eocene in others; Ulatisian assemblages are late Paleocene to 
early middle Eocene. The time-transgressive nature of the ben
thonic provincial stages is apparent; the stages become geologi
cally younger toward the basin margins as well as stratigraphi-
cally higher. Furthermore, strata mapped as Anita Formation 
by Dibblee have been found to be of late Cretaceous age in 
several areas. 

Lithologically, the Anita Formation can be split mto three 
gross members, which can be mapped throughout the Western 
Santa Ynez Range. The unit is divisible into the following 
stratigraphic units, all of which are typed in the upper Arroyo el 
Bulito area: Gato siltstone (upper member); Augustin mud-
stone (middle member); and Bulito siltstone (lower member). 

The Anita Formation is thickest south of the present Santa 
Ynez fault system, whereas northward, telescoped sections oc
cur, and the Anita gradually disappears. This relation suggests 
that the Santa Ynez fault may have been a prominent structural 
feature in early Paleogene time. Eastward the Anita wedges into 
"Matilija" type elastics, which were shed from the nearby San 
Marcos high. Southward the Anita disappears under the Santa 
Barbara Channel. 

GINSBURG, ROBERT N., NOEL R JAMES, and DONALD 
S. MARSZALEK, Rosenstiel School Marine and Atmo
spheric Sci. Univ. Miami, Miami, Fla.; LYNTON S. LAND, 
Dept. Geol. Sci., Univ. Texas, Austin, Tex.; JUDITH 
LANG, Discovery Bay Marine Lab., Univ. West Indies, 
Discovery Bay, Jamaica; and JOHN L. WRAY, Colorado 
School Mines, Golden, Colo. 

SEDIMENTATION AND DIAGENESIS IN DEEP FORER-
EEF, BRITISH HONDURAS BARRIER AND ATOLL 
REEFS 

The top of a near-vertical escarpment at 70 m marks the 
change from luxuriant organic growth that typifies the shallow 
forereef, to physical and chemical sedimentation that character
izes the deep forereef. Off the southern barrier reef and the 
leeward side of Glovers Atoll, this escarpment extends to 120 
m; on the seaward side of Glovers Atoll, it continues to abyssal 
depths. Where the base of the escarpment is at 120 m, it is 
buried by the forereef rise, a wedge of talus and sediment 
whose slope flattens basinward. 

The escarpment has numerous projecting ledges, caves up to 
several meters deep, and occasional near-vertical fissures tens 
of meters high. Sediments from above mantle and infill all 
irregularities on the escarpment; sticks and plates of coral are 
stacked on projecting ledges; algal-plate (Halimeda) sand and 
"hme" mud cloak ledges and floor caves and small cavities. 
Rock samples from the outer meter of the escarpment, between 
95 and 110 m deep, are well-cemented mixtures of algal-plate 
(Halimeda) sand, "lime" mud, whole and fragmented reef cor
als, and cruslose, coralline algae. Specimens show multiple 
generations of sponge and mollusk borings, sediment infill, and 
cementation by magnesium calcite and aragonite that almost 
obliterates many primary depositional fabrics. Two specimens 
of unaltered reef corals from this rock have radiocarbon ages of 
2,340 and 7,835 years B.P. 

On the barrier reef the upper forereef rise at the base of the 
escarpment is a talus slope of blocks, surrounded by algal-plate 
(Halimeda) sand and "hme" mud. Talus blocks as large as 20 m 
clearly are derived from the escarpment; all stages of forma
tion, from jointed rock face to large blocks of limestone slightly 
displaced from the wall, are visible. Within 100 m of the base of 
the escarpment, the blocks of talus decrease abruptly and algal-
plate (Halimeda) sand is increasingly diluted by pelagic muds. 

GREENE, H. GARY, WILLIAM H. K. LEE, DAVID S. 
McCULLOCH, and EARL E. BRABB, U.S. Geol. Survey, 
Menio Park, CaUf 

FAULTS AND EARTHQUAKES IN MONTEREY BAY 
REGION, CALIFORNIA 

The structure of the continental margin, between Monterey 
Bay on the south and Point Reyes on the north, is dominated 
by a northwest-trending belt of rocks composed of continental 
crust (Salinian block) that is separated from oceanic crust on 
the east by the active San Andreas fault system, and on the 
west by the Sur-Nacimiento fault zone. Recent marine geophys-


