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to middle Cretaceous (150 to 97 m.y.) was deposited on transi­
tional crust and syn-rift strata as the crust cooled and subsid­
ed. This model was tested by four DSDP holes drilled on Leg 
77 of the RV Glomar Challenger during December-January, 
1980-81. Two holes were drilled to sample the thick pie-middle 
Cretaceous sedimentary sequences, and two holes were drilled 
to sample basement. Results of this drilling are presented and 
are compared with the model predicted by the seismic 
stratigraphic analysis. Data concerning the geologic history of 
this area, developed from the drilling and the seismic 
stratigraphic analysis, have important implications for future 
hydrocarbon exploration in adjacent shallow-water provinces 
such as the South Florida Bank, the Campeche Bank, and 
Cuba. 
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Correlation of Monterey Shale to Paleo-Oceanographic and 
Paleoclimatic Events 

Three distinct oxygen isotope events, which appear to record 
successive stages in the growth of the east Antarctic ice sheet, 
have been identified and dated paleomagnetically in middle 
and upper Miocene sediments from the Pacific Ocean. These 
stages are as follows: (1) late Magnetic Epoch 15 to early 
Magnetic Epoch 12 (c. 15 to 12 m.y.B.P.); (2) early Magnetic 
Epoch 11 (c. 11 m.y.B.P.); and (3) early Magnetic Epoch 6 (c. 
6.7 m.y.B.P.). An additional slight cooling is recorded in 
Magnetic Epoch 10 at c. 10 m.y.B.P. These events can be tied 
to changes in paleo-oceanography, paleobiogeography, and 
opal accumulation in the Pacific Ocean, and, in turn, can be 
identified in the Monterey. The initiation of the east Antarctic 
ice sheet at c. 14 to 12 m.y.B.P., and its attendant changes in 
surface circulation and paleoproductivity, is correlated to the 
beginning of the Monterey Shale. In addition to the beginning 
of massive opal accumulation along the California coast, in­
creased silica accumulation in the equatorial Pacific is noted. 
This is accompanied by changes in diatom communities mark­
ing the beginning of present-day circulation patterns. The role 
of the Southern Ocean as an arbiter in the Miocene and 
Phocene silica budget is noted and discussed. 
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Late Cenozoic Paleoclimatic and Paleotectonic Setting for 
Hydrocarbon Formation in Southern California 

The Miocene formation of hydrocarbons in southern 
California is synchronous with high phytoplankton accumula­
tion and subduction of the Farallon-Pacific spreading ridge. In 
North Pacific piston and DSDP cores, there is an increase in 
the amount of biogenic opal (largely phytoplankton) in middle 
to upper Miocene deep-sea sediments. A similar increase in 
phytoplankton accumulation is recorded in sediments from 
neritic environments in California, Japan, and Java. This in­
creased accumulation is related to growth of the east Antarctic 
ice sheet, as inferred from the oxygen isotope climatic curve 
and specific biotic indicators of cooling water in deep-sea 
cores. The relation of hydrocarbon formation to 
phytoplankton accumulation and subduction of a spreading 
ridge is demonstrated by comparing time-slice maps showing 
variations in the pattern of phytoplankton accumulation with 
maps of paleotectonics and paleogeography of California. 
Moreover, this comparison demonstrates a close correlation of 

middle and late Miocene climatic events to sea level changes. 
Using southern California as a model, it is proposed that 
Miocene subduction of the Farallon-Pacific ridge played a role 
in producing the heat for formation of hydrocarbons from 
phytoplankton in marginal basins. 
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Sedimentation on North Shelf of Puerto Rico 

Regional sediment analyses along 100 km of the north shelf 
of Puerto Rico show the area to be a site of modern sedimenta­
tion. Sediments delivered to the steep, narrow, high-wave-
energy north shelf by the Rio de la Plata, the Rio Grande de 
Manati, and the Rio Grande de Arecibo are in or approaching 
textural and compositional equilibrium with shelf processes. 
Modern sediments are being deposited over relict shelf 
sediments which are not in textural or compositional 
equilibrium. Relict and recent sands are easily distinguished by 
their contrasting color, composition, and texture. 

The river sands are predominantly dark colored and can 
contain a large percentage of mud. Upon entering the near-
shore, they are entrained in the dominant westward littoral 
and shelf currents produced by persistent northeast trade 
winds. Minor eastward transport occurs partly as a result of an 
easterly component of tidal currents. Where terrigenous 
deposits are continuous between rivers, sediment sources have 
been delineated using X-ray diffraction of the heavy mineral 
suites. 

The relict calcareous shelf sands are predominantly light col­
ored and of biogenic origin. They are occasionally isolated in 
nearshore shadow zones behind promontories or exposed in 
mid-shelf windows. Some mixing of relict and recent sands oc­
curs immediately off the river mouths. The high wave-energy 
winnows the nearshore sands clean. Mid-shelf to basin 
transport of mud occurs in a series of storm-generated 
resuspensions. 

A low level of terrigenous contamination of carbonates in­
dicates limited overlap between shelf sediment facies. Indeed, 
boundaries between sediment types are very sharp, often less 
than 200 m wide. This suggests localized controls on deposi-
tional processes. 
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Recent, Supracrustal, Carbonate Cementation, Florida Keys 

Algal stromatolites, the crust of which ranges in age from 
5,680 years B.P. at the bottom to 400 years B.P. at the top, 
overlie Pleistocene bedrock in the Florida Keys. Recent 
beachrock has been reported at Dry Tortugas, and recent cay 
rock was discovered at Bahia Honda. 

Two examples of supracrustal carbonate cementation were 
found in the intertidal zone of the Florida Keys. On the 
Florida Bay side of Grassy Key, small gastropod shells of the 
genera Cerithium and Batillaria are cemented to the top sur­
face of the laminated crust that overlies the Pleistocene Key 
Largo Limestone. On the Atlantic side of Missouri Key, 
isolated blocks of rubble are cemented to the top of the crust. 
Preliminary observations of thin sections suggest that the low-
magnesium calcite cement includes alteration products of the 
underlying crust as well as supracrustal clasts at both Grassy 


