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described as an axis of persistent relief (or resistance to subsidence), and the fault is 
part of a right-la teral transverse fault system . 

The lower Newman Group exhibits four separate marine invasions, the earlier of which 
were interrupted by uplift along the Waverly Arch . The oldest unit (St . Louis) was depos­
ited over the entire area before uplift; the subsequent three units show progressive 
northeasterly overlapping, depositional thinning toward the axis of the arch, and restric­
tion to the flanks of the arch. There 1s also apparent depositional restriction of one 
unit (Ste. Genevieve) by activity on the basement fault system. The periods of uplift 
caus ed subaerial exposure of the previously deposited unit, resulting in the formation of 
subaerial exposure fea tures including exposure crusts, tee-pee structures, brecciation, 
caliche, and cs~all paleokarst . 

The upper Newman Group contains a final marine invasion which successfully covered 
the arch. Depositional thinning on the arch, different facies on either side of the arch, 
and the near-shore, shallow-water aspect of the upper Newman Group itself indicate that 
the region surrounding the arch was still undergoing some uplift during deposition of the 
upper Newman Group. Some facies distribution in the upper Newman Group is also attributed 
to renewed activity along the basement fault system. 

FALKlE, THOMAS V., Director, Bureau of Mines, U. S. Department of the 
Interior, Washington, D. C. . 

ENERGY MlNERALS--THE NEXT GENERATION ...... ~. 

Coal is the predominant energy mineral today, and the only one with the 
potential for a significantly larger role by 1990. T~ a greater or lesser degree, 
new technologies will be required before energy from uranium, geothermal 
steam, oil shale and tar sands could fill a major share of the Nation's needs. 
If 'America is to reduce her . dependence on imported fuels we must double our 
coal 'output by 1985. . 

FISCHER, A.G., and MICHAEL A. ARTHUR 
Dept . of Geological and Geophysical Sciences, Princeton University 
Princeton, New Jersey 

SECULAR VhRIATIONS IN OCEANIC CIRCULATION 

One of the characteristics of the earth' as we know it is a rapid 
turnover of the oceans, on a time-scale of 1,000 to 2,000 years. Coupled 
with cold bottom waters, this provides animal-supporting aerobic water 
masses and bottoms in all but local silled basins, and results in 
relatively highly oxidized sediments. We ask whether this has been a 
steady and persistent state, or whether the ocean has alternated between 
a more sluggish mode tending to anaerobism and an ~ctively convecting, 
ox idizing one. Such modes should be recognizable in sediments by 
widespread differences in oxidation state and bottom population, in 
patterns of b i ogenic and chemical sedimentation, in patterns of submarine 
erosion, in the composition of plankton, and in sulfur isotope ratios • 

. A preliminary survey of these suggests to us that the oceans have 
fluctuated in this manner, with a period of about '30 million ,·years. 'l'he 
most sluggish time since the Jurassic seems to have been the Albian. the 
most convective one the Paleocene. We suggest that the cause lies in 
changes of marine temperatures and circulation patterns, engendered 
largely by changes in global climate. Other factors such as the 
distribution of and communication between ocean basins may have played 
a role. 

FISHER, W. L., Bureau of Economic Geology, The Univeraity of Texas at Austin . 
Austin, Teus 

NATURAL HAZARDS AND COASTAL ZONE HANAGDIENT 
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