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5.5%, respectively, suggesting that most abiogenic con
stituents are terrigenous. 

The stratigraphy by Herman suggests that the CaCO.-
Mn-PjOj-rich layers were deposited during glacial pe
riods. Similar climatically related variations are de
scribed from the Caribbean by Wangersky and Hutchins, 
and by the writer. Analyses of pelagic sediments from 
the Coral Sea, the Black Sea, and western Pacific show 
that similar variations also occur in other oceanic 
regions; future dating of these cores will illuminate 
this problem further. The origin of these sediments 
is very poorly understood. A possible but unlikely 
explanation (proposed earher by the writer) is that 
chemical weathering was more intense during glacial 
periods. It is characteristic, however, that all sedi
ments with CaCOs-Mn-P.O., covariations, without ex
ception, are found in basins with restricted entrances, 
but nowhere in the major oceanic basins. During the 
glacial maxima, sea level was considerably lower than 
at present, enhancing the isolation of many of these 
basins. As a result, oxygen-poor bottom waters were 
more likely to develop, enhancing the migration of 
manganese upward as has been described from the 
East Pacific by Lynn and Bonatti. The Mn-rich layers 
in the sediments thus could be "fossil top sediments" 
enriched in manganese. This mechanism may not ex
plain the enrichment in P2O5. However, in more poor
ly vented basins, labil layering and overturn of water 
masses are known to occur under certain circum
stances. This could explain the covariation between 
CaCOj, Mn, and P2O5 in many of these cores. 
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SILURIAN BIOGEOGRAPHY AND LITHOFACIES OF ARCTIC 
Llandovery through early Wenlock marine faunas of 

the Arctic appear to be relatively cosmopoUtan in their 
distribution. Those of the late Wenlock through Pridoli 
probably belong to the Uralian-Nevadan-Canadian 
Arctic province; this biogeographic unit developed dur
ing the Early Devonian into the Old World province 
(as opposed to the Appalachian and IVIalvinokaffric 
provinces). 

Silurian lithofacies of the Arctic are dominated by 
platform carbonates on the northern edges of the Rus
sian and Siberian platforms, and by geosynclinal facies 
of eastern and northeastern Novaya Zemlya and Arctic 
North America. Inferences may be drawn from these 
data for the existence of large blocks, location not 
known, of Silurian platform carbonates seaward of the 
Old World Silurian. Sources of clastic debris for the 
Arctic North American Silurian may be inferred to 
have existed in a seaward position as well, and the same 
is probably true for that area related to Novaya Zem
lya and, possibly, the Taimyr Peninsula. 

Lithofacies within the relatively uniform Siberian 
platform strata, from the Yenisey River all the way 
east to the Chegitun area (almost on Bering Strait), 
contrast with those known on the Seward Peninsula; 
both are of the carbonate type, however. 
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REWARD AND UNCERTAINTY IN EXPLORATION PROGRAMS 

The attractiveness of a petroleum exploration pro

gram depends on the expected return and the associ
ated risk. Previous analyses of drilling programs have 
dealt with particular aspects of uncertainty. The vari
able—size of reservoirs—has received the most atten
tion; various skewed probability density functions have 
proved to be consistent with empirical observation. Es
timates of the expected value and variance of this vari
able have been interpreted casually as measures of the 
economic reward and the degree of risk, respectively, 
of specific exploration programs. The size of reservoir 
found, however, is only one aspect of the uncertainty 
in exploratory drilling. Among the other variables 
which have an important bearing on the economics of 
the program are the probability of making a discovery, 
the depth of the producing formation, and productivity 
of the wells. Possible stochastic descriptions of the 
most significant variables, and studies of their combined 
effects on the attractiveness of a particular venture, 
have proved to be very instructive. 
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DEVELOPMI NT OF PRECAMBRIAN SHIELD IN SOUTH
WESTERN GREENLAND, LABRADOR, AND BAFFIN IS
LAND 

The Precambrian rocks on either side of Davis Strait 
show a similar pattern of events and can be interpreted 
as having formed part of a single shield. Eight major 
stages in the development of this shield are suggested. 
(1) Formation of an extensive early crust before 3,000 
m.y. ago, relicts of which are now preserved as migma-
tite and high-grade gneiss in the Archean block of east
ern Labrador and southwest Greenland. (2) Deposi
tion of greenstone belts between 2,700 and 3,000 m.y. 
ago. (3) Plutonic activity in the period 2,500-2,900 
m.y. ago, affecting both the greenstone belts and the 
major part of the basement on which they lie. (4) In
trusion of numerous basic dike swarms in the general 
period of 2,000-2,600 m.y. ago. (5) Lower Protero-
zoic (Aphebian) geosynclinal rocks were deposited on 
the consolidated Archean basement and were involved 
in an orogeny known in Canada as Hudsonian and in 
Greenland as Ketilidian and Nagssugtoquidian. (6) 
Post-orogenic magmatism, particularly prominent in ar
eas affected by Hudsonian metamorphism, extends 
from southern Greenland through Labrador. This pro
duced chiefly anorthosites, adamellitic granites, mon-
zonites, and norites, that were probably emplaced be
tween 1,400 and 1,700 m.y. ago although the areas in 
which they occur commonly remained thermally active 
to 1,200 m.y. ago or later. (7) Emplacement of the 
post-orogenic rocks was accompanied and followed, in 
southern Cireenland and in parts of Baffin Island, by 
graben faulting, deposition of molasse sediments, and 
widespread intrusion of basic dikes. The majority of 
these dikes are tholeUtic; however, locally (for exam
ple, in the Gardar Province of southern Greenland), 
alkaline and peralkaline intrusions took place 
1,100-1,300 m.y. ago. (8) The Archean and Protero-
zoic rocks in the southern part of the Canadian shield 
were metamorphosed and tectonically "worked" by the 
Grenville orogeny about 900-1,100 m.y. ago. The only 
effect of this orogeny in southern Greenland was a slight 
updating of earlier rocks from areas close to major 
faults so that they yield K/Ar ages of about 900-1,000 
m.y. 


