
tween the coarse elastic formations and the fine sea 
deposits are found most of the great coal formations 
which supply the markets of the world with this type 
of fuel. 

I t  happens that there is  abundant evidence of the 
existence of huge glaciers in the southern he~nisphere 
during the very times when these curious alternations 
of deposits were being f0rmed.l A relation between 
these continental glaciers and the sedimentary cycles 
has been proposed recently by the writer^.^ I t  is well 
known that the growth of these various great glaciers 
of the Pleistocene ice age was accompanied by raising 
and lowering of the sea level hundreds of feet and by 
world-wide climatic alternations. Many geologists be- 
lieve the Permo-Carboniferous glaciers were more ex- 
tensive than those of the recent ice age, and certainly 
the glacial conditions persisted over a much greater 
span  of time than the recent ice age. They were prob- 
ably accompanied by the same waxing and waning of 
the ice mmses. The resulting changes of sea level and 
of world climate may have caused the alternating types 
of sediment which go to make up  the coal series. 

To see how these conditions would have operated, let 
us  s ta r t  with the formation of the first great glaciers. 
As the glacier& grew, more and more water would have 
been withdrawn from the shallow seas which were pre- 
viously spread over much of the continental surfaces. 
As the seas withdrew the climate would have grown 
colder as a n  accompaniment of the advancing glacial 
conditions, and greater aridity may have resulted from 
the decrease of evaporating surfaces from which the 
atmosphere derived its moisture. The net result would 
have been the killing of vegetation on the slopes of 
the mountainous lands which were supplying the inland 
basins with sediment. Since most semi-arid regions 
now have periodio heavy rains, i t  is likely that  these 
barren mountain slopes would have been subjected to 
violent storms with accelerated erosion, and coarse 
debris would have been spread as  great fans over the 
emergent lowlands. At  this time and in subsequent 
glacial epochs the coarse continental sediments of the 
cycles would have accumulated. 

With the warming of the climate which led to the 
melting of the glaciers and the rise in  sea level, the 
slopes would have again become cloaked with vegeta- 
tion and the streams would have ceased contributing 
the coarse sediipent which had been due to rapid slope 
wash. As the ground water was raised on the plains 
and profuse vegetation began to grow, swampy condi- 
tions would have developed and in these swamps the 
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peat which later formed coal could have accumulated. 
The upward growth of the great tangles of vegetation 
may have held back the advancing seas till large accu- 
mulations had been formed in many places. 

When the rising seas finally overwhelmed the 
swamps the marine phases of the cycle set in  and a n  
accumulation of muddy sediments formed a cover over 
the peat beds causing the peat to turn gradually into 
coal. After the sea level had risen sufficiently to 
drown the lower courses of the land valleys the muds 
which had been washed into the open seas would be 
deposited in the resulting bays and the seas would have 
cleared and allowed the deposition of limestone. Re-
turn of the glacial climates would have led to a repeti- 
tion of the cycle and of the special sequence of forma- 
tions already described. 

The explanation which has been outlined does not 
attempt to account f o r  all the phenomena observed 
in connection with these sedimentary formations. 
The sequence of formations has been generalized and 
is actually more complex due to varying local condi- 
tions, to the distance of different areas from the 
sources of sediment, and perhaps to the oscillatory 
character of the advancing and retreating seas. The 
explanation has been proposed as a substitute to the 
hypothesis that the cycles were due to alternate up- 
lift and sinking of the basins of sedimentation and of 
a much greater, but contemporaneous, uplift and 
sinking of the source areas. There are  mechanical 
difficulties in such a n  explanation, especially in view 
of the wide-spread recognition of the cyclic phenom- 
ena during these periods. On the other hand, earth 
movements probably had a n  important effect on the 
sedimentation, but it seems likely that  these move-
ments were largely of the order of slow progressive 
sinking of the basins in which the sediments were 
accumulating and sIow rising of the mountainous 
tracts which were the source areas of the sediment. 
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