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the force of the breakers. Their zone of maxinlum growth where there is 
a definite reef rim is 50 to 200 feet shoreward from the rim, where they 
are bathed by a sheet of flowing water which each wave throws over the 
rim at low tide, except that they may be exposed above water for a short 
time at extreme low tides. A few scattered clusters of coral may be found 
at any point from the reef rim to the shore, except in areas where the water 
is turbid at every high tide. In  such places no live corals were found. 

All the types of structure found in the fossil reefs were seen developing 
on the fringing reefs except the finger coral type. Very little of this was 
seen on the reef flat, and that usually could be recognized as having been 
washed in by the waves. I t  is believed that this type of coral grows best in 
deeper water. I t  is abundant in the fossil reef underlying Waikiki and in 
the dead reef near the mouth of the Alawai. I t  is frequently dredged from 
Honolulu and Pearl harbors. 

The sand of the beaches along Oahu shores has a considerable proportion 
of shells of Foraminifera. The "coral sand" used for building is predomin- 
antly of foraminifera1 origin. Foraminifera may have! played a considerable 
part in the development of the Hawaiian reefs. 

The suggestion is made that the "Oahu chalk" associated with Diamond 
Head and other tuff craters may owe its origin to the heating of the reef 
limestone at the time of the volcanic eruption through the reef, and the sub- 
sequent air-slaking action. The chalk-like nature of the Waianae bed on 
the north slope of Mailiilii Hill is believed to indicate its great age as com- 
pared with the Diamond Head chalk and with other reef deposits on Oahu. 

The Waianae chalk bed is of marine origin, as proved by the coral found 
in it. It is estimated that this bed contains more than 5 per cent coral. 

Oahu has been submerged at several different levels. The latest and 
lowest level is about 20 feet. The exact number of such submergences is 
not certain. The Waiailae chalk bed indicates a submergence of about 80 
feet, and raised reefs a submergence of 40 feet. There may have been a 
submergence of 60 feet, but probably not of 250 feet. 

O n  the sea bottom around Oahu no evidence appears for a submarine 
shelf such as is demanded by the glacial control theory, nor for a drowned 
reef belonging to an earlier time. Just outside the reef rim the bottom 
descends to about 3 fathoms, not precipitously, only 1 foot in 56 feet hori- 
zontally. The slope is very gentle to a depth of 40 fathoms whence it 
descends more and more rapidly, and between 50 and loo fathoms the drop 
is 1 foot in 2.8 feet horizontally. As a whole the seabottom has a slope 
very similar to that of a contiilental shelf. 

The present fringing reef has developed since the last shift of sea level, 
estimated by Wentworth and Palmer as about 5,000 years ago, and began 
its growth on a foundation perhaps not more than 3 fathoms deep. If 
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the most abundant organism growing at the reef rim, namely, the crustaceous 
lithothamnium, is selected as a basis for calculating the growth of the 
reef as a whole, the rate of growth is 3 fathoms in 5,400 years. This in- 
creases the probability that the time since the last shift was about 5,000 
years. 

No direct evidence was obtained for determining definitely the age of the 
reefs raised above 20 feet or of the deeper parts of the submerged reefs. 
If the same rate of growth used in calculating the age of the modern reef 
is applied to the submerged reefs, 1,000 feet thick, their beginning dates 
from about 300.000 years ago, or a t  the most to twice that time if full allow- 
ance is made for the possible effect of the glacial epoch on the growth of 
reefs. This would place their development in the middle of the Pleistocene, 
and not in the Tertiary. I f ,  however, the older reefs were chiefly of Fora- 
minifera, and these deposited only 0.10 mm. a year, the 3,000,000 years 
necessary to deposit 1,000 feet of reef might carry the beginning back into 
the Tertiary. Only the discovery of some "indicator" organisms can furnish 
satisfactory evidence. The fossil reefs just above sea level date from the 
time immediately preceding the last shift of that level, and are threfore 
recent, geologically. Their formation ceased about 5,000 years ago, or at 
whatever time the shift took place. 

This study of the reefs around Oahu has revealed no evidence of origin 
in accordance with Darwin's subsidence theory, in spite of the evidence 
from wells that this island once stood 1,000 feet higher than it does now. 
The characteristic features of reefs that develop in accordance with Dar- 
win's theory are not shown by the Oahu reefs. There is no barrier reef 
with its accompanying lagoon channel, but only fringing reefs with rims a 
few hundred feet from the present shore line. The reef rim is a con- 
tinuous structure for  only short stretches, whether continuous or composed 
of separate coral heads, tha bottom seaward from the rim has a very gentle 
slope to near the 50 fathom line. The present reef rim has grown up to 
sea level from a depth of  not much over 3 fathoms during a stand-still of 
the sea at present level. The fossil reefs from sea level to about 20 feet 
above, and also the reefs underlying the surface of the land at Waikiki, as 
well as some of the dead reefs exposed at low tide along the shore in cer- 
tain districts, were formed during a stand-still of the sea at a level of 
about 20 feet higher than at present, during a period that preceded the last 
shift of sea level, within which period the eruptions in the Salt Lake crater 
region came to an end. 
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