
the black mark and the prominent 
ridge, and nearly, though not quite, on 
the same line. In the later photographs 
up to No. 188, it is clear that the black 
marking is in fact a low ridge or group 
of low mounds. It is very significant 
that the black marking here discussed 
appears to cut across ray markings 
which emanate from a small group of 
craters to the south. The significance 
of this fact is that the rays from Tycho 
and Copernicus are believed to be 
among the most recent features of the 
moon. They are generally found super- 
imposed on other craters. Thus the 
appearance of an internally produced 
ridge athwart the ray material is an in- 
dication of volcanism which is among 
the most recent of the lunar features 
and which surely occurred within the 
last few hundred million years. 

The volcanism is probably of the in- 
termediate or acidic kindred. That is to 
say, the lava is probably high in silica 
content because it forms steep-sided 
aretes. The above-mentioned peak is 
also a steep feature, the sides of which 
are at an angle of the order of the 
height of the sun, which was about 21 
degrees in this photograph. Such steep 
sides are inconsistent with a typical 
basaltic flow. They suggest strongly the 
production of viscous lavas. Such an 
explanation for the aretes was proposed 
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It is generally believed that very fine 
elastic sediments occur in the deep-sea 
area off the coasts of Oregon and Wash- 
ington (1). A more recent detailed 
study of cores collected in the area re- 
vealed a narrow carbonate band which 
consists predominantly of Globigerina- 
rich silts, clays, and other biogenic ma- 
terial (2, 3). 

The submarine topography of the 
area is shown in Fig. 1. The area is 
characterized by a broad shelf, a steep 
irregular slope, the Cascadia Abyssal 
Plain (4) previously described as 
"Great Trough" (5, 6), a north-south 
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by Shaler (3). On this basis the peak 
lying between the arete and the black 
ridge is to be regarded as a tholoid, 
that is, a type of peak produced on the 
earth by the gradual extrusion of a vis- 
cous lava. 

From this point of view it is logical 
to explain the rounding and blanketing 
which is seen on craters less than about 
200 m across as the effect of an ash 
flow, such as has been postulated (4) to 
explain the recency of the Rb-Sr dates 
of tektites. Ash flows are normally as- 
sociated with steep-sided extrusions of 
viscous lavas as tholoids or spines. 

JOHN A. O'KEEFE 
Theoretical Division, Goddard 
Space Flight Center, National 
Aeronautics and Space Adrministration, 
Greenbelt, Maryland 
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trending hilly area, and the east-west 
Mendocino Escarpment including the 
hilly area south of the Cascadia Abys- 
sal Plain in the west. A detailed de- 
scription of the topography has already 
been presented by Menard (5), Gibson 
(6), and Hurley (4), and additional 
data is provided by Nayudu and Enbysk 
(3). 

The Globigerina-rich sediments in 
cores 1, 2, 3, 4, 8, 9, 10, 16, and 17 
form a narrow band, approximately 
160 km wide and about 560 km long, 
almost parallel to the coasts of Oregon 
and Washington, 480 km offshore 
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(Fig. 2). The concentration of Forami- 
nifera, both planktonic and benthonic 
forms, results in a total carbonate con- 
tent of approximately 30 to 70 per- 
cent. Because of variations in the con- 
centration of Foraminifera, these 
sediments have been designated as 
Globigerina-rich rather than as ooze. In 
all these samples Globigerina-rich sedi- 
ments extend from the surface to the 
bottom of the core, reaching a maxi- 
mum depth of 144 cm in core 16. 
However, the upper 7 to 12 cm of 
all these cores shows about a 30 per- 
cent decrease in Foraminifera content 
and a concomitant increase in olive- 
brown silts and clays. There is also a 
great increase in number and variety of 
Radiolaria and diatoms in the northern 
part of the band. The upper section 
(of variable thickness) of Globigerina- 
rich silts and clays has been considered 
as a significant stratigraphic unit. In 
core 1 the upper 12 cm contain a 
large amount of olive-brown silts and 
clays, Radiolaria and diatoms; this core 
is low in Foraminifera. This section 
grades into Globigerina-rich sediment 
which in turn changes at about 115 
cm into a sediment with very few 
Foraminifera and without Radiolaria or 
diatoms (Fig. 3). In core 16, located 
in the Tufts Abyssal Plain at a depth 
of 2244 meters, the upper section is 
8 cm thick and grades downward into 
Globigerina-rich sediments. At 68 cm 
the Globigerina-rich sediments change 
with a break into a dark gray silty clay 
low in Foraminifera (about 30 percent) 
which extends to 90 cm. From 90 to 
104 cm there is a gradual increase in 
the concentration of Foraminifera (30 
to 45 percent) and at 104 cm the 
sediments are very rich in Globigerina 
(Fig. 4). 

Two radiocarbon assays of core 1 
have been done. The location of the 
core and the depth and age of the 
sample are shown in Fig. 3. The sample 
(15 to 25 cm) below the low carbonate 
upper layer is about 12,400 ? 375 
years old. Radiocarbon dating of the 
sample (90 to 100 cm) above the sec- 
tion poor in Globigerina indicates that 
it originated 19,300 ? 950 years ago. 
Three additional radiocarbon assays 
were made from core 16 (Fig. 4), 
which indicate an age of 15,500 ? 600 
years for the sample at 10 to 20 cm; 
21,950 ? 700 years at 50 to 60 cm; 
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Crandell, Mullineaux, and Waldron 
(7) have shown that the youngest glacia- 
tion in the Puget Sound Lowland, the 
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Carbonate Deposits and Paleoclimatic Implications 
in the Northeast Pacific Ocean 

Abstract. A narrow carbonate band consisting predominantly of Globigerina- 
rich sediments is present in the deep-sea deposits of the northeast Pacific Ocean 
extending almost parallel to the coasts of Oregon and Washington. Five radio- 
carbon dates in the cores from this area suggest that the greatest concentration of 
Globigerina-rich sediments occurred 27,000 to 12,000 years ago. This time inter- 
val corresponds roughly to the Vashon (late Wisconsin) glacial times in the Puget 
Lowland. The results suggest higher carbonate sedimentation in the northeast 
Pacific during glacial stages. 
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Fig. 1. Bathymetry of the area off the coasts of Oregon and Washington showing the 
major topographic features. 

Vashon (late Wisconsin) appears to be 
generally correlative with the maximum 
of the Wisconsin stage (Tazewell) of 
the central United States. Radiocarbon 
dates on peat that postdates the Vashon 
drift in the Puget Lowland suggest that 
the glacier recession uncovered the 
southern Puget Lowland (south of 
Seattle) at some time before 14,000 

years ago (8). Easterbrook (9), after 
a detailed study of Pleistocene deposits 
and the radiocarbon dates, suggested 
that the Vashon glaciation in the north- 
ern part of the Puget Lowland oc- 
curred between 26,500 and 11,600 
years ago. 

The five determinations of radio- 
carbon age made on cores 1 and 16 

(Figs. 3 and 4) indicate that the great- 
est deposition of Globigerina-rich sedi- 
ments took place during the Vashon 
(late Wisconsin) glacial times, suggest- 
ing a definite relationship between the 
rate of accumulation of planktonic 
Foraminifera and glacial times; that is, 
during a period of colder climate there 
is a greater accumulation of planktonic 
Foraminifera in the area. 

An important feature is the approxi- 
mate parallelism between the carbonate 
band and the surface current distribu- 
tion. When the subarctic current ap- 
proaches the American coast it splits 
into the northward deflected Alaskan 
gyral and the southward deflected Cali- 
fornia current (10) which nearly paral- 
lels the Globigerina-rich sediments. The 
study of plankton tows by Smith (11) 
in this area shows that a greater con- 
centration of planktonic Foraminifera 
nearly coincides with the bottom dis- 
tribution of Globigerina-rich sediments 
as shown in Fig. 2. Smith further stated 
that one of the dominant species is 
the Orbulina universa which is abun- 
dant between 1.00 and 150 meters. He 
concluded that there is no direct cor- 
relation between the temperature, salin- 
ity, dissolved oxygen, or inorganic 
phosphate concentration and the dis- 
tribution of a foraminiferal population. 
Orbulina ulniversa occurs in greater 
numbers in the Globigerina-rich sedi- 

Fig. 2 (top left). Locations of cores and boundary of Globigerina- 
rich sediments. Fig. 3 (middle). Lithology of core I and carbon-14 
dates. Fig. 4 (right). Cores showing the nature of Globigerina- 
rich sediments and carbon-14 dates for core 16. 
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ments (12), and it is one of the most 
persistent forms in the entire length 
of the core. 

The close conformity of the car- 
bonate sediments on the bottom with 
the surface current path of the equa- 
torial current system was first indicated 
by Murray and Renard (13). They ex- 
plained the relationship by assuming a 
higher production of Foraminifera in 
the counter currents. Arrhenius (14) 
described a higher rate of accumula- 
tion of calcium carbonate (Foramini- 
fera and coccoliths) below parts of the 
equatorial current system during the 
Ice Age in the tropical Pacific. He ex- 
plained the observation as being due 
to the phenomenon of the high pro- 
duction rate of phytoplankton at the 
surface of the ocean. This high rate 
of production is believed to be due 
to an increased rate of upwelling in 
the divergence. He further postulated 
that the high rate of upwelling prob- 
ably suggests greater intensity of at- 
mospheric circulation in low and in- 
termediate latitude during the Ice Age. 
From the isotopic measurements on 
Pleistocene planktonic Foraminifera, 
Emiliani (15) confirmed Arrhenius' in- 
terpretation of carbonate maxima as 
cold-water facies and the minima as 
warm-water facies. Nyberg (16) ex- 
amined Arrhenius' theory of close as- 
sociation of the high rate of accumula- 
tion of calcium carbonate at the bot- 
tom of the sea and general atmospheric 
circulation and concluded that the 
existing meteorological facts do not 
contradict the theory. Schott (17), in 
discussing the carbonate deposits, sug- 
gested that in the Atlantic the sedi- 
ments deposited during the glacial 
stages are low in calcium carbonate 
while those of interglacial or postglacial 
stages are high in calcium carbonate. 
He believed that during glacial stages 
the surface waters of the tropical At- 
lantic were cooled, and this resulted in 
a great reduction in the organic pre- 
cipitation of calcium carbonate. At 
the same time the contribution of non- 
calcareous material from the continent 
to the sea floor greatly increased. On 
the other hand, Yalkovasky's study 
failed to reveal a direct correlation be- 
tween temperature and carbonate con- 
centration (18, 19). Many aspects of 
this problem and the variety of con- 
trols of Globigerina accumulation were 
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or oceanographic conditions in the 
area of study during the deposition of 
Globigerina-rich sediments from ap- 
proximately 27,000 to 11,000 (?) years 
ago. Hence, I conclude it is likely that 
the greater accumulation of Globiger- 
ina-rich sediments is due to increased 
production brought about by intensified 
atmospheric and oceanic circulation, 
which brought up nutrient-rich deep 
water to the surface during Vashon 
glacial times. Consequently there was 
a greater production of Foraminifera. 
The lack of diluting terrigenous ma- 
terial may also have been a contribut- 
ing factor. The results appear to con- 
firm Arrhenius' hypothesis (14). 

If we assume that the final with- 
drawal of the Vashon Ice in the Puget 
Lowland occurred between 14,000 and 
11,600 years ago, then the radiocar- 
bon dates of 12,400 ? 375 years for 
core 1 (15 to 25 cm) and 15,500 ? 
600 years for core 16 (10 to 20 cm), 
taking into consideration the differences 
in the sample interval and possible mar- 
gin of error and location, are in close 
agreement and can be correlated. These 
dates suggest that the upper section of 
variable thickness (7 to 12 cm) low 
in Foraminifera content, greater 
amounts of olive-gray silt and clay con- 
taining Radiolaria and diatoms (in the 
northern part of the band), may be 
due to the gradual return of present- 
day conditions and can be considered 
to represent postglacial times. The oc- 
currence of sediments low in Globi- 
gerina at 115 cm in core I (Fig. 3) 
and from 68 to 104 cm in core 16 
(Fig. 4) are correlated because radio- 
carbon dates of the samples taken 
above these intervals are nearly the 
same. These intervals may represent 
a short time of retreat or fluctuation 
and wasting of glaciers. It appears 
from the radiocarbon dates that section 
68 to 104 cm in core 16 (Fig. 4) 
may be related to the "Farmdalian" 
(20). 

From the five radiocarbon age de- 
terminations for cores 1 and 16 (Figs. 
3 and 4) the inferred average rates of 
sedimentation for the Globigerina-rich 
sediments in this area are (i) less than 
2 cm per 1000 years for the upper 
section in all cores representing post- 
glacial times, and (ii) 10 cm per 1000 
years for the section representing Vash- 
on glacial times. 
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