
tom topography, and the like. Also, the 
change in concentration of pollutants 
is buffered by precipitation and redis- 
solution of materials in bottom sedi- 
ments, and modified by bacterial ac- 
tion, photosynthesis, and many other 
factors, in addition to displacement. 
The assumption of homogeneous dis- 
persal of the pollution in the lake, 
though physically unrealistic, is a com- 
promise between a fast, purging dis- 
placement and a slow diffusion which is 
the controlling mechanism when there 
is channeling or stratification. The ap- 
plicability of the mathematical relation- 
ship given above will, therefore, vary 
with the lake system. With the lower 
lakes, the model should apply fairly 
closely. The upper lakes, however, are 
deeper, and they are divided by under- 
water barriers that result in more hori- 
zontal and vertical stratification of es- 
sentially static water. Also, there is a 
distribution of intake water around their 
perimeter rather than from a single up- 
per-lake source. The time for their re- 
covery would likely be even longer 
than the hundreds of years calculated. 
Contamination of these upper lakes 
would, therefore, be a major disaster 
for which there is no apparent solution. 

ROBERT H. RAINEY 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 37830 
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Opal Phytoliths in a North 

Atlantic Dust Fall 

Abstract. Minute bodies (less than 
80 microns) of isotropic silica, originally 
precipitated by terrestrial plants, are 
found together with freshwater diatoms 
in falls of dust over the ocean. Eolian 
transport from Africa can explain the 
occurrence of similar plant remains in 
deep-sea sediments of the equatorial 
Atlantic as far west as the Mid-Atlantic 
Ridge. 

On 17 January 1965, H.M.S. Vidal 
encountered an intense dust storm 
southeast of the Cape Verde Islands, 
approximately 500 km from Africa 
(Fig. 1). Steaming westward, the ship 
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Table 1. Frequency distribution (by count) and size ranges of phytoliths, by shape, in Vidal 
dust (nomenclature after Baker, 8). 

Inci- Axes ( F 
Shape dence Figure Classification (3) 

(%So) Long. Interm. 

Rod 30 7-80 2-25 2, f and g Lithostylidium serra 
L. amphiodon 
L. laeve 
L. curvatus 

Dumbbell (with double 10 10-22 6-18 2, c-e L. clepsammidium 
swelling, batonnet) L. formica 

Barrel 14 8-14 6-12 2h Lithosphaeridium irregular 
Capstan and hourglass 6 6-18 5-10 2, a and b Lithostylidium bioconcavum 
Nondescript 40 4-30 3-20 

remained within the storm for more 
than 30 hours; during daylight the 
sun was completely obscured. A sample 
of the dust, recovered from a com- 
pressor intake screen (1), consisted pri- 
marily of clay and silt-sized mineral 
grains; the two most abundant biogenic 
components, freshwater diatoms and 
opal phytoliths (Table 1; 2), made up 
about 25 percent of the silt fraction. 
Freshwater diatoms and phytoliths 
blown from Africa by the northeast 
trade winds and recovered at sea were 
first described in detail by Ehrenberg 

(3). Kolbe (4) later reported their occur- 
rence in Atlantic deep-sea sediments. 

It has generally been assumed that 
diatoms occurring in the dust are swept 
up by the wind from desiccated beds 
of swamps, lakes, and streams, or from 
older diatomaceous deposits in arid re- 
gions, but that the phytoliths are re- 
leased from grasses and carried into 
the atmosphere by prairie fires (4-7). 
However, the silt fraction of some top- 
soils' is more than 50 percent phytoliths 
(8), which may therefore be a com- 
ponent of any wind-blown sediment 

30 ~~30 15 0 

DUST STORM OF JANUARY 17,18, 8i19,1965+ - 
--TRACK OF HMS VIDAL 

OUST STORM- 

WINO DIRECTION * 

15- 

5-10 ::w 10-15* 15 -2 5:.A 3 35f. 

. . . . . .. 

FRESH WATER DIATOMS IN DEEP SEA SEDIMENTS 
* HIGHEST ABUNDANCE (MELOSIRA GRANULATA) 

+ LESSER ABUNDANCE 

AVERAGE HAZE FR EQUENCY 

Fig. 1. Phytoliths and freshwater diatoms in a dust storm and in deep-sea sediments 
(3), in relation to haze frequency (14). The distribution of haze (De~c.-Feb.) reflects 
significant transport of dust to the Atlantic by the northeast trade winds (7). Phytoliths 
are associated with freshwater diatoms both in sediment cores and in the dust sample 
recovered during the storm by H.M.S. Vidal. 
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Fig. 2. Capstan (a), hourglass (b), dumb- 
bell (>e), rod (f, g), and barrel (h) 
shapes among phytoliths from a dust storm 
in the equatorial Atlantic. A few phyto- 
liths were still bound together, in their 
original orientation, by plant tissue j). 
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in areas in which opal-precipitating 
vegetation occurs. Vegetation in arid 
regions is commonly concentrated near 
evanescent bodies of water, where dia- 
tom-rich deposits may occur; thus the 
association in north African dust is a 
natural one. 

Ehrenberg (3) in 1847 described 34 
different forms of "Phytolitharia" that 
he found in dust given him by Darwin, 
but these opal bodies subsequently re- 
ceived little or no attention (6, 7, 9, 10). 
Phytoliths are discrete, solid bodies of 
opaline silica, with a specific gravity 
of approximately 2.15 and a size dis- 
tribution ranging at least from fine silt 
to fine sand (2, 8, 11); many are distinc- 
tive in shape and easily identified. Since 
in physical properties they do not dif- 
fer significantly from many common 
minerals, phytoliths could well serve as 
an index of the movement of sediment 
to and within the ocean basins. 

Most of the forms illustrated by 
Ehrenberg are present in the dust sample 
recovered aboard Vidal. The many dis- 
tinctive shapes include rods (with 
smooth, serrated, wavy, or saw-toothed 
edges), dumbbells, barrels, and cap- 
stans (Fig. 2); they are predominantly 
colorless to pinkish, but a few forms 
are light to dark brown. 

A few freshwater diatoms common to 
the Vidal dust sample and deep-sea 
sediments (4) include Melosira ambig- 
ua, M. granulate, Epithemia argus, 
Pinnularia borealis, Cyclotella ocellata, 
and Stephanodiscus astraea. Dust falls 
containing freshwater diatoms have been 
reported over an area extending from 
the Canary Islands almost to the equa- 
tor, encompassing essentially the same 
latitudinal zone in which the diatoms 
are found in pelagic sediments (Fig. 1; 
3, 4, 10). 

The frequency ratio of phytoliths to 
freshwater diatoms in Vidal dust was 
approximately 60:40. The most abun- 
dant species of- diatom, M. granulata, 
comprised 8 percent of the biogenic 
components, and the distinctive dumb- 
bell- and batonnet-shaped phytoliths 
made up 6 percent. A few dumb- 
bell-, barrel-, and rod-shaped phytoliths 
were still supported by plant tissue 
(Fig. 2j). 

Kolbe (4) described and illustrated 
only dumbbell- and batonnet-shaped 
"silicified epidermal cells" (phytoliths) 
from the Albatross deep-sea sediment 
cores. These forms occurred exclusively 
in cores rich in freshwater diatoms; in 
frequency they ranked second to only 

the most abundant diatom, M. granu- 
lata; in a few instances they were re- 
tained "in their organic connection with 
traces of the cuticle still adhering" (4). 

Wind (5), oceanic surface currents 
(5), turbidity currents (12), and cata- 
strophically destroyed land masses (13) 
have each been proposed to explain the 
occurrence of these continental plant 
remains in midocean. But there is no 
need to invoke catastrophies or to 
stretch the capacity of turbidity cur- 
rents to explain these occurrences; it is 
established that phytoliths and fresh- 
water diatoms can be transported by 
wind farther than 1000 km in relative 
proportions similar to those observed 
in deep-sea sediments (15). 

D. W. FOLGER 
L. H. BURCKLE 
B. C. HEEZEN 

Lamont Geological Observatory, 
Columbia University, 
Palisades, New York 10964 
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