
tion. The reaction was not influenced markedly by 
the length of fixation or by pH over the range 7.5 
to 9. Nor did heating the reaction mixture increase 
the density of the deposits, although it incretses 
staining by uranyl salts [M. Locke, N. Krishnan, J. 
T. McMahon, J. Cell Biol. 50, 540 (1971)]. We 
conclude that our procedure leads to saturation of 
the binding sites and that their small size reflects a 
correspondingly small structure. Staining on the 
section rather than in the tissue gave only a speci- 
ficity. The nature of the bismuth binding site re- 
mains to be determined, but the reaction is not 
mimicked by lead or calcium, and it is therefore 
not due to labile phosphate groups. We have not 
excluded the possibility that the reaction shows ex- 
posed phosphate on DNA. If the bismuth binds to 
DNA (2), then the beads could be informational 
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Origin of Horizon A: Clarification of a Viewpoint Origin of Horizon A: Clarification of a Viewpoint 

As shown in earlier studies (1), Weaver 
and Wise (2) report that siliceous micro- 
fossils (diatoms, sponge spicules, radio- 
larians) occur in some of the high-purity 
Tertiary opaline deposits of the Atlantic 
and Gulf Coastal Plain. They conclude 
therefore that these deposits as well as ho- 
rizon A must be biogenic in origin. We 
wish to comment on this as it regards their 
interpretation of our earlier report (3) on 
this subject. 

As a result of the JOIDES (Joint Ocean- 
ographic Institutions for Deep Earth Sam- 
pling) drilling program, a prominent and 
widespread oceanic seismic reflector 
known as horizon A has been shown to 
consist of hard, siliceous beds containing 
diatoms and radiolarians and to have a 
narrowly defined age from late Early to 
early Middle Eocene (4). A principal 
problem has been to explain the origin of 
this geographically widespread and non- 
linear siliceous horizon and not the other 
scattered and discontinuous siliceous de- 
posits situated stratigraphically higher or 
lower. 

Impressed by the presence of siliceous 
microfossils, Dietz and Holden (5), Berg- 
gren and Phillips (6), and Ramsay (7) have 
offered explanations based on several oce- 
anic circulation models to explain horizon 
A as an entirely biogenic deposit. A major 
biogenic role in the formation of horizon A 
is undeniable. But no oceanic circulation 
model alone can explain the occurrences of 
smectites and zeolites that are found asso- 
ciated with almost all of the sediments cor- 
relating with this unusual horizon and 
found not only in the Atlantic and Gulf 
Coastal Plain but also on the shelf and in 
the Caribbean. Accordingly, Gibson and 
Towe (3), supported by Mattson and Pes- 
sagno (8), considered that a combined vol- 
canic and biogenic explanation for the 
time-equivalent deposits was more consist- 
ent with all of the facts than a strictly 
biogenic explanation. The widespread dis- 
tribution of horizon A in the western 
North Atlantic and the composition of the 
deposits themselves led us to a dual and 
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partially sequential cause: direct volcanic 
contributions to help explain the presence 
of smectite and zeolite but with accom- 
panying increased nutrients (phosphorus, 
iron, and silica from dissolved fine pyro- 
clastics) which would increase the produc- 
tivity of siliceous organisms above normal 
background levels, providing increased 
contributions to the sediments. We wish to 
clarify that we did not state that the entire 
source of the relevant deposits was altered 
volcanic ash. We did not extend our con- 
clusions to other siliceous deposits of dif- 
ferent ages in the Atlantic and Gulf 
Coastal Plain nor did we extend them to si- 
liceous deposits in other oceans, as Weaver 
and Wise have implied (2). 

Silica is constantly being mobilized and 
deposited by diatoms in the world oceans, 
and few will argue about this biogenic con- 
tribution. But for horizon A, an oceanwide 
"chert" deposit, some mechanism is 
needed to raise the siliceous productivity 
and the deposition and preservation above 
the normal background level over a wide 
area in the Atlantic region. Changes in 
sediment dilution or in oceanic circulation 
patterns can be invoked to explain only 
part of the deposit, since such changes do 
not normally also provide a mechanism for 
zeolitic and smectite clays. However, wind 
and ocean currents can distribute soluble, 
fine pyroclastics and thus add potential 
planktonic nutrients that would contribute 
to the formation of the varied deposits ob- 
served. The relationship between siliceous 
organisms and volcanism has been noted 
from the time of Lyell (9) up to the present 
(10). In support of this concept, Lisitsyn 
(11) has presented consistent evidence for 
the indirect influences of volcanism in the 
active Bering Sea region on such nutrients 
as iron and phosphorus and the impor- 
tance of these elements to plankton, nota- 
bly diatoms (12). More recently, Huang et 
al. (13) have provided still further support 
for this viewpoint. 

We noted for horizon A the consistent 
occurrence of correlative deposits in- 
dicative of both volcanic and biogenic ac- 

partially sequential cause: direct volcanic 
contributions to help explain the presence 
of smectite and zeolite but with accom- 
panying increased nutrients (phosphorus, 
iron, and silica from dissolved fine pyro- 
clastics) which would increase the produc- 
tivity of siliceous organisms above normal 
background levels, providing increased 
contributions to the sediments. We wish to 
clarify that we did not state that the entire 
source of the relevant deposits was altered 
volcanic ash. We did not extend our con- 
clusions to other siliceous deposits of dif- 
ferent ages in the Atlantic and Gulf 
Coastal Plain nor did we extend them to si- 
liceous deposits in other oceans, as Weaver 
and Wise have implied (2). 

Silica is constantly being mobilized and 
deposited by diatoms in the world oceans, 
and few will argue about this biogenic con- 
tribution. But for horizon A, an oceanwide 
"chert" deposit, some mechanism is 
needed to raise the siliceous productivity 
and the deposition and preservation above 
the normal background level over a wide 
area in the Atlantic region. Changes in 
sediment dilution or in oceanic circulation 
patterns can be invoked to explain only 
part of the deposit, since such changes do 
not normally also provide a mechanism for 
zeolitic and smectite clays. However, wind 
and ocean currents can distribute soluble, 
fine pyroclastics and thus add potential 
planktonic nutrients that would contribute 
to the formation of the varied deposits ob- 
served. The relationship between siliceous 
organisms and volcanism has been noted 
from the time of Lyell (9) up to the present 
(10). In support of this concept, Lisitsyn 
(11) has presented consistent evidence for 
the indirect influences of volcanism in the 
active Bering Sea region on such nutrients 
as iron and phosphorus and the impor- 
tance of these elements to plankton, nota- 
bly diatoms (12). More recently, Huang et 
al. (13) have provided still further support 
for this viewpoint. 

We noted for horizon A the consistent 
occurrence of correlative deposits in- 
dicative of both volcanic and biogenic ac- 

tivity (3), although the degree of influence 
of one aspect or the other varies from place 
to place as might be expected. We believe 
this to be a noncoincidental cause-and-ef- 
fect relationship, and we may be wrong; 
but, be that as it may, in order that any al- 
ternative explanation be correct, it must be 
based on all the relevant data rather than 
the misleading and highly selected data 
chosen by Weaver and Wise (2). 

THOMAS G. GIBSON 

U.S. Geological Survey, U.S. National 
Museum, Washington, D.C. 20244 
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We are pleased that Gibson and Towe 
(1) accept our documentation (2) of bio- 
genic opaline silica deposits within the 
Southeastern Coastal Plain but are mysti- 
fied that they consider our data "mislead- 
ing and highly selected" since these data 
cover a far broader range of evidence than 
they themselves are willing to consider. We 
have demonstrated (2, 3) a historic pattern 
of intermittent biogenous silica deposition 
in coastal plain sediments ranging from 
Paleocene to Eocene in age [it should be 
noted that, in South Carolina and else- 
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fied as bentonites or altered volcanic ash 
deposits, a notion that we hope we have 
laid to rest through the presentation of fos- 
sil evidence. 

We see no reason to assume that our evi- 
dence for a biogenic origin for the opaline 
facies of the early Middle Eocene Black 
Mingo, McBean, and Tallahatta forma- 
tions is not compatible with the often- 
postulated (4) biogenic origin for the time- 
equivalent horizon A "cherts." Although 
we consider Gibson and Towe's postula- 
tion (1, 5) of a volcanic origin for this dep- 
osition interesting and encourage further 
research into the matter, we do not find 
present evidence for their speculation com- 
pelling. 

Whereas various quantities of zeolite, 
montmorillonites, or unaltered ash in- 
dicative of volcanic activity are present in 
various portions of the Paleogene se- 
quences in the areas in question, we see 
little extraordinary about the quantity of 
such materials associated with the late 
Early to early Middle Eocene portions of 
those sections. Indeed, Mattson et al. (6) 
have observed that montmorillonite occurs 
in the JOIDES (Joint Oceanographic In- 
stitutions for Deep Earth Sampling) cores 
at levels above the reflecting horizons and 
is less abundant in the cherty horizons than 
in the clays. We are impressed by the 
amount of biogenic silica in these se- 
quences. For some deposits such as the 
Black Mingo Formation of South Caro- 
lina, zeolites indicative of ash deposition 
are extremely rare; however, we have 
demonstrated (2, 3) for the first time the 
presence of siliceous microfossils in that 
material. Opaline sediments of similar 
lithology and slightly younger age in 
Georgia (Twiggs Clay of the Barnwell 
Formation) contain no evidence of volcan- 
ic material but have yielded abundant sili- 
ceous microfossil remains (2). We con- 
clude that the immediate source of silica 
for these high-purity opaline deposits is 
biogenic silica, and that contributions of 
silica to these deposits arising from the 
decomposition of volcanic ash are rela- 
tively minor or, in some cases, completely 
lacking. Thus the volcanic ashes are not as 
volumetrically important as previously 
assumed, and, as stated earlier (2, p. 901), 
"any ash deposition was apparently inci- 
dental to rather than causative of a general 
pattern of biogenic silica deposition." 

Similar conclusions can be drawn in re- 
gard to the origin of the high-purity layer 
A "cherts." We have commented else- 
where (7) on the apparent low yield of 
chert-forming silica from deep-sea benton- 
ites. The question of whether volcanic ac- 
tivity was the cause of enhanced plankton 
production and silica deposition during the 
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late Early to early Middle Eocene is, of 
course, a highly speculative matter. Cal- 
vert's (8) tabulations suggest that, for the 
present, the amounts of silica supplied an- 
nually to the oceans by submarine vol- 
canism are insignificant by comparison 
with that delivered in solution by streams. 
After assessing data from modern ocean 
basins, Garrison (9) and Lisitsyn (10) 
strongly argue against a direct connection 
between volcanism and the formation of 
pelagic sediments, such as volcanically in- 
duced chemical precipitation or plankton 
blooms. For the volcanically active Bering 
Sea region, Lisitsyn (10, p. 117) finds that 
"The hydrochemical characteristics estab- 
lished during the last twenty years do not 
provide any indications of any appreciable 
influence of volcanism on the water 
masses, although in many cases investiga- 
tions were performed during subaerial and 
submarine volcanic eruptions." 

This is not to say that the supply of silica 
to the general reservoir of the Atlantic, 
Gulf, and Caribbean could not have been 
increased during the Early Tertiary. 
Frakes and Kemp (11) have summarized 
evidence for the Paleocene-Eocene pole- 
ward expansion of warm and humid cli- 
mates. This resulted in intense weathering 
and laterization of soils as far north as 
55?N and as far south as 45?S during the 
Early and Middle Eocene, and probably 
increased the quantitatively significant in- 
put of silica to the oceans from streams. 
Early Tertiary volcanism did contribute 
ash to the deep-sea floor, but, as noted by 
Riedel (12), liberation of silica into the 
bottom water via dissolution of any of this 
ash prior to burial cannot affect the pro- 
duction of siliceous organisms at the sur- 
face unless a circulation mechanism [for 
examples, see (4)] is available. In addition, 
a supply of nutrient is necessary. Gibson 
and Towe (1, 5) discount the various circu- 
lation models, reasoning (5, p. 153) that a 
circulation model would not explain the 
presence of "extensive and time-equivalent 
nearshore sediments of volcanic origin on 
the continents." We (2, 3) have shown 
these deposits to be biogenic rather than 
volcanic. Gibson and Towe instead assume 
dissolution of vast quantities of ash in sur- 
face waters, a fact not yet demonstrated. 
They further assume (5) the release of nu- 
trient phosphorus from this ash. The effi- 
ciency of this process, however, is not 
clear. Recent studies by Berner (13) sug- 
gest that the reaction of iron oxides and 
phosphates released by submarine vol- 
canism along the East Pacific Rise causes a 
net removal of phosphorus from seawater. 
Thus the release of iron and phosphorus 
from volcanogenic materials by marine 
waters may possibly produce a phosphorus 

sink for the area in question, thereby de- 
priving plankton of nutrient necessary for 
proliferation. 

Gibson and Towe (I) cite studies by 
Huang et al. (14) as support for their view- 
point. Huang et al. (14, 15) show a correla- 
tion between maxima in the species diver- 
sity of radiolarians and intense volcanic 
episodes recorded in two deep-sea cores. 
One should realize that maxima in the spe- 
cies diversity are not synonymous with 
maxima of abundance. Huang et al. make 
clear that radiolarian abundances in their 
cores correlate with climatic events rather 
than with volcanic episodes or maxima in 
the species diversity. They also note judi- 
ciously (16) that changes in species diver- 
sity, which they suspect may be related to 
the release of volcanogenic silica and met- 
als, could perhaps result from the selective 
dissolution of the radiolarians studied. 

In view of the speculative and uncertain 
nature of present knowledge about the in- 
fluences of volcanic activity on plankton 
productivity and chert formation, it may 
be premature to label anyone's contribu- 
tion of data on the subject "misleading and 
highly selected." Perhaps, however, this 
uncertainty will stimulate others in the vig- 
orous pursuit of additional data on this in- 
triguing subject. 

FRED M. WEAVER 
SHERWOOD W. WISE, JR. 

Department of Geology, Florida State 
University, Tallahassee 32306 
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