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Ages of Horizon A and the
Oldest Atlantic Sediments

Coring at an outcrop of horizon A establishes it as a
buried abyssal plain of Upper Cretaceous age.

John Ewing, J. L. Worzel, Maurice Ewing, Charles Windisch

Although strongly reflective inter-
faces within the unconsolidated sedi-
ments of the North American basin
have been evident since the early seis-
mic studies, the continuity of these
reflectors was not understood before
the development of deep-ocean continu-
ous seismic-profiling techniques (/).
Seismic profiles have shown that one
of these reflecting horizons, horizon
A, Is continuous over most of the
North American basin (2, 3, 4). The
horizon marks an abrupt oceanwide
change in sedimentation and has been
proposed as an important target of
deep-ocean sedimentary drilling (5).
The presence of a similar reflector in
South Atlantic basins has been re-
ported (6, 7), and horizons in the
Pacific Ocean and Caribbean Sea have
been identified as possibly synchron-
ous with the Atlantic horizon A (8, 9).

Recent surveys have defined an out-
crop of horizon A in the North Amer-
ican basin, and sediment cores taken
from the outcrop area have identified
the reflective interface as the top of
a turbidite sequence of Upper Creta-
ceous age. This finding supports earlier
speculation that the horizon is a fossil
abyssal plain; the moderate amount
of distortion of the horizon indicates
that the major Atlantic basins have

The authors are on the staff of Lamont Geo-
logical Observatory, Columbia University, Pali-
sades, New York.

2 DECEMBER 1966

been relatively stable at least through
most of Cenozoic time. We now pre-
sent the seismic data associated with
horizon A and the outcrop area, and
discuss their pertinence to the ques-
tions of stability of the basins, the
possible age of the deepest sediments
below horizon A, and the geologic
history of the oceans.

Horizon A

Horizon A, sometimes referred to
as reflector A, is commonly the strong-
est and most continuous coherent sub-
bottom reflective horizon in the Atlan-
tic Ocean basins. The horizon often
defines the top of a stratified zone in
the sediments, which is identified on
the seismic records as a group of
closely spaced and mutually conform-
able reflectors. This stratification var-
ies both locally and regionally, but one
cannot always be sure to what extent
its appearance on the profile records
may be influenced by the thickness and
nature of the overlying sediments, or
by the type of seismic technique in-

volved. In general the thickness of the

zone of stratified sediments immediate-
ly below the horizon rarely exceeds
500 meters (0.5-second reflection time).

The sediment both above and be-
low the stratified zone is usually acous-
tically transparent and may contain
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several weak reflectors. The transpar-
ent zones are thought to represent
quiescent deposition of pelagic sedi-
ment, or deposits composed only of
very fine particles transported by densi-
ty currents (/0).

Horizon A extends from beneath
the continental rise, eastward across
the Bermuda rise; in some places it
apparently continues to the base of
the mid-Atlantic ridge. It has been
mapped southward from the Kelvin
seamount group to the edge of the
north wall of the Puerto Rico trench.
In some areas, such as the abyssal-
hills province and parts of the Sohm
abyssal plain, the horizon is rendered
difficult to identify by structural de-
formation, shallow burial, or masking
by more recent coarse turbidites.

Its presence in the area east of
longitude 60°W in the Nares basin
is also uncertain; here the Nares abyss-
al plain consists only of fingers ex-
tending eastward from the main plain
to the base of the mid-Atlantic ridge,
and in these fingers of the plain there
is a prominent reflector that closely
resembles horizon A. This reflector has -
not been connected with certainty to the
horizon in the main part of the North
American basin because of the insuf-
ficiency of survey lines, but the con-
nection probably could be made. A
core in the abyssal-hills province near-
by penetrated Upper Cretaceous sedi-
ments (/71), but the relation of this
core to the horizon is unclear.

Generally relatively smooth and
level, horizon A is covered by an aver-
age of 300 to 500 meters of sedi-
ment. In the central area of the North
American basin the horizon has a gen-
tle westerly dip, which may reflect
postdepositional deformation by the
combined effects of uplift in the Ber-
muda rise area and subsidence along
the continental margin—possibly be-
cause of the great thickness of sedi-
ment on the continental rise. The
greatest observed thickness of sediment
overlying the horizon is of the order
of 3.0 to 3.5 kilometers and is rep-
resented by the southern New Eng-
land continental rise and the Blake-
Bahama outer ridges. These ridges
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are wholly sedimentary units deposited
atop the horizon and have no direct
structural relation with the underlying
layers.

The overall relief of the horizon
probably does not exceed 1.5 kilo-
meters; its steepest regional slopes
rarely exceed 1:200, and these are
found only in structurally deformed
areas. In the southern- and eastern-
basin areas and near the outcrop area,
the horizon has somewhat variable re-
gional dips that reflect complex tec-
tonic events—including probably dif-
ferential subsidence caused by the
Blake-Bahama outer ridges, and possi-
ble uplift in the outcrop area.

The great areal extent of horizon A,
its smooth and relatively level char-
acter, and the dense and conformable
stratification of reflectors immediately
beneath it indicate that it is a syn-

Sohmt Abyssal Plain_ and

chronous interface representing an
abrupt change in depositional condi-
tions. The conditions preceding this
change are speculative, but the strati-
fied beds rest on a nearly level sur-
face formed by deposition of older
sediments that have filled in the major
relief of the basement surface. Both
the stratification and horizontality of
the horizon are characteristic of de-
posits attributed to turbidity and flow
mechanisms, for which reason it has
been suggested that it represents an
immense fossil abyssal plain (3). Cer-
tainly its great extent in the ocean
basins must be regarded as indicating
an oceanwide and perhaps a world-
wide event in geologic history. Figure
1 shows several examples of the hori-
zon in profiler sections from various
parts of the North American basin;
the sections are located in Fig. 2.
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Fig. 1. Typical reflection profiles (located in Fig. 2) from the North American basin;
horizon A is indicated in each. Vertical exaggeration, about 25:1.
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Physiography of the Horizon A
Outcrop Area

_ An outcrop of horizon A was first
identified during R.V. Vema’s cruise
18 in 1961. The desirability of dating
the time of deposition of this horizon
gradually increased as subsequent work
showed its importance as a major event
in the history of the ocean basins.
The resultant effort in profiling and
coring has expanded the initial survey
to include some 3500 nautical miles
(6485 km) of track in the study area
(Figs. 2 and 3). The known outcrop
area is centered 55 miles northeast of
San Salvador and covers about 8000
square miles of sea floor.

The exposure area (Fig. 3) appears to
be associated with two broad valleys
that open onto the southwestern cor-
ner of the Hatteras abyssal plain. The
valleys in turn. are closely related
physiographically to a group of recent
and fossil erosional channels near the
south end of the inner Blake-Bahama
ridge. The youngest of these channels,
called Cat Gap by Heezen and
Menard (12), appears to extend along
the base of the Bahama escarpment; it
turns northeastward at about the longi-
tude of San Salvador and then enters
the outcrop area (southern valley)
around the north end of a ridge ex-
tending northeastward from San Salva-
dor, An older channel, probably a
breach in this ridge, is evident ap-
proximately 20 miles south of the
present channel. The northern valley
has a more complex relation with what
appear to be older erosional courses.
The break in the 2400-fathom (4400-
m) curve and the series of small ridges
in the northwestern study area suggest
that a broad channel existed approxi-
mately 60 miles north of Cat Gap.
The isopachs also show a thinning of
the sediments overlying horizon A in
this area, which thinning further sug-
gests the effects of such a channel.
The broad 2400-fathom hill NNE of
San Salvador appears then to be a
remnant of the end of the inner Blake-
Bahama ridge, created by eroding
turbidity currents flowing first through
the northern channel and later through
the southern (Cat Gap) channel. This
erosion has also produced the broad
valleys in the outcrop area.

It is clear that these channels have
been directly related to the exposure
of horizon A. The outcrop is evi-
dent on the seismic profile shown in
Fig. 4 and is thought to be partly the
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result of erosion and nondeposition
probably associated with structural up-
lift. However, the relative importance
of these mechanisms cannot be deter-
mined without further profiling and
coring. The effects of bottom currents
are evident in bottom photographs tak-
en in the eastern outcrop area that
clearly show large linear ripples on
the sea floor.

Two crossings to the south of the
study area show that the outcrop con-
tinues southeastward near the base of
the Bahama escarpment. However,
limited seismic coverage in the south-
ern study area does not permit accu-
rate delineation of the boundary of
the outcrop.

Sediments of the Outcrop Area

Of 30 cores taken in the general
study area and described (73), 25 are
from the apparent surface of the out-
crop. Eight of the 25 have been iden-
tified as Upper Cretaceous in age from
their fossil assemblages of coccoliths
and Foraminifera, and four have been
identified as Lower to Middle Mio-
cene; the remainder are Pleistocene in
age. Seven of the Cretaceous cores
were taken at the stratigraphic level
of horizon A, or slightly below it, and
are of Maestrichtian age; the eighth
was taken from a deeper stratigraphic
level and is Cenomanian. These Creta-
ceous sediments are turbidites de-
posited at a depth not greatly differ-
ent from their present depth in the

outcrop.

" For the following reasons it cannot
be argued that the Cretaceous sedi-
ments in the outcrop area have been
reworked from a Cretaceous source:
(i) Cretaceous forms are present in
. the pelagic clays interbedded with the
turbidites, (ii) there is no contamina-
tion in the Cretaceous sediment by
more recent fossils, and (iii) the Creta-
ceous sediments sampled were in the
normal stratification sequence.

Care was required in the selection
of coring sites (Fig. 3, bottom) be-
cause of a cover of young sediments
too thin to be resolved by the pro-
filer but usually too thick to be pene-
trated by the corer; cores were taken
only where both the seismic profiler
and the depth recorder indicated a
probable exposure. It is evident from
the number of older cores that these
methods are often effective.

Saito and Burckle also have pre-
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Fig. 2. Sources of seismic-reflection profiles (Fig. 1) and the area of the horizon A

outcrop (study area; rectangle).

sented paleontological and lithological
evidence that the outcrop surface is
represented by slightly uplifted Upper
Cretaceous turbidites (7/3). This finding
supports an earlier conclusion based
on similarity of reflections from hori-
zon A to reflections from modern
abyssal plains.

The four Lower to Middle Miocene
cores in the southern outcrop area are
thought to represent a thin cover of
turbidites containing very coarse ma-
terial probably transported from a
southerly source; the absence of Mio-
cene cover to the north may result
from its removal by bottom currents,
facilitated by the probably finer size
of the materials at a greater distance
from the source. This thin Miocene
cover cannot be distinguished on the
profiler records because of insufficient
resolution by the seismic techniques
employed. There is little doubt that
horizon A marks the end of a period
in Late Cretaceous time when exten-
sive turbidity deposition occurred in
the North American basin.

Seismic Profiles in the Outcrop Area

Profiler records along track A-D
(Fig. 3, bottom) appear in Fig. 4, to-
gether with orientation points along
the track. Horizon A is indicated at
a depth of 0.3 second below the

water-sediment interface at the begin-
ning of the profile and at 0.2 sec-
ond at the end; it appears to out-
crop between miles 69 and 228.

The variation in thickness of the
stratified zone (Cretaceous turbidites)
below the horizon in these profiles
is considerably greater than that ob-
served in most of the North Ameri-
can basin, This fact reflects the some-
what greater-than-normal thickness of
the turbidites in the areas between
miles 35 and 93 and 270 and 303;
the thick turbidites lie in a broad de-
pression that extends into the north-
ern valley of the survey area (Fig.
3, top). The shape of this depression
in this valley is approximately out-
lined by the 2800-fathom contour.
The density and intensity of reflectors
in the Cretaceous turbidites diminish
eastward of mile 303 (point D), sug-
gesting that their reflectivity is closely
related to facies changes caused by in-
creasing distance from the source of
sediment. From core V22-16, taken at
mile 133 and containing Cretaceous
(Maestrichtian) turbidites typical of
these cores from the more-stratified
zone in the vicinity of the peak at
mile 77, it is concluded that the sur-
face of the horizon is essentially con-
tinuous with the sea floor in most of
the outcrop area. The usually trans-
parent sediments that lie immediately
above the horizon and below the zone
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of stratification are clearly evident
throughout the profiles.

Reflectors mapped in wide areas of
the Pacific and in the Caribbean Sea

appear to be synchronous with hori-
zon A but are not necessarily at-
tributed to similar despositional proces-
ses; those believed to correspond ap-
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Fig. 3. (Top) Contour map of the area of the horizon A outcrop.
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(Bottom)

Isopach map of the sediment overlying hcrizon A. Isopachs (dashed) represent sedi-
ment thickness in seconds of reflection time. Continuous hachures, horizon A outcrop
surface; broken hachures, the portion of the outcrop that is locally exposed througn a
thin cover of recent sediment; stippled area, an apparent outcrop of horizon g (a re-
flector beneath horizon A); solid diamonds, sources of Cretaceous cores; solid circles,
sources of Miocene cores; P’s, sources cf Pleistocene cores; A—-D and E-G, ship’s

tracks for Figs. 4 and 5, respectively.
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proximately to the Mesozoic-Cenozoic
boundary in the Pacific and Caribbean
separate an upper layer of acoustically
transparent sediment from a deeper
layer that is noticeably more opaque
(8, 9). Unlike the Atlantic horizon A,
the Mesozoic-Cenozoic boundary in the
Pacific appears to be associated only
with change in the kind of sediment
deposited or in the rate of sedimenta-
tion, and does not appear to be re-
lated directly to turbidite deposition.

Sediments below Horizon A

The stippled zone in the central ex-
posure area in Fig. 3 (bottom) repre-
sents a possible outcrop of a strong
reflector that is stratigraphically be-
low horizon A and that is evident on
the profiles in Fig. 4 at miles 110
and  190; to simplify discussion, we
shall refer to this zone of reflectors
as horizon g (8). This prominent ho-
rizon is the top of a stratified zone
similar to but not as strongly reflective
as horizon A. The average thickness
of the stratification is of the order of

.200 to 300 meters. Horizon B appears

less extensive than horizon A, but the
thicker cover of sediment makes its
identification difficult in many areas;
and in some regions it so closely
overlies the basement surface as to be
nearly indistinguishable from it.

Three cores were taken in the ho-
rizon 8 outcrop area but only one of
these recovered older sediment. Core
V22-8 was taken where Cat Gap chan-
nel enters the outcrop area and where
a group of reflectors similar to those
of horizon 3 appear to outcrop; the
cored sediment has been identified as
a Cenomanian turbidite (/3). Section
E-G of the ship’s track along which
the core was taken is shown in Fig.
3 (bottom); the seismic-profiler records
along this section appear in Fig. 5.

If the sediment sampled in fact rep-
resents horizon g, the Late Cretaceous
section must be very thick in this part
of the North American basin. How-
ever, the seismic records indicate that
the outcrop could also represent a
younger sediment similar to but about
300 meters above the true [ surface.
We must point out that the apparent
bascment surface is covered by about
700 meters of sediment in the vicinity
of core V22-8. This sediment accounts
for a considerable period of deposi-
tion before Cenomanian time, but it
is apparent that rates of sedimenta-
tion here have been high and variable.

SCIENCE, VOL. 154



The Basement

The basement surface in the out-
crop area is best identified by the
various peaks and ridges, whose strong
and reverberant reflections suggest that
they represent a locally rough mate-
rial whose acoustical impedance is high
relative to that of the overlying sedi-
ments. However, in much of the out-
crop area the deepest reflector is too
smooth and its reflections are too co-
herent to be those of the usually rough
basement surface; this type of surface
is particularly noteworthy in Fig. 4
between miles 100 and 140.

As our studies of the oceanic areas
by seismic profiler have expanded to
significant coverage, it has become ap-
parent that “smooth basement” areas
are not uncommon in regions substan-
tially removed from ridges, rises, and
other major physiographic units af-
fected by tectonic or volcanic activity.
It is important to establish the nature
of the material below this deep,
smooth reflector designated horizon B
in the Atlantic (7), B’ in the Pacific
(8), and B” in the Caribbean (9). If
it is simply smooth basement (layer
2) and if the basement is igneous,
then we can accept the thickness of
sediment measured by the seismic pro-
filer as the total amount desposited. Al-
ternatively, the smooth basement may
represent an old, high-impedance layer
of sediment whose thickness is suffi-
cient to mask a rough igneous base-
ment. Certainly the acoustic inhomo-
geneities imposed by a variable cover
of high-velocity sediment would be
helpful in explaining the broad range
of  basement-velocity  identifications
(4.5 to 5.5 km/sec). Hamilton (74)
has suggested that a portion of or all
the basement (layer 2) is sedimentary
in origin.

Tectonic Trends

A basement ridge associated with
the southwestern boundary of the thick
zone of turbidites in the northern out-
crop area is represented by the bur-
ied peak at mile 94 in Fig. 4. The
ridge is at least 60 miles long and its
NW-—SE strike is identical with that
of a linear group of exposed and bur-
ied seamounts located approximately
20 miles to the northeast; the peak
at mile 74 (Fig. 4) is one of this
group. It is interesting that the trend
of these features is strikingly similar
to those of other crustal features in
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the North American basin. The New
England seamount group is noteworthy
among these, and recently published
magnetic studies -southeast of the out-
crop area (I/5) show a similar linea-
tion of anomalies. The magnetic data
in the outcrop area are still subject
to review. It is speculated that a rough-
ly NW—SE trend in basement struc-
tures may represent an important crust-
al-fracture pattern in the North Amer-
ican basin. In the outcrop area these
lineations appear to have developed
before the deposition of horizon A.

The amount of uplift in the out-

crop area is difficult to establish. Ho-.

rizons A, 3, and B attain regional top-
ographic highs in the vicinity of the
outcrop, and the dip of the deeper re-
is considerably greater than
that of typical abyssal plains. If one
assumes that horizons g and B repre-
sent abyssal-plain desposits, the total
uplift in the outcrop may be as much
as 700 meters. If one also assumes
that this uplift occurred subsequent

to the deposition of horizon A, a con-
siderable thickness of sediment must
have been eroded from this area. A
single determination of sediment ve-
locity of 2.7 kilometers per second
was made in the outcrop area from
measurements of wide-angle reflection;
this value is high for typical uncon-
solidated deep-ocean sediments and
may partially result from consolida-
tion of the present surface sediments
by a fairly thick overburden that has
been eroded. In any case the varia-
tions in thickness of sediments be-
tween the various reflectors is not a
reliable indication of structural events.
The outcrop of horizon 8 in the cen-
tral outcrop area appears to result
rather from local tectonism, as evi-
denced by its apparent outcropping at
the flank of a buried seamount at
mile 150 in Fig. 4.

" This work has shown that horizon
A is the top of a turbidite sequence
of Upper Cretaceous (Maestrichtian)
age; the shape, extent, and acoustic
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properties of the horizon had previ-
ously indicated that it was a fossil
abyssal plain and the cores have con-
firmed this fact. The Maestrichtian age
of the turbidites and interbedded pe-
lagic lutites is firmly established by
both coccoliths and Foraminifera (I3).
Measurements of shear strength and
analysis of particle size indicate good
contrast in impedance between the
turbidites and the overlying younger
lutite, which indication is consistent
with the observation that horizon A is
a good acoustic reflector (I6). Al-
though the horizon has been sampled
only in the area described in this
paper, it has been mapped by seismic
profiling over most of the deeps of the
North American basin, and its pres-
ence in other Atlantic basins is strongly
suggested by reflectors that are similar
acoustically and physiographically.
Although we can only infer from
this evidence that the other basins
had a similar history, we can definitely
conclude that the North American
basin received a great flood of tur-
bidites near the end of the Mesozoic
era; these produced an abyssal plain
of enormous areal extent, reaching out
well to the east of the longitude of
Bermuda and perhaps to the flank of
the mid-Atlantic ridge. This conclu-
sion is consistent with the fact that
a major marine regression occurred in
Late Cretaceous time. The present con-
tinental rise and Blake-Bahama and
Antilles outer ridges are depositional
features that were built on this an-
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cient plain. There is doubt about the
presence of horizon A in the middle
and lower Sohm abyssal plain (that
is, the southeastern part). If present,
it is probably not far beneath the pres-
ent surface and is difficult to distin-
guish from the modern turbidites that
form the plain.

In the rough abyssal-hill area be-
tween the Sohm and Nares abyssal
plains, the only recorded events that
may relate to horizon A are prominent
reflectors in some of the larger pockets
of sediment. Unless these are uplifted
remnants of the old abyssal plain, we
deduce that this area has always been
sufficiently isolated to be out of reach
of all but locally derived turbidites.
Similar pockets of sediment have been
observed well up on the flank of the
mid-Atlantic ridge.

Both on the ridge flank and in the
deep, rough area, there are thin and
apparently pelagic sediments that of-
ten appear to be divided into an acous-
tically transparent upper part and a
more opaque lower part. Evidence
from the Pacific Ocean (8) indicates
that an interface defined by a similar
change in sedimentary properties cor-
responds approximately to the Meso-
zoic-Cenozoic boundary. Thus pelagic
sediments, periodically carried into
pockets by local turbidity currents, may
appear acoustically as distinct upper
and lower units and be separated by
a distinct reflector. Although admitted-
Iy speculative, this line of thought
merits consideration in view of the

fact that sediment pockets with one
predominant internal reflecting inter-
face are found within 100 miles of
the crest of the mid-Atlantic ridge.
The possibility, however remote, that
this reflector may be synchronous with
horizon A must be considered; only
deep drilling may-provide the answer.

Horizon A has been traced continu-
ously from the outcrop area to a
point near the middle of the Nares
plain. Recent survey by R.V. Conrad
indicates that the outermost fringes of
the WNares plain partially fill long,
linear depressions similar to those as-
sociated with the Vema fracture zone
and others that apparently offset the
axis of the ridge. Although there are
no traverses that permit continuous
tracing of horizon A into these de-
pressions, at least one depression con-
tains a reflector very similar in ap-
pearance to horizon A and lying at
the appropriate depth to be a con-
tinuation of it. The presence of the re-
flector in the depression and the rela-
tively small amount of distortion ob-
served suggest that the structure was
formed before late Upper Cretaceous
time and that little motion has since
occurred along it.

Dating the horizon A sediments as
Upper Cretaceous permits us to make
useful estimates of the age of the
deepest part of the section that is un-
questionably composed of sediments
—the part just above horizon B. Core
V22-8 appears to have sampled sedi-
ment from a level just above reflector
B (Fig. 5), and its age is Cenomanian.
If this evidence is taken at face value,
it indicates a very high rate of sedi-
mentation during Upper Cretaceous
time, from which we may deduce that
none of the sediment above reflector
B is older than Cretaceous. Simple
extrapolation could date reflector B
as the top of the Jurassic, but un-
fortunately core V22-8 comes from
an area obviously characterized by
nonuniform deposition and erosion;
thus the thickness of any layer may
not be a meaningful measure of the
duration of accumulation.

On the western part of the Bermuda
rise, where there is no evidence of
anomalously fast or irregular deposi-
tion or of erosion, the ratio of the
thicknesses of sediments below and
above horizon A is about 2:1 (in
terms of reflection time). If allowance
is made for a reasonable amount of
consolidation of the deeper beds, we
must deduce that there is more than
twice as much Cretaceous and older

SCIENCE, VOL. 154



sedimentary material as there is young-
er than Cretaceous. If the sedimenta-
tion rate remained the same before
and after the deposition of horizon A,
the sediments just above horizon B
must be well over 200 million years
old—corresponding to early Mesozoic
or late Paleozoic age.

As we have mentioned, horizon B
is so smooth and produces such a co-
herent echo pattern that it is difficult
to imagine it as other than the top
of a sedimentary bed. The possibility
that horizon B may well be as old as
Paleozoic raises the question of the
relation of rough-basement to smooth-
basement areas (the latter, horizon B
areas, are those in which the deepest
reflector recorded by the seismic pro-
filer is smooth). If the difference re-
sults simply from one area having
been roughened by intrusive or tec-
tonic activity while the other has re-
mained undisturbed, Paleozoic sedi-
mentary rocks may be the main con-
stituents of layer 2 and may be pres-
ent in essentially all oceanic areas
(/4). Alternatively, one may judge that
old sediments are present only in the
horizon B areas, that they are thick
enough to smooth the relief in an un-
derlying igneous basement, and that
the acoustic impedance and seismic ve-
locities in the old sediments and in the
basement are not significantly different.
A recent survey in the North Ameri-
can basin (I7) has shown that the
smooth basement (horizon B) occurs
west of a line roughly midway be-
tween Bermuda and the continental
margin; the possibility that this line
corresponds to the eastern limit of old
sediments is difficult to ignore, but
quite reasonably one may also con-
sider it as the western limit of active
tectonism or intrusion, perhaps asso-
ciated with formation of the Bermuda
rise.

In view of current active interest
in the spreading-floor model of conti-
nental drift advanced by Hess (I8)
and Dietz (/9), the following observa-
tions or opinions seem appropriate.

1) If we accept a late-Jurassic age
for horizon B, Cenomanian for hori-
zon @3, and Maestrichtian for horizon
A, and if we accept the apparent east-
ern limits of each as representing the
position of the base of the mid-At-
lantic ridge at the time of deposition,
we can plot the rate of expansion of
the North American basin (Fig. 6).
The plot indicates a spreading rate of
about 1 centimeter per annum, and
extrapolation back to zero basin width
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gives an age of about 190 million years
for the earliest deep basin. The initial
break-up of the continents would have
occurred about 60 million years be-
fore this date, if a constant rate of
spreading is assumed. The basin widths
plotted in Fig. 6 are believed to cor-
respond to deep basin floors on which
gravity-transported sediments were de-
posited. At every stage, including the
earliest, the total basin width would
have included the width of the conti-
nental slope and of the flank of the
mid-Atlantic ridge. The shape of the
ridge flank probably would have been
governed primarily by the speed of
the convecting flow, and if the con-
vection has been continuous and steady
the ridge flank would probably have
had a shape and size comparable to its
present shape and size throughout
most of its history. Thus the extrap-
olated time of zero basin width in
Fig. 6 would in fact correspond to
the time when the basin had approxi-
mately its present depth but was still
V-shaped. Further extrapolation along
the curve to account for the width of
the flank of the ridge would give a
time about 250 million years before
present, when the continental blocks
would have been in contact.

Such reasoning clearly can be used
to support the spreading-floor concept
if the assumptions on which it is based
are correct. Neither the eastward limits
of reflectors B and B, nor their ages,
are exactly established. Horizon 8 may
well be older than Cenomanian, and
the eastern limits of both B and g
may extend farther than indicated;
thus the line in Fig. 6 probably can
be considered to represent the maxi-
mum possible rate of expansion, as
movement of the Jurassic or Ceno-
manian points either upward or to the
right would steepen the slope. Even
if we ignore the Jurassic point, which
is certainly the more questionable, the
line could still be valid for continu-
ous spreading since Cenomanian.

As we have mentioned, horizon A
cannot yet be identified in the cen-
tral and southern areas of the Sohm
abyssal plain, but its presence there
is not ruled out; there is rather good
evidence that it does extend entirely
out to the base of the ridge in the
Nares basin and in the northern part
of the Guiana basin. If this suspicion
is confirmed by further survey, we
must face the fact that in these areas
Upper Cretaceous turbidites were car-
ried out essentially as far as modern
turbidites; therefore, the third point in

the graph (Fig. 6) might be shifted
to the right by some 600 to 700 kilo-
meters. Such a change would restrict
post-Cretaceous spreading to the ridge
province.

So far we have assumed that the
sediments at each stage of the depo-
sition flowed out from the North
American continent and covered es-
sentially the entire basin floor that
existed at the time. We should point
out that the observed pattern of east-
ern limits versus age of sediment might
be expected if the width of the basin
had not changed at all.

2) The relatively small amount of
distortion of horizon A is remarkable
if spreading of the sea floor has indeed
transported the basin some 1000 kilo-
meters westward during the 70 million
years since its deposition. Except on
the Bermuda rise, horizon A still re-
sembles reasonably well an abyssal
plain—that is, it is relatively flat and
smooth and in most places composed
of several closely spaced reflecting in-
terfaces having acoustic properties
similar to those of the modern abyss-
al plains.

3) The fact that the seismic profiler
has recorded no sediments in a strip
100 to 150 miles wide in the crestal
area, during many crossings of the
mid-Atlantic ridge, may be evidence of
recent spreading, although it is possi-
ble that the sediments have been bur-
ied by lava rather than been carried
away by a spreading crust. The re-
mainder of the flank area shows little
indication that one part of it has been
receiving sediments longer than an-
other part. Therefore, if the sediment
thickness is a proper measure of. the
elapsed time since a segment of ridge
flank was generated at the crest, the
process—such as convective spreading
—does not appear to persist at a steady
rate; rather, there seems to have been
a long period of quiescence during ac-
cumulation of the flank sediments, be-
fore a recent period of activity. The
observation that the thermal gradient
is high only in a narrow strip along
the crest of the mid-Atlantic ridge
also poses serious objections to a long-
sustained convective flow (20); the ob-
jections would be less serious if the
convection had been stopped for a long
time and only recently resumed.

It seems possible, therefore, that a
recent resumption of convection, after
a period of quiescence extending back
possibly to the end of Cretaceous time,
can explain the sediment distribution,
the pattern of heat flow, and the pat-
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tern of magnetic anomalies (27), but
there is serious conflict between re-
cent convective spreading and the re-
covery of Miocene fossils from the
rift valley unless we allow the possi-
bility that “patches of older sediment
were left behind in the crestal area
rather than being completely swept
away from the axis” (/7).

4) Some of the larger pockets of
sediment on the flank of the mid-
Atlantic ridge contain a very promi-
nent internal reflector, raising the pos-
sibility that these are uplifted horizon-
A areas. Alternatively, if these pock-
ets contain only pelagic sediments that
have been ponded by local turbidity
flows, there is still the possibility that
the prominent reflector is synchronous
with horizon A and that there is a dis-
tinct change in the acoustic proper-
ties of the sediments at about the
Mesozoic-Cenozoic boundary as was re-
ported for the Pacific sediments (8).

Although we have no direct infor-
mation about the composition or age
of this reflector, it is mentioned be-
cause, if it should prove to be up-
lifted horizon A or a deposit synchro-
nous with this horizon, its presence as
close to the crest as 100 miles would
impose serious restrictions on the
amount of permissible spreading of
the sea floor during the Cenozoic.
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Diversity

More diversity in our science, our patterns of living,
and our education would enrich us all.

I celebrate diversity. Our research,
our lives, our goals, our pursuit of
excellence are all too homogeneous.
La Rochefoucauld writes: “God has
put as differing talents in man as
trees in Nature: and each talent, like
each tree, has its own special charac-
ter and aspect. . The finest pear
tree in the world cannot produce the
most -ordinary apple, and the most
splendid talent cannot duplicate the
effect of the homeliest skill.”

I think he means that other men
are not like him in being able to pro-
duce maxims of this kind. But what
he says is true. How many of us have
gotten D’s and F’s in apple-tree
courses simply because the teacher
was too narrow to see that we had
to be nurtured as pear trees? Prog-
ress would be faster and life would
be more interesting if we pursued more
diverse goals, goals of excellence to
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be sure, but goals of our own, differ-
ent from what everybody else is pur-
suing—and if we tolerated and en-
couraged the same sort of individual-
ity in others. I want life to be vari-
ous. I want to see around me not
only apple trees but pear trees, not
only fruit trees but slow-growing oaks
and evergreen pines and rosebushes
and bitter but salubrious herbs and
casual dandelions and good old spread-
out grass. Let us be different, and
enjoy the differences!

The Scientific Bandwagon

Nowhere are we as diverse as we
might be. Science and technology to-
day encompass thousands of speciali-
zations, yet it is easy to see that the
specialists are probably overconcentrat-
ing on certain subjects while other sub-
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jects, of equal interest and importance
and ripeness for development, are al-
most entirely neglected. A short time
ago it was announced that there were
over 400 government and industrial
contracts and projects for studying the
new device known as the optical laser,
which is able to produce a peculiarly
coherent and brilliant beam of light.
Now this is an interesting field, but—
400 projects! This represents several
thousand scientists and engineers who
have jumped, or been pushed, onto
this bandwagon in the 5 years since
the laser was invented. The motorcar
was developed with less than 40 manu-
facturing and development teams, and
the whole field of atomic spectroscopy
was developed in perhaps no more
than 40 research laboratories. One
cannot help wondering whether every-
thing important to discover in the field
of lasers might not have been dis-
covered just as fast with only 40 proj-
ects, with the other 360 groups doing
something less repetitious. One sus-
pects that many of the 400 projects
might not have been started if their
leaders had known in advance—be-
fore they got their grant money and
could not back out—that they would
be competing with 399 others.
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rector of the Mental Health Research Institute
of the University of Michigan, Ann Arbor.
This article is adapted from a lecture presented
at the 1966 Liberal Arts Conference at the
University of Chicago and will be published in
full in the Conference volume, What Knowledge
Is Most Worth Having?
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