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ésA study of sediments from the FAMOUS area near 3d§50L N lati- ‘\\\//

o

tude on the Mid-Atlantic Ridge reveals a great range of physical, chem-
ical, and biological parameters over a small area of the sea floor.
Inside the rift valley, sediment cover patterns reflect asymmet-
rical spreading rates and general transport of sediments from topo-
graphic highs to low areas. A clear relationship between grain size
and depth can be described by a simple linear function, with pro-
gressively finer sediments found at greater depths. The primary mech-
anism responsible for this distribution is thought to be gentle gravity

transport of finer sediment fractions which are resuspended by bio-

turbation. Episodic processes, such as slumping, are believed to be

less important to observed grain-size patterns than this slow but

continuous process. Bottom currents are also active in the rift val- |
ley, but their primary effect is the localized formation of transient
ripple and scour features. i

The Ca09§\content is anomalously low in rift valley sediments,

probably because of dilution of calcareous sediments by volcanic debris.

The high clay content in rift valley sediments suggests that this com- ,

ponent is mainly very fine-grained. |
An examination of benthic foraminifera in the FAMOUS sediments

reveals surprisingly high variability. Porcelaneous forms, particularly

Spiroloculina, area especially prominent at the rift axis. A highly

localized concentration of Rupertia near Fracture Zone A may possibly

be related to a hydrothermal circulation system.
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INTRODUCT LON

Project FAMOUS was an intensive study of the axial area of the
Mid-Atlantic Ridge between 36°30' and 37° N latitudes (Heirtzler and
van Andel, 1977). The study culminated in 1974 with a series of
manned submersible dives in the inner rift valley, using the highly
sophisticated DSRV Alvin (Ballard and van Ardel, 1977a). By util-
izing a variety of newly-developed navigational, bathymetric, photo-
graphic, and sampling techniques, Project FAMOUS achieved a previously-
unknown degree of resolution of deep-sea data. One of the benefits
was the first opportunity to study on a fine scale the local and rve-
gional sedimentary environments associated with a mid-ocean rife,
This study, based on analysis of all available samples from the region,
is aimed at understanding the details of sediment distribution and

sedimentation processes on new oceanic crust in the FAMOUS area.

Location and geologic setting of samples

Sediments sampled at three ditfferent scales were available. Qver
the region surrounding the Mid-Atlantic Ridge between 269 and 459 N,
the RV Vema collected over forty samples (Fig. 1). The area includes
several thousand kilometers of the African=North American plate
boundary, which trends north-northeast and is offset by numervous cast-
west trending fracture zones.

The FAMOUS area, located about 400 km southwest of the Asores,
was sampled by the RV Knorr in 1973 in the general vicinity of
Fracture Zones A and B (Fig. 2). This portion of the Mid-Atlantic

Ridge axis is characterized by a well-developed rift valley-rift




Figure 1. Location of samples collected by RV Vema in eastern North
Atlantic, showing relation to FAMOUS area (small box in

center).
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Figure 2. Location of samples collected by RV Knorr in FAMOUS area,
showing Alvin dive areas (dotted boxes). (From Heirtzler

and van Andel, 1977.) FZ: fracture zone.
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mountain system whici is offset by short (~20 km) fracture zones
which are not quite orthogonal to the spreading axis (Macdonald et
al., 1975). The ridge rises 1000 m above the surrounding sea floor
and contains distinct provinces of varied and rugged terrain.

A small segment of the inner rift valley around 36°50' N lat.
was investigated by the submersible Alvin, collecting samples from
about twenty-five acoustically-positioned stations (Fig. 3). Volcanic
activity and tectonic processcs are reflected in the complex morphol-
ogy of the inner valley (Ballard and van Andel, 1977b). The inner
floor is about 2 km wide and asymmetric, with its west wall consid-
erably steeper than the east wall (Fig. 3). Major topographic fea-
tures comprise a central volcanic high, flanking marginal depressions,
marginal highs, and the valley walls (Macdonald et al., 1975). Sedi-
ments are thin (up to a few meters) throughout the inner rift valley,
and around the volcanic axis much of the new crust is totally ex-

posed.




Figure 3.

Inner rift valley topography with Alvin sediment sample
stations marked by large dots. Dashed line represents
inferred rift axis. (From Bryan and Moore, 1977.) Bathy-
metric contours (after Ballard and van Andel, 1977b) in

meters.







GENERAL DISTRIBUTION OF SEDIMENTS INSIDE THE RIFT VALLEY

A detailed map of sediment cover inside the rift valley was con-
structed in order to study relationships to physical and tectonic
parameters.

The data for the map come from about 5000 bottom photographs
taken by the U.S. Navy's LIBEC (Light BEhind Camera) system (sce
Brundage and Cherkis, 1975). The surface-towed unit includes a
70 mm camera with a scawater focal length of 40.4 mm. With distance
off the bottom averaging 10-15 m, each photograph covers an area
approximately 22 m across. Coverage along a given track is contin-
uous, with successive photographs overlapping.

For each photograph, the percentage of the area covered by sedi-
ment was determined by point-counting, using a variable grid, depend-
ing on the coarseness of sediment distribution patterns. After about
500 photographs were analyzed in this manner, it was sometimes possi-
ble to estimate sediment cover directly with frequent checks by
point-counting.

The coverage data were plotted along camera tracks and then
contoured to produce a map of sediment cover for the inner rift valley
between 36°%48' N and 36°50' N (Fig. 4).

The map has several limitations:

1)Photographs were frequently of poor quality, espe fally along
some of the earlier tracks, which made it difficult or impossible to
estimate sediment cover. Nevertheless, more than 3700 data points

within this small area (about 9 km2) are of satisfactory quality.
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Figure 4. General pattern of sediment cover {n the {noner vlte valley
(in percent of area per photo), based on LIREC photo coveragpe.
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2)I1t is difficult to evaluate the accuracy of the method used
to estimate the percentage of sediment cover. The estimates, however,
are consistent, having all been made by the same person. Thus, there
is a high degree of confidence in relative percentages, which are
the most useful for this study.

3)Data on sediment thickness are sparse, but appear to vary from
zero to a few meters within the valley. For thin sediments on irreg-
ular basalt terrain, however, the amount of coverage is a fairly
good reflection of thickness.

Since the age of the terrain increases laterally away from the
spreading axis, a sediment cover of increasing continuity and thick-
ness must be expected. Such a pattern is indeed observed (Fig. 4)
and, corresponding to a marked asymmetry in spreading rate (1.0 cm/yr
west and 1.35 cm/yr east; Ramberg and van Andel, 1977), the most
cont inuous cover occurs at the foot of the west wall on oldest crust.

The newly extruded oceanic basalt, nearly entirely in the form
of pillow basalts, has a pronounced microrelief on several scales,
ranging from a few hundred meters for individual volcanoes to several
meters for portions of a flow on the scale of the individual LIBEC
photos. Thus, complete blanketing with sediments will be achieved
on this scale only with several meters of sediment. A pelagic sedi-
mentation rate of about 2.9 cm/103 yr has been inferred for an un-
disturbed core in the rift valley (Nozaki et al.,1977), a value in
good agreement with a general estimate for the Neogene of 1-3 cm/103
yr (Berger and von Rad, 1972). This would imply an undisturbed thick-

ness of about 3.5 m at the castern margin of the rift valley and 5.1 m
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at the base of the west wall, using crustal ages from Ballard and
van Andel (1977b), or a nearly complete cover of normal pillow basalt
microrelief.

Even on or near the rift axis, the sediment cover is, at times,

complete on the scale of one or more LIBEC photos, implying a thick-
ness of several meters. This is the result of erosion and redeposi-
tion.

In general, sediment is transported from relative topographic
highs to surrounding low areas. On the scale of the entire rift
valley, the results of transport are deviations from the simple age
relations discussed above. These can best be seen along the central
volcanic zone (Fig. 4). Two prominent areas of negligible sediment
cover correspond to Mt. Venus and Mt. Pluto, two volcanic highs. The
low-lying region between thewm, which is approximately the same age,

is much more heavily sedimented as a result of downhill transport.

The mechanisms controlling sediment redistribution are discussed in g

more detail below. L

i

The anomalously sparse sediment zone along the west wall mostly 3
represents talus slopes (for this study, talus was not included with

sediments) where talus accumulation rates exceed those of pelagic

sediment. They are nearly ubiquitous along the steep west wall, but

> S

less common along the more gently sloping east wall of the rift \

valley. |
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SEDIMENT TEXTURE

Sediment analyses were carried out on all samples shown on Figs.

I-3 at the sediment laboratory of the School of Oceanography, Oregon

State University. After splitting the samples into sand (>63 microns),

silt (63-4 microns), and clay (<4 microns) fractions, grain-size dis-
tributions were determined with the automated system described by
Thiede et al. (1976). Calcium carbonate content was determined with
a LECO carbon analyser.

The sediments are calcareous fossiliferous ocozes. The finer
fractions appear to be composed largely of coccoliths and small
planktonic foraminifera, as well as fragments of larger individuals.
The sand fraction was examined under a wmicrvoscope and found to com-
prise the following three major components:

1)Biogenic--approximately 90-992% of each sample consists of

planktonic foraminifera. Common species identified are Globigerina

suta, G. inflata, G. scitula, G. truncatulinoides, and Orbulina uni-
versa, in addition to unidentified species of Globoquadrina, Hasti-
gerina, and Neoglobogquadrina. Less than 13 of each foraminiteral
assemblage is composed of benthic species, which are generally
slightly larger than most of the planktonic individuals. Other bio-

genic components include small, but varying, percentages of rvadio-

laria, sponge spicules, ptervopods, ostracods, and tiny mollusca.

et
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In some arcas of the fnner rift valley, dense patches of ptero-
pod debris are observed to form fluffy, nearly neutrally-buoyant
deposits which appear to "float" above the other sediments. These
deposits are not seen in the cores because they tend to disperse so
easily when disturbed. The pteropod shells are commonly stained
strongly with Mu-hydroxides and will, in part, be much older than the
underlying sediments, because it is likely that the rain of pelagic
material easily passes through the pteropod layer. The deposits ap-
pear to be exceptions to normal grain-size-related processes of sedi-
mentation, mixing, and transport.

2)Volcanic-=close to the rift axis, volcanic debris is very
common, comprising a few percent of some samples. Dark pumice frag-
ments up to 0.5 cm across, and clear to smoky glass shards, perhaps
spalled off cooling basalt crust, are included in the sand fraction.

JHydrothermal alteration products--a purplish manganese stain
frequently coats sediment components, and is especially evident on
larger biogenic grains and volcanic ash close to the rift axis. The
pumice fragments often take on a bright yvellow to red tint as a re-

sult of these alterations.

Relations to topography

The grain size of the sediments can be expected to be a function
of the size of the various components available, modified by selective
transport after reaching the sea floor, and by dissolution of car-
bonate. A clear indfcation of the relation between size and arvea of

deposition can be seen in the dependence of the sand-size fraction

’ ot
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on depth in the three regions of study, the inner rift valley, the
general FAMOUS area, and the eastern North Atlantic.

It is obvious from Table 1 that, within the inner rift valley,
with samples ranging in depth from 2526 m to 2750 m, there is no cor-
relation between percent sand and depth (R = -0.04). Direct obser-
vations from Alvin, however, indicate ongoing small-scale sediment
transport by several mechanisms, as discussed below. Average grain-
size values for this area fit very well with regional trends observed
below.

In the FAMOUS area as a whole, within a depth range of 1967 m
to 3165 m, the sand fraction clearly decreases with depth (R = -0.82).
The best-fit linear regression function is

S = -0.05 (D) + 164.52

where S = percent sand, and D = depth in meters. This simple model

serves very well to predict grain-size distribution on this inter-

|
|

P

mediate scale (Fig. 5).

Poes A

In the eastern North Atlantic area, sampled from 1033 m to 5596 m,
; the model is once again inapplicable. There is a significant corre-

; lation between depth and percent sand (R = -0.57), but the relation-

— gy

ship may not be linear, and there is a much wider scatter of data.

The value of R is probably inflated by the inclusion in the data of
several deep samples with very low sand content. Since these samples '
lie below the calcite compensation depth (CCD) (Berger and Winterer,
1974), reduction of average grain size through dissolution is super-

imposed on the physical processes of sediment transport,




1?7

TABLE 1

Correlation of sand percentage with depth of deposition. R is least

squares correlation coefficient for depth versus percent sand-sized

material.

Region R
inner rift valley -0.04
FAMOUS area -0.82
eastern North Atlantic -0.57

e
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Figure 5. Relation of grain size to topography in FAMOUS area, showing

linear decrease in coarse fraction (>63 microns) with in-
creasing depth.
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The observed correlations between topography and grain size,
in conjunction with evidence collected during submersible dives and
from LIBEC photos, suggest that several mechanisms are responsible
for sediment distribution patterns. The dominant trend appears to
be transport of finer sediment fractions from relative topographic
highs and redeposition in lower areas. The data above, which sug-
gest this preferential movement of silt- and clay-sized material
downslope, are abundantly supported by observations from Alvin.

It is clear from past work that redeposition of deep-sea sedi-
ments occurs on a regional scale (Ericson et al., 1955, 1961).
Studies in the Panama Basin demonstrated that winnowing of finer
material from ridge crests and redeposition in basin deeps, and lat-
eral transport by tidal currents are important in determining sedi-
ment distribution patterns (Moore et al., 1973; van Andel, 1973).
DSDP results from the eastern North Atlantic indicate that redepo-
sition plays a major role in the initial formation of pelagic lime-
stones and cherts (Berger and von Rad, 1972). A study of ponded sedi-
ments on the flanks of the Mid-Atlantic Ridge suggested that turbidity
currents rebounding from valley walls are responsible for significant
sediment transport (van Andel and Komar, 1969).

Inside the rift valley, however, there is no evidence that
turbidity currents are significant in redepositing pelagic sediments
(Tj.H. van Andel, personal communication), probably because too lit-
tle sediment has accumulated as yet on the new crust. Instead,
observations from Alvin indicate that bioturbation and gentle grav-
ity transport of resuspended material continuously rework the sedi-

ments in association with bottom currents.
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The importance of these relatively subtle, non-episodic pro-
cesses of sediment redistribution has been postulated for abyssal
hills regions by Berger and Piper (1972), who, however, considered
mass slumping more important in areas of great relief. In the FAMOUS
area, however, where slumping was seen especially on steeper slopes,
thé Alvin data strongly indicate that benthic stirring plays a much
larger role than previously recognized.

The abundance and distribution of faunal trails and burrows
indicate that the upper few centimeters of sediment are continually
being reworked. Evidence for benthic faunal activity is widespread
and varied. Observers noted tracks, trails, mounds, and burrows in
large numbers throughout the inner rift valley (see Ballard and Moore,
1977, pp. 31, 103 for pictures of animal tracks). Commonly noted al-
so were small avalanches which could easily be caused by organisms
burrowing on sedimented slopes. Holothurians were frequently sighted,
often in large groups, but in general the creatures responsible for
stirring up the sediments were themselves not seen.

During the reworking frocess, some of the sediment is resuspended
and becomes subject to downhill transport in that state. In a few
cases, Alvin divers actually observed clouds of very fine suspended
material lying immediately above the bottom and travelling very slowly
down gentle slopes. Thus, the finer sediment fractions are carried
in suspension by gravity for short distances before being redeposited
at slightly greater depths. The grain-size data tend to support this

model, which would likely result in differential redeposition, with

PR p—




tiner sediment fractions more casily resuspended, and thus transported
further downslope.

This mechanism 18 minor compared to a mass slump or turbidity
current, but the iwmpact is large because it {s a ubiquitous, long-term
process.  Although an undeniable contribution is made by sudden mass
movements (for example, slope failure trigpered by micro-carthquakes),
it is dmportant not to underestimate the long-term etffects of redepo-
sition through the more subtle agents of bioturbation.

In addition to a net downslope movement, this mechanism tends
to partition the sediment into coarser and finer fractions, helping
to explain the observed grain-size distribution. The gentle nature
of transport accounts for the bias toward sandier, less readily
suspended, material on high areas, since these sediments would have
the longest residence time betore being redeposited downslope.

Since gravitational redeposition is known to occur at many
scales, the result (progressive fining of sediments with increasing
depth) should be expressed at several scales. In the present study,
prain-size data clearly define this relation at only one scale.  This
raises an ifmportant problem for deep-sea sediment studies in generval,
that of appropriate sample spacing for the arvea and processes under
fnvestigation.

For the eastern North Atlantic data, regional trends are some-
what visible, but the samples are too few and cover too large an
arca to display cohervent patterns., Also, this set of data includes
samples from below the CCD, which may modify linecar patterns in

grain-size trends.
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Instde the ritt valley, with relfef varyving tens of meters over
distances of tens of meters, samples would have to be correspond-
fuply closely-spaced in order to sce the effects of small-scale
transport processes,  Furthermorve, the vertical range is too limited
(only about 200 wm) to see the regfonal trend which becomes apparent
only when the rift valley data are included with other FAMOUS area
samples.  1f intormation from cores were not supplemented by detailed
photo coverage and divect observation from Alvin, it would not be
possible to document rvedeposition processes operating on the smallest
scale within the valley, Submersible and photo evidence show that a
striking range of physical and tectonic settings may occupy even a
very small region of the sea floor. Accordingly, the sample spacing

necessary to resolve details is of the order of meters.

Relations to  currents inside the ritt valley

Near-bottom currents in the fnner ritt valley are also respons-
ible for some sediment vedeposition. It has lonpg been known that
deep currents ave strong cnouph to cause substantial movement of
sediments (for example, Heeren and Hollister, 1964). More recently,
they have been well documented at two sites fn the vift valley, where
they averaged 2.6 and 8.2 em/sece (Keller et al., 1975). The flow
within the valley is thought to depend heavily on tidal currents,
locally intfluenced by topography.

Since currents are constrafned within the walls of the valley,

the predominant flow divection tends to parallel the north-northeast




(about 022°) trend of the axis (Keller et al., 1975). On a regional
scale, the expected result might be a thickening of sediments along
this trend or higher concentrations of the finer sediments carried
by the currents. Indeed, just beyond the ends of the rift valley,
large sediment ponds have formed in the deeps at the junctures of
rift valley segments and transforms (Tj.H. van Andel, personal com-
munication).

No such patterns are observed inside the valley, for several
possible reasons, including: 1l)unidirectional flow to the northeast
is observed only in the axial zone of the valley, whereas the flow
consistently reverses along valley margins, under the influence of
the semi-diurnal tides (Keller et al., 1975); 2)in the area of uni-
directional flow, transport of sediments by currents is superimposed
on the dominant trend of downslope movement discussed above, which
apparently dictates regional distributions; 3)the irregular topo-
graphy on the smallest scales results in numerous closed basins.

On the basis of observations from Alvin, however, there is ample
evidence that bottom currénts have a significant local effect on
sediment transport. On many dives, observers noted ripple marks,
generally about 2 to 5 cm high, with wavelengths of about 5 to 8 cm
(Ballard and Moore, 1977, p. 61). There was no consistent orienta-
tion to these lineations throughout the rift valley, probably because
of the effects of extreme topographic variability on local current
direction. Observers also noted that ripples appear to be quickly
obliterated by bioturbation, and so are transient phenomena whose ab-

sence does not necessarily indicate all absence of current activity.




More direct evidence for bottom currents was gleaned from the

dives, with Alvin's current meters registering occasional speeds of

several cm/sec. In addition, clouds of suspended sediment (some-

times generated by an Alvin touchdown) were often seen moving past |

the submersible while it was stationary. |
On the smallest scale, currents have the most marked effect,

frequently scouring small troughs beside individual basalt pillows.

On one dive, observers noted depressions of this sort up to 30 cm ‘

deep around pillows.

l

|
Relations to rift axis

One additional trend in sediment size distribution is a pro-

{
gressive decrease in average grain size toward the rift axis. When |
data points are grouped according to distance from the volcanic axis, |
there is a distinct pattern (Table I1). 1In light of possible associ-
ations with depth changes, projected sand percentages were calculated |
from the linear regression function presented above, using average
depths of each group as the independent variable. The results strongly i
indicate that the observed trend is solely a function of depth

(Table 11).

Grain size modes

A more detailed textural analysis of the sediments was undertaken
in the hope of further differentiating among distinct grain size cat-
epories. Following the methods discussed in detail by van Andel

(1973), size frequency curves of sand and silt fractions of all sam-

~“4~M




TABLE 11
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Grain-size distribution in relation to rift axis.

Location of points

outside rift valley

inside rift valley
>250 m from rift
<250 m from rift

virtually on axis
(outside dive area)

Avg.
Depth

2335

2655 m

2645 m

3063 m

Avg. %
Sand Silt Clay

46 18 36

36 20 44

28 22 50

10 27 63

Predicted
% Sand

48

32

32

11

T
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ples were analyzed using a DuPont 310 curve resolver at Oregon State

University. The curve resolver permits the breakdown of the original )

size frequency distribution of a sample into modes, specifying their 'i V\N 4
height, width, and position. The technique can be useful if major
modes appear consistently in enough samples to determine patterns
of distribution for an area.
For the sand fraction, five possible modes were recognized:
A -- broad, minor mode centered at about 1.0 phi

B -- distinct mode between 1.8 and 2.4 phi

C —- less well-defined mode from 2.5 to 3.4 phi
D —- distinct, narrow peak from 3.4 to 3.8 phi
E —— major mode from 3.8 to 4.2 phi

When percentages of area under the frequency curve are mapped
for each of these modes, the patterns are not very revealing (Fig. 6)1
Mode B appears to be concentrated in the eastern half of the rift v
valley, while Mode D is found primarily in one restricted area near
the west wall. Modes A, C, and E are distributed irregularly through-

; out the valley, with no apparent relation to topography.

! When samples within the rift valley are compared to those out-
side, some rift valley samples have a large contribution from Mode A,
a mode virtually absent outside the rift valley, at both greater and
lesser depths. It might be expected that this coarsest mode is com-
posed of the larger volcanically-devived fragments of ash and glass
associated with the rift axis, but its distribution within the valley

does not support this idea (Fig. 6). On the other hand, a visual

inspection of the samples near the valley margins in which this coarse
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Figure 6. Distribution of sand modes A through E on inner rift valley
floor. Contours mark the percent of the sand fraction
represented by each mode.
rift axis.

Dashed line shows position of
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material is the dominant mode revealed a high concentration of tiny
basalt fragments, probably broken off from talus piles near the walls.
It seems likely, then, that Mode A actually comprises two unrelated
classes of material: volcanic ash (concentrated near Mt. Venus)

and fine basalt rubble (found primarily at the base of the steep

west wall).  The finer modes, on the other hand, are mainly composed
ot small individuals or tragments of foraminifera species making up
coarser modes.

The silt fraction contains, in most samples, two basic size
components: a major peak centered around 7.3 phi and a broad, minor
"mode" around 5.3 phi. The ratio of the areas under the two peaks
(fine/coarse) appears to be dependent to some degree on depth. For
the entire FAMOUS area, the correlation coefficient for depth vs.
this ratio is R = 0.53. (For FAMOUS-area samples outside the rift
valley, plus one average value for inside the valley, R = 0.79).

This means that the finer component is found preferentially at greater
depths, and that the components of the silt fraction follow the al-
ready-established regional patterns of sediment distribution. Within

the vift valley, R = -0.31, but, as was demonstrated earlier, the

sample spacing may lead to misleading conclusions about small-scale
processes.

In summary, then, while a detailed textural analysis yields a
few interesting observations, it is probably not well-suited to this
region, which is very different from the marginal basins where it has

been successfully employed in the past (van Andel, 1973; Thiede, 1977).




(ACOJ CONTENT OF SEDIMENTS

The CaCO3 content of the sediments was examined at the same
three scales as prain-size patterns to determine any regional trends.
Within the rift valley, no correlations were evident between CaCO3
content and depth, distance from the rift axis, grain size, or depth
in the core up to 1 m. Furthermore, in the entive FAMOUS area,
CaCO03 content is fairly constant (around 80-85%), with a slight de-
crease (to 70-75%) below 3000 m. The samples from the rift valley,
which are at an intermediate depth for the area, are as a group anom-
alously low in CnC03. averaging about 15T lower than the other sed-
iments in the FAMOUS area (Fig. 7). Finally, in the eastern North
Atlantic cores, (‘..\(‘.03 content averages about 80-85% down to about
4500 m. Below this depth, values decrease sharply, to near zero be-
low 5400 m.

The decreasing values in the deeper sediments are expected, be-

cause the CCD in the central Atlantic lies near 5S000 m (Berger and

von Rad, 1972). In the intermediate-depth ritt valley sawples, how-

ever, the low CaCOy content is obviously not a result of approaching

the CCD.  The two most likely coxplanations are Daccelerated dis-

solution of calcareous material as a result of chemical changes in- o

duced by volcanic activity, or 2)physical dilution of calcareous .

sediments by non-calcareous volcanic components. f
The first explanation implies that the addition of volcanic gases ;

would change the alkalinity of the water, and dissolve more CaCOj3.

There is no supporting evidence for this, and the coarser sediment




Figure 7. Relation of CaCO, content to depth. Note anomalously low
values for inner rift valley sediments (R), when compared
to other FAMOUS area samples (X).
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fractions show no signs of dissolution. This suggests that in-
creased dissolution, if it occurs, does not play a major role.

The dilution of calcareous sediments by volcanic debris is
easily confirmed by examining the coarse fraction. All sediments
studied from the rift valley contain some volcanic material, prin-
cipally large fragments of ash. However, substantially higher con-
centrations of volcanic debris in the sand fraction, observed in the

vicinity of the rift axis, are not in conjunction with low CaCO

3

values.

Possibly, a substantial amount of the volcanically-derived mat-
erial is clay-sized and cannot be detected visually. 1If this were
true, one would expect that rift valley sediments would have a
larger clay-size Iraction than sediments outside the area at com-
parable depths. The calculated average values for the clay-size
fraction are 46% for sediments inside the rift valley, and 36% for
sediments in the same depth range away from the rift valley. Since
the two regions are presumably receiving similar pelagic influx, and
topographic effects are minimized, the 10% difference may represent
volcanic material produced inside the rift valley. This increase in
non-calcareous sediment, which is fine enough to be transported

throughout the valley, could easily account for the lower CaCOy values.




BENTHIC FORAMINIFERA

The use of benthic foraminifera in local envirommental studies
is usually confined to continental margins. For these areas, depth,
temperature, and salinity relations are clearly established. In the
deep ocean, benthic foraminiferal assemblages tend to be obscured
in planktonic-rich sediments, and are therefore more difficult to
study.

The sediments from the FAMOUS area present a unique opportunity
to examine faunal distributions on a small scale. Representative
benthic foraminiferal populations were extracted from the largely
planktonic assemblages, in an effort to examine distributions in an
area which is dramatically different from most of the ocean floor.
Samples were selected from a traverse across the FAMOUS region, in
order to determine how local variations reflect an environment which
is geologically active, and thus highly changeable over both short
times and short distances.

With pelagic sediments accumulating at a rate approximating
3 cm/lO3 yr (Nozaki et al., 1977) and extensive and constant bio-
turbation, the benthic foraminiferal populations are highly diluted
by planktonic material. In addition, admixing of older assemblages
up into younger by organisms is fairly complete for the upper few
centimeters of sediment (Berger and Heath, 1968). A time-dependent
mixing model predicts a mixing rate, D, of 102-103 cm2/103 yr for

surficial deep-sea sediments (Guinasso and Schink, 1975).
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The analysis of one undisturbed core in the rift valley showed
an 8-cm-deep mixed layer with nearly constant 14¢ dates of 2400 yr.
The mixing rate was calculated to be 189 cmz/IO3 yr. A nearby core
which had been physically disrupted had an age range from 13,000 yr
at the top to about 18,000 yr at 15-17 cm depth (Nozaki et al., 1977).
Clearly, then, the samples used for the present study contain mixed
assemblages reflecting several thousand years of history. Unless
there have been significant shifts in environment (for example, in-
creased episodes of volcanism), for which there is no evidence, this
uncertainty appears unimportant.

Ten samples were selected for determining benthic foraminiferal
populations: six from the floor of the inner rift valley (Fig. 8),
two from areas along adjacent fracture zones shallower than the rift,
and two in the fracture zones in water deeper than the rift valley
(Fig. 9). 1In all cases, the fraction larger than 63 microns was ex-
amined, except for station 31-118, where a sand fraction larger than
149 microns was available. Because most speciments observed in all
samples were in the range larger than 149 microns anyway, this dis-
crepancy should have little effect on results.

The sediments are composed largely of planktonic foraminitera;
the benthic populations generally comprise less than 1%. In a study

where hundreds of foraminifera might be examined without yielding a

single benthic individual, a strictly quantitative approach was deemed

impractical. For each sample, approximately 1200 (f 200) foraminifera

were looked at, and all specimens of benthic species were removed;

generally only 20-30 benthic specimens were found in each sample.




Figure 8. Position of rift valley samples used in benthic foraminifera
study. Field numbers are: 1)529-2/3, 2)519-1, 3)529-4,
4)529-5, 5)518-1, 6)526-4.







39

e 9. Position of samples associated with Fracture Zones A and B,

Figur
used in foraminifera study.
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These were identified to genus or species level with the help
of Bandy and Rodolfo (1964), Barker (1960), Cushman (1931), Douglas
(1973), Parker (1964), and J.C. Ingle (personal communication).

The results are somewhat limited because: 1)some samples are
so small (e.g., 529-2/3) as to yield a minute benthic population, which
cannot adequately represent numbers or diversity; 2)even in larger
samples, benthic populations tend to be very small and erratically
distributed within the sample; 3)biases result from differences in
mean grain size due to selective transport. The samples with the
coarsest sand fractions yielded the highest abundance and diversity,
partly because benthic foraminifera tend to be among the larger indi-
viduals in a dominantly planktonic assemblage, and partly because
larger foraminifera are much easier to sort and recognize. The genera
observed, however, tend to overlap convincingly in all samples, ir-
respective of grain size, suggesting that size may be of minimal
importance.

Given these limitations, the data show some surprisingly strik-

ing patterns in types and numbers of genera present. Brief station

summaries may be found in the Appendix.
There are some general differences among the benthic foramin- i
iferal assemblages of each of the three major provinces examined
(Table 1II). One striking fact is the predominance of Planulina
wuellerstorfi (Schwager) in samples taken from the shallower areas
of the fracture zones., At station 532-5, this one species comprises
nearly half of all benthics found, while at station 31-118, where there

is considerably higher diversity, it still comprises over 20% of the
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TABLE 111

Summary of benthic foraminifera found in samples from FAMOUS areca.
Samples arranged by increasing depth to the right.

individuals counted.

Station no.

Porcelaneous forms
Pyrgo
Quinqueloculina
Spiroloculina
Sigmoilopsis
Triloculina
Broken/unidentified

Calcareous hyaline forms
Bolivina sp. A

Bulimina inflata aff.
Cassidulina subglobosa quadrata
Cibicides sp.
Cibicidoides kullenbergi
Ehrenbergina pacifica aff.
Fissurina

Gyroidina sp. A
Gyroidina sp. B
Gyroidina sp. C
Hoeglundina elegans
Laticarinina pauperata
Melonis pomplioides
Nodosaria antillea
Oolina sp. A and B
Planulina wuellerstorfi
Planulina aff. sp.
Pullenia subcarinata
Rupertia stabilis
Spirillina

Uvigerina

Other

Agglutinated forms
Ammodiscus

Bathysiphon

Karreriella bradyi
Textularia abbreviata aff.
Other
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assemblage. Numbers of Planulina drop off sharply in both rift
valley and deeper fracture zone regions, but still amount to 10% of
a given assemblage. This decline might be a function of a parameter
varying directly with depth (e.g., temperature, pressure, nutrients),
with optimal conditions perhaps peaking around 2000 m. Alternately,
as may be the case with some of these samples, the difference could
be a local effect, for example, a temperature anomaly.

The abundance of Planulina in the shallow fracture zone sedi-
ments is coupled with relatively low percentages of porcelaneous
and agglutinated foraminifera (Table 1V). Agglutinated foraminifera
in particular might be expected to increase in relative abundance
with increasing depth as dissolution increases. Below 2000 m, how-
ever, no such trend is apparent; the percentages oscillate widely around
the 107 level. Similar results were reported from the Peru-Chile
trench, where Bandy and Rodolfo (1964) noted that, while calcareous
forms clearly predominated down to 2000 m, calcarcous-arenaceous
ratios fluctuated wildly at greater depths. Even at 3000 m, the sed-
iments in the FAMOUS areca are sufficiently above the CCD to minimize

the effects of dissolution. This is corroborated by the observation

that the non-agglutinated benthic foraminifera present ave fresh and

lustrous even in the deepest sediments.

Perhaps the most intriguing trends are presented by smaller scale i
patterns and anomalies evidenced by the data. The two most striking
are the miliolid distribution within the rift valley and concentrations
of Rupertia stabilis (Wallich) at the Fracture Zone A site (31-118).
} a
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TABLE 1V
Relative percentages of porcelaneous, calcareous hyaline, and

agglutinated foraminifera.

T RS —

E Sample Depth Total # %Porc. %Calc. %Aggl .
532-5 2061 m 25 20 80 0
31-118 2090 m 58 24 72 3

, 526-4 2585 m 29 34 59 7

§ 529-4 2649 m 19 53 26 21

g 518-1 2690 m 30 43 53 3

§ 529-5 2697 m 24 46 42 13

519-1 2705 m 36 50 44 6

: 529-2/3 2705 m 9 44 23 33

s 31-52 2878 m 30 33 53 13

31-124 2984 m 23 48 48 4
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Within the rift valley, there s a clear relationship between
relative percentages of porcelancous foraminifera and distance from
the rift axis (Fig. 10, top); numbers peak near the rift and fall off
to either side. It is not known what process controls this associa-
tion with proximity to a volcanic axis.

The more interesting aspect of this trend is the change in
Spiroloculina abundance. This genus appears in only three of the
rift valley samples, but in greatly differing proportions (Fig. 10,
bottom). At the station nearest the rift axis (probably within tens
of meters, the limits of navigational resolution), Spiroloculina ac-
counts for 33% of the total assamblage and 67% of all porcelancous
forms. 1In the second closest station, the genus makes up 22% of the
total and 40% of porcelaneous forms, and at the third site it com-
prises 13% of the total and 27% of porcelaneous forms. Bevond about
300 m from the rift axis, no further instances of Spiroloculina were
noted in this set of samples, although one specimen was recovered
from sample 532-5.

This puzzling distribution is a more dramatic example of the tvpe
of pattern displayed by porcelancous foraminifera as a group. Spiro-
loculina may be particularly sensitive to variations in temperature,
pH, concentrations of certain gases (e.g., CO:). substrate composi-
tion, or any other combination of factors which could be associated
with volcanic processes. Further work is needed to determine a more
precise distribution of Spiroloculina, both in relation to the rift

zone and to subtle variations in physical parameters.
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Figure 10. Top: Distribution of porcelaneous foraminifera across

| rift axis. Vertical axis shows percent porcelaneous

| individuals in the benthic assemblage. Horizontal:
sample position along traverse of Figure 8.

Bottom: Distribution of Spiroloculina acrosss rift axis.

Vertical axis shows percent of this genus in the
porcelaneous assemblage.
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A sccond notable anomaly is the occurrence of Rupertia stabilis
at site 31-118, along Fracture Zone A. Although absent in all other
samples, Rupertia accounts for fully 14% of the benthic foraminifera
at this one station. Rupertia is an uncommon attached form which 1is
most often encountered in relatively warm, highly productive waters
near continental margins (J.C. Ingle and Tj.H. van Andel, personal
communication). One hypothesis which could relate this type of en-
vironment to the site at which Rupertia was found is the possible
presence of hydrothermal vents with associated abundant fauna, as
observed on the Galapagos rift (Corliss et al., 1979). Such vents
create local effects of anomalously warm water and high productivity
which might favor the proliferation of Rupertia. In addition, it
could help explain the relatively high diversity of benthic foramin-
ifera at this site, which is the highest of all locations sampled.

Water temperature profiles taken in the FAMOUS area indicate that
the entire rift valley has bottom water temperatures about 1° C above
normal for that depth, and that there are also variations along the
fracture zones. Tvmperatu}cs observed below 2200 m increase from
3.53° C in the western part of Fracture Zone B to 3.80° C in the
eastern part of Fracture Zone A, which is close to station 31-118
(Fehn et al., 1977). Although these temperature anomalies can be
largely explained by hydrodynamic effects, the same study admits the
possibility that hydrothermal plumes may cause local anomalies.

The results of a heat flow study strongly indicate the presence

of a hydrothermal circulation system in the Fracture Zone A area
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(Williams et al., 1977). Two inactive hydrothermal vents observed

in the region are believed to have been active in the very recent
past (Arcyana, 1975). Although the evidence is inconclusive, the
presence of Rupertia tends to further support a hydrothermal circu-
lation model for Fracture Zone A, perhaps including active vents that
have not yet been discovered.

A great deal more work is required before clear associations can
be drawn between local benthic populations and subtle environmental
variations. What the results of the present study do demonstrate is
the surprising variability of benthic foraminiferal assemblages over

a very small portion of the sea floor.
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CONCLUS 1ONS

1. Sediment cover on the floor of the inner rift valley is roughly
a function of age of the underlying crust and retlects asymmetric
spreading. This pattern is moditied by redeposition of sediments in

topographic depressions adjacent to volcanic highs.

2. Grain size is highly correlated with depth over the whole
FAMOUS area. The relation can be described by a simple lincar func-

tion, with progressively finer sediments found at greater depth.,

3. Extensive bioturbation, leading to resuspension of fine mater-
ial and gentle gravity transport, appears to be the most significant
long~term agent of redeposition. FEpisodic processes, such as slump-
ing, are believed to be less important to observed prain-size distrib-

ution patterns.

4. Although downhill transport is known to occur at all scales,
it is clearly shown in the grain-size data at only the intermediate
of the three scales studied. 1n particular, the relation of sample
spacing to relief scale masks any correlations between depth and grain
size within the inner rift valley, even for the smallest-scale data

set.

5. The primary effect of currents in the immer rvift valley is
localized; they form many transient rvipple and scour features at a

scale of a few centimeters,

R —————
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6. An apparent decrease in grain size with increasing proximity

to the rift axis is found to be a function of depth alone.

7. Detailed textural analyses of rift valley sediments do not
reveal any new patterns. The five inferred sand modes are irregularly
distributed and probably do not represent distinct sediment compon-

ents. A bimodal silt fraction appears to follow more general grain-

size trends.

8. CaCO3 content is anomalously low in sediments of the inner
rift valley, when compared to surrounding sediments of comparable
depth. Dilution of calcareous sediments by volcanically-derived
components is probably responsible for the lower values. High content
of clay-sized material in rift valley sediments suggests that much of

the volcanic material may be very fine-grained.

9. Benthic foraminifera populations in the FAMOUS area are sur-
prisingly variable over ve;y short distances. Unusual distributions
of porcelaneous forms appear to be related to the position of the
volcanic axis. A highly localized concentration of Rupertia near

Fracture Zone A may possibly reflect recent hydrothermal activity.
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APPENDIX: BENTHIC FORAMINIFERA STATION SUMMARIES

Station 532-5, 2061 m

1 Pyrgo

1 Quingueloculina

1 Spiroloculina

2 broken/unidentified miliolids

5 porcelaneous forms

1 Fissurina
2 Gyroidina sp. A (fat, opaque test, sutures indistinct)
1 Gyroidina sp. B (less robust, transluscent test, sutures distinct)
1 Melonis pomplioides (Fichtel and Moll)
1 Nodosaria antillea (Cushman)
11 Planulina wuellerstorfi (Schwager
1 Uvigerina peregrina aff. (Cushman)
1 Uvigerina sp.
1 unidentified rotalid

20 calgh}gaﬁgihyhiinu forms
0 agglutinated forms
25 total

Sample description:
Location: Fracture Zone B
Mean grain size: medium to coarse sand

Notes: little to no volcanic debris, very clean, mostly
planktonic foraminifera with few other forms present.
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Station 31-118, 2090 m

—

_
]

—
— e Gl bt B D s e T e

2
ey

(<3

58

porcelaneous forms

Pyrgo
Triloculina
broken/unidentified miliolids

Bulimina inflata aff. (Seguenza)

Cassidulina subplobosa (Brady) var. quadrata (Cushman and Hughes)

Cibicidoides kullenbergi (Parker)
Ehrenbergina pacifica aff. (Cushman)
Gyvroidina sp. A

Hoeglundina elegans (d'Orbigny)
Laticarinina pauperata (Parker and Jones)
Melonis pomplioides (Fichtel and Moll)
Planulina wuellerstorfi (Schwager)
Pullenia subcarinata (d'Orbigny)

Rupertia stabilis (Wallich)

unidentified rotalid

Bathyvsiphon
unidentified agglutinated

agglutinated forms

total

Sample description:

Location: Fracture Zone A
Mean Crain Size: medium to coarse sand

Notes: 1little to no volcanic debris; very clean, mostly
planktonic foraminifera with few other forms present

|
|
|
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Station 526-~4, 2585 m

4 Pyrgo

2 Quinqueloculina

f 1 Sigmoilopsis

‘ 3 broken/unidentified miliolids

10 porcelaneous forms

Cibicidoides kullenbergi (Parker)
Fissurina

Hoeglundina elegans (d'Orbigny)
Laticarinina pauperata (Parker and Jones)
Oolina sp. A (transparent, costate)
Oolina sp. B (transparent, unornamented)
Planulina wuellerstorfi (Schwager)

P B VL SV )

17 calcareous hygTine forms

1 Bathysiphon
1 Karreriella bradyi (Cushman)

2 agglutinated forms

29 total

Sample description:

Location: rift valley, 975 m east of axis
Mean grain size: medium sand
Notes: mostly planktonic foraminifera with some volcanic ash,

Mn-coated fragments, more pteropods, echinoderm spines,
spouge spicules, radiolaria, ectc.
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Station 529-4, 2649 m

2 Quinqueloculina
4 Spiroloculina
4 broken/unidentified miliolids

10 porcelaneous forms

1 Cibicides sp.

1 Fissurina

1 Planulina wuellerstorfi (Schwager)
1 Spirillina

1 Uvigerina peregrina aff. (Cushman)

5 calcareous hyaline forms

1 Ammodiscus
1 Bathysiphon
2 Karreriella bradyi (Cushman)

4 agglutinated forms

19 total

Sample description:
Location: rift valley, 100 m east of axis
Mean grain size: medium sand
Notes: mostly planktonic foraminifera, considerable volcanic

debris, including ash and glass shards; some sponge
spicules, radiolaria, etc.
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Station 518-1, 2690 m

2 Pyrgo

2 Quinqueloculina

9 broken/unidentified miliolids
13 porceiéneous forms

1 Cibicidoides kullenbergi (Parker)

2 Fissurina

5 Hoeglundina elegans (d'Orbigny)

3 Laticarinina pauperata (Parker and Jones)
2 Melonis pomplioides (Fichtel and Moll)
3 Planulina wuellerstorfi (Schwager)
16 calcareous hyaline forms =

1 Bathysiphon

1 agglutinated form
30 total

Sample description:

Location: rift valley, 550 m east of axis
Mean grain size: medium sand

Notes: mostly planktonic foraminifera, with common volcanic
ash, Mn-coated fragments; sponge spicules.
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Station 529-5, 2697 m

Quinqueloculina
Spiroloculina
broken/unidentified miliolids

W

R S 77

11 porcelaneous forms

|
1 Cibicidoides kullenbergi (Parker) {
1 Fissurina !
2 Laticarinina pauperata (Parker and Jones) 3
1 Melonis pomplioides (Fichtel and Moll) §
4 Planulina wuellerstorfi (Schwager) ;
1 Planulina aff. sp. A
laychlcafﬁbuékhyul}hbvfufﬁs i .
$
i1
2 Bathysiphon 8
1 Karreriella bradyi (Cushman) d
3 agglutinalvd forms :
:
24 total !
!
Sample description: ‘
Location: rift valley, 300 m east of axis )
Mean grain size: medium sand ;'
Notes: mostly planktonic foraminifera with much volcanic ash, ;
: glass shard, Mn-coated fragments, plus sponge spicules. |
!
: .

A
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Station 519-1, 2705 m

2 Quinqueloculina
12 Spiroloculina
4 broken/unidentified miliolids

18 porcelaneous forms

Gyroidina sp. C (very small, transparent test)
Hoeglundina elegans (d'Orbigny)

Laticarinina pauperata (Parker and Jones)
Melonis pomplioides (Fichtel and Moll)
Planulina aff. sp. A

Planulina wuellerstorfi (Schwager)

Pullenia subcarinata (d'Orbigny)

N W re e PO O

calcareous hyaline forms

p—
o

1 Bathysiphon
1 Karreriella bradyi (Cushman)

2 agglutinated forms

36 total

Sample description:
Location: rift valley, 25 m west of axis
Mean grain size: medium sand

Notes: planktonic foraminifera with large chunks of volcanic
ash, glass, Mn-coated fragments, sponge spicules,.




Station 529-2/3, 2705 m

3 Quingueloculina
1 broken/unidentified miliolid

4 porcelaneous forms

1 Bolivina sp. A (small, costate)
1 Uvigerina peregrina aff. (Cushman)

2 calcareous hyaline forms

3 Bathysiphon

3 argigil—(x tinated forms
9 total
Sample description:
Location: rift valley, 350 m west of axis

Mean grain size: medium sand

Notes: wvery small sample, many large pieces of volcanic ash.
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Station 31-52, 2878 m }
]
2 pyl"y_u ‘1
4 Quinqueloculina b
4 broken/unidentified miliolids ;
¢
10 puf(*clunvuu:; forms 3
! Bolivina sp. A
! Cibicidoides kullenbergi (Parker)

Fissurina wiesneri (Barker)

Gyroidina sp. B

Hoeglundina elegans (d'Orbigny)

4 Laticarinina pauperata (Parker and Jones)
3 Planulina wuellerstorfi (Schwager)

L e o P e

16 calcarcous hyaline forms

4 Bathysiphon

4

voagplutinated forms
§
' 30 total
{ Sample description: .
! | 8
{

Location: Fracture Zone B ‘

1
.“ I\
¢ Mean grain size: fine to medium sand

Notes: wvirtually all planktonic foraminifera, extremely clean,
free of volcanic debris and other organisms.
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Station 31-124, 2984 m

3
) 3
5

11

1
1
1
1
1
2
1
1

Pyrgo
Quinqueloculina
broken/unidentified miliolids

porcelanecous forms

Bolivina sp. A

Cibicidoides kullenbergi (Parker)
Gyroidina sp. B

Gyroidina sp. C

Hoeglundina elegans (d'Orbigny)
Laticarinina pauperata (Parker and Jones)
Melonis pomplioides (Fichtel and Moll)
Planulina wuellerstorfi (Schwager)
Uvigerina peregrina atf. (Cushman)

calcareous hyaline forms
Bathysiphon
Textularia abbreviata aff. (d'Orbigny)

agglutinated forms A

total

Sample description:

Location: Fracture Zone B

Mean grain size: fine to medium sand

Notes: virtually all planktonic foraminifera, extremely clean,
free of volcanic debris and other organisms.,
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