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Abstract

Sediment cover over mid-ocean ridges is expected generally to thicken with seafloor age and distance from
spreading center, reflecting symmetric sediment accumulation on both flanks of the ridge. In high quality reflection
seismic records and sediment echosounding measurements recently collected across the East Pacific Rise we find a
strong asymmetric distribution of sediments. On the eastern flank in the EXCO (Exchange between Crust and Ocean)
area at 15‡S sediment thickness increases only slowly with distance from the spreading axis, and hence crustal age, to
about 15 m on 4.5 Ma old crust and 30 m on 7 Ma old crust. Sediments are draping the basement rather than
ponding. On the western flank sediment was sampled that is already 70 m thick on 4.5 Ma old crust and up to 150 m
on about 7 Ma old crust. Sediment ponds imply efficient transport by gravitationally driven turbidity currents.
Sediment accumulation on the western ridge flanks and the rather flat seafloor indicate a redistribution of sediments.
Accumulation of sediments corresponds with the extreme asymmetry of a helium plume at 15‡S in the South Pacific.
A tongue of high 3He extending westward from the rise near 2500^2700 m depth and a corresponding tongue of high
temperature suggesting that the helium plume introduced by hydrothermal activity on the EPR spreading axis is being
carried westward by abyssal currents. Fall-out of hydrothermal plumes may contribute and intensify sedimentation on
the western flanks. However, it is reasonable to hypothesize that hydrothermal plumes are important agents in the
dispersal of the larvae of hydrothermal vent fauna and may be responsible for the enhancement of pelagic
zooplankton biomass resulting in a larger mass of pelagic rain.
= 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Sediment accumulation on mid-ocean ridges,
where distant from terrigenous sources, is pelagic
and commonly calcareous ooze. The amount and

composition of sediment covering the ridge are
controlled by the surface productivity, the crustal
age, the carbonate compensation depth (CCD)
and the bottom conditions that cause local dis-
solution and erosion e¡ects. These e¡ects vary
geographically and temporally and are complexly
interrelated. Variations in pelagic input rates
over abyssal hill areas cannot be inferred easily
from sedimentation rate variations because sedi-
ment thickness £uctuates due to redistribution by
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downslope gravity transport and erosion or non-
deposition due to variable £uid shear velocity
in the bottom boundary layer of abyssal cur-
rents.

In this paper we present a data set from new,
high-quality seismic re£ection and sediment echo-
sounding measurements. This survey was part of
the EXCO (Exchange between Crust and Ocean)
project, aimed at studying the impact of o¡-axis
hydrothermalism on the structure and physical
properties of oceanic crust (Weigel et al., 1996;
Grevemeyer et al., 1999). The EXCO area covers
the spreading segment of the East Paci¢c Rise
(EPR) south of the Garrett fracture zone bound-
ary, where the EPR is uncharacteristically devoid
of any transform fault boundary for nearly 1150
km (Londsdale, 1989). Here the EPR trends 195‡

and the tectonic corridor on the Paci¢c and Nazca
Plate intersects the southern EPR near 15‡S
(Fig. 1). Pro¢les were surveyed along the sea£oor
spreading direction to map the thin sedimentary
cover on juvenile oceanic crust. Along the EPR
the areas of thickest sediment are in the equatorial
zone of highest productivity of pelagic organisms.
The relatively narrow sediment-free axis of the
EPR north of 4‡S latitude widens southward of
5‡S primarily in response to declining surface pro-
ductivity (Erlandson et al., 1981). Grevemeyer et
al. (1997) investigated the morphology on the
eastern £ank of the EPR. They documented a
positive correlation between increasing relief of
abyssal hills and increasing abundance and height
of seamounts. Along £owline changes in abyssal
hill morphology and seamount size distribution

Fig. 1. Location of EXCO II seismic and sediment echosounding surveys across the East Paci¢c Rise. Bright lines show seismic
tracks and black lines show Parasound tracks. Dashed lines mark the crustal age (Ma).
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correlate with spreading rate changes. Spreading
rate changed from 75 m/yr to over 85 m/yr (half
rate). South of the Garrett Fracture Zone at
13.5‡S spreading is asymmetrical, being faster to
the east than to the west. Knowledge of sediment
thickness is necessary for the interpretation of
heat £ow data, because the sedimentary cover in-
herently a¡ects the hydrogeology in the ridge
£anks (Davis et al., 1999). Therefore the knowl-
edge of sedimentation history of the ridge £anks
serves di¡erent aims. On the western ridge £ank
pro¢les are situated between the Sojourn Ridge in
the north and a widespread seamount province
(Scheirer et al., 1996a,b) in the south. Eastward
of the ridge pro¢les extend to the Bauer Micro-
plate north of the Bauer fracture zone.

2. Methods

The EXCO II seismic survey was carried out
using a single generator-injector (GI) Gun in
‘True GI Mode’ with a reduced volume of 1.9
(150 in3) for both the generator and the injector
chamber. Along all lines shot spacing was 25 m.
Seismic re£ection pro¢les were obtained using a

16-channel 100 m long hydrophone array. Navi-
gation control was derived from global position-
ing system data in di¡erential mode (DGPS). Lo-
cations of seismic lines are shown in Fig. 1. After
editing, channels were stacked together to one
trace. Processing of pro¢les consisted of ¢ltering
with a bandpass (20^230 Hz) and resampling at
2 ms sampling intervals, deconvolution, and con-
stant velocity w-k-migration. A velocity of 1500
m/s for imaging the thin sediment unit and the
top of the basement is su⁄cient. Because of great
water depth and limited aperture of the seismic
system, travel-time migration results are not very
sensitive to velocity modi¢cations, however, and
the quality of the migrated sections is generally
very good. Travel times to the sea£oor and base-
ment re£ections were picked and sea£oor and
basement depth were interpolated for every trace
to obtain sediment thickness. We used a velocity
of 1500 m/s to compute sediment thickness. Data
processing and picking were done using Seismic
Unix (Cohen and Stockwell, 1999). The quality of
data allows us to quantify sediment thickness
from ridge axis (0.0 Ma old crust) to about 9 Ma
old crust with a minimum sediment thickness of
about 3 m (Fig. 2). However, in areas of rugged

Fig. 2. Seismic panel of sediment thickness across the EPR. Ocean crust with ages from 0 to 7.18 Ma on the western and the
eastern ridge £ank is shown. Quality of data allows a minimal sediment thickness detection of about 3 m. Thicknesses were de-
rived assuming a 1500 m/s acoustic velocity.
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basement relief (i.e. where basement is rough, fea-
tures are small, or the average slope is steep) with
basement arrivals approaching the sea£oor, recog-
nition of basement is even more di⁄cult by the
strong sea£oor re£ections. Here sediment thick-
ness smaller than about 10 m is di⁄cult to re-
solve.

To image the shallow sediment structure down
to V100 mbsf the Parasound echosounder is
available on RV SONNE. The Paradigma system
(Spiess, 1993) digitizes the data and stores them in
SEG-Y format for further processing. Processing
of digital Parasound records was also done with
Seismic Unix. Processing included bandpass ¢lter-
ing (2000^4000 Hz) and a redisplay of envelope
amplitudes.

3. Results

Seismic sections reveal an asymmetric distribu-
tion of sediments. On the eastern £ank sediment
thickness increases only slowly with distance from
the spreading axis, and hence crustal age, to
about 15 m on 4.5 Ma old crust (Fig. 3) and
30 m on 7 Ma old crust. Sediments are draping
the basement rather than ponding. Draping is

con¢rmed by seismic records (Fig. 4) which re£ect
the volcanic topography beneath the sediments.
Draping implies that sediment has been accumu-
lated from particles locally settled from sus-
pension. On the western £ank the structure is
quite di¡erent. Sediment is already 70 m thick
on 4.5 Ma old crust (Fig. 5) and up to 150 m of
sediment on about 7 Ma old crust (Fig. 6) was
sampled. Horizontally layered sediment ponds im-
ply e⁄cient transport and resedimentation by tur-
bidity currents. The East Paci¢c Rise acts as a
distinct barrier for the style of sedimentation be-
tween the west £ank, where ponding is evident,
and the east £ank, where no ponding occurs.

Comparison of Parasound and seismic data
shows how they complement one another. The
sediment echosounder (Fig. 7a) displays the indi-
vidual sediment layers of the uppermost units
down to max. 40 m depth. Seismic section (Fig.
6) shows the whole 150 m of sediment unit cover-
ing volcanic bedrock. Eastward of the spreading
center the interpretation of Parasound sections is
more di⁄cult. A pattern of overlapping hyper-
bolas (Fig. 7b,c) is caused by the ¢ne scale topog-
raphy. Knowledge of sediment thickness from
seismic data in these regions allows a classi¢cation
of sediment thickness from Parasound data. Thus

Fig. 3. Seismic section of 4.5 Ma old crust on the eastern ridge £ank.
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sediment thickness on 1.1 Ma old crust (Fig. 7b)
is 10 m and on 7 Ma old crust (Fig. 7c) it is about
30 m. A sediment unit of 20^25 m thickness bur-
ies the 8.7 Ma old crust on the easternmost part
of the corridor (Fig. 7d). The sediment thickness
values from Parasound are used to close the gap

between seismic pro¢les on the eastern ridge
£ank.

Sediment thickness increases more or less con-
tinuously from the ridge axis towards the west.
The data suggest that the average sedimentation
rate for the west £ank of the 15‡S East Paci¢c

Fig. 4. Seismic section of 7 Ma old crust on the eastern ridge £ank.

Fig. 5. Seismic section of 4.5 Ma old crust on the western ridge £ank.
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Fig. 6. Seismic section of 7 Ma old crust on the western ridge £ank.

Fig. 7. Parasound sections showing sediment units on the £anks of the EPR. (a) Western ridge £ank, 7 Ma old crust. (b) Eastern
ridge £ank, 1.1 Ma old crust. (c) Eastern ridge £ank, 7 Ma old crust. (d) Eastern ridge £ank, 8.7 Ma old crust.
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Rise area has been about 10 m/Myr for the last
7 Ma (Fig. 8). The lack of sediments at 3.5, 4 and
5 Ma correlates with large seamounts in this re-
gion. Sediment on the steep seamount £anks is
forced downhill to be accumulated in the adjacent
grabens. On the eastern £ank, the graph of sedi-
ment thickness ¢ts the model line of systematic
thickness variation expected for 10 m/Ma only
for the ¢rst 2 Ma. On crust older than 2 Ma the
sediment thickness increases only slowly from
20 m to about 30 m on about 9 Ma crust, which
corresponds to a sedimentation rate of less than
2 m/Ma in this period. The increase of the sedi-
mentation rate on both £anks for the ¢rst 2 Ma is
nearly the same and from this time the accumu-

lation of sediment on the £anks varies by an order
of magnitude.

Sea£oor picks show the bathymetry of the west-
ern and eastern ridge £ank along the seismic lines
(Fig. 8). The axis of the EPR is a blocky ridge
about 300 m high and 10 km wide without a
central valley, but a median high. The shallowest
depth of the ridge is 2600 m. Away from the ridge
axis, the topography of the western £ank is char-
acterized by abyssal hills 5^15 km wide and 200^
300 m in relief. On crust between 3 and 5 Ma old,
seamounts with a height of 500^1000 m occur.

The topography of the eastern £ank shows
abyssal hills and the intervening valleys in a small-
er dimension than on the western £ank. Eastward

Fig. 8. Topography and sediment thickness plotted versus crustal age measured along the sea£oor spreading direction. Thick-
nesses were derived assuming a 1500 m/s acoustic velocity. The oblique lines show the sediment thickness variation expected for
constant sedimentation. Stars give thickness from Parasound.
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of the ridge, on up to 2 Ma old crust, the hills are
about 5 km wide and 100^150 m in relief. The
sea£oor subsides asymmetrically from ridge axis
to 7 Ma old crust to a depth of 3400^3500 m in
the west and to a depth of 3700^3900 m in the
east.

4. Discussion

In addition to local basement and sedimentary
structures, the seismic data presented in this paper
provide constraints on regional basement topog-
raphy and sediment thickness variations.

Sediment distribution across the EPR shows a
consistent asymmetry, with sediment about three
times as thick on the western £ank as on the east-
ern £ank.

Where bottom currents are weak or the pelagic
supply rate is high, the sediments are generally
expected to thicken systematically with sea£oor
age and distance from spreading centers, re£ecting
progressive accumulation such as the intermediate
spreading Galapagos spreading center (Mitchell,
1995, 1998). Moreover, sediment thickness may
show deviations from the obvious sediment trends
that are governed by productivity of surface
water, ocean currents, hydrothermal activity,
and water depth. Symmetric sediment accumula-
tion can be modi¢ed by variable carbonate disso-
lution with depth and time, which can sometimes
reverse the thickening trend.

Along the equator the largest sediment thick-
ness is found due to the high productivity of sur-
face water. It decreases generally in both direc-
tions toward the north and the south (Laske
and Masters, 1997). The pro¢les on both £anks
of the EPR should show a similar sediment dis-
tribution (Ewing and Ewing, 1967), since the tran-
sect is oriented approximately east^west parallel
to the equator. In contrast, in the area of the
EPR, a clear west^east deviation in sediment
thickness is observed. Here a di¡erence in the
productivity of the surface water was not ex-
pected.

Comparison of western and eastern ridge to-
pography shows that the subsidence trend for
the western £ank is much lower. Anderson and

Sclater (1972) already noted asymmetry in bathy-
metric pro¢les across the rise. This feature was
also described in previous studies (e.g. Cochran,
1986) and might be due to some unusual litho-
spheric and/or asthenospheric properties beneath
the Paci¢c plate (Scheirer et al., 1996a,b; Greve-
meyer et al., 1997). The distinct asymmetric sub-
sidence of ridge £anks could provide one expla-
nation for the di¡erent sediment thicknesses.
Thus, with faster increasing depth on the eastern
£ank, the carbonates could be dissolved more rap-
idly and so lead to a decrease of the deposit. The
CCD and the lysocline in the equatorial eastern
Paci¢c were determined by Berger et al. (1976) to
be about 4000 m and about 3500 m, respectively.
Though topography indicates asymmetric subsi-
dence with higher rates towards the east, water
depth is always above CCD. The 3500 m top of
the transition zone intersects the bathymetry at
around 4 Ma, whereas the change in sediment
thickness trend starts at 2 Ma. During the second
leg of cruise SO145 gravity cores were studied for
acquiring the sediment composition. They show
calcareous micrite with coccolithic material of
80^90% in sediment samples on up to 9 Ma old
crust on the eastern £ank (C. Devey and K. Lack-
schewitz, personal communication). This rules out
any dissolution of carbonate. Moreover, a sedi-
ment thickness of 110 m in Bauer Deep (DSDP
Site 319, Shipboard Scienti¢c Party, 1976) in a
water depth of 4300 m does not agree with a car-
bonate compensation origin.

Erlandson et al. (1981) attributed the asymmet-
rical sediment accumulation on the £anks of the
EPR in part to asymmetric spreading. Using mag-
netic anomalies from Cormir et al. (1996), it ap-
pears that up to anomaly 3 sea£oor spreading
towards the east was around 86 mm/yr, while it
was only 68 mm/yr towards the west. But this
non-uniform sea£oor spreading does not explain
the pronounced asymmetrical sediment distribu-
tion with respect to sea£oor age, nor the asymme-
try in bathymetry(Fig. 8).

Sediment accumulation on the western ridge
and the rather £at sediment surface indicate a re-
distribution of sediments. Sediment thickness may
generally £uctuate by downslope gravity transport
and deposition rate variability or erosion due to
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variable £uid shear velocity in the bottom bound-
ary layer of abyssal currents. While at the slow-
spreading Mid-Atlantic Ridge the topographic
roughness is larger than on the fast-spreading
EPR (Malinverno, 1991) and turbidity currents
initiated by sediment slides occur (Mitchell et
al., 1998), the sea£oor relief at the fast-spreading
East Paci¢c Rise is relatively subdued. The in£u-
ence of the Sojourn Ridge to the north could
contribute as a source for turbidites, resulting in
thicker sediment units on the western £ank but
not of this great dimension. In general there is
more sediment on the western £ank along this
ridge segment. To the south, side-scan data con-
¢rm greater sediment thickness on the western
£ank than on the eastern £ank in the MELT
area (M. Cormier, personal communication).
Thus, bottom currents are probably the main
cause of asymmetric distribution of sediments.

In the South Paci¢c between 10‡S and 20‡S a
westward £ow prevails from the sea surface to
4000 m depth (Reid, 1986). Consequently, distri-
bution of sediment is governed by lateral trans-
port by bottom currents.

However, a current directed westward cannot
alone cause the observed pattern of sediment dis-
tribution. With a constant but latitude-dependent
formation of pelagic sediment, a westward current
should lead to uniformly distributed deposit on
the eastern side as well. Since the EPR even acts
as a distinct barrier, it should generate a larger
deposit of sediment on the eastern side rather
than on the western £ank of the EPR. The asym-
metrical distribution of sediments across the EPR
at 15‡S can be explained conclusively with a west-
ward current if the sediments are generated at the
EPR and their production is triggered at the EPR,
respectively.

Fig. 9. Shape of hydrothermal plume marked by 3He distribution from Lupton (1995). Contour lines of 3He/4He ratios in units
of N(3He)% are broken. Thin lines show seismic and sediment echosounding surveys. Dots are DSDP drill sites.
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Plumes are an important mechanism of dis-
persal for the thermal and chemical £uxes intro-
duced at sea£oor hotsprings. Although the details
are poorly understood, it is likely that plumes
are also important agents in the dispersal of the
larvae of hydrothermal vent fauna and may be
responsible for the enhancement of pelagic zoo-
plankton biomass. The true expanse of hydrother-
mal plumes in the deep ocean was published by
Lupton and Craig (1981). Their 3He section spans
the EPR at 15‡S (Fig. 9). This section showed an
asymmetric helium plume extending over 2000 km
to the west of the EPR crest, but having almost
no expression to the east of the ridge axis. The
helium plume in the south Paci¢c is still one of
the best examples of a far ¢eld plume (Lupton,
1995). The extreme asymmetry of this plume sug-
gests that the 3He introduced by hydrothermal
activity on the EPR spreading axis is being car-
ried westward by abyssal currents. The plume
takes the form of an elongated jet trending
slightly WNW, in general agreement with the
shape of Reid’s (1982) thermal plume. The east^
west asymmetry is well pronounced. These mid-
depth water currents also disperse the ¢ne-grained
particulates derived from hydrothermal venting
until they eventually settle out to form metal-en-
riched sediments beneath the overlying plume
(Mills and Elder¢eld, 1995), resulting in a greater
deposition rate of hydrothermal material on the
western £ank of the EPR than on the eastern
£ank (Marchig et al., 1986). Actively forming hy-
drothermal mineral deposits provide a source of
energy for chemosynthesis and a substratum for
colonization by adult and larval vent organisms.
Since mineral deposition and organism growth
can occur within similar time frames, their poten-
tial for interactions is substantial (Juniper and
Sarrazin, 1995). At latitude 15‡S the 3He signal
decreases to the regional backround values at a
short distance to the east of the EPR crest. This
observation corresponds with the small region of
higher sedimentation rate near the EPR and the
lower sedimentation rate on crust older than 2 Ma
on the eastern £ank. On the western £ank the
sediment echosounding survey is located in the
center of the hydrothermal plume, represent-
ing the highest values of 3He. The extension of

3He-rich water over 2000 km to the west at 15‡S
decreases to about 300 km at 20‡S. Here the east^
west asymmetry turns into a symmetric expanse
of the hydrothermal plume. Sediment thicknesses
at DSDP Sites 597^600 (Shipboard Scienti¢c
Party, 1986) near 20‡S (Fig. 9) show an accumu-
lation similar to the east £ank at 15‡S, with a
sediment thickness of 21 m on 5 Ma old crust,
41 m on 8.5 Ma old crust, and about 53 m on
17 and 29 Ma old crust on the western £ank. The
band of a westward ocean current in the area of
investigation may be a¡ected by large topo-
graphic reliefs like the Sojourn Ridge on the Pa-
ci¢c plate near 13‡S and the Rano Rahi seamount
¢eld between 17‡S and 19‡S (Scheirer et al.,
1996a,b), increasing somehow the sediment accu-
mulation on the western ridge £ank.
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