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ABSTRACT

Faugeres, J.-C. and Stow, D.A.V., 1993. Bottom-current-controlled sedimentation: a synthesis of the contourite problem. In:
D.A.V. Stow and J.-C. Faugeéres (Editors), Contourites and Bottom Currents. Sediment. Geol., 82: 287-297.

An overview of the main items concerning deep bottom-current-controlled deposits is presented. These include: the
definition of contourites, their processes of deposition and facies characteristics; contourite drift types and seismic patterns;
the interplay of turbidity and bottom-current processes; and the correlation between bottom-current processes and global
changes in climate /sea-level.

From this discussion, several of the more significant problems are highlighted, which we believe should be priority targets
for future research: (1) identification of contourites, especially in ancient series, where they are interbedded with turbidites
and other facies; (2) refinement of the numerous parameters used as tracers of palaeocirculation patterns; (3) understanding
the interaction between the different types of bottom currents, and also between bottom-current and other deep-water
processes; (4) distinction in the sedimentary record between the effects of short time-scale bottom-current variations due to
regional causes like benthic storms, and geological-scale current fluctuations related to climatic or astronomic control; (5)
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understanding the control of glacial /interglacial climatic cycles on the nature and rate of contourite deposition.

Introduction

During the last three decades, we have seen an
increasing amount of work on bottom-current-
controlled deposition and it is now apparent that
contourites form a significant proportion of deep
oceanic margin sediments. In the paper we pre-
sent a synthesis of current knowledge on this type
of deep-water sedimentation, at the same time
elucidating some of the problems that have not
yet been resolved.

The study of contourites covers a large range
of investigations from which we will select several

Correspondence to: J.-C. Faugeres, Département de Géologie
et Océanographie, U.R.A. 197, Avenue des Facultés, 33405
Talence, France.

major items for discussion: (1) What types of
deposits should be called contourites? (2) What
do we know about processes of deposition from
bottom currents? (3) What are the diagnostic
lithological characteristics of contourites? (4)
What are the main current bedforms and types of
contourite drifts? (5) What are the seismic pat-
terns of contourite drifts and how are palaeocir-
culation patterns recorded? (6) How can we
recognise the interplay of turbidity and bottom-
current processes? (7) How do contourite accu-
mulations reflect sea-level /climatic variations?
In a synthesis of this kind, it is impossible to
refer to the enormous volume of literature that
pertains to the topic. Instead, we have attempted
to reference only selected studies of broad scope
or particular importance, and also to make men-
tion of other papers in this special volume where
they are pertinent to the topic under discussion.
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Defining the term contourite

The first definition of contourites has been
given by Heezen et al. (1966; Hollister, 1993):
sediment deposited from thermohaline-driven
bottom currents flowing parallel to bathymetric
contours. Since that time, the term has been used
for bottom-current-derived sediments deposited
anywhere from the deep-sea to shallow marine
water even in the lacustrine environment, hence
moving rather far from the original definition. As
a consequence, different authors have suggested
that a wide range of bottom-current types is in-
volved in the deposition of contourites (among
others: Lovell and Stow, 1981; Okada and Ohta,
1993; Mariani et al., 1993).

Contourites deposited by deep geostrophic
currents are the most frequently cited, from the
abyssal plain at depths greater than 5000 m (Mc-
Cave and Tucholke, 1986), to shallow plateaus
(500-700 m), as found along the Mediterranean
outflow pathway along the south Portuguese mar-
gin (Faugeres et al., 1984), and on the northwest-
ern UK continental margin (Leslie, 1993). They
occur on passive margins (especially in the North
Atlantic Ocean, Heezen et al., 1966) as well on
active margins (Reed et al., 1987).

Contourites that have been described from
shallow water depths of a few hundreds to about
one thousand metres are commonly related to
currents originating from various other processes
including: internal waves, as found on top of
abyssal guyots (Cacchione et al., 1988); internal
tides as found through the sill both south and
north of Sicily (Collela, 1990); wind-derived surfi-
cial currents on continental shelves, up-welling
systems and up-and-down clear-water currents in
canyons (Okado and Ohta, 1993). Finally, the
term contourite has also been used for sediment
deposited in Lake Superior under the influence
of fluvial-driven lacustrine currents (Flood and
Johnson, 1984).

It seems to us that the most confusing use of
the term contourite is for the shallow marine
deposits formed under currents which are not of
thermohalyne origin. These currents show typi-
cally very rapid changes of intensity and direction
and in some instances are distinctly bidirectional.
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Generally, we would not expect such currents to
construct important sedimentary bodies, but
rather to produce a veneer of reworked material
deposited by another process.

Among ancient examples of contourite accu-
mulations, some are interpreted as having been
deposited in relatively shallow offshore settings,
possibly due to strong wind-driven currents acting
at depth (e.g. Upper Cretaceous of the Prealpine
chains, Villars, 1990). True deep-water contourite
accumulations that are clearly linked to
geostrophic currents have not yet been described
from ancient series with any degree of certainty
(but see Stow and Faugeres, 1993; Stanley, 1993).
It may be that, for the development of strong
thermohaline circulation, there must be a signifi-
cant temperature differential between polar and
equatorial regions, such as existed during the late
Palaeozoic (Carboniferous) and late Cenozoic
glacial /postglacial episodes. We should therefore
focus our search for ancient contourites along,
for example, young emerged active margins such
as those of New-Zealand, Japan and the West
Indies.

In order to clarify the confusion and to ad-
vance the debate on what should and should not
be termed contourite, in either modern or ancient
systems, we propose returning to the original
concept of Hollister and Heezen (1972) and a
narrowed definition of the term. Contourite
should therefore be used only for sediments in
relatively deep water (e.g. greater than about 500
m), deposited or significantly reworked by stable
geostrophic currents. The more general term,
bottom-current deposits, would then include con-
tourites sensu stricto, as well as the deposits of all
the other types of bottom currents outlined above.
Where the palaco-water depth is not well con-
strained, it is unwise to refer to ancient sediments
as contourites.

Deposition from bottom currents

Deep-water bottom currents have a pro-
nounced effect on several aspects of deep-sea
sedimentation. They may erode large areas on
the continental rise during certain periods (see
data from numerous DSDP Legs in the North
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Atlantic; Tucholke and Mountain, 1986; Westall
et al., 1993), cut deep channels into older sedi-
ments (like the Vema channel, Johnson, 1984; or
Kane gap, Meinert, 1986), form moats along the
base of steep slopes or at the upstream flank of
isolated abyssal (volcanic) hills (Davies and
Laughton, 1972; Roberts et al., 1974; Von Stack-
elberg et al., 1979) and scour the sea floor through
deep-sea passages and sills (Méliéres et al., 1970;
Kenyon and Belderson, 1973; Gardner et al.,
1989).

Bottom currents are also efficient agents of
particle transport and redistribution, both terrige-
nous and biogenic, throughout the oceans, over
distances of thousands of kilometres (McCave,
1986; Cremer et al., 1993). In this way, they play a
major role in shaping deep-sea morphology by
constructing sediment drifts, ranging from giant
sediment bodies of over 1000 km in length, on the
continental margins or in the major ocean basins,
to much smaller features related to deep-sea pas-
sages. >

For many years, we have had no very good
understanding of the exact nature of erosional
and depositional processes by bottom currents.
Whereas the velocities commonly recorded by
current-meter measurements are adequate to
transport fine-grained material, they are insuffi-
cient to effect marked erosion of very cohesive
deep-sea muds. There has also been a debate
centred around the role and extent of reworking
of silts and sands by bottom currents compared
with transport and deposition. However, the re-
sult of the HEBBLE programme on the lower
continental rise off Nova Scotia (Hollister and
McCave, 1984), and of several detailed studies of
the nepheloid layer (McCave, 1986) have, more
recently, shed much light on this whole problem.

We know that the hydrodynamic processes act-
ing on the deep-sea floor are the result of an
interplay of deep-sea circulation and surface cur-
rent activity, which is mainly controlled by atmo-
spheric conditions. What the HEBBLE work
clearly demonstrated is that temporary very high
surface energy conditions may propagate down-
ward and induce high energy over the deep-sea
floor. Very high surface kinetic energy in the
oceans, as shown by maximum variability in the
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level of the sea surface (Richardson, 1983; Ch-
eney et al., 1983), is only observed in relatively
few areas, such as in the NW Atlantic along the
eastern US margin, or in the SW Atlantic along
the Argentine margin. These are also areas of
significant contourite sedimentation.

The variation of bottom kinetic energy condi-
tions in the HEBBLE area results in an alterna-
tion of short episodes of erosion associated with
high-velocity currents (over periods of a few days
to a few weeks), and longer periods of deposition
associated with lower velocity (a few weeks to
months duration). Episodes of high current veloc-
ity, called “benthic” or “abyssal” or “deep-sea”
storms (Gardner and Sullivan, 1981; Hollister and
McCave, 1984), correspond to high surface ki-
netic energy, due to local very low atmospheric
pressure. During these episodes, a large volume
of material is resuspended and thus contributes
to a very high-density nepheloid layer. This mate-
rial may be then transported over long distances
in the Western Boundary Undercurrent before
eventual deposition. Between abyssal storm
events, the current velocities are much lower and
very high sedimentation rates occur (up to 1.4
cm/month) over these short time periods. How-
ever, the net sedimentation rate at the scale of
Holocene deposits on this part of the continental
rise is very low (5.5 cm /103 yrs) as a result of the
very frequent and active erosion episodes (esti-
mated annual deposition/preservation ratio of
3,100). At a greater geological scale (Neogene),
similar rates of deposition (2 to 10 cm/10° yrs)
are observed on the giant contour drifts in the
North Atlantic Ocean.

Resuspension of sea-floor sediments is not the
only process feeding the nepheloid layer and
hence bottom-current transport. Several other
processes may be involved including: (1) inputs of
terrigenous particles from the adjacent margins
by turbidity currents; (2) advection along isopyc-
nal surfaces via suspension cascading or some
other hemipelagic process; (3) direct settling of
biogenic pelagic particles and pellets; (4) resus-
pension of particles by the burrowing activity of
benthic organisms. Whatever the origin of the
particles, it appears that there is a close relation-
ship between high-turbidity nepheloid layers and
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active bottom-current transport, including both
erosion and deposition.

However, the presence of high turbidity in the
nepheloid layer is not a necessary condition to
have active deposition. In some cases, the benthic
energy and current activity are strong enough,
even during “calm” periods, to prevent deposi-
tion, so that erosion and transport are the domi-
nant processes, despite the introduction of abun-
dant terrigenous supply from the continent. This
appears to be the case along the Argentine basin,
where a very strong Antarctic Bottom Water flow
is coupled with very high surface kinetic energy as
a result of the affrontment of the Malvina and
Brazilian surface currents (Cheney et al., 1983;
McCave, 1986)

Lithological characteristics of contourites

The problem of diagnostic lithological features
of both modern and fossil contourites has long
been addressed (Bouma, 1972; Hollister and
Heezen, 1972; Stow and Lovell, 1979; Lovell and
Stow, 1981; Gonthier et al., 1984; Stow and Piper,
1984; Pickering et al., 1989; Duan et al., 1993;
Jones et al., 1993; Sarnthein and Faugeres, 1993;
Stow and Faugeres, 1993). It still remains a partly
unresolved problem as contourites may mimic
sediments deposited by other processes, and bot-
tom-current may rework, to a greater or lesser
extent, other types of deposits.

Depending on the composition of the sediment
supply, deposits controlled by bottom currents
may range from siliciclastic and volcaniclastic
contourites to calcareous and siliceous biogenic
contourites. Depending on the grain size that the

bottom current is able to transport, contourites

range from muddy, to sandy with a range of
transitional facies composed of admixture of sand,
silt and clay, typically displaying a mottled ap-
pearance. Very strong currents may scour the sea
floor and result in gravel-lag contourites.

The majority of these deposits are strongly
bioturbated, and any primary current structures
(lamination, ripples, erosional surfaces) are con-
sequently not well preserved. Better preservation
of primary features may occur where there has
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been an interaction of different processes (e.g.
bottom currents and turbidity currents), or in the
case of shallower-water bottom-current deposits,
which we do not consider here as true geostrophic
contourites.

A “standard sequence” has been recognised in
some modern contourite drift deposits (Faugéres
et al., 1984; Stow et al., 1986), in which the grain
size varies from fine mud through mottled silty
mud to silt and fine sand grade. Where this
variation is mirrored by subtle changes in rem-
nant sedimentary structures and concomitant
changes in the biogenic/terrigenous composition,
it is possible to interpret the sequence in terms of
long-term variation in mean current velocity (Stow
et al., 1986). Unlike the standard Bouma (1962)
sequence in turbidites, which is the result of
instantaneous deposition, the contourite se-
quence is built up gradually over longer periods,
in the order of tens of thousands years.

However, it is not always possible to use grain
size parameters alone as tracers of bottom-cur-
rent intensity, because various other factors such
as variations in terrigenous sediment supply or
biogenic productivity may also influence grain
size. The interplay of different controlling factors
may explain the more irregular “sequences” or
lack of sequences recorded in some drift deposits.

Muddy contourites are the most commonly en-
countered facies of modern oceanic drifts. Be-
cause they are generally structureless or homoge-
neous to the naked eye, typically with intense
bioturbational mottling, they may easily be con-
fused with hemipelagites or with thick muddy
turbidites (“‘unifites” of Stanley, 1981). They are
also very similar to the new mixed turbidite/
hemipelagite facies described by Stow and Wetzel
(1991) from the distal Bengal Fan and termed
“hemiturbidites”. It is only through detailed stud-
ies using X-radiography, grain-size analyses and
compositional determination (Gonthier et al.,
1984; Dowling and McCave, 1993; Leslie, 1993)
that we can hope to make reliable distinction
between these various deep-water facies. Muddy
contourites are gradational with silty or mottled
silty-mud contourites.

Deep drilling through the giant contourite
drifts of the North Atlantic has encountered bio-



BOTTOM-CURRENT-CONTROLLED SEDIMENTATION

genic-rich contourites that are very similar to
pelagic /hemipelagic deposits (Stow and Hol-
brook, 1984; Kidd and Hill, 1986, among others).
They even display a marked cyclicity of biogenic
carbonate content that appears to be climatically
induced (i.e. Milankovich cycles).

Sandy contourites are relatively rare in the
modern ocean. Apart from those associated with
muddy contourite drifts, they occur mainly in
particular morphotectonic environments where
the bottom currents are very intense, such as
deep-water silis and passages. They may be mainly
terrigenous or biogenic (commonly planktonic
foraminiferal tests), or of mixed composition and
have either a homogenous /bioturbated aspect or
display a distinct ripple cross-lamination
(Faugeres et al., 1985a). It is not always easy to
distinguish them from any other current-worked
sandy deposit such as outer shelf sands or thin
sandy turbidites that are not clearly graded.

Several examples have been described from
the present ocean basins of sediments resulting
from an interplay of turbidity and bottom-current
processes. In these cases, the contour currents
may winnow the sands and transport the finer
turbiditic material downstream as suspended load.
The sandy portion of the turbidites are partly
reworked to leave a top-cut-out turbidite se-
quence, overlain by a veneer of sandy-silty con-
tourite of variable thickness (Stanley, 1993).

There is continuing debate on the role of
bottom currents in the developments of deep-sea
manganiferous sediments (Lonsdale, 1981). In
some areas affected by bottom currents, mangani-
ferous deposits are associated with various types
of contourites. Where the currents are very ac-
tive, like on the floor of deep valleys (Lonsdale
and Malfait, 1974), manganese pavements, blocks
and nodules are found, associated with patches of
sandy contourites. Where more sluggish currents
flow over a broad area of abyssal basin floor, and
where pelagic carbonate accumulation is pre-
vented by depths greater than the CCD, muddy
sediments, including pelagic red clays, are de-
posited in association with manganiferous lami-
nations and fine manganese nodules (Mézerais et
al., 1993; Faugeres et al., 1993). Should we term
these sediments ‘“‘manganiferous contourites” as
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their origin appears to be partly controlled by
contour currents?

Contour-current bedforms and contourite drifts

Bedforms controlled by contour currents have
been described in detail by many authors (Heezen
and Hollister, 1971; Allen, 1982; Stow, 1982; Mc-
Cave and Tucholke, 1986; Nowell and Hollister,
1985; Dorn and Werner, 1993; Haskell and John-
son, 1993; Mézerais et al., 1993; Nelson et al.,
1993). They occur at a range of scales from large
sediment waves and erosional furrows to small
scale ripples, scour and tail marks, etc. Bedform
assemblages have been related to bottom-current
intensity (Hollister and McCave, 1984), although
the exact processes of formation still remain
questionable for some of them, especially for
giant sediment waves.

According to different authors working in dif-
ferent areas, sediment waves may be parallel,
perpendicular or at an angle to current flow; they
may propagate downstream or upstream, and if
they are formed on a gentle slope, they can
migrate downslope or upslope (Hollister et al.,
1974; Asquith, 1979; Lonsdale and Hollister, 1979;
Embley et al., 1980; Kolla et al., 1980; Flood and
Shor, 1988). Furthermore, sediment waves similar
in dimensions and morphology to contour-current
sediment waves, can be formed by turbidity cur-
rents. They are particularly common on deep-sea
fans, where they may cover large areas of tur-
bidite levees adjacent to the main channel axis
(Normark et al., 1980). The waves tend to show
an upslope and upstream migration. The problem
of a contour-current or turbidity-current origin
for sediment waves is highlighted by the examples
from the Tyrrhenian Sea cited by Mariani et al.
(1993).

From the many examples of modern con-
tourite accumulation that have been recognised
and studied in the ocean basins, we propose that
three main morphological types can be identified
(Faugeres et al., 1993).

(a) Giant elongate drifts. At least fifteen large-
scale drifts have been described from the North
Atlantic alone where they occur at different
depths, along both the continental margins and
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the flanks of the Mid-Ocean Ridge system. Vari-
ous mechanisms of growth have been involved
which explains the variations observed in their
morphology and internal seismic patterns (Mc-
Cave and Tucholke, 1986). They also occur in
other oceans along passive as well active margins
(Reed et al., 1987; Carter and Mitchell, 1987),
and, in some cases, in a more central basin loca-
tion.

(b) Contourite sheets. These sheet-like con-
tourite drift systems appear to be deposited in
fairly closed abyssal basins where the deep circu-
lation is partly trapped (Egloff and Johnson, 1975;
Flood and Shor, 1988). They may present a gen-
erally flat morphology, or be capped by a
widespread field of sediment waves, including
some less regular-shaped drift forms (eg. bifur-
cated-crest drifts). The growth patterns of such
sheet drifts are not well-known.

(c) Channel-related drifts. These types of drift
are quite varied according to their morphological
location. Contourite lag-deposits associated with
manganiferous sediments may be formed on the
floor of the channel; contourite sediment waves
may cover valley terraces at various elevations
above the channel floor; both are of limited ex-
tent (Johnson, 1984). At the downstream exit of
the channel, a rather larger area of contourite
drift accumulation may form, in some cases hav-
ing a distinct fan-like shape (Mézerais et al.,
1993). Such sediment bodies, or contourite-fans,
show certain characteristics that are similar to
those of distal turbidite fans; i.e. the general fan
morphology, the fine-grained muddy nature of
the sediments, and the apparent growth by migra-
tion of contourite “channel-levee” systems dis-
playing comparable seismic patterns and general
downstream progradation.

Seismic patterns of contourite drifts

The nature of the seismic tools employed, the
water depth and sea conditions during recording,
and the type of processing employed, all affect
the seismic records obtained. Nevertheless, it is
clear that a generally transparent or structureless
appearance is the most frequently observed seis-
mic facies of giant contourite drifts, in some cases
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with a few prominent internal reflectors, as illus-
trated by numerous studies (mainly published in
the D.S.D.P. volumes related to North Atlantic
Legs). This is presumably due to the extremely
fine-grained and homogeneous nature of the sed-
iments. The top surface of transparent drifts may
show a regular wavy reflector pattern and, in
other cases, this sediment wave geometry is ap-
parent through more of the drift thickness. As
discussed earlier, such sediment waves reflect the
depositional process from bottom currents, al-
though they are not solely diagnostic of con-
tourites as they can also be formed by turbidity
currents.

Moderate to high amplitude subparallel reflec-
tors occur within some drift sequences. Their
interpretation must be more speculative because
they may reflect either a change in sediment
structure or texture, probably due to bottom cir-
culation variations, or a slight change in sediment
composition (relative proportions of calcareous
versus siliciceous biogenic material, for example),
more likely due to variations in the surface water
masses and productivity.

Marked erosional surfaces are a common fea-
ture of bottom-current deposits and give the more
prominent internal reflectors. Deep-sea drilling
allowed many of such reflectors to be dated.
Some of these surfaces have been correlated
through the whole Atlantic or larger oceanic ar-
eas and correspond to major hydrologic events in
the Cenozoic, linked to ice-sheet formation or to
episodes of major growth in Antarctic ice
(Tucholke and Mountain, 1986, among others).
Although not all erosional surfaces are the result
of intense bottom-current activity, especially if
they are of limited geographical extent, they are
certainly very characteristic of contourite drift
deposits.

A number of examples have been described
for which the seismic patterns show clear evi-
dences of bottom-current deposition in the form
of a drift-moat morphology. They have been called
“separated drifts” by McCave and Tucholke
(1986) and the whole system is typically seen to
migrate upslope. Three different seismic facies
may be identified (Faugeres et al., 1985b): (a) a
chaotic facies that corresponds to the moat-lag
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deposits; (b) a prograding lens facies with irregu-
lar laminated sediment downlapping onto the
moat bottom; (c) a more regularly laminated fa-
cies, in some cases draped by sediment waves, on
the back-side of the drift where the bottom cur-
rents are assumed to be more sluggish and the
deposits more muddy. Such seismic patterns may
be confused with turbidite “channel-levee” sys-
tems. However, the major difference is that, in
the case of bottom-current processes, the entire
sedimentary system migrates upslope or alongs-
lope instead of downslope.

The interplay of turbidite and contourite deposits

It is clear that the interplay of downslope and
alongslope processes is the rule rather than the
exception for deep-water ocean-margin sedimen-
tation. Even in isolated drift settings far from a
continental source, the interbedding of thin far-
travelled or local, seamount-derived turbidites
must be expected. This interplay process is well
illustrated on the eastern margin of North Amer-
ica, where numerous downslope channels deliver
abundant terrigenous material to the rise, which
is swept by an active Western Boundary Under-
current below 4000 m depth (Tucholke and Laine,
1983; Tucholke and Mountain, 1986; Myers and
Piper, 1988; McMaster et al., 1989; among others),
and also along the Eastern margin of South
America, where the Antarctic Bottom Water flow
is known to intercept and rework material intro-
duced by downslope processes (Ewing et al., 1971;
Klaus and Ledbetter, 1988). However, distinction
between the two processes, both at the level of
seismic facies and sediment facies, is still not fully
resolved. Some recent advances in our under-
standing of this problem have been made by
Locker and Laine (1993), who describe models
for what they call a “companion fan-drift” sys-
tem, from the middle U.S. Atlantic margin, and
by Stanley (1993) in his detailed analysis of bot-
tom-current reworking of turbidites.

The influence of climate and sea-level changes

Still more problematic is understanding the
relationship between global changes of climate
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and/or sea level, patterns of bottom water circu-
lation that result and the consequent effect on
the deposition/erosion of contourites (Haq,
1990).

Major climatic changes that produce alternat-
ing glacial and interglacial episodes do not ap-
pear to produce a simple global response in terms
of bottom-current circulation (Corliss et al., 1986).
This response will depend on latitude and on the
morphological context, and will not necessarily be
the same for both North Atlantic Bottom Water
(NABW) and Antarctic Bottom Water (AABW).

There is good evidence that major build-up of
sea ice over the Norwegian—Greenland seas in-
hibits the influx of surface water from the south
and hence, dampens the production and outflow
of Norwegian sea water. More limited deep circu-
lation does occur around the Rockall and Iceland
basins. However, it has been recently assumed
that deep-water formation may locally occur in
these basins at the end of the last Glacial (from
880 and 8"C data: Duplessy, 1982; Duplessy et
al., 1988; or from micro-grain-size data: Dowling
and McCave, 1993), and thus glacial /interglacial
transitions with unstable climatic conditions
would be the episodes of strongest bottom circu-
lation activity.

The effect of maximum extension of sea ice
around Antarctica on bottom water production is
equally unclear and directly opposite views can
be cited. However, some studies support the idea
of enhanced AABW circulation during inter-
glacial periods and /or interglacial-glacial transi-
tion. (Ledbetter and Ciesielski, 1986; Ledbetter,
1986; Pudsey et al., 1988).

There is a complex linkage, also, between the
two main cold water masses. For example, inten-
sified production and southward dispersion of
NADW introduces both a mechanical and cli-
matic drive on the production and circulation of
AABW (Kennett, 1982).

Perhaps, the most important response that has
been demonstrated from a large amount of work
on erosional, isotopic and other signatures from
Cenozoic drift deposits, is that episodes of major
increase in bottom circulation seem to corre-
spond with periods of climatic instability or crisis.
These lead to widespread erosional rather than
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depositional events within the contourite record.

Sea-level changes seem to have a more direct
effect on the supply of terrigenous material to
deep ocean basins and, as a consequence, an
indirect effect on contourite deposition. During
high-stands of sea level, much sediment is trapped
on the shelf, turbidity-current activity is reduced
and hence the record of bottom-current activity is
better preserved. Low-stands of sea level, by con-
trast, tend to favour major downslope reworking
of sediment and a consequent masking of
bottom-current activity. Some recent work
(Cremer et al., 1992, 1993) has proposed that the
most important episodes of downslope resedi-
mentation are during periods of marked sea-level
change, especially during sea-level up-rising,
rather than stand still, although evidence for this
remains partly speculative.

A further effect of higher sea level is to favour
the exchange of water masses, both surface and
bottom, between marginal basins and the main
ocean basins. This, in turn, would tend to en-
hance bottom-water circulation.

Conclusion

We have presented a brief survey, only, of a
large amount of work that is currently in progress
on contourites and bottom currents, and have
focussed, in particular, on some of the topics that
we believe require special attention in future
research. From this survey, it is apparent that
there are at least four major problems that should
be addressed in any future study:

(a) How to extrapolate short-term measure-
ments /observations of present-day systems to
their cumulative effect over a geological scale,
how to be certain that even the surface sedi-
ments /seismic features of contourites relate to
existent bottom-current conditions.

(b) How to recognise contourites with certainty
where they are interbedded with other facies and,
most significantly, how to identify ancient con-
tourites.

(c) How best to identify the overlap and inter-
action between bottom currents and other deep-
water processes, and also between the different
types of bottom current identified;
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(d) How to confidently read the record of
global changes in sea-level and climate, and of
palaeocirculation patterns in the deep-oceans,
from contourite drift deposits woridwide.

References

Allen, J.R.L., 1982. Sedimentary Structures: Their Characters
and Physical Basis. Developments in Sedimentology, 30,
parts I and II, Elsevier, Amsterdam, 663 pp.

Asquith, J.M., 1979. Nature and origin of the lower continen-
tal rise hills, off the east coast of the United States. Mar.
Geol., 32: 165-190.

Bouma, A.H., 1962. Sedimentology of Some Flysch Deposits,
a Graphic Approach to Facies Interpretation. Elsevier,
Amsterdam, 168 pp.

Bouma, A.H., 1972. Fossil contourites in lower Niesen flysch,
Switzerland. J. Sediment. Petrol., 42 (4): 917-921.

Cacchione, D.A., Schawb, W.C., Noble, M. and Tate, G.,
1988. Internal tides and sediment movement on Horizon
guyot, Mid-Pacific mountains. Geo-Mar. Lett., 8 (1): 21-28.

Carter, L. and Mitchell, J.S., 1987. Late Quaternary sediment
pathways through the deep ocean, East of New Zealand.
Paleoceanography, 2 (4): 409-422.

Cheney, R.E., Marsh, J.G. and Beckley, B.D., 1983. Global
mesoscale variability from collinear tracks of SEASAT
altimeter data. J. Geophys. Res., 88: 4343-4354.

Collela, A., 1990. Active tidal sand waves at bathyal depths
observed from submersible and bathysphere (Messina
strait, southern Italy). 13th IAS Mtg., Abstr., pp. 98-99.

Corliss, B.H., Martinson, D.G. and Keffer, T., 1986. Late
Quaternary deep-ocean circulation. Geol. Soc. Am. Bull.,
97: 1106-1121.

Cremer, M., Grousset, F., Faugeres, J.C., Duprat, J. and
Gonthier, E., 1992. Sediment flux patterns in the north-
eastern Atlantic: variability since the last interglacial. Mar.
Geol., 104: 31-53.

Cremer, M., Faugeres, J.-C., Grousset, F. and Gonthier, E.,
1993. Late Quaternary sediment flux on sedimentary drifts
in the Northeast Atlantic. In: D.A.V. Stow and J.-C.
Faugeéres (Editors), Contourites and Bottom Currents.
Sediment. Geol., 82: 89-101 (this volume).

Davies, T.A. and Laughton, A.S., 1972. Sedimentary process
in the North Atlantic. Init. Rep. DSDP, 12: 905-934.
Dorn, W.U. and Werner, F., 1993. The contour-current flow
along the southern Iceland—Faeroe Ridge as documented
by its bedforms and asymmetrical channel fillings. In:
D.A.V. Stow and J.-C. Faugeres (Editors), Contourites
and Bottom Currents. Sediment. Geol., 82: 47-59 (this

volume).

Dowling, L.M. and McCave, 1.N., 1993. Sedimentation on the
Feni Drift and late Glacial bottom water production in the
northern Rockall Trough. In: D.A.V. Stow and J.-C.
Faugeres (Editors), Contourites and Bottom Currents.
Sediment. Geol., 82: 79—-87 (this volume).



BOTTOM-CURRENT-CONTROLLED SEDIMENTATION

Duan, T., Gao, Z., Zeng, Y. and Stow, D., 1993. A fossil
carbonate contourite drift on the Lower Ordovician
palaeocontinental margin of the middle Yangtze Terrane,
Jiuxi, northern Hunan, southern China. In: D.A.V. Stow
and J.-C. Faugeéres (Editors), Contourites and Bottom
Currents. Sediment. Geol., 82: 271-284 (this volume).

Duplessy, J.C., 1982. Circulation des eaux profondes nord
atlantiques au cours du dernier cycle climatique. Bull. Inst.
Géol. Bassin d’Aquitaine, 31: 379-391.

Duplessy, J.C., Shackleton, N.J., Fairbanks, R.G., Labeyrie,
L., Oppo, D. and Kannel, N., 1988. Deep-water source
variation during the last climatic variation. Paleoceanogra-
phy, 3: 343-360.

Egloff, J. and Johnson, G.L., 1975. Morphology and structure
of the southern Labrador Sea. Can. J. Earth Sci., 12 (12):
2111-2133.

Embley, R.W., Hooje, P.J., Lonsdale, P., Mayer, L. and Tu-
cholke, B.E., 1980. Furrowed mud-waves on the western
Bermuda rise. Geol. Soc. Am. Bull., 91: 731-740.

Ewing, M., Eittreim, S., Ewing, J. and Le Pichon, X., 1971.
Sediment transport and distribution in the Argentine basin,
3. Nepheloid layer and processes of sedimentation. Phys.
Chem. Earth, 8: 49-78.

Faugeres, J.C., Gonthier, E. and Stow, D.A.V., 1984. Con-
tourite drift molded by deep Mediterranean outflow. Ge-
ology, 12 (5): 296-300.

Faugeres, J.C., Cremer, M., Monteiro, H. and Gaspar, L.,
1985a. Essai de reconstitution des processus d’édification
de la ride sédimentaire de Faro (marge sud-portugaise).
Bull. Inst. Géol. Bassin d’Aquitaine, 37: 229-258.

Faugeres, J.C., Frappa, M., Gonthier, E. and Grousset, F.,
1985b. Impact de la veine d’eau méditerranéenne sur la
sédimentation de la marge sud et ouest ibérique au qua-
ternaire récent. Bull. Inst. Géol. Bassin d’Aquitaine, 37:
259-287.

Faugeres, J.C., Mézerais, M.L. and Stow, D.A.V., 1993. Con-
tourite drift types and their distribution in the North and
South Atlantic Ocean basins. In: D.A.V. Stow and J.-C.
Faugeres (Editors), Contourites and Bottom Currents.
Sediment. Geol., 82: 189-203 (this volume).

Flood, R.D. and Johnson, T.C., 1984. Side scan targets in
Lake Superior, evidence for bedforms and sediment trans-
port. Sedimentology, 31: 311-333.

Flood, R.D. and Shor, A.N., 1988. Mud waves in the Argen-
tine basin and their relationship to regional bottom circu-
lation patterns. Deep Sea Res., 35: 943-972.

Fulthorpe, C.S. and Carter, R.M., 1990. Continental shelf
progradation by sediment drift accretion. 13th IAS Mtg.,
Abstr., p. 177.

Gardner, W.D. and Sullivan, L.G., 1981. Benthic storms:
temporal variability in a deep ocean nepheloid layer. Sci-
ence, 213: 329-331.

Gardner, W.D., Richardson, M.J. and Cacchione, D.A., 1989.
Sedimentological effects of strong southward flow in the
Strait of Florida. Mar. Geol., 86: 115-180.

Gonthier, E., Faugeres, J.C. and Stow, D.A.V., 1984. Con-

295

tourite facies of the Faro drift, Gulf of Cadiz. In: D.A.V.
Stow and D.J.W. Piper (Editor), Fine-Grained Sediments:
Deep Water Processes and Facies. Geologica Society by
Blackwell Scientific Publications, Oxford, London, Edin-
burgh, 15: 245-256.

Hagq, B.U., 1990. Sea level change and consequences for the
deep-sea. The erosive—corrosive cycle. 13th 1.S.C., Abstr.,
p. 208.

Haskell, B.J. and Johnson, T.C., 1993. Surface sediment re-
sponse to deepwater circulation on the Blake Outer Ridge,
western North Atlantic: paleoceanographic implications.
In: D.A.V. Stow and J.-C. Faugéres (Editors), Contourites
and Bottom Currents. Sediment. Geol., 82: 133-144 (this
volume).

Heezen, B.C., 1971. The Face of the Deep. Oxford University
Press, New York, 659 pp.

Heezen, B.C. and Hollister, C.D., 1971. The Face of the
Deep. Oxford Univ. Press, London, 659 pp.

Heezen, B.C., Hollister, C.D. and Ruddiman, W.F., 1966.
Shaping of the continental rise by deep geostrophic con-
tour currents. Science, 152: 502-508.

Hollister, C.D., 1993. The concept of deep-sea contourites. In:
D.A.V. Stow and J.-C. Faugéres (Editors), Contourites
and Bottom Currents. Sediment. Geol., 82: 5-11 (this
volume).

Hollister, C.D. and Heezen, B.C., 1972. Geological effects of
bottom currents: western North Atlantic. In: A.L. Gordon
(Editor), Studies in Physical Oceanography, 2. Gordon and
Breach, New York, pp. 37-66.

Hollister, C.D. and McCave, I.N., 1984. Sedimentation under
deep-sea storms. Nature, 309: 220-225.

Hollister, C.D., Flood, R.D., Johnson, D.A., Lonsdale, P. and
Southard, J.B., 1974. Abyssal furrows and hyperbolic
echo-traces on the Bahama Outer Ridge. Geology, 2:
395-400.

Johnson, D.A., 1984. Research on the Vema Channel. Mar.
Geol., 58: 1-274.

Jones, B.G., Fergusson, C.L. and Zambelli, P.F., 1993. Or-
dovician contourites in the Lachlan Fold Belt, eastern
Australia. In: D.A.V. Stow and J.-C. Faugeres (Editors),
Contourites and Bottom Currents. Sediment. Geol., 82:
257-270 (this volume).

Kennett, J.P., 1982. Marine Geology. Prentice Hall, Engle-
wood Cliffs, N.J., 813 pp.

Kenyon, N.H. and Belderson, R.H., 1973. Bedforms of the
Mediterranean undercurrent observed with side scan
sonar. Sediment. Geol., 9 (2): 77-100.

Kidd, R.B. and Hill, P.R., 1986. Sedimentation on mid-ocean
sediment drifts. In: C.P. Summerhayes and N.J. Shackle-
ton (Editors), North Atlantic Paleoceanography. Geol. Soc.
London, Spec. Publ., 21: 87-102.

Klaus, A. and Ledbetter, M.T., 1988. Deep-sea sedimentary
processes in the Argentine basin revealed by high-resolu-
tion seismic records (3.5 kHz echograms). Deep Sea Res.,
35 (6): 899-917.

Kolla, V., Eittreim, S., Sullivan, L., Kostecki, J.A. and Bur-



296

ckle, L.H., 1980. Current-controlled abyssal microtopogra-
phy and sedimentation in Mozambique basin, Southwest
Indian Ocean. Mar. Geol., 34: 171-206.

Ledbetter, M.T., 1986. A late Pleistocene time series of bot-
tom current speed in the Vema channel. In: A.D. Socci
(Editor), Cenozoic Paleogeography. Palacogeogr., Palaeo-
climatol., Palaeoecol., 53 (1): 97-105.

Ledbetter, M.T. and Ciesielski, P.F., 1986. Post-Miocene dis-
conformities and paleoceanography in the Atlantic sector
of the Southern Ocean. Palaeogeogr., Palaeoclimatol.,
Palaeoecol., 52: 195-214.

Leslie, A., 1993. Shallow Plio—Pleistocene contourites on the
Hebrides Slope, northwest U.K. continental margin. In:
D.A.V. Stow and J.-C. Faugeres (Editors), Contourites
and Bottom Currents. Sediment. Geol., 82: 61-78 (this
volume).

Locker, S.D. and Laine, E.P., 1993. Late Pliocene—Quaternary
stratigraphy and depositional systems on the middle U.S.
Atlantic continental rise. Geol. Soc. Am. Bull., in press.

Lonsdale, P., 1981. Drifts and ponds of reworked pelagic
sediment in part of the southwest Pacific. Mar. Geol., 43:
155-193.

Lonsdale, P. and Hollister, C.D., 1979. A near-bottom tra-
verse of Rockall Trough: hydrographic and geologic infer-
ences. Oceanol. Acta, 31: 91-105.

Lonsdale, P. and Malfait, B., 1974. Abyssal dunes of
foraminiferal sand on the Carnegie ridge. Geol. Soc. Am.
Bull., 85: 1697-1712.

Lovell, J.P.B. and Stow, D.A.V., 1981. Identification of an-
cient sandy contourites. Geology, 9: 347-349.

Marani, M., Argnani, A., Roveri, M. and Trincardi, F., 1993.
Sediment drifts and erosional surfaces in the central
Mediterranean: seismic evidence of bottom-current activ-
ity. In: D.A.V. Stow and J.-C. Faugeres (Editors), Con-
tourites and Bottom Currents. Sediment. Geol., 82: 207-
220 (this volume).

McCave, I.N., 1986. Local and global aspects of the bottom
nepheloid layers in the world ocean. Neth. J. Sea Res., 20
(2/3): 167-181.

McCave, I.N. and Tucholke, B.E., 1986. Deep current-con-
trolled sedimentation in the western North Atlantic. In:
P.R. Vogt and B.E. Tucholke (Editors), The Geology of
North America, Vol. M. The Western North Atlantic
Region, Decade of North America Geology. Geological
Society of America, Boulder, Colo., pp. 451-468.

McMaster, R.L., Locker, S.D. and Laine, E.P., 1989. The
early Neogene continental rise off the eastern United
States. Mar. Geol., 87: 137-163.

Meinert, J., 1986. Akustostratigraphie im dquatorialen Ostat-
lantiK: zur Entwicklung der Tiefenwasserzirkulation der
letzten 3,5 Millionen Jahre. Meteor Forschungsergeb.,
Reihe C, 40: 19-86.

Méliéres, F., Nesteroff, W.D. and Lancelot, Y., 1970. Etude
photographique des fonds du Golfe de Cadix. Cah.
Oceanogr., Paris, XII (1): 63-72.

Mézerais, M.-L., Faugeres, J.-C., Figueiredo, A.G. Jr. and

J.-C. FAUGERES AND D.A.V. STOW

Massé, L., 1993. Contour current accumulation off Vema
Channel mouth, southern Brazil Basin: pattern of a “con-
tourite fan”. In: D.A.V. Stow and J.-C. Faugeéres (Editors),
Contourites and Bottom Currents. Sediment. Geol., 82:
173-187 (this volume).

Myers, R.A. and Piper, D.J.W., 1988. Seismic stratigraphy of
late Cenozoic sediments in the northern Labrador Sea: a
history of bottom circulation and glaciation. Can. J. Earth
Sci., 25: 2059-2074.

Nelson, C.H., Baraza, J. and Maldonado, A., 1993. Mediter-
ranean undercurrent sandy contourites, Gulf of Cadiz,
Spain. In: D.A.V. Stow and J.-C. Faugeres (Editors), Con-
tourites and Bottom Currents. Sediment. Geol., 82: 103—
131 (this volume).

Normark, W.R., Hess, G R., Stow, D.A.V. and Bowen, A.J.,
1980. Sediment waves on the Monterey Fan levees: a
preliminary physical interpretation. Mar. Geol., 37: 1-8.

Nowell, A.R.M. and Hollister, C.D. (Editors), 1985. Deep
Ocean Sediment Transport. Reprinted from Mar. Geol.,
66, 420 pp.

Okada, H. and Ohta, S. 1993. Photographic evidence of
variable bottom-current activity in the Suruga and Sagami
Bays, central Japan. In: D.A.V. Stow and J.-C. Faugéres
(Editors), Contourites and Bottom Currents. Sediment.
Geol., 82: 221-237 (this volume).

Pickering, K.T., Hiscott, R.N. and Hein, F.J., 1989. Deep
marine environments. Clastic sedimentation and tectonics.
Unwin Hyman, London, 416 pp.

Pudsey, C.J., Barker, P.F. and Hamilton, N., 1988. Weddell
Sea abyssal sediments—a record of Antarctic Bottom Wa-
ter flow. Mar. Geol., 81: 289-314.

Reed, D.L., Meyer, A.W., Silver, E.A. and Prasetyo, H., 1987.
Contourite sedimentation in an intraoceanic forearc sys-
tem: eastern Sunda Arc, Indonesia. Mar. Geol., 76 (3-4):
223-242.

Richardson, P.L., 1983. Eddy kinetic energy in the North
Atlantic from surface drifters. J. Geophys. Res., 88: 4355—
4367.

Roberts, D.G., Hogg, N.G., Bishop, D.G. and Flewellen,
C.G., 1974. Sediment distribution around moated
seamounts in the Rockall trough. Deep Sea Res., 21:
175-184.

Sarnthein, M. and Faugeres, J.C., 1993. Radiolarian con-
tourites record Eocene AABW circulation in the equato-
rial East Atlantic. In: D.A.V. Stow and J.-C. Faugeéres
(Editors), Contourites and Bottom Currents. Sediment.
Geol., 82: 145-155 (this volume).

Stanley, D.J., 1981. Unifites: structureless muds of gravity
flow origin in Mediterranean basins. Geo-Mar. Lett., 1:
77-83.

Stanley, D.J., 1993. Model for turbidite-to-contourite contin-
uum and multiple process transport in deep marine set-
tings: examples in the rock record. In: D.A.V. Stow and
J.-C. Faugeres (Editors), Contourites and Bottom Cur-
rents. Sediment. Geol., 82: 241-255 (this volume).

Stow, D.A.V., 1982. Bottom-current and contourites in the



BOTTOM-CURRENT-CONTROLLED SEDIMENTATION

North Atlantic. Bull. Inst. Geol. Bassin Aquitaine, Bor-
deaux, 31: 151-156.

Stow, D.A.V. and Faugeres, J.-C., 1992. Miocene contourites
from the proto Izu—Bonin forearc region, southern Japan.
In: D.A.V. Stow and J.-C. Faugeres (Editors), Contourites
and Bottom Currents. Sediment. Geol., 82: 157-171 (this
volume).

Stow, D.A.V. and Holbrook, J.A., 1984. North Atlantic con-
tourite: an overview. In: D.A.V. Stow and D.J.W. Piper
(Editors), Fine-Grained Sediments: Deep-Water Processes
and Facies. Geol. Soc. London, Spec. Publ., 15: 245-256.

Stow, D.A.V. and Lovell, J.P.B., 1979. Contourites: their
recognition in modern and ancient sediments. Earth Sci.
Rev., 14: 251-291.

Stow, D.A.V. and Piper, D.J.W., 1984. Deep-water fine-
grained sediments: facies models. In: D.A.V. Stow and
D.J.W. Piper (Editors), Fine-Grained Sediments: Deep-
Water Processes and Facies. Geol. Soc. London, Spec.
Publ., 15: 611-645.

Stow, D.A.V. and Wetzel, A., 1991. Hemiturbidite: a new type
of deep water sediment. Init. Rep. O.D.P., 116, Sci. Re-
sults, pp. 25-34.

Stow, D.A.V., Faugeres, J.C. and Gonthier, E., 1986. Facies
distribution and textural variation in Faro drift con-
tourites: velocity fluctuation and drift growth. Mar. Geol.,
72: 71-100.

297

Tucholke, B.E. and Laine, P., 1983. Neogene and Quaternary
development of the lower continental rise off the Central
U.S. east coast. In: J.S. Watkins and C.L. Drake (Editors),
Studies in Continental Margin Geology. Am. Assoc. Pet.
Geol., Mem., 34: 295-305.

Tucholke, B.E. and Mountain, G.S., 1986. Tertiary paleo-
ceanography of the western North Atlantic Ocean. In:
P.R. Vogt and B.E. Tucholke (Editors), The Geology of
North America, Vol. M. The Western North Atlantic
Region, Decade of North America Geology. Geological
Society of America, Boulder, Colo., pp. 631-650.

Villars, F., 1990. Evolution paléogéographique du domaine
delphino-helvétique (entre Chartreuse et Morcle), au
Crétacé supérieur: biostratigraphie, sédimentologie et dy-
namique sédimentaire sur une rampe carbonatée. Thése,
Université de Genéve, 173 pp.

Von Stackelberg, U., Von Rad, U. and Zobel, B., 1979.
Asymmetric sedimentation around Great Meteor
Seamount (North Atlantic). Mar. Geol., 33: 117-132.

Westall, F., Rossi, S. and Mascle, J., 1993. Current-controlled
sedimentation in the Equatorial Atlantic: examples from
the southern margin of the Guinea Plateau and the Ro-
manche Fracture Zone. In: D.A.V. Stow and J.-C.
Faugeres (Editors), Contourites and Bottom Currents.
Sediment. Geol., 82: pp. 157-171.






