Chapter 2

Characteristics of the Sub-equatorial
North-Eastern Pacific Ocean’s Abyss,
with a Particular Reference to the
Clarion-Clipperton Fracture Zone

Abstract The deep seafloor, i.e. seabed areas at depths exceeding 800—1,300 m,
cover about 88 % of the world ocean’s bottom. The most extensive areas repre-
sent the 3,000-6,000 depth range and include abyssal plains (depths > 4,000 m)
the largest of which is the abyssal plain of the Pacific Ocean. The water column
overlying it consists of a number of layers differing in their major characteris-
tics. The most characteristic layers include that encompassing the oxygen mini-
mum zone (OMZ, 100-1,000 m depth range in the Pacific) and the near-bottom
layer, directly impinging on the seafloor. Once considered extremely stable, the
near-bottom layer is now known to be prone to hydrodynamic effects such as tides
and currents. The latter are generally weak, but periods of intensified current activ-
ity are not infrequent. The water column effects influencing the abyssal seafloor
include also the transmission of the wind-generated surface physical energy down
to the bottom (the “benthic storms”) on the one hand and sedimentation of sur-
face-produced organic matter on the other. Both the benthic storms and organic
matter deposition are known to be periodically, or episodically, intensified, thus
contributing to natural environmental variability in the abyss. The Pacific abys-
sal plain sedimentary cover is mostly biogenic in origin. A characteristic part of
the Pacific abyss is a huge (about 2 million km?) polymetallic nodule field within
the NE sub-equatorial seafloor area experiencing low sedimentation rates and con-
strained by the Clarion and Clipperton fractures (the Clarion-Clipperton Fracture
Zone, CCFZ). CCFZ extends sub-latitudinally along about 4,200 km, its surface
inclining slightly westwards with depths in the east-west direction from about
4,000 to about 5,400 m. The seafloor, although generally flat, does show (particu-
larly in the eastern part) distinct topographic features which are volcanic in origin.
The relatively thin (50-200 m) sedimentary cover is formed by recent biogenic
sediments (siliceous ooze). The major characteristic of the area is the presence of
polymetallic nodule deposits. The nodules, occurring at abundances frequently
exceeding 10 kg/m?, are mostly exposed on the sediment surface, but some are
also embedded or buried in the sediment. The nodules, in addition to the occasion-
ally occurring larger hard-rock fragments of cobalt-rich ferromanganese crusts,
add to the deep-sea habitat heterogeneity and themselves constitute both a unique
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deep-sea habitat, of a great interest to marine ecologists, and an important mineral
resource, of a great appeal to the marine mining community the size of which has
been recently growing considerably.

Keywords Abyssal depths + Clarion-Clipperton Fracture Zone + Hydrography -
Sedimentation + Currents + Bottom topography * Sedimentary cover + Polymetallic
nodules

The deep sea is defined as the part of the oceanic water column and seafloor that
extends below the permanent oceanic thermocline, i.e. below depth contours of
800-1,300 m (Gage and Tyler 1991; Ramirez-Llodra et al. 2010). That part of the
oceanic floor covers about 88 % of the world ocean’s floor surface area. The most
extensive deep sea bottom is located between the depths of 3,000 and 6,000 m,
and generally represents fairly flat surfaces, called the abyssal plains (Angel and
Rice 1996, Mantyla and Reid 1983). The largest among them is the abyssal plain
of the Pacific Ocean (Fig. 2.1), its part located in the sub-equatorial north-eastern
region of the ocean being the major focus of the description below.

Environmental conditions in the abyss have been described in detail in a num-
ber of studies important for a biologist interested in environmental effects of
anthropogenic interventions on deep-sea communities. The most pertinent of those
publications include the papers by Menzies (1965), Gage and Tyler (1991), Tyler
(1995), and Hannides and Smith (2003). As well as providing important overviews
of the deep-sea environment, the publications mentioned, the earliest and the
most recent of which span a period of almost 40 years, supply evidence on how
the human perception of the deep-sea environment changed as research methods
and techniques were improving and more and more large-scale study programmes
were being implemented.
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It is now recognised that the abyssal seafloor is influenced by phenomena and
processes occurring in the surface waters which are themselves affected by atmos-
pheric forcing agents—atmospheric circulation, wind stress, precipitation, evapo-
ration, and energy fluxes (Amador et al. 2006). Phenomena such as eddies and
mesoscale processes, El Nifio Southern Oscillation (ENSO), and interdecadal vari-
ability and climate change (Willett et al. 2006; Wang and Fiedler 2006; Mestas-
Nunez and Miller 2006) produce effects which, transmitted down the water
column and modified along the way, influence the deep seafloor.

The water column overlying the abyssal seafloor shows a number of charac-
teristic layers, differing in their physical, chemical, and biological variables. The
most notable of those layers include the so-called oxygen minimum zone (OMZ)
and the bottom (near-bottom) water, both of potential (OMZ) and actual (near-bot-
tom water) importance for the benthic communities. The oxygen minimum zone
in the eastern tropical Pacific is very pronounced; it occurs generally within 100—
1,000 m (Hannides and Smith 2003; Wishner et al. 1995) and does not extend to
the abyssal depths.

Another important water layer is the near-bottom one. The origins of the Pacific
near-bottom water can be traced to the surface layer of the Antarctic region. As
a result of complex interactions that involve mixing, sinking, and advection,
that surface water sinks towards the bottom to form the Antarctic Bottom Water
(AABW) in the Weddell Sea (Tsuchiya and Talley 1996). Its branches move
northwards and penetrate into the Atlantic, Indian, and Pacific Oceans, the pen-
etration routes being restricted and modified by topographic structures on the bot-
tom, such as the East Pacific Rise. According to the pattern described in detail by
Tsuchiya and Talley (1996), AABW moves along a major pathway towards the NE
basin of the Pacific which is a route that carries the cold Antarctic water from the
Equator to the north-east and eastwards via the Horizon Passage (~19°N; 169°W)
at the northern tip of the Line Islands Ridge and via the Clarion Passage (~12°N;
165°W) in the western part of the Clarion Fracture. A portion of that stream flows
eastwards through the northern part of the Clipperton Fracture. Bottom water (at
depths exceeding 4,000 m) in the Pacific is formed by the Lower Circumpolar
Water (LCPW), a mixture of AABW and the North Atlantic Deep Water (NADW)
formed in the northern North Atlantic (Fiedler and Talley 2006). As described by
Fiedler and Talley (2006), LCPW flows into the eastern tropical Pacific from the
Northeast Pacific Basin along the western flank of the East Pacific Rise (105-
110°W), at the end of a circuitous path in a northward deep western boundary cur-
rent through the Central Pacific Basin and then as an eastward branch between the
Hawaiian and Line Islands (Johnson and Toole 1993).

In many areas of the Pacific, including its eastern flanks, the hydrodynamic
energy of currents is enhanced by hydrothermal venting (Tivey et al. 2002). Both
the currents and the venting are recognised sources of a considerable variability
in the oceanographic regime in the deep sea. Irrespective of that variability, how-
ever, the major trait of deep-sea bottom water masses is a fairly narrow range of
changes of their major hydrographic characteristics in individual regions: over
vast areas of the seafloor, the temperature varies from about 4 °C to about —1 °C,
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while the mean salinity is 34.8 & 0.3 psu (dropping to the minimum mean value
of 34.69 psu in the NE and eastern part of the Pacific). The bottom water masses
overlying the sub-equatorial NE Pacific seafloor are old (in terms of the amount of
time since their contact with the surface water layers), but their dissolved oxygen
content is close to saturation. Although, as AABW moves away from the centre of
its formation, the dissolved oxygen pool becomes gradually depleted due to meta-
bolic processes (Mantyla and Reid 1983; Tsuchiya and Talley 1996), it does not
drop below the level of 2 ml 171, a threshold critical for the survival of benthic
communities (Rabalais et al. 2010).

Irrespective of the narrow ranges of oceanographic variables mentioned above,
certain attributes of the deep sea show oceanographic gradients and manifesta-
tions of physical variability that strongly impinge upon biological communities of
both the water column and the deep seafloor. Particularly notable in this respect
are changes in hydrostatic pressure in the water column. Depth-dependent changes
in hydrostatic pressure represent the longest continuous environmental gradi-
ent on Earth, the hydrostatic pressure increasing by 10° Pa with each 10 m depth
increase (Gage and Tyler 1991). The importance of the gradient for physiology
and ecology of deep-sea organisms is evident from a number of studies. The most
important earlier publications include a collection of papers edited by Hochachka
(1976). To cite a more recent work, Young and Tyler (1993) referred to hydrostatic
pressure as a factor controlling the vertical distribution of various echinoid spe-
cies. The hydrostatic pressure gradient has also been invoked to explain depth-
related changes in diversity and density of benthic organisms: for example, Tyler
(1995) contended that the hydrostatic pressure of about 6 x 107 Pa (equal to that
prevalent at the depth of about 6,000 m) is a clear bathymetric boundary for the
fauna. A number of higher taxa such as decapods, sea anemones, and echinoids
are absent at depths exceeding 6,000 m, while other taxa, particularly holothurians
and polychaetes, occur there at relatively high densities. Barophilic adaptations are
known also among microorganisms (Fang et al. 2000; Tholosan et al. 1999).

In addition, the hydrostatic pressure affects calcium carbonate solubility and
thus can indirectly influence the deep-sea fauna. The carbonate compensation
depth (CCD), i.e. the depth at which calcium carbonate is no longer solid and
becomes dissolved, lies at different depths in various oceans and averages globally
about 4,500 m (Coxall et al. 2005). In the eastern Pacific, it is shallower than in
other oceans, being found at about 3,500 m (Nienstedt and Arnold 1988; Seibold
and Berger 1993; Tyler 1995) to drop to depths larger than 5,000 m in the west-
ern part of the CCFZ (Kotlinski, pers. comm.). The hydrostatic pressure-mediated
calcium carbonate solubility is important for carbonate enrichment of the deep
seafloor and participates in controlling the chemical composition of sediments at
those depths (Brown et al. 1989). It is also important for the composition of abys-
sal benthic communities by greatly restricting the distribution of calcareous shell-
bearing organisms, e.g. calcareous foraminiferans (Gooday 1994).

The abyssal seabed topography results from interaction between continental
plate spreading characteristics and sedimentation of organic and inorganic parti-
cles from shallower depths (Kotliriski 1999; Whitmarsh et al. 1996). Although
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abyssal plains are relatively flat compared to the continental margins and slopes
flanking them, modern techniques of abyssal topography exploration (e.g. multi-
beam surveys) show that the abyssal relief can be rendered complex by the pres-
ence of guyots, seamounts, and underwater volcanoes that often occur in chains
and as seamount ridges, as well as by a multitude of smaller-scale topographic fea-
tures (Kotliriski, pers. comm.). Moreover, since the abyssal plains are intersected
by mid-oceanic ridges, their surfaces are fractured in numerous places. The areas
away from fractures and ridges show very gentle slope angles (on the order of
1:1,000) (Gage and Tyler 1991).

The abyssal plain sedimentary cover is mainly biogenic in origin: it forms as
a result of sedimentation of remnants of pelagic fauna and flora which, once on
the seafloor, are subjected to diagenetic processes of various intensity, depend-
ing on temperature and pressure (Brown et al. 1989; Menzies 1965, Seibold and
Berger 1993; Tyler 1995; Whitmarsh et al. 1996). Rates of sedimentation and
sediment accumulation vary between and within the oceans, depending largely on
productivity of the surface waters: for example, the sediment accumulation rate
in the northern Atlantic is estimated at 3.0-5.0 mm/kyear against the estimated
1.6 mm/kyear in NE Pacific (Kotliriski and Riihle 1998). The deposited particles
give rise to the so-called pelagic sediments, very finely grained, forming a highly
hydrated surface layer which overlays the hard basalts of the oceanic fundament
(Brown et al. 1989; Kotliriski 1999; Seibold and Berger 1993). The thickness of
those sediments depends on the crust age and sedimentation rate; the sedimentary
cover in areas away from spreading centres can be several hundred metres thick.
Such sediments cover vast expanses of abyssal plains, imparting on them a char-
acteristically monotonous landscape shown in underwater images of the abyssal
zone (Fig. 2.2). The soft sediment is thus the basic substratum type in the abyssal.
Hard substrata, particularly in the form of basaltic rock outcrops, are much less
common, but exist nonetheless. Hard substrata are mainly restricted to regions of

Fig. 2.2 A view of the
Pacific abyssal plain in the
eastern part of the Clarion-
Clipperton Fracture Zone
(CCFZ) (Photo courtesy of
IOM)
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Fig. 2.3 A nodule-covered seafloor with crust fragments in the CCFZ (Photo courtesy of IOM)

recent volcanic activity and areas of weak and very weak sedimentation (Hannides
and Smith 2003). In the latter, the hard substratum is provided primarily by poly-
metallic (ferromanganese) nodule deposits and associated polymetallic (cobalt-
rich ferromanganese) crust fragments, present in certain areas (Brown et al. 1989;
Hein and Petersen 2013; Kotliriski 1999; Seibold and Berger 1993) (Fig. 2.3).

The seaflooor topography and the surficial sediment layer are involved in com-
plex interactions between major factors governing the conditions of life of benthic
communities (Snelgrove and Butman 1994), and are affected by hydrodynamic
energy of the near-bottom water layer. Vectors of that energy are the near-bottom
currents, one of the least known physical forces in the deep sea (Gage and Tyler
1991). Information on the near-bottom current pattern in the abyssopelagic regions
is very scant due to the absence, in most part of the world’s oceans, of data from
direct current meter measurements. It is assumed that the currents active in that
region are controlled by forces resulting from thermohaline and tidal phenomena.
The thermohaline circulation is a result of the formation of dense water masses
around the Antarctic and their sinking to deeper layers, coupled with movement
towards the Equator and north of it, along corridors formed by bottom topography
(Tsuchiya and Talley 1996). The water flow resulting from thermohaline variabil-
ity is modified by a tidal component; its strongest manifestation is a semi-diurnal
shift in current direction. There is evidence showing that the pattern of those inter-
nal deep-sea tides may also reflect spring-neap oscillations. In addition, the result-
ant near-bottom current has been observed to change its direction periodically, or
even to reverse it, as a result of kinetic energy being transferred from the surface
to the bottom of the water column in eddies forming on the surface (Willett et
al. 2006) and spanning the entire water column down to the near-bottom layers
(Kontar and Sokov 1994; Sokov and Demidova 1992). It is also assumed that this
transfer of kinetic energy contributes significantly to the motion of the deep sea
water masses. Mesoscale (50-200 km) eddies carry an amount of energy up to 100
times that of the background level. Such eddies are formed as a result of wind
action upon the ocean’s surface; their energy is transferred to the abyssopelagial
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where it may periodically change current direction and increase current velocity.
The process, termed a “benthic storm” (Aller 1997; Brown et al. 1989; Kontar and
Sokov 1994), can destabilise the sediment surface and erode it, thereby directly
influencing the structure of benthic communities (Aller 1997; Thistle 1998; Thistle
and Levin 1998; Thistle et al. 1999).

The basic source of energy for abyssal benthic communities is the biological
production in the water column, particularly in its surface layers. A significant
portion of that production is the organic matter formed by primary producers, the
phytoplankton. Under certain conditions, the phytal material produced in the top
water layers may sediment all the way down to the abyssal depths and reach the
seafloor there as the relatively undegraded phytodetritus (e.g. Billett et al. 1983;
Pfannkuche et al. 1999; Scharek et al. 1999; Thiel et al. 1988/1989). Usually, how-
ever, while sinking, the organic material undergoes various transformations: it
may be subject to degradation, decomposition, and partial dissolution. It is invari-
ably colonised by microorganisms and may be enveloped by extracellular poly-
mers they produce, which enhances scavenging of other particulate material in the
water column and the formation of macroaggregates known as the “marine snow”
(Alldredge and Silver 1988). Thus, some of the transformations may increase the
particle sinking rate (Angel 1984; Brown et al. 1989; Fowler and Knauer 1986).
Data provided by analyses of sediment trap contents show that as much as 1-7 %
of the surface production may reach the abyssal bottom (Pfannkuche et al. 1999;
Tyler 1995). Another form of organic matter flux to deep-sea sediments occurs as
rather ephemeral, but important for local organic enrichment, events of sinking of
large organic remains (dead macrophytes, fish, cephalopods or whales) onto the
deep seafloor [cf. research on whale falls reviewed by Smith and Baco (2003) and
Smith et al. (1998)].

Geochemical conditions in the sediment were reported to covary with the sur-
face primary production rates and the particulate organic carbon (POC) fluxes
(Hannides and Smith 2003). The geochemical conditions are reflected by profiles
of dissolved oxygen in the sediment, oxygen penetration generally increasing
with increasing distance from the Equator (Hammond et al. 1996) as a result of
decreasing oxygen metabolic consumption within the sediment.

The picture of abiotic components of abyssal ecosystems was initially painted
by studies leading to the milestone paper by Menzies (1965) who described a rel-
ative homogeneity of salinity, temperature, and dissolved oxygen content of the
water masses overlying vast expanses of the abyssal seafloor. This gave rise to a
widely held notion, a paradigm of sorts, that abyssal ecosystems are extremely
stable, the only manifestations of instability involving the hydrostatic pressure
and the occasional near-bottom turbidity currents. That deeply rooted conviction
was challenged within the past two decades or so, as data collected during large-
scale oceanographic research programmes such as the World Ocean Circulation
Experiment (WOCE) (Tsuchiya and Talley 1996) or the Joint Global Ocean Flux
Study (JGOFS) (Stoecker et al. 1996) began to accumulate and reveal a different
picture. More and more frequently, evidence of variability—along different spatial
and temporal scales—in a number of factors shaping the abyssal environment has
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been provided. The variability is manifested as, e.g. diel changes in near-bottom
current patterns brought about by deep-sea tides, or by important disturbances in
the hydrodynamics due to the downward transport of the surface wind gyre energy
(Kontar and Sokov 1994, Sokov and Demidova 1992). Biotic parameters, too, are
subject to variability which is largely seasonal, as demonstrated by studies on ver-
tical POC fluxes from the near-surface water layers. Based on POC fluxes reported
in the literature, Hannides and Smith (2003) divided the NE Pacific abyssal plain
into three zones: the eutrophic abyss (from the Equator up to 5°N), with the POC
flux of about 1-2 g C/m? year; the mesotrophic abyss (from 5°N to 15°N), with
the POC flux of about 0.5-1.6 g C/m? year; and the oligotrophic abyss (underly-
ing the central North Pacific gyre), with POC fluxes typically lower than 0.5 g C/
m? year. Variation in the quality and rate of the POC flux was reported to affect the
sediment bio- and geochemistry (Hammond et al. 1996) as well as the functioning
and structure of benthic communities (Kalogeropoulou et al. 2010; Tyler 1988).

In this context, sedimentation of the phytodetritus, mentioned above, seems to be
extremely important. Effects of that sedimentation on geo- and bio-chemical pro-
cesses in the abyssal sediment as well as its significance in controlling variation in
food resources, the structure and functioning of benthic communities, and physio-
logical processes of abyssal organisms have been vigorously pursued over the recent
several years (Fileman et al. 1998; Kalogeropoulou et al. 2010; Khripounoff et al.
1998; Pfannkuche et al. 1999; Smith et al. 1996, 1997). Biological effects of phyto-
detritus input to the abyssal seafloor will be discussed in Chap. 3.

The abyssal biology may also reflect variability effected on longer temporal
and wider spatial scales, e.g. changes in surface biological production brought
about by global climatic phenomena such as the El Nifio Southern Oscillation
(ENSO) (Gage and Tyler 1985; Neira et al. 2001; Pennington et al. 2006; Tyler
1995). For example, Pennington et al. (2006) cite studies which reported the warm
phases of ENSO, the El Nifios, to have several-fold reduced nutrient supply, with a
concomitant decrease in primary production and water chlorophyll a content in the
eastern tropical Pacific, while the cool phase of ENSO called La Nifia produced an
opposite effect in the form of a massive bloom with predictably dramatic biologi-
cal consequences.

As already said, of a particular importance for this book is the Clarion-
Clipperton Fracture Zone (CCFZ), a part of the sub-equatorial NE Pacific’s
abyssal plain (Fig. 2.4), and particularly its eastern part housing the claim area
of Interoceanmetal Joint Organization (IOM) (cf. Fig. 3; Kotlinski 1998b). As
CCFZ is a site of extensive and abundant polymetallic nodule deposits, its geo-
logical set-up and the characteristics important from the standpoint of future
development of the deposits have already been, and are, vigorously explored and
amply documented (e.g. Andreev and Gramberg 1998; Barash et al. 2000; IOM
1993; Kotliriski 1998a, b, 1999; Tkatchenko and Stoyanova 1998; Tkatchenko et
al. 1997). CCFZ covers about 2 million km? of the abyssal plain seafloor in the
sub-equatorial north-eastern part of the Pacific, flanked to the north by the Clarion
Fracture and by the Clipperton Fracture to the south (Fig. 2.4). The area extends
sub-latitudinally along about 4,200 km and is about 300-900 km wide. The area’s


http://dx.doi.org/10.1007/978-3-642-41458-9_3

2 Characteristics of the Sub-equatorial North-Eastern Pacific Ocean’s Abyss... 21

160°W 140° 120°
T T T T BODN
_nb Cllar‘log L e _ 200
s I 110°
~ Tclipperton
- . 0°
| 1 1 1 1 | 100

Fig. 2.4 A schematic of locations of the Clarion and Clipperton Fractures in the sub-equatorial
NE Pacific

Fig. 2.5 Oceanographic features of the sub-equatorial NE Pacific; CCFZ contoured by dashed
line in red (Drawing courtesy of R. Kotliriski)

hydrography is shaped by a system consisting of the westward-flowing Northern
Equatorial Current and by the eastern-flowing Northern Equatorial Countercurrent
(Fig. 2.5). The currents form a divergence system, very complicated due to its
seasonal variability and local and regional wind eddies (Fiedler and Talley 2006;
Sokov and Demidova 1992; Willett et al. 2006). In spring and summer, the north-
ern boundary of the Equatorial Countercurrent reaches to 12-13°N, to shift
southwards to 10°N in autumn and winter (Ozturgut et al. 1978; Tkatchenko and
Stoyanova 1998).

The CCFZ water column structure reveals the presence of 5 water layers dif-
fering in their temperature and salinity (IOM 1993; Johnson and Toole 1993;
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Tkatchenko and Stoyanova 1998; Tkatchenko et al. 1997; Wijffels et al. 1996).
The upper mixing zone extends to about 50-150 m (Demidova 1999), while
the oxygen minimum zone (OMZ) encompasses the depth range of 300-500 m
(Ozturgut et al. 1978); in the eastern part of the CCFZ, the OMZ was recorded to
span the depth range of 120-2,500 m (Kotliriski et al. 1996), with dissolved oxy-
gen contents dropping to well below 1 ml O, /1. The near-bottom layer shows tem-
perature and salinity ranges of 1.3—1.6 °C and 34.4-34.88 psu, respectively, the
dissolved oxygen content averaging 3.6-3.8 ml O /1 (Kotliriski et al. 1996).

The recent literature reviewing satellite observations-based (SeaWiFS;
http://seawifs.gsfc.nasa.gov) data on chlorophyll a distribution (Morgan 2000;
Pennington et al. 2006) shows the chlorophyll a values in the CCFZ to be gen-
erally rather low (on the order of 0.1-0.25 mg/m?), but higher than in the areas
north of CCFZ (cf. Fig. 2.5). In addition, SeaWiFS chlorophyll estimates seem to
indicate a seasonal cycle, with higher values in the boreal winter (Pennington et al.
2006). The rather scant data on primary production estimates in the top part of the
CCFZ water column show the average daily production to vary widely from 20.4
(Kolosov 1988) to 133 mg C/m? in the water layer extending down to the depth
at which the light intensity is 1 % of that on the surface (Ozturgut et al. 1978).
The major (even up to 100 %) part of the newly formed organic matter is attrib-
uted to the nanoplankton activity (Hyun et al. 1998; Ozturgut et al. 1978; Semina
et al. 1997). There is evidence (Smith 2013) of substantial east-west and south-
north gradients in the ovelying primary production in CCFZ. As pointed out by
Pennington et al. (2006), many important aspects of the biological productivity of
the area remain unclear, although it is noteworthy that the region is a major site of
yellowfin tuna occurrence (Ballance et al. 2006).

In terms of POC fluxes, CCFZ belongs to the broadly defined mesotrophic
abyss of Hannides and Smith (2003). As noted by Smith (2013), the east-west and
south-north gradients in surface primary productivity are reflected in the flux of
organic matter to the abyss. The flux rate were reported to vary temporally, the
downward transport being particularly intensive in spring (Yamazaki and Kajitani
1999). That sedimentation may result in deposition of the phytodetritus on the sed-
iment surface, particularly in depressions of the surficial layer (Smith et al. 1996,
Radziejewska 2002, Thiel et al. 1988/1989, Radziejewska, pers. observ.) Smith et
al. (1996) measured the plant pigment contents [chloroplastic pigment equivalent
(CPE) = sum of chlorophyll @ and phaeopigment contents; e.g. Neira et al. 2001]
in sediments of the abyssal seafloor in the sub- and equatorial Pacific (at depths
of about 4,000-5,000 m) on a transect running along 140°W from 12°S do 9°N,
and reported contents averaging 0.36-9.8 png/g dry sediment. Fluorometric assays
made on the sediment samples collected in the eastern part of CCFZ in April-May
1997, after patches of phytodetritus had been observed on the core sediment sur-
face, showed CPEs reaching 4.75 pg/g dry sediment (Radziejewska 2002).

The near-bottom currents were observed to vary greatly in direction and speed,
the variations reflecting surface conditions produced by, i.a. wind-driven processes
(hurricanes), and local modifications resulting from the seafloor relief (Tkatchenko
and Stoyanova 1998). The CCFZ water dynamics shows periodic occurrence of
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wind-driven surface gyres the energy of which is transferred, as benthic storms,
down to the near-bottom water (Kontar and Sokov 1994; Nikitin 1997; Sokov
and Demidova 1992). Overall, Morgan et al. (1999) point out to the presence of 3
dynamic regimes in CCFZ: calm periods, with minimum current speeds and low
tidal activity; intermediate, with mostly tidal periods, characterized by alteration
of current speed (0 to 5—6 cm/s) and direction; and benthic storms, with current
speeds increasing to 24-h averages of 8 cm/s. Effects of intensified dynamics of
the near-bottom current were visible as levelling off and erosion of anthropogeni-
cally disturbed sediment surface (Tkatchenko and Radziejewska 1998): 22 months
after the sediment surface was altered by about 5-10 cm deep grooves flanked by
mounds of overturned sediment, the grooves appeared to have been partially filled
by the sediment and mound contours smoothed out (cf. Fig. 4.5 in Chap. 4).

The CCFZ seafloor is slightly inclined westwards, as evidenced by average
depths increasing from about 4,000 m in the eastern part to about 5,400 m in the
western part. The abyssal bottom relief shows a number of linearly arranged depres-
sions, terraces, and elevations. Characteristic of the seafloor in the area is the pres-
ence of topographic structures that are volcanic in origin (IOM 1993; Kotliriski
1998b). Active volcanism and /or hydrothermal venting is detectable in the patterns
of physical and chemical characteristics of water masses overlying the CCFZ bot-
tom, e.g. metal contents (Tkatchenko et al. 1997). Generally, however, the area is
characterised by the depositional type of seafloor relief; the slope angle does not
exceed 3°, the elevation difference averaging 100-200 m (IOM 1993; Kotliriski
1998b). The sedimentary cover is relatively thin: it varies in thickness from about 50
to about 200 m. The surface layer is formed by recent sediments in the form of semi-
liquid siliceous ooze, with up to 0.56 % organic carbon content (IOM 1993), and is
strongly bioturbated (Pope et al. 1996; Radziejewska, pers. obs.).

As already pointed out above, the stretch of the abyssal plain seafloor flanked
by the Clarion and Clipperton Fractures is a gigantic field of mineral deposits
known as polymetallic nodules (x. 2). A characteristics of the field, including the
description of the origin and the assessment of the nodule resources was provided
by Kotlinski (1998b, 1999), Andreev and Gramberg (1998), and Morgan (2000).
It has to be pointed out, however, that research aimed at detailed assessment of
resources of nodules and metals and minerals they contain is in progress and is
a main focus of contracts for exploration concluded by individual contractors
with ISA (Kotlinski, pers. comm.). Polymetallic nodules that cover the bottom
at estimated abundances frequently averaging about 15 kg/m? and occasionally
reaching 75 kg/m? lie on the surface of the semi-liquid sediment and may be
partly embedded in it; some nodules are found buried in the sediment (Andreev
and Gramberg 1998; Hein and Petersen 2013; Iljin et al. 1994, 1997; Kotliriski
1998b). The conservative estimate of nodule amount in CCFZ, as given by Hein
and Petersen (2013) is 21,100 million dry metric tonnes. Vast stretches of nodule
deposits on the seafloor are interspersed by larger or smaller nodule-free areas (cf.
Fig. 2.2). As shown by geotechnical assays, properties (mean grain size, water
content, shear stress, plasticity) of the sediment in nodule-free areas differ from
those shown by the nodule-bearing sediment (Radziejewska and Modlitba 1999).
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In the uppermost 5 cm layer, the nodule-bearing sediment was found to be coarser
(grains > 0.063 mm in diameter accounted for 39 % as opposed to 11.4 % in the
nodule-free area), less hydrated, and less plastic than the nodule-free sediment, the
nodule-bearing sediment shear stress increasing sharply downcore.

The environmental variability in the abyss, although known to be much more
extensive than previously thought, is still far below the variability that can be
induced by human activities. How resilient are abyssal communities to such vari-
ability remains unknown, although they have been presumed (and perceived) to be
relatively poorly resilient (Davies et al. 2007; Ramirez-Llodra et al. 2011). And
yet, as already indicated, plans are underway with which to effect the anthropo-
genic intervention into the deep sea (Lodge et al. 2014; Van Dover et al. 2014).
It is therefore advisable to look for proxies which would provide an aid in the
assessment of the degree of resilience, including the biotic community recovery
potential. The next chapter will introduce the meiobenthos, a category of seafloor-
dwelling organisms which—as already indicated in the previous chapter—has a
potential of being used as such a proxy.
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