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Abstract The Magellan seamounts began forming as large
submarine shield volcanoes south of the equator during the
Cretaceous. These volcanoes formed as a cluster on the small
Pacific plate in a period when tectonic stress was absent.
Thermal subsidence of the seafloor led to sinking of these
volcanoes and the formation of guyots as the seamounts
crossed the equatorial South Pacific (10–0°S) sequentially and
ocean surface temperatures became too high for calcareous
organisms to survive. Guyot formation was completed
between about 59 and 45 Ma and the guyots became
phosphatized at about 39–34 and 27–21 Ma. Ferromanganese
crusts began formation as proto-crusts on the seamounts and
guyots of the Magellan Seamount cluster towards the end of
the Cretaceous up to 55 Ma after the formation of the
seamounts themselves. The chemical composition of these
crusts evolved over time in a series of steps in response to
changes in global climate and ocean circulation. The great
thickness of these crusts (up to 15–20 cm) reflects their very
long period of growth. The high Co contents of the outer parts
of the crusts are a consequence of the increasing deep
circulation of the ocean and the resulting deepening of the

oxygen minimum zone with time. Growth of the Co-rich Mn
crusts in the Magellan Seamount cluster can be considered to
be the culmination of a long journey through time.

Introduction

The seamounts of the far western Pacific formed on the
most ancient ocean crust in the Pacific Ocean and do not
display systematic variations in age with distance along
linear seamount chains, such as observed in the Hawaiian-
Emperor Seamount chain (Regelous et al. 2003; Sharp and
Clague 2006).

In this paper, we consider the growth of the Co-rich Mn
crusts from the Magellan Seamount cluster in terms of the
formation and migration of the seamounts on which they
formed, the transition of these seamounts to guyots,
phosphatization of the guyots and the influence of climate
on the growth of the Co-rich Mn crusts through time. In
discussing Co-rich Mn crusts in this way, we acknowledge
that growth of these crusts began up to 55 Ma after the
formation of the seamounts on which they accreted.
Although it is customary to consider the origin of the
crusts in isolation from that of the underlying volcanic
seamount on which they grew, we prefer to consider their
growth to be intimately related to the formation, migration
and sinking of the seamounts on which they formed.

We have formulated the ideas presented in this paper
based mainly on a synthesis of material from the literature
(including difficult-to-access Russian literature). However,
we have calculated the positions of the Magellan seamounts
at 65 Ma by comparison with the migration of the
Hawaiian-Emperor Seamount chain over the last 65 Ma
and present original data on the structure and composition
of representative Co-rich manganese crusts from the Ioan
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Guyot. The aim of this paper is a more integrated analysis
of the formation of Co-rich manganese crusts from this
previously poorly understood area of ocean floor.

Co-rich Mn crusts from the far western Pacific Ocean are
of particular interest because of their great thickness and
high contents of Co and Pt, which makes them of potential
economic interest. Crusts from the Magellan Seamount
cluster, for example, are typically up to 15–20 cm thick
with average Co and Pt contents of 0.56% and 1 ppm
respectively (Andreev and Gramberg 1998, 2002).

Evolution of the Magellan seamounts and guyots

Formation of the Magellan Seamount cluster

The seamounts of the far western Pacific occur on seafloor
of Jurassic age. The Magellan Seamount cluster, for
example, formed on ocean floor older than 150 Ma
(Clouard and Bonneville 2005; Fig. 1). The depth of ocean
floor in this region exceeds 6,000 m in places.

Figure 1 shows the locations and ages of the guyots and
seamounts of the Magellan Seamount cluster. These are
presently located between 21.5 and 13°N. The ages of the
six guyots (Hemler 98.8–102.2 Ma, Vlinder 92.3–96.6 Ma,
Oma Vlinder 93.3–96.0 Ma, Pako 89.4–94.3 Ma, Ioan
86.2–88.5 Ma, Ita Mai Tai 116.4–120.4 Ma) and two sea-
mounts (Himu 117.3–121.0 Ma and Smt D4 74.0 Ma) for
which age data are presently available range from 120 to

74 Ma but there is no systematic progression in the age of
the seamounts with latitude. Clouard and Bonneville (2005)
considered that Hemler and Himu might more appropriately
belong to the Marcus–Wake Seamount cluster but, follow-
ing custom, we consider them to be part of the Magellan
Seamount cluster for the purposes of this paper.

Of particular relevance to the geology of the Magellan
Seamount cluster is the description of the shield-building
stage of the Quesada Seamount, located on the oceanward
slope of the Mariana Trench (Hirano et al. 2002). This stage
lasted from about 140–130 Ma and was characterized by
alkali–basalt activity. It was followed by highly differenti-
ated alkaline activity in the post-shield stage. The Quesada
Seamount therefore has a complicated volcanic history,
possibly reflecting the fact that the volcanic edifice
remained above the same hotspot source for a long time
during a period of slow plate motion in the early
Cretaceous. The age of the seamount plateau has been
determined to be 129.3±2.6 Ma based on 40Ar/39Ar dating.

The Magellan guyots and seamounts are also character-
ized by complicated evolutionary histories similar to that of
the Quesada Seamount. At 120 Ma, the Pacific plate was
about the same size as the present Philippine Sea plate
(Natland and Winterer 2005). Scattered volcanism occurred
throughout the incipient Pacific plate from 120 to 80 Ma,
resulting in the random formation of up to 400 large
volcanoes, many of which became islands. Some of these
volcanoes form what is arbitrarily called the Magellan
Seamount cluster (see below), although this cluster has no

Fig. 1 Schematic bathymetry
showing the locations of all the
named guyots and seamounts in
the Magellan Seamount cluster,
including the six guyots and two
seamounts described in this pa-
per. In cases where the guyot or
seamount has been named twice,
the Russian name is given in
parenthesis. The Russian names
have been taken from Govorov
et al. (1995). The ages of the
seafloor are taken from ftp://ftp.
es.usyd.edu.au/pub/agegrid, and
those of the guyots and sea-
mounts from Clouard and
Bonneville (2005; see text for
more information). The age of
the Quesada Seamount is about
140–130 Ma (Hirano et al.
2002)
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geological significance as such (Natland and Winterer
2005). Within this cluster, the geology of only four guyots
and one seamount has been described in the literature:
Himu Seamount and Hemler Guyot by Smith et al. (1989),
Vlinders Guyot by Koppers et al. (1998), Ioan Guyot by
Melnikov et al. (1996) and Roskomnedra Guyot by Utkin et
al. (2004). All these appear to be larger than the Quesada
Seamount and may be considered to be shield volcanoes.

Natland and Winterer (2005) considered that the Magel-
lan seamounts have no clear or geographically persistent
alignments and described them as a collection of large
individual seamounts, guyots and seamount–guyot clusters,
rather than as a seamount chain. This led them to conclude
that the Magellan seamounts formed under conditions in
which there was no tectonic stress and to refer to them as
the Magellan Seamount cluster. This finding is in contrast
to the previous conclusion of Koppers et al. (1998) that the
Magellan seamounts form a seamount trail. However, the
ages of the four guyots determined by Koppers et al. (1998;
Ita Mai Tai aver. 119.0 Ma, Ioan aver. 86.7 Ma, Pako
90.9 Ma and Vlinder 101.4 Ma) are out of sequence and the
authors offer no reasonable explanation why the Ita Mai Tai
Guyot should be 34–36 Ma older than expected or why the
guyots do not show a linear trend with latitude. Their
classification of these guyots as a seamount trail is therefore
unconvincing and untenable.

The age data presented above establish that the forma-
tion of the Magellan Seamount cluster was quite different
from that of the younger Pacific seamount chains formed
from the Mid-Cretaceous to the Eocene (90–47 Ma), which
display a dominantly NNW alignment, and those from the
Eocene to the Present (47–0 Ma) which display a
dominantly WNW alignment. As a consequence, the
maximum thickness of the manganese crusts on the
individual guyots and seamounts of the Magellan Seamount
cluster does not increase systematically with distance from
the origin, as is the case on the Hawaiian Ridge where the
maximum thickness of the crusts on individual seamounts
increases from zero at the Loihi Seamount to 5 cm in the
vicinity of Midway at the western end of the ridge (Glasby
and Andrews 1977).

Migration of the Magellan Seamount cluster and formation
of the guyots

After the Magellan seamounts formed, they began sinking
as a result of thermal subsidence of the ocean floor. Jenkyns
and Wilson (1999) have described the formation of
carbonate platforms on seamounts from the North Pacific.
They showed that these platforms drowned at low latitudes
immediately south of the equator (approximately 10–0°S)
during their northward migration because the temperatures
of the surface waters in the equatorial region became too

high (>30°C) for many carbonate-secreting organisms to
survive. Drowning of the carbonate platforms occurred
sequentially as each seamount crossed this equatorial
region, resulting in the formation of guyots. Jenkyns and
Wilson (1999) refer to this process as ‘death in the tropics.’

Because the Magellan guyots and seamounts formed
under conditions in which tectonic stress was absent, it is not
possible to reconstruct the positions of these seamounts at
the time of their formation. However, by assuming that
migration of the Magellan Seamount cluster has been the
same as that of the Hawaiian-Emperor Seamount chain
during the past 65 Ma (Gordon and Jurdy 1986; Raymond et
al. 2000), it can be calculated that the Magellan Seamount
cluster was located about 25° of latitude south of its present
position (between about 3.5 and 12°S) at the end of the
Cretaceous. At that time, therefore, the Magellan Seamount
cluster was still confined to the southern equatorial region.
On this basis, none of the guyots or seamounts in the
Magellan Seamount cluster would have crossed the equator
before the end of the Cretaceous (65 Ma). Indeed, Himu
(21.5°N) would not have crossed the equator until about
59Ma and Ita Mai Tai (13°N) until about 45Ma. This implies
that guyot formation extended into the Middle Eocene.
Figure 2 illustrates the formation and migration of the
guyots and seamounts of the Magellan Seamount cluster.

Based on the depth-age relation for the ocean floor of
Parsons and Sclater (1977), it is possible to backtrack the
depth of the ocean floor to the time of formation of the
guyots and seamounts. For example, Himu, the most
northerly edifice in the Magellan Seamount cluster, occurs
at a water depth of about 2,000 m. According to Smith et al.
(1989), this seamount would have a rejuvenated age of
133 Ma for calculating its subsidence history and would
have subsided about 2,300 m since its formation. This
implies that Himu began life as a subaerial volcano with a
height of about 300 m above sea level. However, dredge
samples from Himu consist dominantly of pillow basalts
and flows indicative of a submarine origin. This led Smith
et al. (1989) to conclude that the summit of Himu formed
close to sea level.

A similar backtracking calculation can not be carried out
for the six guyots of the Magellan Seamount cluster
because the thickness of the carbonate caps on these guyots
is not known. Jenkyns and Wilson (1999) have noted that
the thickness of the carbonate platforms on six North
Pacific guyots ranges from 134 to 1,600 m, with no
systematic latitudinal variation in thickness of the plat-
forms. Since the guyots of the Magellan Seamount cluster
are presently located at water depths of 1,500–1,300 m, this
implies that the pedestals on which these guyots formed
could have been either somewhat shallower or much deeper
than the summit of the Himu Seamount. By comparison
with the Himu Seamount, therefore, it is concluded that
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some of these guyots may have begun life as subaerial
volcanoes and others as active submarine volcanoes.

For the Ioan Guyot, Melnikov et al. (1996) have
proposed a cycle involving growth of the volcanic edifice
up to sea level, erosion of the summit, creation of an atoll,
more-or-less rapid submergence, accumulation of plankton-
ic sediments and guyot formation. This cycle was consid-
ered to be typical of the majority of guyots in the Pacific.
By contrast, Govorov et al. (1995) considered that phos-
phorite formation on seamounts from the western Pacific
occurred in two stages: an early less productive stage when
the seamount was an island (atoll) and a later, more
productive stage when the seamount was submerged to a
certain depth. This implies that the guyots began life as
subaerial volcanoes. Govorov et al. (1995) also estimated
that the guyots in the Magellan Seamount cluster sank
slowly to depths of 400–500 m during the period 88–7 Ma
and thereafter more rapidly to depths of 1,000–2,000 m.

In each case, these conclusions were based on detailed
studies of phosphorite formation on the guyots. Hein et al.
(2000) have also emphasized the role of mass wasting in
controlling the distribution and morphology of Co-rich Mn
crusts on the flanks of guyots and seamounts. However, the
history of the Himu Seamount is somewhat perplexing. It is
difficult to understand why this seamount did not form a
carbonate platform during its northward migration, unlike

all the other guyots in the Magellan Seamount cluster, since
it would almost certainly have been a shallow-water
seamount at some stage prior to reaching 10°S.

Phosphogenesis of the guyots of the Magellan Seamount
cluster

Processes of phosphogenesis on equatorial Pacific guyots
have been described by Hein et al. (2000). According to
these authors, there were two major episodes of phospho-
genesis in the late Eocene/early Oligocene (∼34 Ma) and
late Oligocene/early Miocene (∼24 Ma) and a minor
episode in the Middle Miocene at ∼15 Ma. The most
common type of deposit was formed by replacement of
foraminiferal/nanofossil sediment by carbonate fluorapatite
(CFA) at water depths greater than 1,000 m. Phosphorite
formation was thought to involve the redistribution of
phosphate from the deep sea to shallower environments as a
result of increased circulation of the oceans (Hein et al.
2000), coupled with the development of an expanded,
suboxic oxygen minimum zone (OMZ) resulting from the
increased productivity of surface waters near the equator
(Koschinsky et al. 1997). As shown in Fig. 2, the periods of
phosphorite formation coincide with intervals of higher
global temperatures, which would have favoured the
formation of economic-grade phosphorite deposits.

Fig. 2 Schematic representation showing the formation of the
volcanic edifices of the Magellan guyots and seamounts between
120 and 74 Ma, sinking of these edifices and formation of the guyots
which was completed between 59 and 45 Ma, and development of the
Cenomanian–Turonian (C–T) boundary at 93.5 Ma (lower diagram).
The formation of the proto-manganese crust and units I, II and III of
the manganese crust are shown in the upper diagram. Permanent ice
sheets are marked in bold and ephemeral ice sheets by stippled
shading. P1, P2 and P3 mark the two major (P1, P2) and one minor

(P3) period of phosphogenesis of the guyots. C1–C6 mark periods of
major climatic change (C1 Late Palaeocene Thermal Maximum, C2
Early Eocene Climate Optimum, C3 Oi-I Glaciation, C4 Mi-I
Glaciation, C5 Mid-Miocene Climate Optimum, C6 Pliocene Glaci-
ation). Initiation of the growth of the ferromanganese crusts and the
subsequent formation of the Co-rich Mn crusts, at the beginning of the
Eocene and in the early Miocene respectively, is marked on the lower
diagram. The profile showing the changes in global climate with time
is taken from Zachos et al. (2001)
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The Ioan Guyot was surveyed during three Russian cruises
in the late 1980s and early 1990s (Melnikov et al. 1996).
Phosphorite was shown to be fairly widespread and located
around the rim of the guyot, occurring mainly as phospha-
tized limestone and phosphate breccia. It was estimated that
the total area of the phosphorite deposits was about 300 km2

(or about 60% of the area of the guyot in the depth range
2,000–3,000 m). Average abundance of the phosphorite was
estimated to be about 500 kg m−2 (on a wet basis) and the
upper tens of centimetres of the slope deposits were
estimated to contain 150–200×106 t phosphorite ore.
Average P2O5 contents of the deposits are in the range 20–
32%. Govorov et al. (1995) have excellently summarized the
modes of formation of these deposits in the western Pacific.

Evolution of the Co-rich Mn crusts

Stratigraphy and composition of the Co-rich Mn crusts
of the Magellan Seamount cluster

The structure, age and composition of ferromanganese
crusts from the Magellan seamounts have been documented

in detail by Melnikov and Pulyaeva (1995) and Pulyaeva
(1997; Figs. 3 and 4). In particular, Pulyaeva (1997)
identified three units (I–III) in the crusts extending back
to the late Cretaceous, based on the distribution of
calcareous microfossils.

In an idealized section, the crusts could be considered to
consist of a proto-unit of late Cretaceous age. This unit is found
in relatively few crusts and is characterized by the incorpora-
tion of large amounts of sedimentary material, high contents of
P2O5 (aver. 14.0%), low contents of the Mn, Fe, Co and Ni,
extensive diagenetic alteration of the crust and evidence of
possible hydrothermal contribution to crust formation. The
Co content of this proto-unit is very low (aver. 0.16%).

Unit I is Eocene in age. It is typically 20–80 mm thick
and is characterized by infilling of the manganese zones by
CFA and intermediate contents of P2O5 (8.2–9.3%) and Co
(0.36–0.33%). Unit II is typically 20–60 mm thick and unit
III 10–40 mm thick. It was tentatively suggested that unit II
began formation in the early Miocene and unit III in the
Pliocene. Uncertainties in the ages arise from the possible
reworking of older microfossils and the low contents of
calcareous microfossils in unit III. Units II and III are much
less influenced by diagenesis than is the case for the
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Fig. 3 Calcareous nanofossil biostratigraphic dating of the stratotype
section of ferromanganese crust sample 35D159 (14°00′N 155°02′E,
1,832 m) from the Ioan Guyot in the Magellan Seamount cluster.
Nanofossils were identified and their respective extant periods were
determined for each of five layers. The age ranges for each layer are
shown in the shaded areas. The schemes for the Cainozoic used here

are based on zonal scales for the Neogene (NN Martini 1971, and CN
Okada and Bukry 1980) and for the Palaeogene (NP Martini 1971,
and CP Okada and Bukry 1980), which have been correlated with
absolute ages by Shumenko (1987). The numbers 1, 2, 3, ... 21 refer to
the numbers of each zone
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underlying units and are characterized by low contents of
P2O5 (aver. 2.0 and 1.4% respectively) and high contents of
Co (aver. 0.54 and 0.67% respectively).

The units described above are easily distinguished textur-
ally but contain numerous hiatuses. The most significant of
these occurs at the boundaries between the Cretaceous and
Palaeocene and the Eocene and Oligocene. Interestingly, the
long hiatus in growth of the ferromanganese crusts during the
Oligocene is in contrast to deep-sea manganese nodules which
began their formation in the Oligocene (see below).

To illustrate the features described above, Fig. 3 shows the
results of the biostratigraphic dating of a representative
ferromanganese crust from the Ioan Guyot in which five
layers were identified. This finding was based on a study of
the distribution of calcareous nanofossils from the late
Cretaceous up to the Pleistocene in sections of almost 500
ferromanganese crusts from the Magellan seamounts, Mar-
shall Islands and elsewhere carried out over a 10-year period.

Figure 4 illustrates the changes in mineralogy and
composition of a second ferromanganese crust from the
Ioan Guyot during its growth. It is seen that Mn, Fe and Co
contents increase in the crusts with time whereas Ni and Cu
contents show no systematic changes. These results

demonstrate that high Co contents did not occur in the
Magellan seamount crusts until the early Miocene. This is
consistent with the findings of Ren et al. (unpublished data)
that Co-rich layers did not appear in ferromanganese crusts
until 23 Ma, based on a profile of 184 electron microprobe
point analyses taken through a 37-mm-thick crust from the
Lamont Guyot in the Marcus–Wake Seamount cluster.

Influence of climate on Co-rich Mn crust formation

Climate is a major determinant in controlling ocean
circulation and therefore the growth of Co-rich Mn crusts
(Glasby 2006). The Cretaceous was characterized by
‘greenhouse Earth’ conditions (Zachos et al. 2001). This
resulted in sluggish deep-ocean circulation which was not
conducive to the transport of oxygen in the deep ocean and
the formation of ferromanganese crusts. In addition,
oceanic anoxic events, such as occurred at the Cenoma-
nian–Turonian (C–T) boundary at 93.5 Ma, led to the
almost complete dissolution of Mn oxides in the world
ocean at that time (Force and Cannon 1988).

Since the Eocene Climatic Optimum at 51 Ma, there
have been four major periods of cooling of the deep oceans,

Fig. 4 Photograph of a polished section of ferromanganese crust
sample 35D193 (14°23′N 155°56′E, 1,832 m) from the Ioan Guyot in
the Magellan Seamount cluster which is considered representative of
the ferromanganese crusts of this region. Five layers were distin-

guished in this crust, based on changes in structure and texture (data
not shown). The compositional data presented in this figure are
average values based on the analysis of 63 sections
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resulting in an overall decrease in temperature of about 12°C
(Lear et al. 2000; Zachos et al. 2001). The major part of
this cooling (7°C) took place from the Eocene Climatic
Optimum to the end of the Eocene. However, the most
significant changes in circulation of the deep ocean
occurred as a result of the Oi-I Glaciation in the earliest
Oligocene at 33.7 Ma, the Mi-I Glaciation at 23.5 Ma, the
Middle Miocene Climate Transition at 14.3–13.9 Ma
(Shevenell et al. 2004) and the Pliocene Glaciation in the
Northern Hemisphere at about 3.2 Ma. These led to the
development of a dynamic, well-ventilated ocean with
increased upwelling following the Oi-I Glaciation (Exon
et al. 2004) and intensification of thermohaline circulation
following the Middle Miocene Climate Transition. The
resulting increased oxygenation of the oceans created
conditions favourable for the formation of deep-sea
manganese nodules from the Oligocene onwards (Glasby
1988; Shilov 2004). Figure 2 summarizes the relationship
between the climate and the formation of ferromanganese
and Co-rich Mn crusts in the far western Pacific.

An essential prerequisite for the growth of Co-rich Mn
crusts is a well-developed OMZ. The OMZ in the equatorial
N. Pacific extends from east to west (Johnson et al. 1996).
Figure 5 shows an N–S profile of the OMZ roughly at the
longitude of the Magellan Seamount cluster which is located
at 152–157°E (Schlitzer 2004). From this, it can be seen that
the OMZ decreases in intensity from 35°N southwards and
terminates at about 6°N. At 20°N, 150°E, for example, the
OMZ is located at a water depth of 850 m and has an oxygen
content of about 60 μmol kg−1. The oxygen content of
ambient seawater at this location is 110 μmol kg−1 at
2,000 m, 130 μmol kg−1 at 2,500 m and 165 μmol kg−1 at
4,500 m. The guyots of the Magellan Seamount cluster are
presently located at water depths of 1,500–1,300 m, and the
Himu Seamount at a water depth of about 2,000 m. Because
of the low oxygen contents of seawater at these depths, the
rate of deposition of Mn on the surface of the crusts is much
lower than that in abyssal areas (Halbach and Puteanus 1984;
Johnson et al. 1996). The flux of Co to the surface of the
crusts, on the other hand, remains constant with water depth,

at 2.9 μg cm−2 ka−1 (Puteanus and Halbach 1988). This
inverse relationship between the deposition rates of Co and
Mn in this depth range explains the high Co contents of these
Co-rich Mn crusts. For comparison, the OMZ at the Line
Islands (10°N 150°W) occurs at a depth of about 400 m and
has a dissolved oxygen content of about 10 μmol kg−1

(http://www.ewoce.org/gallery/P4_OXYGEN.gif). The OMZ
in the vicinity of the Magellan Seamount cluster is therefore
much weaker than that on the seamount chains to the east.

At present, it is not possible to define unambiguously the
age at which Mn crusts with high Co contents began to
form in the World Ocean because some samples with ages
greater than 50 Ma have been identified which contain
>0.8% Co (Puteanus and Halbach 1988; Frank et al. 1999).
However, based on the observations of Pulyaeva (1997)
and Ren et al. (unpublished data), it is tentatively suggested
that high Co contents did not appear in ferromanganese
crusts from the far western Pacific until the early Miocene,
following the formation of a well-developed OMZ.

Finally, it is worth noting the very much lower
concentrations of Mn (20 ng kg−1), Fe (30 ng kg−1) and
Co (1.2 ng kg−1) in seawater compared to those of Ni
(480 ng kg−1), Cu (150 ng kg−1) and Zn (350 ng kg−1;
MBARI 2005). This reflects the much shorter residence times
of Mn (60 years), Fe (200–500 years) and Co (340 years) in
seawater, in contrast to those of Ni (6,000 years), Cu
(5,000 years) and Zn (50,000 years). These data emphasize
the much greater enrichment of Mn (4.6×109), Fe (2.8×109)
and Co (7.0×108) in Co-rich Mn crusts relative to ambient
seawater compared to Ni (9.6×106), Cu (3.6×106) and Zn
(1.9×106; Hein 2004). According to Nozaki (1997), elements
such as Mn and Co are highly reactive in seawater and are
scavenged by particulate matter.

Conclusions

The preceding sections emphasize the complex evolutionary
history of the Co-rich Mn crusts in the far western Pacific
which ultimately led to the formation of potentially

Fig. 5 N–S profile of the OMZ
across the equatorial Pacific at
150°E showing that the OMZ
extends southwards to a latitude
of about 6°N at this longitude
(profile 10 from Schlitzer 2004;
http://www.ewoce.org/gallery/
P10_OXYGEN.gif). Photograph
reproduced by courtesy of R.
Schlitzer

Geo-Mar Lett (2007) 27:315–323 321

http://www.ewoce.org/gallery/P4_OXYGEN.gif
http://www.ewoce.org/gallery/P10_OXYGEN.gif
http://www.ewoce.org/gallery/P10_OXYGEN.gif


economic-grade deposits and that the factors controlling
their distribution and occurrence differ in many respects
from those of crusts which formed on the Central Pacific
seamount chains. At present, knowledge of the formation of
the Co-rich Mn crusts from the Magellan Seamount cluster
remains rudimentary and much more effort is required to
determine the palaeoclimatic and palaeoceanographic con-
ditions under which these crusts formed since the late
Cretaceous.
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