7. SEDIMENT LITHOSTRATIGRAPHY OF THE GALAPAGOS HYDROTHERMAL MOUNDS!

Peter E. Borella,? Deep Sea Drilling Project, University of California, La Jolla, California

ABSTRACT

The hydrothermal sediments in the Galapagos mounds area are localized and essentially restricted to the mounds.
Hydrothermal nontronites are interbedded with pelagic sediment, which indicates that hydrothermal activity is epi-
sodic. The nontronites are thickest on the mounds, thinning away from them rapidly and extending no more than 50 to
60 meters from a mound in any direction. The nontronites also are confined vertically to within the upper one-half to
two-thirds of the cores. Manganese-oxide crust fragments are more localized than are the nontronites and do not form
any continuous layer.

The lack of pelagic sediments on the mounds, the presence of nontronitic mottled zones adjacent to hydrothermal
sediment layers (both vertically and laterally), the decrease of siliceous fossil content, and the presence of mostly grada-
tional boundaries between nontronite and pelagic sediment layers suggest that hydrothermal solutions are continually
invading and cannibalizing the host pelagic sediment. Replacement and dissolution of pelagic sediment along with
direct precipitation of hydrothermal sediments account for the distribution of sediments on a mound.

A “‘relict’’ brown oxidized surface layer is found at 7 meters sub-bottom and can be correlated from hole to hole. I
suggest that this layer is the prominent regional acoustic reflector reported by Lonsdale (1977). The combination of low
carbonate accumulation and enrichment of diagenetic Fe and Mn in this zone is probably responsible for altering the

acoustic impedance.

INTRODUCTION

Regional Setting

The Galapagos hydrothermal mounds area (Fig. 1)
was first discovered in 1972 on a ‘‘deep-tow’’ survey
conducted by Klitgord and Mudie (1974). The mounds
field occurs in an area 18 to 32 km south of the Gala-
pagos Rift between 86°05’'W and 86°08’W longitude
and 0°36'N and 0°37’N latitude. Water depth in this
area is approximately 2700 meters. The age of the crust
in the area is 0.5 to 0.9 m.y. old, as calculated from
magnetic anomalies, which give a constant half-spread-
ing rate of 3.5 ¢cm/103 y. for the last 2.0 m.y. The
mounds field extends in an east-west direction for ap-
proximately 27 km, with most of the mounds occurring
in rows or chains, parallel or nearly so to the axial trend
of the Galapagos Rift. However, there are also isolated
mounds. The height of the mounds varies from less than
1 meter to more than 20 meters; diameters range from 5
to 50 meters. The smaller mounds (<4 m high) have
slopes less than 30°, and the higher mounds (>4 m)
have slopes up to vertical (Williams et al., 1979). A
shallow moat less than 5 meters deep surrounds many of
the mounds (Lonsdale, 1977). Many of the mounds are
located above small vertical displacements in the crust,
which are presumed to be fracture controlled. Heat-
flow measurements (Sclater and Klitgord, 1973; Wil-
liams et al., 1974; Crane and Normark, 1977), bathy-
metric and deep-tow surveys (Klitgord and Mudie, 1974;
Lonsdale, 1977), and geochemical studies of the hydro-
thermal vent solutions and dredge hauls (Corliss et al.,
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1978, 1979) have shown that the mounds field and adja-
cent regions are areas of intense hydrothermal activity.
The regional pelagic sediment blanket in the region of
the mounds is very thin, ranging from 25 to 35 meters
thick (Fig. 2).

Purpose

The linear and spatial relationships of the Galapagos
hydrothermal mounds sediments with the surrounding
pelagic oozes needs clarification in order that previous
suggestions (Lonsdale, 1977; Natland et al., 1979; Wil-
liams et al., 1979; Schrader et al., 1980; Honnorez, Von
Herzen, et al., 1981) as to the nature, origin, and three-
dimensional framework of the hydrothermal sediments
can be resolved. The first complete and undisturbed sedi-
ment sections in the hydrothermal mounds were drilled
on Leg 70 of the Deep Sea Drilling Project, using the
newly developed hydraulic piston corer. The purpose of
this paper is to present a detailed lithostratigraphic
analysis of the Galapagos mounds hydrothermal field
and sediments.

As an aid to the reader, a color foldout of selected
core sections is included as Plate 2 in the back of this
volume (see also the appendix prepared by Chase et al.
to the Introduction, Principal Results, and Explanatory
Notes, this volume). This plate is referred to throughout
this chapter.

SEDIMENTS AND STRATIGRAPHY

The major sediment types in the mounds field are
pelagic oozes and hydrothermal smectites. A complete
discussion of these sediment types, their mineralogies
and diagenesis is given by Borella et al. (this volume).
For completeness a brief description of each sediment
type is included here. Color names are based on the
G.S.A. Rock Color Chart (1970).
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Figure 1. A. General site location map, DSDP Leg 70. B. Detailed survey, Site 506. C. Detailed survey, Site 507. D. Detailed survey, Site 509.
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Figure 2. Seismic profile (3.5 kHz) showing the regional sediment thickness and location of two mounds. Note that mounds are identified by lack

of internal reflectors.

PELAGIC OOZES

The pelagic oozes are primarily calcareous nanno-
fossil oozes, containing varying amounts of foramini-
fers, diatoms, radiolarians, and silicoflagellates (Fig. 3).
The oozes are multicolored, with greenish gray to light
greenish gray colors dominating (see back pocket fold-
out, Plate 2). The top section of pelagic sediment in
each core is brown to yellow brown (Fig. 4) and is inter-
preted as indicating the presence of Fe and Mn that have
migrated upward through the sediments and become ox-
idized (Lynn and Bonatti, 1965) (see back pocket fold-
out, Plate 2, Sections 506-1-1 and 506B-9-1). However,
the contact between this oxidized surface layer and the
underlying greenish gray ooze is fairly sharp (Fig. 4). If
this surface layer results from upward migration of Fe
and Mn, one would expect to find gradation contacts
between these two units; one would not expect to find
any of the oxidized layers preserved below the surface.
But at 7 meters sub-bottom, for example, many brown
to light brown “‘oxidized surface layers’’ are found pre-
served (see back pocket foldout, Plate 2, Sections 508-2-
3 and 507-2-3). These brown oxidized layers are inter-
preted to be ‘‘relict’’ surface layers and may indicate
changes in sedimentation rates within the Panama Basin
over the past thousands to several hundred thousand
years.

Further, it seems reasonable to assume that the relict
layers are analogous to present conditions on the sea-
floor. We are presently in an interglacial stage charac-
terized by comparatively low accumulations of carbon-
ate. Arrhenius (1952) first suggested that zones of high
carbonate content accumulation represent glacial peri-
ods while zones of low carbonate accumulation repre-
sent interglacial periods. He attributed this phenome-
non to increased current activity and therefore to in-
creased productivity during glacial periods. Hays et al.
(1969) and Berger (1973) attribute this relationship to
dissolution cycles. Berger and his colleagues (1979) sug-
gest that during the earliest Holocene in the eastern
equatorial Pacific the calcium carbonate compensation
depth and the lysocline rose drastically. This, combined
with a drop in fertility, led to a decrease in sedimenta-
tion rates. However, Adelseck and Anderson (1978) sug-
gest that the lysocline in the eastern equatorial Pacific
has remained within a few hundred meters of its present
depth (3200 m) for the past 370,000 y. The depths of our
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Figure 3. Multicolored, bioturbated pelagic ooze. Note horizontal
Zoophycus at 74-76 cm and rounded circular burrows at 62-66
cm.

sites are close to this depth (2750 m). It is obvious that
both productivity and dissolution are the major con-
trolling factors for sedimentation of calcium carbonate
in the Panama Basin. The influence of dilution by ter-

185



P. E. BORELLA

60

Brown “Oxidized"’
Siliceous Foraminiferal
Nannofossil Ooze

70

Siliceous
Foraminiferal Nannofossil
Ooze

75

80

85

“Hydrothermal”’
Sediment
(granular)

90

Figure 4. Brown oxidized pelagic sediments overlying normal pelagic sediments, which in turn
overlie hydrothermal nontronite (Sample 507D-1-1, 60-90 cm).

186



rigenous sediments is a minor factor in the area (Moore
et al., 1973).

The colors of pelagic sediments can be influenced by
changes in the rate of carbonate sedimentation. If white
carbonate material is removed by dissolution, or not de-
posited, then the remaining sediments will concentrate
pigments. | suggest that such is the case here and that
the brown color we observe results from two processes.
The lack of white carbonate accumulation, reflecting
lower sedimentation rates, concentrates pigments and
leaves the surface sediments exposed for longer periods
of time. The longer exposure allows for the concentra-
tion of Fe and Mn, which have migrated upward from
below and are oxidized within these surface sediments
(Bonatti and Lynn, 1965). In addition, the longer the
surface sediments stay exposed the more susceptible
they are to burrowing and boring infauna and bacteria.
This biologic ingestion and excretion also can concen-
trate materials and change the color of the sediment
(Figs. 3 and 5).

Some of the ‘“‘relict oxidized”’ surfaces can be cor-
related stratigraphically from hole to hole, e.g., Sec-
tions 508-2-3 and 507H-2-3 (see back pocket foldout,
Plate 2, Sections 506-3-2 and 509-3-2). What is so in-
teresting about this particular relict layer is that it is
found at ~7 meters depth sub-bottom. This is the same
depth at which Lonsdale (1977) found a strong and per-
sistent internal reflector. Based on the work of Bowles
et al. (1973), Lonsdale attributed this reflector and a
second one located 15 meters sub-bottom to terrigenous
volcanic ash layers. However, no ash layer or volcanic
glass was found at 7 meters. Hekinian and Rosendahl
(1977) suggest that a single continuous layer of green hy-
drothermal nontronite causes the reflections. I am sug-
gesting that this relict oxidized layer is responsible for
the internal reflection. Variations in acoustic impedance
are almost entirely controlled by changes in saturated
bulk density (or its inverse, porosity). Changes in satu-
rated bulk density are ultimately caused by climatic
changes. Interglacial periods are characterized by low
carbonate accumulation and low saturated bulk density,
which produce low impedance values (Berger and May-
er, 1978; Mayer, 1979). Other processes that would af-
fect acoustic impedance are variations in mineralogies
and diagenetic changes. Within this relict oxidized layer,
metalliferous coatings and deposits are recognized (Bo-
rella et al., this volume). This variation in chemistry and
mineralogy (see Moorby and Cronan, this volume),
which is a diagenetic change, along with the low-carbon-
ate accumulation, may be the cause of the reflector at
7-meters depth.

Brownish “‘relict’’ surface layers are found at other
depths within many of the cores, especially in the off-
mounds and nonmounds sites; however, no traceable rel-
ict layer is found at 15 meters sub-bottom, the depth of
a second strong internal reflector observed by Lonsdale
(1977). No ash layers are found except for a 4-cm-thick
ash layer at 12 meters sub-bottom in Hole 509, but vol-
canic glass (acidic) was found in minor or trace amounts
at approximately 15 meters sub-bottom in smear slides
from six cores (Holes 506B,C,D; 507F,H; and 508). It is
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possible that an ash layer once existed at this depth
which has subsequently been destroyed by biologic ac-
tivity. Alternately, it is possible that the sites we drilled
were on the extreme edges of the ash deposits.

BIOGENIC SEDIMENTARY STRUCTURES

The results of the work of burrowing infauna are pres-
ent throughout all of the pelagic sediments. The most
common ichnogenera present are Zoophycus, Halo bur-
rows (back pocket foldout 508, 2-3; Figs. 5A,B), and
circular Planolites(?)-type burrows (Fig. 5C); some open
burrows also are observed. Ekdale (1974), van der Ling-
en (1973), and Warme et al. (1973) describe these trace
fossils, along with their geologic ranges and affinities,
as belonging to certain sediment types. The burrows are
found at all depths and in many instances are cross-cut
by younger generation burrows. One large, spectacular,
vertical Skolithus(?)-type burrow is present in Section
508-2-3 (back pocket foldout, Plate 2, and Fig. 5A).
This burrow is approximately 75 cm long with an inter-
nal lining. It crosscuts many pre-existing burrows and is
in turn crosscut by subsequent generation of burrows. At
approximately 80 to 82 ¢m, a horizontal Zoophycus bur-
row crosscuts the large vertical burrow.

No biogenic sedimentary structures were observed in
the hydrothermal nontronite sediments. This may be a
result of the granular texture of the hydrothermal sedi-
ments in which it is difficult to preserve any track or
trail left by a grazing infauna, or it may be that the hy-
drothermal processes created adverse conditions for
these grazing fauna, and they simply migrated away
from such sites. The manganese-crust fragments do con-
tain some hollow worm tubes (Fig. 6), and some fora-
minifers are imbedded in other manganese crusts. How-
ever, the manganese crusts that contained these borings
and encrustations were mixed with the brown oxidized
surface siliceous foraminifer-nannofossil ooze. Bottom
photographs taken by the A/vin (Williams et al., 1979)
show that the mounds support a dense and active bio-
logical community that is concentrated on the hard sur-
face of blocky outcrops and pinnacles. Fecal pellets are
present in the hydrothermal nontronite (Borella et al.,
this volume), but it is not known whether they are the
result of a burrowing organism grazing on the nontron-
itic granules or are pelleted pelagic sediments that have
been replaced by nontronite.

HYDROTHERMAL SEDIMENTS

Manganese-Crust Fragments

The manganese-oxide crust fragments are brownish
black in color, pebble to granule in size, and are flat,
angular, and saucer-shaped. Their surface texture is
mostly granular, but some hand specimens and thin sec-
tions show a botryoidal and concretionary growth pat-
tern. Preliminary investigations using X-ray diffraction
(XRD) indicate that todorokite is the dominant manga-
nese oxyhydroxide present, but other amorphous Fe, Mn
oxide mineral species may also be present which cannot
be detected with the X-ray diffraction unit. Color varia-
tions within thin sections indicate a diverse mineral as-
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Figure 5. Biogenic sedimentary structures. A. Large vertical burrow with internal lining (Skolithus type?) (Section 508-2-3). B.
Subhorizontal Zoophycus at 80-82 cm crosscutting large vertical burrow. Halo burrow at Sample 508-2-3, 83 cm. C. Branching
Zoophycus burrows and rounded Planolites(?)-type burrows (Sample 509-3-2, 75-105 cm).
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Figure 6. Hollow worm tubes and manganese-crust fragments (Sample 507D-1-1, 14-20 cm).

semblage in these manganese-crust fragments (Borella et
al., this volume; Williams et al., 1979).

The manganese-oxide crusts are very localized strati-
graphically and are not present in all cores from the
mounds area (Fig. 7). When they occur, they are the up-
permost hydrothermal sediment and are interspersed
within the brown surface oxidized layer or lie beneath as
much as 1.4 meters of pelagic ooze. The greatest thick-
ness of manganese-oxide crust fragments is 1.4 meters,
which is present in Hole 509B (see back pocket foldout,
Plate 2, Section 509B-1-2). At the other sites the thick-
ness of the manganese-oxide crust fragments is only a
few centimeters. It is possible that we did not drill right
on the top of the mounds, because bottom photographs
(Williams et al., 1979) show that the blocky outcrops
and knobs on the mounds are composed of amorphous
Fe oxides, manganese-rich birnessite and todorokite,
and semilithified Fe-rich nontronite. However, most of
the mounds observed by Alvin (Williams et al., 1979)
were generally covered with unlithified sediment, which
is the normal biogenic sediment of the region. The Mn-
rich crusts were barely visible through the partial cover-
ing of pelagic sediments. This agrees quite nicely with
our observations from the cores drilled on Leg 70. The

manganese-crust fragments are confined just to the
mounds and are not continuous in any direction away
from the mounds. Thus, the suggestion by Schrader et
al. (1980) that the Mn content in the mounds field may
exceed 1/13 of the world’s stockpile is grossly in error.
The manganese oxides are not 6 meters thick and are not
continuous for 1 km; they are no more than 2 meters
thick and extend most likely for no more than 10 meters
in any direction.

Green Nontronitic Clay Granules

Megascopically, the nontronite is green to greenish
black and forms friable to semiconsolidated angular
grains, ranging in size from 1 to 20 mm (Fig. 8A). The
grains can be easily crushed between the fingers. Occa-
sionally, yellow and orange colors occur which may in-
dicate oxidizing conditions (back pocket foldout, Plate
2, Section 509B-2-2). Texturally, the nontronite ranges
in grain size from very coarse sand to pebbles, but it also
appears as a finer-grained, silt- to clay-sized compact
sediment (Fig. 8B and back pocket foldout, Plate 2, Sec-
tion 507D-6-3). This compact variety is lighter in color
and usually is found in or near gradational contacts sep-
arating the granular nontronite from the pelagic oozes.

189



P. E. BORELLA

P
W. mMﬁm& m B m ofo
g 35°8 3 2 £ 5
g mummm § g g
E m £ 3 m
.m mMme i3 5
1 A __-++
ﬁ// T
S
5“
(-] .WG \
(-] m_.._lvw \
\ o
=3
O F g SRR A
R :::}g E? L g2l I
| 2 g - H
: ! s g /
! ! 2 g /
o 0 g ____
(=]
m* Uy ooo+m Y *_II mm+€++++ fin P& +t T _4+3 ﬁ.ﬁm
T mm By gw_ f:_fa T BE|iH + 5:: ::a AR
1 -
__ =0 0 o MODOODGO
H_ o\ 00
1
]
|
I
]
]
|
S !
QE
28 |
[ |
i
|
|
I
|
i
]
]
|
I
__ opl\p
(=]
mmﬁ lofoo 3 c
17 R o Toooood < ke
T4 W oowaoa # m
| N 3 m
2 8
!
| PR SN N NAUN TN U S TN Y (NP ERPUN AU ST SEE U NN T N N N O SR A 1 1 1
_ o =] -] ] 8 3 9 = v = . 5] Y a 8 2?
(W) yadag (w) pdag
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Figure 8. Examples of granular and compacted hydrothermal sediment. A. Sample 509B-1-2,
125-150 cm. B. Sample 509B-3-2, 105-135 cm.

Sometimes the finer-grained nontronite is observed in-
terstratified between coarse granular hydrothermal clay.
A detailed discussion of the petrology of the hydrother-
mal nontronite is given by Borella et al. (this volume).

The contacts between the hydrothermal sediments
and pelagic sediments are mostly gradational (see back
pocket foldout and Fig. 9A), but sharp contacts also are
observed (Fig. 9B). In Hole 509B the contact between
the manganese-oxide crust layer and the nontronitic clay
is fairly well defined (back pocket foldout, Plate 2, Sec-
tion 509B-1-2). More commonly, the manganese-oxide
crusts are dispersed throughout the pelagic sediments,
which in turn lie on top of the hydrothermal sediments.

Stratigraphically the nontronite is confined to the up-
per half to two-thirds of the cores (Fig. 7) and is mixed

and stratified with pelagic oozes which are depleted of
their siliceous microfossil content (see site summaries,
this volume). Evidence also has been presented by Bo-
rella et al. (this volume), Bender (this volume), and
Moorby and Cronan (this volume) that these pelagic
sediments are being dissolved, and nontronite deposit-
ed in their place by hydrothermal processes. Recovered
thickness of the hydrothermal nontronite from the
mounds sites (Holes 506, 506C, 507D, and 509B) varies
from 9.0 to approximately 16 meters. Two off-mounds
sites (Holes 506D and 507F) had two thin nontronite
layers of 0.9 and 1.8 meters, respectively (Fig. 7). The
lateral extent of the nontronite is apparently confined to
the mounds proper, where the thickest accumulations
occur. Away from the mounds the nontronite thins rap-
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Figure 9. A. Gradational contact between hydrothermal and pelagic sediments (Sample 506D-2-3, 70-95 c¢m). B. Sharp
contact between hydrothermal and pelagic sediments (Sample 506C-5-1, 30-40 cm). C. Pelagic sediment overlying
transitional hydrothermal and pelagic sediments, which in turn overlies hydrothermal granules (Sample 509B-3-2,
40-70 cm).

idly, with the furthest extension of nontronitic layers be-
ing approximately 50 to 60 meters. No regional layer of
hydrothermal sediment exists (Natland et al., 1979).

It is interesting that in several mounds and off-
mounds cores, zones of nontronite-rich mottles are pres-
ent (Fig. 7). On the mounds these mottled zones occur
between nontronite layers and just below the last co-
herent nontronite unit. The frequency of these green
mottles decreases rapidly with depth in the holes, to the
point where they are completely absent for several meters
above the basement. In the off-mounds sites the nontro-
nite mottle zones are not associated with any definite
layer, but they are stratigraphically in a position which

192

can be laterally traced to a hydrothermal layer found in
the immediately adjacent mound. This suggests that the
hydrothermal solutions are invading and cannibalizing
the surrounding host sediment in all directions and are
extracting the necessary elements for precipitation of
nontronite. A discussion of the chemical reactions tak-
ing place within the sediments is presented by Honnorez
et al. (1981) and Bender (this volume). The nontronitic
mottle zones are not found beyond 60 meters from a
given mound. The continual cannibalizing of the host
sediment is naturally dependent on the availability of
hydrothermal solution, which is directly associated with
hydrothermal activity on a mound and the presence of



oxygenated waters. The avenue for the migration of
these fluids is well established, because the hydrother-
mal nontronite is very porous and permeable. This is
further supported by the exotic yellow and orange (oxi-
dized) zones found in the nontronitic sediments. This
continual consumption of the host sediments also ex-
plains why the best examples of partially dissolved and
replaced microfossils occur in the transition zones and
in the nontronite mottles (Borella et al., this volume).
As this dissolution process continues, all of the host sed-
iment is eventually dissolved or replaced by nontronite;
few ghost structures are preserved.

In comparing the thickness of accumulated pelagic
oozes on the mounds to that of those recovered im-
mediately off the mounds it becomes apparent that the
pelagic oozes expected on the mounds do not occur. For
example, Hole 506, on a mound, has approximately
11.5 meters of recovered pelagic ooze. It neighbors Hole
506B, located approximately 50 meters away on a rela-
tively flat seafloor, which has 20.5 meters of recovered
pelagic sediment; hence as much as 9 meters of pelagic
sediments may be missing from the mound site. The
most likely explanation for this discrepancy is that the
pelagic sediments are being dissolved and replaced by
hydrothermal solutions and minerals. The presence of a
moat around many mounds (Lonsdale, 1977) may re-
present the effect of dissolution of pelagic sediment.

Alternatively, pelagic sediments that accumulate on
the mounds may slump off them onto adjacent areas of
the seafloor, increasing the sedimentary thickness in
these areas. No slump structures were observed in the
recovered cores, but Williams et al. (1979), from direct

LITHOSTRATIGRAPHY OF MOUNDS SEDIMENTS

observations of mounds with the Alvin, cite evidence
for both slumping and erosion on the steep-sided older
mounds. The smaller mounds do not generally have
steep slopes, and they show little evidence of erosion.
However, there are no direct observations of pelagic
sediments accumulating around the mounds (Williams
et al., 1979); in fact, as mentioned, many of the larger
mounds are surrounded by a moat (Lonsdale, 1977). If
slumping is occurring, it has little effect on the sur-
rounding environment.

Bottom currents also could be responsible for dusting
off the mounds surfaces, but the results of Legs 70 and
54, along with observations by Williams et al. (1979), in-
dicated that the upper surfaces of the mounds consist of
pelagic sediments. In addition, the continuous brown
oxidized surface zone is approximately the same thick-
ness both on and off the mounds (Fig. 8 and back
pocket foldout, Holes 506, 506B). The presence of a
traceable relict oxidized zone at 7 meters sub-bottom
suggests that slumping is minor.

GENERAL STRATIGRAPHIC RELATIONSHIPS
OF THE MOUNDS SEDIMENTS

The sediments recovered at each mounds site can be
divided stratigraphically into three units (Fig. 10). Unit
I, the uppermost layer, is composed of siliceous fora-
minifer-nannofossil oozes. The upper section of this
unit is the brown oxidized zone that overlies the ““nor-
mal’’ regional pelagic ooze. The lower boundary of Unit
I is the first occurrence of a hydrothermal sediment
layer, whether it be manganese-oxide crusts or green
nontronitic clay grains. The thickness of Unit I varies
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Figure 10. Idealized diagram of the internal structure and dimensions of a mound. (Reprinted from Geol. Soc.

Am, Bull,, Pt. 1, Vol. 92.)
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from 0.3 to 3.0 meters. Sometimes manganese-oxide
crust fragments are disseminated throughout Unit I, but
they do not form any definite layer.

Unit II consists of interbedded and mixed hydrother-
mal sediments and pelagic oozes. The thickness of this
interval on the mounds ranges from 13 to 28 meters
(Fig. 10). Nontronitic clay is the uppermost hydrother-
mal sediment except in Hole 509B, where a 1.4-meter-
thick layer of manganese-oxide crust fragments is pres-
ent. The contacts between the hydrothermal sediments
and the pelagic oozes is gradational, with the more com-
pact green nontronite constituting the transitional mate-
rials. Laterally, at all sites, the hydrothermal sediment
thins rapidly away from the mounds; only two thin
layers of approximately 1 and 2 meters thickness and
some nontronitic mottled zones occur as far as 50 to 60
meters from the mounds.

The siliceous fossil content in the pelagic sediments
within Unit II on the mounds always drops below 5%
approximately 12 meters below the mudline. This reduc-
tion in siliceous fossil content occurs between 10 meters
and 27 meters in the off-mounds sites. The sediments
from Sites 508 and 510 show no reduction at all in
siliceous microfossil content.

Unit III, the lowermost unit in the mounds area, is
composed of foraminifer-nannofossil oozes. Thickness
varies from 7 to 17 meters; the upper contact is grada-
tional with the hydrothermal smectite, and the lower
boundary is the sediment/basement contact. Nontro-
nite-rich mottles occur immediately beneath this last
hydrothermal layer and extend downward 1 to 6 meters.
Preservation of trace fossils in this unit is good. Some
brown ‘‘relict’’ surface layers also occur in Unit III.
What is interesting is that some of these relict layers are
located in the nontronite mottle zone, but they them-
selves are free or relatively free of nontronitic mottles.
Quite possibly diagenetic effects have concentrated the
darker elements and coated the existing pelagic sedi-
ments. This, along with low carbonate accumulation,
has decreased the porosity, or increased the wet-bulk
density, and prevented hydrothermal solutions from
reacting with the brown pelagic sediments at the same
rate as with ““normal’’ pelagic oozes.

CONCLUDING REMARKS

Based on the stratigraphic evidence presented, the
following conclusions can be made.

1) The hydrothermal sediments are localized and re-
stricted both vertically and laterally within the mounds
area. The strata composed of nontronitic clay granules
are thickest on the mounds proper and thin away from
the mounds rapidly. Thin layers and nontronitic mottled
zones can be traced laterally for distances of approxi-
mately 60 meters. No nontronite is found beyond this
distance. Thus no regional hydrothermal sediment blan-
ket exists in the area we drilled. This is contrary to the
suggestions of Natland et al. (1979) and Rosendahl and
Hekinian et al. (1980).

2) Manganese-oxide crust fragments are even more
localized than the nontronite, They are very thin and do
not form any continuous layer. It is very unlikely that

194

1/13 of the world’s stockpile of manganese is located in
the mounds area as was suggested by Schrader et al.
(1980).

3) The presence of a 7- to 17-meter-thick layer of
pelagic ooze between basement and the hydrothermal
sediments indicates that hydrothermal activity com-
menced after a regional sediment blanket was deposited.
The reason for this is discussed by Becker et al. (this
volume) and by Hekinian et al. (1980).

4) The interstratification of hydrothermal sediments
with pelagic oozes on the mounds indicates that hydro-
thermal activity is episodic. It cannot be determined for
certain that the holes drilled on Leg 70 were directly on a
mound crest. Evidence from the Alvin dives (Williams
et al., 1979) suggests that some mounds are presently ac-
tive while others are not, indicating an episodic nature
in the mounds field development.

5) The lack of pelagic sediments in the mounds com-
pared to the off-mounds sites, the decrease in siliceous
microfossil content in the pelagic sediments that are
mixed and interbedded with the hydrothermal sedi-
ments, the presence of gradational boundaries between
nontronitic and pelagic sediment layers, and the non-
tronitic mottled zones present in areas adjacent to hy-
drothermal layers, both vertically and laterally, suggest
that hydrothermal solutions are continually invading
and cannibalizing the host pelagic sediment. Partial dis-
solution and replacement of microfossils (Borella et al.,
this volume), pore-water chemistry (Bender, this vol-
ume), and sediment geochemistry (Moorby and Cronan,
this volume) further suggest that the hydrothermal ac-
tivity is occurring within the sediments, the end result
being the deposition of hydrothermal minerals in place
of the regional pelagic sediments. Replacement and dis-
solution of pre-existing sediment along with direct for-
mation of nontronite from hydrothermal solutions in-
teracting with seawater account for the distribution of
sediments in a mound.

6) ‘“Relict’’ brown oxidized layers occur within the
pelagic oozes. These zones represent a period of low car-
bonate accumulation (interglacial?), which led to longer
periods of exposure of sediments at the surface, and
permitted longer periods for Fe and Mn to migrate to
the surface zone and be oxidized. A relict brown oxi-
dized layer at 7 meters sub-bottom can be correlated
from hole to hole. It is suggested that this is the promi-
nent regional acoustic reflector reported by Lonsdale
(1977). The combination of low carbonate accumula-
tion and enrichment of diagenetic Fe and Mn in this
zone may be responsible for altering acoustic impedance.
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