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Sea-Level Fluctuations and Deep-Sea Sedimentation Rates

Abstract. Sediment accumulation rate curves from 95 drilled cores from the Pacif-
ic basin and sea-level curves derived from continental margin seismic stratigraphy
show that high biogenous sediment accumulation rates correspond to low eustatic
sea levels for at least the last 48 million years. This relationship fits a simple model of
high sea levels producing lower land/sea ratios and hence slower chemical erosion of

the continents, and vice versa.

A preliminary study based on sedi-
ment thickness (/) indicates that there
have been large-scale fluctuations in the
average sedimentation rate in the major
ocean basins and that these fluctuations
are synchronous and global in extent. In
that study, rates were expressed in me-
ters per million years and were uncor-
rected for compaction with increasing
burial depth. Consequently, in this anal-
ysis, younger and less compacted sedi-
ments appear to have higher sedimenta-
tion rates than older, more compacted
ones, even though the total flux of mate-
rial to the sea floor might have remained
constant. We have therefore recalcu-
lated Pacific Ocean sedimentation rates
in terms of mass per unit area per unit
time (grams per square centimeter per
10® years) in the manner suggested by
van Andel et al. 2) for both total accu-
mulation rate and carbonate accumula-
tion rate. The basic data are taken from
the published Initial Reports of the Deep
Sea Drilling Project (3) and from the files
of the DSDP data base in La Jolla, Cali-
fornia.

The procedure used in calculating
sedimentation rates is relatively simple
). Basically, it consists of determining
the age (in years) of every level below
the sea floor at each location and then us-
ing compositional and porosity data to
calculate the total mass and bulk compo-
sition of the sediment that has accumu-
lated at each locality during a particular
time interval. In this study we used 3-
million-year time. increments. The re-
sults shown in Fig. la are simple arith-
metic averages from 95 sites in the Pacif-
ic Ocean.

Figure la also compares the results
from the two methods of expressing the
Pacific Ocean sedimentation rates. The
recalculated data do not refute the basic
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conclusion of the earlier study of Davies
et al. (1) that the ocean apparently alter-
nates between periods of high and low
sedimentation, but there are significant
changes in the relative amplitudes and
sometimes the phase of the fluctuations.
For instance, the ratio of the total sedi-
mentation rate in the latest Pliocene and
Quaternary (0 to 3 million years) to that
in the Upper Oligocene (24 to 27 million
years) is about 5:1 as calculated by
Davies et al. (1) and only 2:1 in the pres-
ent recalculation. Similarly, the carbon-
ate sedimentation rate ratios obtained by
the two methods are 3:1 and 1:2, respec-
tively, for the same two intervals. Al-
though such differences may be due in
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Fig. 1. (a) Pacific Ocean sedimentation rates
from (1) and this report. (b) Eustatic sea-level
changes (5). The time scale for both (a) and (b)
is from (5).

0036-8075/79/0202-0455$00.50/0 Copyright © 1979 AAAS

part to the slightly inequivalent time in-
tervals used to average the rates in the
studies, it is clear that they are mainly
due to differential compaction. We there-
fore believe that our curve represents the
best currently available estimate of the
Pacific Ocean sediment accumulation
rate through time.

Figure 1 shows that the sedimentation
rates are correlated with the global sea-
level fluctuations postulated by Vail et
al. (5), with high accumulation rates oc-
curring at times of low sea level and vice
versa. This correlation is especially sig-
nificant because the sea-level curve was
derived from continental-shelf seismic
data and sea-floor spreading rates and,
therefore, is completely independent of
the data base used in calculating the oce-
anic sedimentation rates. In constructing
Fig. 1b we modified the sea-level curve
by sampling it at 0.5-million-year inter-
vals and smoothing it by using a seven-
point moving average im order to com-
pare it with our results, which were cal-
culated for 3-million-year intervals. Fur-
thermore, as the sediment accumulation
curve was quantitatively calculated from
deep-sea core data and the sea-level
curve was interpreted from seismic data,
we have more confidence in the phase
than in the amplitude correlation of the
two.

As pointed out by Rona (6), a correla-
tion between sea level and sedimentation
rate suggests that at times of high sea
level, material eroded from the conti-
nents is trapped on the continental
shelves. During times of low sea level
the shelf sediments are exposed, and
previously deposited shelf sediment is
weathered and eroded. The resulting
erosion products are then flushed to the
deep sea. However, order-of-magnitude
calculations (7, 8) suggest that the conti-
nental erosion rates are so high and the
shelf so small that some material must al-
most always bypass the shelf.

Because of the limited drainage area of
the Pacific basin and the fact that the
deep Pacific is surrounded by trenches,
which prevent bottom transport of conti-
nental detritus (9), we propose that the
sea level-sedimentation rate correlation
represents mainly biogenous precipitates
(carbonate and opal) and not erosional
detritus. In this model, high sea levels al-
low high rates of biogenous precipitation
on the shelves, thus starving the ocean
basins, whereas low sea levels permit
dissolved river loads to reach the deep
sea and foster chemical erosion of mate-
rial to the seafloor might have remained
contrast, the detrital load of rivers al-
ways enters the ocean at point sources
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on the continental margins, which rapid-
ly prograde to the shelf edge during ris-
ing sea levels, leaving large portions of
the submerged shelf free to accumulate
carbonate. During low sea levels, detri-
tus completely bypasses the shelves, so
that clastic sediments almost always ac-
cumulate continuously in the continental
rises.

If Pacific Ocean accumulation ' rates
represent mainly flux of dissolved car-
bonate and silica, one might expect a
positive correlation between high sea
level and carbonate compensation depth
(CCD), as suggested by Berger and Win-
terer (7). However, this correlation is
weak at present. Berger (/0) noted some
similarities between sea level and the
CCD for the Cenozoic, but the question
of whether sea level and the CCD are
coupled remains open because of the dif-
ficulty of accurately calculating the Ce-
nozoic history of the CCD.

The suggestion of Davies et al. (1) that
fluctuations in the input of land-derived
material to the deep oceans are related to
alternating rates of continental erosion
and that these are a consequence of al-
ternating climatic states remains plau-
sible. However, until more detailed esti-
mates are available of the amount of ma-
terial in the different reservoirs of the
geochemical system and of ine changing
fluxes between the reservoirs, it will not
be possible to determine to what extent
input of land-derived material to the
deep sea is a function of the land/ocean
ratio, which-is in turn a function of sea
level, and to what extent climatic factors
influencing continental erosion rates may
be involved. We suggest, as have Fisher
and Arthur (I7), that climate itself is a
function of the land/ocean ratio and thus
a function of sea level. Thus climate, sea
level, and deep-ocean sediment accumu-
lation have a complex dynamic relation-
ship, many details of which remain to be
investigated.
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Manganese Oxide Tunnel Structures and Their Intergrowths

Abstract. Natural hollandite and romanechite are widespread barium-containing
manganese minerals. High-resolution transmission electron microscopy indicates
that intergrowths of the two minerals occur in a coherent manner on the unit-cell
level with no apparent ordering of the hollandite and romanechite. Other structures
have been imaged that are based on the hollandite and romanechite structures. Elec-
tron microscopy holds a key to unraveling the myriad structural complexities of the

manganese oxides.

The oxides of Mn are large in number
and complex in character; many of their
structures are poorly known. The diffi-
culties associated with distinguishing be-
tween them and the extent of intimate
mixing that occurs have given rise to the
descriptive but intentionally imprecise
names of ‘‘wad’’ for the soft oxides and
“‘psilomelane’” for the hard, massive,
botryoidal variety (/). This report will fo-
cus on hollandite, ~BaMngO,¢, and mix-
tures containing hollandite and roman-
echite, ~(Ba,H,0),Mn,;,0,, 2).

Hollandite and romanechite, two of
the more common psilomelane oxides,
occur in sediments, weathered outcrops,
the supergene zone of Mn and base metal
ore deposits, and metamorphosed Mn
deposits. The hollandite structure itself
is of interest because it is the form as-

Fig. 1. Schematic of a hollandite-romanechite
intergrowth. Each octahedron represents a
Mn cation surrounded by six O atoms. (a)
Hollandite with its double chains of Mn octa-
hedra. The chains form a square cross section
(2 x 2) when viewed down the tunnel length.
(b) Romanechite with its 3 X 2 rectangular
cross section. The double chain is common to
both structures and is the basis for unit-cell
intergrowths, The tunnels formed in both
structures accommodate the large Ba cations
or substituting cations.
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sumed by K, Sr, and Ba feldspars at high
pressures, such as occur within the
earth’s mantle (3).

Our primary method of study has been
high-resolution transmission electron mi-
croscopy (HRTEM), both by direct
structure imaging and by selected area
diffraction. These techniques have
shown that coherent intergrowths occur
between hollandite and romanechite.
These intergrowths may account (i) for
the reported range in compositions be-
tween different hollandites and roman-
echites and (ii) for the variable and prob-
lematical x-ray patterns obtained from
romanechite samples ¢).

The hollandite and romanechite struc-
tures can be placed in a structural classi-
fication of Mn oxides that is somewhat
analogous to the system developed for
rock-forming silicates (5). The (SiO,)*"
tetrahedron has its counterpart in the
(MnQg)?®~ octahedron of MnO, minerals.
The octahedra share corners and edges
to form chain, framework, or sheet
structures. The single-chain structure is
pyrolusite (8-MnO,), and the double-
chain structure is ramsdellite (MnO,).
Hollandite has a framework structure
consisting of double chains of Mn octa-
hedra joined at roughly right angles so as
to have a nearly square pattern (2 X 2)
when viewed down the length of chains
(Fig. 1a). Romanechite is closely related,
with a3 X 2, nearly rectangular arrange-
ment of (MnOg)?~ chains (Fig. 1b). A va-
riety of large mono- and divalent cations
such as K, Na, Ba, Sr, and Pb can then
be accommodated within the square or
rectangular tunnels thus formed ).

We studied samples from three local-
ities. We analyzed each sample by (i) x-
ray powder diffraction, using a Guinier
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