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Seawater Chemistry and Climate

Harry Elderfield

he chemical composition of the ocean
I is determined by rivers, submarine
hot springs, and ocean sediments
that add or remove elements to seawater.
Throughout the oceans, the more abundant
elements have near constant ratios to salin-
ity (a measure of total dissolved salts). Thus,
records of their past concentrations in sea-
water should tell us how active these sources
and sinks were over long time scales. How-
ever, reliable archives of past seawater chem-
istry have been difficult to find (/). On page
1114 of this issue, Coggon et al. address this
problem by measuring magnesium/calcium
and strontium/calcium ratios in calcium car-
bonate (calcite) veins recovered from ocean
crust buried under sediments (2). Their Mg/
Ca record for the past 180 million years
agrees with previous work (/), but the St/Ca
record does not (3). The results have impli-
cations not only for seawater chemistry but
also for climate change.

Earth’s climate changes on several time
scales. Over tens to hundreds of thousands
of years, variations in Earth’s orbit around
the Sun alter the amount and distribution of
external heating. The resulting changes in
climate occur within the framework of tec-
tonic processes that take place over millions
of years. Driven by Earth’s internal heat, tec-
tonics shapes climate by recycling carbon
between Earth’s interior and surface. Tec-
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tonic forcing of climate is crucial for a habit-
able planet. Our closest planetary neighbors,
Mars and Venus, have carbon dioxide in
their atmospheres but were unable to escape
runaway “icebox” (Mars) and “greenhouse”
(Venus) conditions. For Earth to avoid such a
fate, a negative feedback must keep runaway
warming or cooling in check. Over million-
year time scales, it is commonly thought that
atmospheric CO, reflects a balance between
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Long-term climate change and ocean chemistry. On million-year time scales, climate is driven by the
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Reconstructions of past seawater chemistry
provide insights into the driving forces behind
long-term climate change.

input from volcanic activity and removal by
silicate rock weathering feedback (see the
figure). This balance, and how it may have
changed, is reflected in the chemical compo-
sition of the oceans.

The calcite veins studied by Cog-
gon et al. were formed by seawater flow-
ing through the upper oceanic crust on the
flanks of mid-ocean ridges. The authors
dated the veins based on their ¥’Sr/**Sr
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input of CO, to the atmosphere by plate tectonics. The atmospheric CO, reservoir is small and would raise
global temperatures unchecked without a chemical weathering carbon feedback. Caggon et al. (2) have
improved understanding of the global Mg cycle, which shares some similarities with the carbon cycle.
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ratios and then converted the calcite Mg/Ca
and Sr/Ca ratios to seawater values (2). The
resulting Mg/Ca ratios were ~1 mmol/mol
from 180 to 60 million years ago and then
rose to today’s value of 5.4 mmol/mol. This
pattern agrees with other studies using dif-
ferent approaches (/).

Coggon et al. explain this pattern based
on two classic models (4, 5), in which sea-
water gains Mg from river input and loses
Mg during hydrothermal circulation through
ocean ridges (see the figure). Hydrothermal
processes dominate Mg removal today, but
Wilkinson and Algeo (4) have argued that
removal as dolomite (a sedimentary carbon-
ate rich in Mg) dominated the Mg budget
over long periods in the past. Only ~10% of
today’s sedimentary sink is as dolomite (6).

How do the St/Ca data fit into this picture?
Coggon et al.’s seawater Sr/Ca values are ~3
umol/mol from 180 to 20 million years ago

and then tripled to modern values. In contrast,
earlier studies found higher values in the past
than today (3). Coggon et al. attribute this dis-
crepancy to uncertainty over Sr partitioning
into biogenic carbonates. Literature data show
that hydrothermal vent fluids have lower St/
Ca than does seawater (7), and Coggon et al.
attribute the increasing seawater Sr/Ca (as for
Mg/Ca) to a decreasing influence of hydro-
thermal activity over time. However, Sr and
Ca concentrations in hydrothermal fluids vary
and may be both higher and lower than sea-
water values (7). When normalized to chlo-
ride to account for phase separation, Sr con-
centrations are, in fact, about two times higher
than modern seawater; the Sr/Ca ratios are
only lower than in modern seawater because
Ca is on average five times higher. Therefore,
the situation is more complex. For example, if
Ca added from vents is removed as carbonate
sediments, then the impact of hydrothermal
activity will be to increase St/Ca, not lower it.

A key feature of the models (4, 5) is the
rate at which Mg is stripped from seawater
during hydrothermal alteration in the ocean
crust (see the figure). However, estimates of
this rate differ widely, with implications for
understanding seawater chemistry and long-
term climate change.

Many studies have used estimates based
on seafloor spreading rates and seafloor gen-
eration histories (&) that show a decrease of
50% or more in ridge production (and hence
Mg removal at ridge crests) in the past 100

million years. This makes sense: Mg removal
at ridge crests decreases, and seawater Mg/
Ca increases. Lower ridge production also
implies a decrease in CO, production. This
lowers atmospheric CO,, which leads to a
decrease in chemical weathering, less CO,
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removal, and thus a negative feedback on cli-
mate. One geochemical model that has taken
this approach is the influential BLAG model
(9), in which the atmospheric CO, cycle is
driven by the rate of seafloor generation.

However, in 2002, Rowley (/0) showed
that the present distribution of seafloor ages
is consistent with an almost constant rate of
oceanic crustal area of 3.4 km? per year for the
past 180 million years. He concluded that “a
constant rate of ridge production has impor-
tant implications for models of sea level and
pco,”—to which we can add, the history of
seawater chemistry. How can the Mg/Ca ratio
of seawater decrease through time if its major
sink has remained constant?

Coggon et al. do not use Rowley’s resuit
but instead refer to Miiller et al. (11), who
argued that Rowley’s approach is invalid.
Rowley (/2) has criticized the assumptions
made by Miiller ef al. in extrapolating the
spreading history or age distribution of oce-
anic lithosphere. Errors in estimates of the
crustal production of seafloor that has been
subducted are likely to be very large.

If Rowley is correct, then how could con-
stant global ridge production lead to chang-
ing hydrothermal seawater Mg/Ca? One idea
is that fast- and slow-spreading ridges may
behave differently. Another, pointed out by
Coggon et al., is that oceanic crust is altered
on ridge flanks. Flanks buried by sediments
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may remain warm enough long enough to
promote Mg removal (73).

At present, geophysical constraints on
crustal production rate seem to be weaker
than geochemical ones, yet they are crucial
for the long-term climate balance of CO,.
Taken together with our knowledge of seawa-
ter chemistry, they offer the promise to undet-
stand the interactions between solid earth
processes and the biogeochemical cycles of
the major ions in the oceans.
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