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Artificial chemical weathering of basaltic rock under the earth surface conditions of the present and the

Proterozoic era

'In order to compare the mineral chemical effects of acid rain on surface materials in the present‘
oxygen level and before Great Oxidation Event.
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The probable evolution of atmospheric O,, CO,, N, and Ar

over time (modified from Tajika, E. and Matsui, T. , Pro. 25" ISAS Lunar
Planet. Symposium, (1992), 178-183.).

Earth surface Environment of the early Proterozoic or late Archean

<Rock type on the crust: basaltic rock>
*Flood basalt studies (e.g. Pilbara) showed that basalt had been covered even on the early earth
surface (e.g., Armstrong et al. Earth Planet. Sci. Lett., 101(1990), 90-106.).

<Atmospheric composition: high P-g, with N, >

*The major composition was CO, and N,, and Cl, N, and S were also contained by influence of
volcanic activity (L.A. Frankes et al. Cambridge Univ. Press., (1992), 274 pp., E. Tajika & T. Matsui. Lithos 30
(1993), 267-280.).

*0, concentration were estimated based on studies such as banded iron formation and uranium
mineralization (P. Cloud. Am. Jour. Sci. 272 (1972), 537-548).

<Rain water: pH of rainwater was low >
Estimated from the atmospheric composition at the time.
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Experimental methods

We have conducted experiment under the present oxygen™ and the low oxygzen™™ conditions, respectively.
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*The artificial chemical weathering e
present oxygen was conducted in a roo

hematic illustration of the Soxhlet extraction apparatus, which
been improved to an open system and can be imagined as

on-and-off.

The sample for the artificial weathering
basalt in both experiments.
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Basalt sample after 950 days reaction
in the extraction chamber.




** Artificial weathering experiment under 0w oxyeen environment

Acrlyic Glove box (5x10* PAL: Na flow:
. .;{;"" ‘—.—‘a”-# ’

Roller pump

Photograph of the expe
equipment under 0.01%
(<5x 10* PAL) in N,

Deoxidizer atmosphere.

Apparatus: Soxhlet extractor, which can be imagined as rain on-and-off, was improved to an open system
with N, flow.

O, concentration: 0.01% oxygen (< 5 x 104 PAL)_with deoxidizer

Basalt sample: about 50 polished pieces of 10 x 8 x 5 mm size (40 g)

Artificial rain water: HNO;, H,SO, and HCI solutions at pH 4, and CO, saturated water, and distilled water
after bubbling with N, gas.

Flow rate (drip amount) of the rain water: 150 mL/day

Temperature: 50 °C, Duration: different period of time up to 950 days




Altered products

Altered olivine

Under the present oxygen environment, A part of olivine
as changed to chlorite and akaganeite (FeO(OH)) as
Itered products by pH 4 H,SO, treatment.

Mapping data of olivine surface after
The width of each field is 50 micron



Low oxygen condition (5 x 10~# PAL)

Comparison of the logarithmic molar ratios*** of extracted elements with rain water

under the present oxygen and the low oxygen conditions.
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olar ratio is calculated by dividing the cumulative total mole of each extracted element by the mole of individual element in the unaltered bas
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Logarithmic molar ratios of Fe and Mn are
high (easy to extract) relatively under the
low oxygen rather than present oxygen
environment.

High field strength (HFS) elements tend to
be easily extracted in any solution in the low
oxygen environment. This tendency is
remarkable when treated with CO, saturated
and distilled water.

Under a low oxygen environment, Ce and Eu
in REE tend to be easily extracted.




The relation between the logarithmic molar ratios and ionic radius

under present (A) and low (B) oxygen environments.

Total leached ion (mol) / Ion in basalt (mol)
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Ionic radius (pm)
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In both environments, the ratios o
Co near 70 pm in ionic radius are
dissolution from the octahedral coo
olivine. On the other hand, mineral s
chemical changes indicate that the ext
CPX is low.

The high ratio of Ca, Na, Ce, La, Eu an
120 pm, which are occupied in the caviti
framework, reflect the dissolution of plagi
These results indicate that the first step in t
weathering of basalt by acid solutions is the
dissolution of olivine and plagioclase. The m
ratios of many elements indicate that the reacti
the solution to the basalt is approximately pH
H,SO,, HCI and HNO;, and CO, saturated
distilled water.




Elements abundant in seafloor mineral resources.

Manganese nodule

One consideration of the relationship between the extracted

S e e e e fe e pepererera e elements and the sea water

AR 7o, o [ | % Material supply to the oceans is primarily thought to come from the
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Manganese crust
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materials near the earth surface for the supply of resources.
Moreover, Fe, Mn, and Zn, which are easily extracted from basalt under the
low oxygen condition.

The results of this study are expected to provide basic data for research on
material supply to the ocean from the early Earth to the present.
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<Numerical values show the ratio with rock on the surface.>
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