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Are spectrometers in your laboratory useful to analyze your geochemical problems? Are
state-of-the-art spectrometers in the world useful to analyze your geochemical problems? Do
you need to invent novel spectrometers to analyze your geochemical problems? I would like to
discuss with peoples who answer YES for the last question.

Why do we want to invent novel analyzers beyond state-of-the-art spectrometer?
Because new geochemical problems, which are difficult to solve by use of state-of-the-art
spectrometers, are discovered by yours. Development of novel spectrometers begins
collaboration between new types of physics and chemistry, and advance towards discovery of
new spectrometer. I would like to discuss the case of isotope microscope, as an example that

discovery on geochemistry has been made by an invention of new spectrometer.

Why do we want to invent novel analyzers beyond state-of-the-art spectrometer?
*H. Yurimoto"  (‘Hokkaido Univ., 'ISAS/JAXA)
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Schwertmannite is a poorly crystalline oxyhydroxysulfate. The chemical formula may be
ideally given as FegOg(OH)SOs, but variable with actual chemical formula represented by
FegOg(OH)s «(SO4)xnH,0, where 0.75< x <2.58 and 5< n <9. The crystal structure of
schwertmannite is known to be in the tetragonal system with cell dimensions a=10.66 and

¢=6.04 A, but much of the details of the crystal structure need to be further elucidated as the

broad peaks of the diffraction pattern imply.

Schwertmannite may not be a very common mineral on the Earth’s surface, but can be easily
found in any acidic sulfate-containing aqueous environment. The mineral has been well known
to precipitate as yellow to yellowish-brown aggregates or coatings readily from acid mine
drainage, acidic lake water, and even the acidic pore water of soil. The dissolution and
precipitation of the mineral definitely play critical roles in determining the fate of the inorganic
and organic aqueous species in such environments. This may be the one of the major reasons
of showing such high interest by many researchers on the solubility (or stability) of

schwertmannite.

The solubility of schwertmannite shows wide variation, ranging from pKy, = -39.5 to -5.8
(Table 1). Researchers have tried to find the “correct value” and discussed the possible reasons
causing the discrepancies in the solubility values among different studies. The possible reasons
include the differences in the characteristics of the mineral itself (such as particle size,
crystallinity, and chemical composition), experimental methods (filtering and measurement),

utilized thermodynamic databases, other dissolved constituents, and so on.

This presentation provides the basic information on schwertmannite, compares the solubility
values from different studies, and then discusses the possible reasons causing the differences in
the solubility. It may help those who study schwertmannite, acid mine drainage, low

temperature thermodynamics, and after all aqueous geochemistry.



Table 1. Comparison of the solubility values of schwertmannite in the literature.

x of FesOs(OH)3gx(SO4)x PKsp Reference*
1.6 -18.0%2.5 1
1.74-1.86 -10+2.5 2
1.05 -7.06%0.09 3
1.64-1.96 -8.04+1.20 4
1.0 -9.61+4.0 5
1.26 -18.5+0.2 6
1.4-1.5 -18.8+1.7 7
0.75-2.58 -39.5~-5.8 8

*: 1 Bigham et al. (1996) Geochim. Cosmochim. Acta, 60, 2111-2121; *Yu et al. (1999) Geochim.
Cosmochim. Acta, 63, 3407-3416; *’Kawano and Tomita (2001) Am. Mineral., 86, 1156-1165; *Yu
et al. (2002) Geochem. J., 36, 119-132; Majzlan et al. (2004) Geochim. Cosmochim. Acta, 68,
1049-1059; *Regenspurg and Peiffer (2005) Appl. Geochem., 20, 1226-1239; "Sachez-Espana et
al. (2011) Appl. Geochem., 26, 1752-1774; 8Caraballo et al. (2013) Chem Geol., 360-361, 22-31.
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Abstract

Deep thermal groundwater is geologically old and highly mineralized but they exhibit diverse
chemical compositions due to diverse origin and complex hydrogeologic conditions. The
thermal groundwater formed in deep thermal reservoirs is subsequently changed in
hydrochemistry by complex geochemical processes occurring during ascent, which include 1)
mixing of lower-level groundwater, resulting in dilution, and 2) a number of geochemical
reactions (e.g., precipitation, adsorption, cation exchange) which vary with different geologic
environments. Due to such complexities, it is difficult to evaluate the hydrogeochemisty and to
classify the hydrochemical phases of deep thermal groundwater. Even so, better understanding
of hydrogeochemical characteristics of deep groundwater is needed for site selection of
geological repository for high-level radioactive wastes and geologic storage of CO,. Therefore,
we assessed a large geochemical dataset of deep thermal groundwater (n = 355) in South Korea
using the Self-Organizing Map (SOM) approach based on artificial neural networks with
unsupervised learning, in order to cluster the samples and to deduce the relationships (and its
meaning) among hydrochemical variables.

The results of our study show that deep thermal groundwater in Korea is clustered into three
major types. These are 1) alkaline water with high pH, 2) CO,-rich acidic water, and 3) saline
water with high TDS. Among them, the first type is predominant and occurs preferentially in
granitic rocks. The relationships between physicochemical variables illustrate that
hydrochemistry of each groundwater type is mainly evolved through distinct paths of water-rock
interaction but is modified by varying degree of mixing with dilute shallow groundwater during
ascent.

* This study is supported by Korea CO, Storage Environment Management (K-COSEM)

Research Center.
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Aeolian dust has significant effects on the natural environment by altering the global radiative
balance, cloud properties, and ocean primary productivity (e.g., Maher et al., 2010, Shao et al.,
2011). At present, large amounts of acolian dust are emitted from the huge dry areas of East Asia
(330 Tg yr ', averaged value of 15 aerosol models within the AeroCom project, Huneeus et al.,
2011), particularly from the Taklimakan Desert in western China and the Gobi Desert in
southern Mongolia and northern China (Sun et al., 2001). The dust emitted from such deserts are
transported to China, Korea, Japan, and the northwestern North Pacific by the westerlies, hence
the Asian dust affects climate throughout the northern hemisphere.

On the other hand, Asian dust within the marine sediments has been considered to record past
changes in land surface condition and atmospheric circulations affecting dust emission and
transport (e.g., Windom 1975, Rea and Leinen, 1988, Rea et al., 1998, Kawahata et al., 2000). In
order to extract dust information from sediments, it is necessary to distinguish dust from other
terrigenous materials. Until now, many parameters such as major, trace, and rare earth elements
(e.g., Zhang et al., 1996); strontium and neodymium isotopes (e.g., Asahara et al., 1995, Nakano
et al., 2004); and oxygen isotopes, crystallinity, and electron spin resonance (ESR) signal
intensity of quartz (e.g., Mizota et al., 1992, Nagashima et al., 2007, Sun et al., 2007) have been
investigated to identify Asian dust and estimate its source desert. We will review such
provenance-tracing techniques and introduce our new approach combining multiple parameters
(Sr-Nd isotopes, ESR signal intensity of quartz, feldspar compositions). We will also present
decadal to orbital-scale changes in atmospheric circulations of Asia—North Pacific region based
on Asian dust records from East Asian marginal seas, North Pacific, and Lake Suigetsu, Japan
(Seo et al., 2014, Nagashima et al., 2007, 2011, 2013, 2016).

Past climate changes from Asian dust records
*K. Nagashima', K. Hyeong’, I. Seo” ('JAMSTEC, *KIOST)
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INTRODUCTION Rare earth element (REE) patterns normalized by chondrite have been used
as one of useful tools in geochemical and cosmochemical studies. Especially, REE tetrad pattern
has been considered as an example of a specific REE fractionation in geologic systems such as
evolved or highly-fractionated granites under the condition that the REE measurement were
performed at reasonable precision and accuracy. The Muamsa, Weolaksan and Sokrisan granites
(MWS granites) are ones of the Cretaceous granites in the South Korea, which are highly
evolved, fractionated I-type granite with geochemical characteristics of A—type granite and
REE-tetrad pattern. In order to understand 1) the behavior of magnesium and oxygen isotope
system during the emplacement of the highly fractionated granite and 2) the relationship among
magnesium and oxygen isotopes and REE tetrad effect, we investigated the geochemical
characteristics of magnesium and oxygen isotope composition from the MWS granites.

SAMPLES AND EXPERIMENT The granite samples for measuring oxygen and magnesium
isotope composition were selected based on the degree of REE tetrad effect. Oxygen isotope
was measured using the PRISM mass spectrometer (GV Isotech) with a dual inlet system at
Korea Polar Research Institute (KOPRI), and magnesium isotope composition was measured
using a Neptune MC-ICP-MS at the Korea Basic Science Institute (KBSI). Rare earth element
and other trace elements abundances were rechecked by Quadruple ICP-MS (Perkin-Elmer Elan
6100-DRC-II) with correction of oxide and hydroxide interference on REEs at KOPRI.

RESULTS AND DISCUSSION The re-measured REE and trace element data suggests that the
Eu anomalies from chondrite-normalized REE pattern of the MWS granites should be derived
from K-feldspar fractionation during granitic magma evolution. Oxygen isotopes from the
whole rock and its minerals plotted on the terrestrial fractionation line based on the KOPRI data.
Plots of MgO versus SiO, and 3*°Mg versus MgO indicate that the MWS granites were
emplaced through differentiation process from common granitic magma. The relationship
between radiogenic isotopes like Nd and magnesium isotope composition indicates a possibility
of Mg isotope fractionation during granitic magma evolution or mixing of inhomogeneous
source material during granitic magma generation. Further studies for the relationship between
REE tetrad effect and Mg isotope composition may provide useful information for

understanding the Mg isotope fractionation during the geochemical processes in the crust.
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Photochemistry of sulfur dioxide yields anomalous sulfur isotope fractionation under anoxic
atmosphere. The isotope anomaly can be transported into sedimentary sulfide and sulfate, thus is
useful to trace atmospheric chemistry before the Great Oxidation Event (GOE) at about 2.3
billion years ago. Based on the isotopic analysis of Archean sedimentary rocks, the A*°S/A**S
trend seems to have changed through time, though the factors controlling the A*°S/A*’S signal
are still uncertain. Our new laboratory experiments have shown that the A’°S/A®®S trend are
mainly controlled by pSO; and redox state of the atmosphere even without molecular oxygen.
Thus, the observed change of the sulfur isotopic signal may reflect volcanic SO, flux as well as
redox fluctuation before GOE. Furthermore, our results indicate that the Archean atmosphere is
not the pure CO,, but should be more reducing to explaining the observed A**S/A**S trend in the
Archean rocks.

Tracing atmospheric evolution using multiple sulfur isotopes
*Y. Ueno'?, Y. Endo' ('Tokyo Institute of Technology, Department of Earth and Planetary
Sciences, “Earth-Life Science Institute [WPI-ELSI])
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