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ABSTRACT

Noble gases are unique tracers, due to their rarity on Earth and their inertness. Several of their isotopes are
produced by nuclear reactions, whereas others were trapped when the Earth formed. They have been widely
used for understanding the evolution and structure of the Earth, dating geological events/processes,
characterizing magma genesis and volcanism in different tectonic environments, tracing mantle-crust
interaction even in non-volcanic areas, and for monitoring earthquake and volcanic activities. Some of these
topics were presented at the 9™ International Conferences on Gas Geochemistry that was held in 2007 in
Taipei, Taiwan. This special volume includes twelve papers, which cover a wide range of applications of noble
gases geochemistry such as tracing the thermal evolution of the early Earth, understanding the mantle source
of continental basalts, establishing the spatial variations of gas compositions in hot springs and fumaroles
from volcanic and forearc areas, as well as in key non-volcanic areas such as faults and seismic zones, tracing
the origin and evolution of ore-forming fluids of uranium deposits, reproducing the noble gas behavior

during faulting, and, finally, using argon as a tracer of large-scale geologic processes.

1. Introduction

The 9™ International Conference on Gas Geochemistry (ICGG9)
was held in Taipei, Taiwan from October 1°¢ to 8", 2007 (Yang, 2008).
This conference was a sequel to the last two meetings held in Freiberg,
Germany, in 2003 (Heinicke and Martinelli, 2005; Yang et al., 2005),
and Sicily, Italy, in 2005 (Boschi et al., 2007; Italiano et al., 2007),
respectively. The conference was devoted to all aspects of research and
development of gas geochemistry and its applications in the Earth and
Planetary Sciences. This meeting brought together leading researchers
in the field of gas geochemistry to share their most recent experiences,
and advances in analytical techniques and in theoretical modeling to
achieve a better understanding of the special role of gases in different
terrestrial processes.

In this conference, a total of 105 abstracts were presented by 129
registered scientists from 23 countries. They covered a wide array of
recent applications of gas geochemistry in the field of Earth and
Environmental Sciences. In addition to the major gas components
(H,0, CO,, Ny, CHy, S, halogens) and trace and rare gases, scientists
apply gas isotopic techniques (C, H, O, S, N, and noble gases) to
characterize the sources of gas/fluid samples and to interpret their
degassing and migration behavior. In this respect, noble gases hold a
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special place as their rarity on Earth and chemical inertness have
made them unique tracers for physical processes. They have been
widely used to constrain Earth evolution and structure; characterizing
magma genesis and volcanism in different environments; tracing
mantle signatures in non-volcanic areas; and even for earthquake and
magma surveillance. Many recent examples of these applications were
presented at the ICGG9. Therefore, this is an opportune time to publish
a special issue to illustrate some of the recent geochemical applica-
tions of noble gas geochemistry, and we are pleased to include a total
of twelve peer-reviewed papers in this special issue.

2. Summary of this special issue

In the first contribution of this issue, Coltice et al. (2009-this
issue) use the present-day mantle abundances of xenon isotopes
derived from extinct and extant radioactivities to constrain thermal
and magmatic evolution models of the early Earth. They conclude that
in Hadean times (the first 700 My after the formation of the Earth)
heat could escape at a rate much faster than today, due to a much
higher mantle convection rate. Such a high rate of geodynamic activity
probably prevented the stabilization of large areas of continental
crust. Around 3.8 Ga ago, the convection of the Earth's mantle evolved
to a mode more similar to the present-day one. These authors suggest
that solid-state convection started later than 50 My after the
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formation of the Earth, which is consistent with proposed ages for the
Moon-forming impact.

Kurz et al. (2009-this issue) analyze helium and neon in
subaerial mylonites collected in the St. Peter and St. Paul
archipelagos (Mid-Atlantic Ridge) and in submarine mylonites
sampled at the Southwest Indian Ridge, to understand the behavior
of noble gases during mantle deformation. Their results show
surprisingly large amounts of mantle helium and neon, and that
most of the noble gases in the mylonites are trapped in mineral
matrices rather than in fluid or melt inclusions. They also found that
mantle gases are preserved in fine-grained mylonites at very high
concentrations; they suggest that the most likely mechanism is
diffusive trapping within defects at mantle pressures. Based on the
relationship between texture and helium abundance in peridotites,
they suggest that mantle deformation and metamorphism can be an
important process controlling the noble gas contents of the crust
and the upper mantle.

Czuppon et al. (2009-this issue) report unexpected mid-ocean
ridge basalt (MORB) -like noble gas elemental and isotopic composi-
tions in a suite of fresh spinel-peridotite xenoliths from Mt Quincan,
North Queensland (Northeast Australia). The absence of any subduc-
tion-related noble gas signature precludes the contribution of fluids
related to subduction that took place during the Paleozoic at the
eastern margin of Australia. Instead, they suggest that the observed
MORB-like signature was imprinted during recent fluid entrapment in
relation to the rifting tectonic setting of eastern Australia after the
Paleozoic subduction events. Any pre-existing subduction signature
may have been erased or part of the subcontinental lithospheric
mantle physically removed by delamination.

Mohapatra et al. (2009-this issue) present new noble gas and
nitrogen isotope data of some oceanic island basalt (OIB) samples and
attempt to characterize the geochemical signature of volatile elements
in the mantle source of OIBs. They found that their noble gas isotopic
data (He, Ar, Xe) are consistent with the presence of mantle-derived
gases from the OIB source, and a ubiquitous atmospheric component.
The isotopic composition of nitrogen and the 3°Ar/'*?Xe elemental
ratio, on the other hand, suggest that the air component is a mixture of
air and recycled gases. Their nitrogen isotopic data point to an isotopic
component in the OIB mantle with §'®> N~-25%., which is distinct
from previous estimates. Together with the oxygen isotopic signature
of bulk mantle, they further conclude that this component may
represent a contribution from volatiles from enstatite chondrite-like
materials at the time of the planet's accretion, and may represent
pristine nitrogen within the OIB mantle.

Ray et al. (2009-this issue) report new helium and carbon
elemental and isotopic data for a suite of hydrothermal gases and
fluids from 18 localities in the Central Southern Volcanic Zone (CSVZ)
of Chile. Their study shows that the CSVZ of the Chilean Andes is
characterized by a wide range of *He/“He, CO,/>He, and 6'>C (CO,)
values. Most of the data reflect the effects of crustal processes which
act to mask source He-CO, characteristics. They conclude that crustal
contamination exerts a strong control on the *He/*He values in the
studied area. They further discuss the parameters which may
contribute to the variability observed in the carbon-helium relative
abundance and C-isotope systematics.

To verify the origin of anomalously high >He/“He ratios (up to
7.13 Ra) in the Kinki district of southwestern Japan, Sano et al. (2009-
this issue) collected 25 gas and water samples from hot springs and
measured the He/*He and “He/?°Ne ratios of these samples. They
found that the geographical distribution of high *He/*He values does
not focus on a geographical spot, but defines a region extending
parallel to an extinct spreading center in the Shikoku Basin. They
suggest that the subducted spreading center might have been a mid-
ocean ridge with a transform fault. This hypothesis is apparently
supported by seismic tomography, and is consistent with the
geometry of the subducting slab deduced from isodepth seismic

contours, as well as that of a magnetic anomaly in the region.
Therefore, they conclude that the high He emanations may trace an
extinct ridge-transform-ridge type spreading center in a subduction
zone.

Polyak et al. (2009-this issue) report helium isotopic data for
CO,-rich springs sampled in the vicinities of the Elbrus and Kazbek
active volcanoes, and for CHy4-rich gases from mud volcanoes in
eastern Georgia. They found that the central segment of the orogen
between Elbrus and Kazbek volcanoes differs from its western and
eastern segments in that the highest *He/He ratios exceed 3.6 Ra.
They advocate recent magmatic activity in this region to explain the
halo of the elevated *He/“He which extends northward, far from the
Mt. Elbrus, into the Scythian Plate. Also based on the high *He/“He
ratios, they call for the presence of hidden magmatic activity near Mt.
Kazbek and further to the south, in mud volcanoes of eastern Georgia.

Helium isotopic ratios of modern groundwaters and of fossil fluids
trapped in secondary calcites from fault planes were measured by Pik
and Marty (2009-this issue) along the southern Corinth rift (the
most seismically active area in the European Union), in order to
investigate the nature of fluids circulating in these fault zones. The
observed helium isotopic ratios of modern fluids range from the air
composition to moderately radiogenic compositions, whereas fossil
fluids display more radiogenic compositions. These authors suggest
that the fossil fluids associated with rifting have been trapped deeper
in the fault zone, in the absence of significant atmospheric
contamination. They note that the absence of a mantle-He signal in
the Corinth rift fluids is remarkable for such a tectonic environment,
demonstrating that the fault system is not connected at depth with
zones where mantle-He might have been trapped, which places
constraints on tectonic models for the development of the Corinth rift
zone.

Italiano et al. (2009-this issue) present geochemical data show-
ing the existence of active degassing over a large seismically-
active sector of the southern Alps (Friuli Region, NE Italy). The
chemical composition of the dissolved gases show that a CO,-rich
gas phase feeds local groundwaters and that the observed *He/“He
ratios result from mixing between radiogenic and atmospheric
helium, without evidence for the presence of a mantle He
component. The authors also performed a soil gas survey over the
area that generated destructive seismic sequences, to characterize
CO, degassing in the studied area. Results of this survey show that a
significant amount of crustal gases were released in the continental
area of the south-eastern Alps. The lack of *He prohibits significant
mantle contribution to degassing, and these authors propose that
CO, is produced by thermo-mechanical processes occurring at
seismogenic depths.

Hu et al. (2009-this issue) report He and Ar isotope data of fluid
inclusions in pyrites and C isotope data of calcites associated with
uranium mineralization (pitchblende) in the Xiangshan ore, the
largest hydrothermal U-deposit in China. He isotopic compositions
range between 0.1 and 2.0 Ra and correlate with “°Ar/36Ar ratios.
These authors suggest that the relatively high 3He/“He ratios
represent a contribution of mantle-derived gases. A mantle origin
for volatile elements is also consistent with the 8'3C values of calcites,
which vary from —3.5%. to —7.7%., overlapping with the range of
mantle CO,. The authors propose a two-component, i.e., *He- and CO,-
rich mantle-derived fluids and CO,-poor meteoric fluids, mixing
model to explain the observed He, Ar and CO, characteristics of the
ore-forming fluids.

In order to test whether rapid fault movement can reset the
noble gas isotope ratios of fault rocks, Sato et al. (2009-this issue)
performed a high temperature frictional melting experiment on fine
grained homogeneous gabbros. The anticipated rapid equilibration of
volatiles during the frictional melting of rocks implies that the noble
gas isotope composition/ratio was reset to an atmospheric value
during the experiment. They measured noble gas isotopes in a gabbro
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sample using laser fusion analysis and found that the resetting of
noble gases can only be observed in glass that was completely melted.
They also found that the apparent increases in the K-Ar ages were
only observed in a narrow, 3 mm-wide zone around the fault plane,
which appeared in thin section to be thermally altered and
mechanically fractured. Therefore, the authors conclude that K-Ar
ages of fault activity can be quantitatively obtained from the analysis
of pseudotachylites (the glassy material at fault zone).

Argon has proven to be one of the most useful elements in
understanding the timing and duration of geological processes.
Because of its chemical and physical properties, Ar is a particularly
sensitive indicator of temperature variations associated with large-
scale geological events. In the final contribution of this special issue,
Lee (2009-this issue) gives a review of using argon as a temporal
tracer of large-scale geologic processes. He concludes that the
versatility of the “°Ar/3Ar dating method combined with the effective
application of various techniques (e.g. laser spot-dating and step-
heating) and a detailed understanding of the diffusion behavior of Ar
has proven to be a powerful research tool in elucidating the timing
and duration of many large-scale earth-system processes.
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