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トンネルイオン化スパッタ粒子質量分析による局所希ガス同位体分析の現状
Present status for in-situ noble gas analysis by Sputtered Neutral Mass Spectrometry with
tunneling ionization
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LIMAS (Laser Ionization MAss nanoScope) was installed in 2011. In-situ analysis for trace elements in nanometer-scale
is a concept of this apparatus. I have conducted a study on mechanism of solar wind (SW) implantation into extra-terrestrial
materials such as Itokawa particles. Because depth profile of SW-He have not been determined by using conventional noble gas
mass spectrometer (NG-MS) in a quantitative way, a depth profiling of the SW noble gas contributes to the great progress for
understanding implantation and removing processes of the SW noble gases. The processes imply the space-weathering history
of the materials on its asteroid surface.

LIMAS is mainly composed of Ga focused ion beam (FIB) system for primary ion, femtosecond (fs) laser for tunnel ionization
of sputtered particles, and time-of-flight mass spectrometer. Depth profiling procedure is as follows. The FIB system exhibits
high spatial resolution with large primary current. The smallest beam size is 8 nm at 3 pA, and the largest size is 600 nm at 30
nA. The fs laser can ionize the all element even He because of high energy density. The energy density is 8E15 W/cm2 because
the pulse energy and width is 6.3 W and 30 fs, respectively, and the laser pulse was focused on a volume of 50 x 50 x 50µm3.
This laser pulse induces tunneling ionization (Delone and Krainov, 1998). Helium depth profile analysis in a few micrometer has
been developed with LIMAS and atomic force microscope for crater depth measurement.

LIMAS can detect tens ppm in number of atoms He in sub-micrometer area on solid surface. At present useful yield of He
is 0.02% which should be up to 1% by optimizing laser focusing and irradiation position. The yield of 0.02% corresponds to
4000 He atoms for single He ion count. The back ground of He is much less than that of the NG-MS because LIMAS is used in
dynamic operation under the ultra-high vacuum.

LIMAS can measure locally concentrated noble gas because the sputtered volume is quite small, which indicates that this
measurement is almost non-destructive isotope analysis. This feature can play a role for analysis of tiny and precious samples
such as the Itokawa particles. U,Th-He and K-Ar dating for single grain can be applied by the in-situ noble gas analysis. The
in-situ dating may obtain a new insight of thermal history of igneous rocks by comparing conventional in-situ dating method
such as U-Pb age.
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熱水の希ガス分析前処理装置の製作と質量分析計の改良
New preparation apparatus for noble gas isotope analyses to measure submarine hy-
drothermal fluids and renewed GVI-5400
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Hydrothermal activity is an essential phenomenon to drive geochemical differentiation on the Earth’s surface, which should
form polymetallic massive sulfide ores. Noble gas isotopes are regarded to be a powerful tracer even for the geochemical study
on hydrothermal activity; however, there are abundant interference volatiles, e.g. halogens and hydrogen sulfide. Here, we de-
signed a new preparation system to remove such volatiles using non-traditional gettering materials. This new preparation system
consists of following components: the water preparations system, composite gettering system (halogen getter, sulfide getter and
Ti-Zr getter), cryogenic pump, Saes-getter pump and charcoal trap to analyze the all noble gases. The new preparation system
has compact volume, which needs small amount of seawater sample of 2-5 cc in volume. It is almost 1/20 compared to the typical
requirement for He isotope measurement.

To design new noble gas measurement system in JAMSTEC, another critical problem is to be solved. One of widely used
noble gas mass spectrometers, GVI-5400, is now not listed in commercial production models. Thus, all successor models of
VG-5400 series have entirely finished their production support since several years ago. However, the VG-5400 series and its
successor models still show satisfactory sensitivity and precision to determine noble gas isotope ratios. If we decide to use them
much longer, we should maintain their control units, such as power supply, emission control or source control and so on, which
requires replacement of essential electrical parts, including vacuum tube (!), regularly. At present, some of these parts are not
supplied anymore and we are forced to choose between not replacing them with the new/second-hand electrical parts while they
still worked, or renew their electrical circuits with currently manufactured electrical parts. By chance we had started the project
to re-use old model of power supply unit. The first trial was applied to the very original VG5400 that was moved from Univ.
Tokyo to Yamagata Univ. As the second case, we renewed the power supply and the emission control unit equipped for the
JAMSTEC-2 noble gas mass spectrometer (GVI-5400He).

Here we report the better performance of new version of the renewed power supply unit, noiselessness and better stability, with
the new noble gas preparation system.
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Giese型イオン源を搭載した高感度希ガス質量分析計
High sensitive noble gas mass spectrometer equipped with a Giese-type ion source
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Although noble gas isotopes are powerful tracers in geosciences, their extremely low abundances in mineral and rock samples
make their analysis quite difficult. For example, concentration of3He, which is a good indicator of mantle-derived component
because of its primordial origin, is as high as 0.01 parts-per-trillion in volcanic rocks and mantle-derived materials. Such scarce
noble gas isotopes are detected with a special mass spectrometer operated in static mode. We have made it possible to detect
103 to 104 atoms of noble gas isotopes by modifying a commercial sector-type single focusing noble gas mass spectrometer
(VG5400), which is equipped with a double collector system to detect3He and4He simultaneously with a secondary electron
multiplier and Faraday cup, respectively [1]. Here we report an attempt of further improvement of sensitivity of the mass spec-
trometer by installation of a new ion source (Giese-type source).

The Giese-type electron ionization (EI) ion source is equipped with two electrostatic quadrupole lenses [2]. This source has
been reported to have up to two orders of magnitude higher sensitivity than conventional Nier-type EI source because of the
absence of a beam defining slit to collimate the ion beam and thus high transmission [3]. We designed a Giese-type source to
have an adequate resolution to separate3He+ from HD+ and H3

+, to have the source housing volume as small as possible, and
to be bankable at up to 300℃ to reduce outgas from the source materials. The ion and electron optics were based on a calculation
by Lu and Carr [4] and refined using SIMION-3D software [5]. Prior to the installation on the mass spectrometer, the ion beam
profile emitted from the source was monitored by a microchannel plate and phosphor screen to optimize the configuration of the
quadrupole lens.

A sufficient mass resolution over 500 essential for3He/4He analysis has been achieved with an improved sensitivity approxi-
mately three times higher than the previous condition. The amount of helium required to obtain a precision with3He/4He ratio
is two orders of magnitude smaller than that with the condition installed by the manufacture. However, total ion transmission is
estimated to be about 30%, suggesting further refinement of the source condition is required to obtain the maximum sensitivity.

References: [1] H. Sumino et al., J. Mass Spectrom. Soc. Jpn., 49, 61-68 (2001). [2] C.F. Giese, Rev. Sci. Instrum., 30,
260-261 (1959). [3] E.T. Kinzer and H. Carr, Rev. Sci. Instrum., 30, 1132 (1959). [4] C.-S. Lu and H.E Carr, Rev. Sci. Instrum.,
33, 823-824 (1962). [5] D.A. Dahl, Int. J. Mass Spectrom., 200, 3-25 (2000).

キーワード: 希ガス,質量分析計,四重極レンズ,イオン源
Keywords: Noble gas, Mass spectrometer, Quadrupole lens, Ion source

1/1



SGC51-P04 会場:コンベンションホール 時間:5月 24日 18:15-19:30

熱水性石英中の流体包有物を用いたAr-Ar年代測定と試料の産状の比較
Ar-Ar dating by fluid inclusions in hydrothermal quartz, compared with its field and mi-
croscopic observations

齋藤拓也 1∗ ; Qiu Huaning2 ;渋谷岳造 3 ;丸山茂徳 4

SAITO, Takuya1∗ ; QIU, Huaning2 ; SHIBUYA, Takazo3 ; MARUYAMA, Shigenori4

1東京工業大学理工学研究科地球惑星科学専攻, 2中国科学院広州地球化学研究所, 3海洋研究開発機構プレカンブリアン
エコシステムラボ, 4 東京工業大学地球生命研究所
1Department of Earth and Planetary Science, Tokyo Institute of Technology,2Chinese Academy of Sciences, Guangzhou Insti-
tute of Geochemistry,3Precambrian Ecosystem Laboratory, Japan Agency for Marine-Earth Science and Technology,4Earth-Life
Science Institute, Tokyo Institute of Technology

The chemical evolution history of the ocean must have been one of the most critical factors to unravel the evolution of life
on the Earth. However, this topic has not fully understood yet. Recently, de Ronde et al. (1997) and some studies try to es-
timate seawater composition during Archean and Proterozoic using fluid inclusions trapped in hydrothermal quartz correlated
with pillowed basalt, which is expected to erupt in sub-seawater condition. Lowe and Byerly (2003) claims that the hydrothermal
minerals used by de Ronde et al. (1997) were formed at far younger age (Quaternary) than expected age of eruption of the matrix
lavas (3.2 Ga), based on the only field and microscopic observations. This problem must be solved by dating of the fluid inclu-
sions trapped in hydrothermal quartz and comparing the age of pillowed basalt as a matrix in addition to field and microscopic
observations. We carried out Ar-Ar dating of the fluid inclusions with stepwise crushing techniques at Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences.

Analyzed samples in this study are from 2.2 - 2.4 Ga Ongeluk Formation, Transvaal Supergroup, South Africa. Above On-
geluk Formation, two younger volcanic layers exist, one is mafic intrusions of the Malopo Farms complex formed at 2044± 24
Ma, the other is porphyritic andesite of the Hartley Formation formed at 1928± 4 Ma.

The analyzed samples are hydrothermal quartz with growth zoning texture, filling the primary shaped drainage cavities and
interstitial spaces of lava flows of the Ongeluk Formation without quartz vein crosscut pillow of lava, suggesting the quartz
had precipitated soon after eruption of the lava. We analyzed four of the most primary-rich samples (GU84, GU91, GU103a
and GU103b), in terms of microscopic observations. However, secondary fluid inclusions are not excluded completely, in other
words, argon gas extracted the quartz samples including some secondary fluid inclusions origin in the analysis.

Three samples, GU 84, GU103a and GU103b, yielded Ar-Ar isochron ages of 2688± 584 Ma, 1952± 279 Ma and 1967±
64 Ma Ar-Ar isochron ages, respectively. GU91 was also dated in the same manner as well, but failed to obtain a tight line of
isochron with a diffused age (611± 517 Ma).

Comparing the age of the Ongeluk lava and younger two volcanisms with the results, the age from GU84 has a wide range of
error, but is consistent with Ongeluk lava, GU103a has also a wide range of error, but is consistent with all three volcanisms, and
GU103b has the narrowest range of error and is consistent with Malopo Farms complex and Hartley Formation, especially match
with Hartley. Based on field and microscopic observations, it is unlikely to precipitate quartz with filling cavities 100-200 Myr
after eruption of Ongeluk lava. Two probable mechanisms to explain the results, one is that fluid inclusions were re-equilibrated
at younger volcanisms in terms of the argon with preserving primary textures. The other is that secondary fluid inclusion formed
by younger volcanism driving hydrothermal circulations and that extracted argon gas in the analysis is mainly composed of
the secondary inclusions. The secondary fluid inclusions have argon ratio suggesting younger age than primary fundamentally,
suggesting that GU84 obtaining the oldest argon age is the most primary rich samples. Assuming that obtained younger ages
than Ongeluk lava are resulted in argon gas from secondary fluid inclusions, the consistency with Ar-Ar age of GU84, the most
primary-rich sample, and Ongeluk lava support that our field and microscopic observations are robust and that the primary fluid
inclusions formed soon after Ongeluk lava eruption.
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宇宙線生成 39Arを使った月表面のK-Ar年代分布測定の可能性について
Possibility of K-Ar age mapping on the moon using cosmogenic39Ar
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月表面探査において迅速にかつ広範囲に年代分布を調べるにはその場分析を行う事が必要になる. 宇宙線照射により
39K から 39Ar が生成されていることは隕石の希ガス研究の初期から知られ, 40Ar/39Ar 年代測定法の開発のきっかけにも
なった.　宇宙線中の速中性子束密度が時間的にほぼ一定と考えられる環境では長い時間がたつと生成と放射性壊変の平
衡状態が実現され、岩石中の 39Ar はその K 濃度に応じて一定値をしめすようになる.太陽系での速中性子の供給源は主
に太陽である. 太陽の活動周期による変化で速中性子密度も変化するが 39Ar の半減期の 293年ではその供給はほぼ一定
と見なすことは可能であろう.ほぼ同じ照射条件下にあるとみなすことができる隕石試料または月表面の岩石を用いて原
理的にはその 40Ar/39Ar年代が可能になる.　すなわちそれらの一つを実験室で標準試料として正確な年代測定を行う.そ
の年代を使った同じ試料の野外での J-値を求め,他の未知試料の 40Ar/39Ar比を測定することで年代測定が可能になる.　
干渉同位体による 39Arの生成は Ca/K比が極端に大きくない限り影響は大きくならない.中性子束密度は照射される物体
の深さに応じて減衰するので余り深い位置にある試料に対しては有効でない. しかし 40Ar のバックグラウンドや質量測
定を必要としない点, 36Arを考慮する必要がほとんど無い点では地球上での測定より簡便で迅速な測定に向いている可能
性がある.
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