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K-Ar年代その場計測装置の開発状況
Development of an in-situ K-Ar dating instrument

長勇一郎 1∗,三浦弥生 2,諸田智克 3,亀田真吾 4,吉岡和夫 5,岡崎隆司 6,並木則行 7,石橋高 7,大野宗祐 7,小林正規
7,荒井朋子 7,千秋博紀 7,和田浩二 7,杉田精司 8

Yuichiro Cho1∗, Yayoi N. Miura2, Tomokatsu Morota3, Shingo Kameda4, Kazuo Yoshioka5, Ryuji Okazaki6, Noriyuki Namiki7,
Ko Ishibashi7, Sohsuke Ohno7, Masanori Kobayashi7, Tomoko Arai7, Hiroki Senshu7, Koji Wada7, Seiji Sugita8

1東京大学理学系研究科地球惑星科学専攻, 2東京大学地震研究所, 3名古屋大学, 4立教大学, 5宇宙航空研究開発機構宇
宙科学研究所, 6 九州大学, 7 千葉工業大学惑星探査研究センター, 8 東京大学新領域創成科学研究科複雑理工学専攻
1Dept. Earth & Planetary Science, Univ. Tokyo,2Earthquake Research Institute, Univ. Tokyo,3Nagoya University,4Rikkyo Uni-
versity,5ISAS/JAXA, 6Kyushu University,7PERC, Chiba Institute of Technology,8Dept. Complexity Science and Engineering,
Univ. Tokyo

We have been developing an in-situ dating method based on the K-Ar system for future planetary landing missions. The K-
Ar dating method employs radiometric decay of 40K into 40Ar with half-life of 1.25 Gyr [Steiger & Jager, 1977]. Our system
measures K and Ar with two techniques at the same laser irradiation spot on a sample: laser-induced breakdown spectroscopy
(LIBS) and quadrupole mass spectrometry (QMS), respectively (LIBS-QMS system). Potassium and argon are extracted from a
sample simultaneously by the laser ablation, in which the sample is vaporized by a series of intense (> 1GW/cm2) laser pulses.
We used a Nd:YAG laser with 6 ns of pulse width and 1064 nm of wavelength (Surelite I, Continuum). The laser energy was
set at 100 mJ and the spot diameter was ˜500 micron. The pulse repetition rate was 2 Hz. We used a small spectrometer with a
charge couple device (CCD) (HR 2000+, Ocean Photonics Inc.), to simulate a small and simple spectrometer for the spacecraft
missions. The light emission from plasma was collected by a lens and transmitted through an optical fiber to the entrance slit of
the spectrometer. The spectral acquisition time was 1 ms and the shutter was opened before the laser pulses reached the sample;
time-integrated plasma emission was observed to simulate a non-gated operations on the planetary missions. The intensity of the
K line at 769 nm was normalized by that of the O emission line at 777 nm in order to reduce signal fluctuations.

The gas extracted from the sample was purified with a Ti-Zr getter. The purified Ar gas was trapped on the charcoal trap
cooled by liquid nitrogen. The Ar isotopes, 36Ar, 38Ar and 40Ar, are measured with the quadrupole mass spectrometer. Blank
mass spectra were also acquired and subtracted from the main data. Finally, the volume of laser ablation pit was measured with
a laser microscope to obtain the concentration of 40Ar within the pit.

In order to construct a calibration curve for K2O, 24 geologic samples with known K2O concentration were measured with
our LIBS system. The calibration line can be fitted by a power law: I=0.11C0.55-0.00686, where I and C are the signal intensity
and K2O concentration (wt%). The detection limit and the quantification limit of our LIBS system were 300 ppm and 1 wt%,
respectively. Also the detection limits of 36Ar and 40Ar were measured to be 2x10−12 and 2x10−11 [cm3 STP], respectively,
in this study. As a result, if a rover encounters a rock with K2O=1 wt%, as Mars Exploration Rover found at Gusev crater, our
instrument is expected to measure K and Ar from a rock sample; i.e., the error in LIBS measurement would be<20% and the
S/N for QMS signals would be sufficient (=200).

Using our instrument, we measured three samples whose K concentrations and ages have been measured previously with
flame photometry and a sector mass spectrometer: a hornblende (K2O=1.12 wt%, 1.75 Ga), a biotite (K2O=8.44 wt%, 1.79 Ga),
and a plagioclase (K2O=1.42 wt%, 1.77 Ga) [Nagao, unpublished data]. We obtained the model ages of 2.1+/-0.3, 1.8+/-0.2, and
2.0+/-0.3 Ga, respectively.

Since the three samples have similar ages and different K concentrations, we should be able to construct a ”virtual” isochron
by plotting the concentrations of K and 40Arrad. The slope of the isochron simulated with our experimental data yields 1.34
Ga of age. The data with known values yields 1.79 Ga. Such underestimation probably results from both overestimation for K
and underestimation for 40Ar in the biotite data, which have large weight for the regression. Nevertheless, a positive correlation
between [K] and [40Arrad] is obvious. Although further improvement in the accuracy of our measurements is necessary, the data
obtained in this study demonstrate that our LIBS-QMS method can reproduce the trend essential for quantitative isochron-based
age measurements.
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