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Gamma-irradiation Effect on ESR Signals Derived from Hydrothermally Altered Minerals
and Its Application to Fault Dating
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Abstract

In order to develop a technique for the assessment of fault activity using the age of hydrothermally altered minerals in
fault rocks, I carried out hydrothermal reaction experiments (for 2 weeks at 250°C) under an aqueous solution of
10%NH4Cl showing a weak alkaline (pH4.7). As the experimental sample, | used the powder of fresh K-feldspar extracted
from the Hoo-type granite at the Hakushu fault outcrop of the Itoigawa-Shizuoka Tectonic Line active fault system. After
gamma-irradiation, the hydrothermally altered sample under the aqueous solution of 10%NH4CI gave the Mo quartet
signals, which are intrinsic to smectite (montmorillonite). ESR (electron spin resonance) analyses indicate that the Mo
quartet signals are attributed to the ammonia (NHs*) radical. Hydrothermal reactions involving NH4* ions may lead to the
substitution of K* or Na* ions in K-feldspar with NH4* ions, and then gamma-irradiation may result in the knock-on of H
atoms in NH4* ions, implying the generation of the NHs* radical. Since the Mo quartet signals increase with increasing
radiation dose, they are applicable to the determination of the age of hydrothermal alteration associated with faulting or to
the determination of the age of a past fault movement.
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Figure 1. X-ray diffraction patterns obtained from the
hydrothermally altered samples under various conditions. The
heating temperature and duration are 250°C and 2 weeks,
respectively. a) natural sample consisting mainly of potash feldspar
(orthoclase) in the fresh Hoo-type granite, b) hydrothermally
altered sample under pure H20, ¢) hydrothermally altered sample
under an aqueous solution of 10%NH4Cl. Q: quartz, Ab: albite, Or:

orthoclase. Figs.1a and 1b were cited from Fukuchi (2022)[°],

9.44GHz, ~A 7 a1 1 mW, ZiffE 0 100 kHz
0.05 mT, )& WF 0.3 s, féd5Hm 5 3 : 8 min./scan,
a2 o — X FEREEL 3 [E],
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Figure 2. ESR spectra obtained from the natural sample consisting
mainly of fresh potash feldspar (orthoclase). a) 0 kGy, b) 0.278 kGy,
¢) 0.556 kGy, d) 0.834 kGy, ¢) 1.111 kGy, f) 1.389 kGy, g) 1.667
kGy, h) 1.945 kGy, 1) 2.223 kGy, j) 2.501 kGy, k) 2.778 kGy.
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Figure 3. ESR spectra obtained from the hydrothermally altered
potash feldspar sample under pure H20. a) 0 kGy, b) 0.278 kGy,
¢) 0.556 kGy, d) 0.834 kGy, e) 1.111 kGy, f) 1.389 kGy, g) 1.667
kGy, h) 1.945 kGy, 1) 2.223 kGy, j) 2.501 kGy, k) 2.778 kGy.
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Figure 4. ESR spectra obtained from the hydrothermally altered
potash feldspar sample under an aqueous solution of 10%NH4CI.
a) 0 kGy, b) 0.313 kGy, ¢) 0.626 kGy, d) 0.938 kGy, €) 1.251 kGy,
f) 1.56 kGy, g) 1.877 kGy, h) 2.190 kGy, i) 2.502 kGy, j) 2.815
kGy, k) 3.128 kGy.
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