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Gamma-irradiation Effect on ESR Signals Derived from Hydrothermal Minerals and
Its Application to Fault Dating Part 1
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Abstract

A new dating method is needed to evaluate the activity of faults in the region with unclear tectonic landform or without
Quaternary overlying sediments. The ESR (electron spin resonance) dating technique is an applicable dating method to
hydrothermal minerals in fault gouge formed by faulting. I carried out hydrothermal reaction experiments for 1-2 weeks
under 240°C using the Nojima granite powder sample and detected FMR (ferrimagnetic resonance) signal derived from
ferrimagnetic mineral newly generated in the hydrothermal reaction material. The characteristic of this FMR signal is the
same as those detected from fault gouge subjected to natural hydrothermal reaction by seismic frictional heating. Gamma
irradiation experiments show that the FMR signal increases with radiation dose although at this stage it is unclear whether
the FMR signal is applicable to fault dating or not. On the other hand, the E’ center intrinsic to quartz increases and is
saturated due to heating during the hydrothermal reaction, however it decays by gamma irradiation. Moreover, the Al and
Ti centers derived from impurity lattice defects in quartz, which are available for ESR dating, decay after the hydrothermal
reaction and increase with gamma irradiation. These results indicate that the state of saturation of the E’ center and the
formation of FMR signal are available to the judgement of the resetting state of the Al and Ti centers by frictional heating.
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Figure 2. ESR spectra obtained from the Nojima
granite powder and the hydrothermal reaction
samples before and after gamma-rays irradiation. A)
Nojima granite powder, B) sample heated for one
week at 240°C, C) sample heated for two weeks at
240°C. The radiation dose is 0 Gy (1) and 3.7643
kGy (2), respectively. The Mn?* ion signal is derived
from a manganese marker. Measurement conditions
are as follows: Microwave frequency 9.44 GHz,
Microwave power 1mW, Measurement temperature
room temperature, Modulation width 100kHz 0.05
mT, Response 0.3 s, Sweep width 0-800 mT, Scan
speed 8 min./scan., Computer accumulation 3 times.
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Figure 3. ESR spectra obtained from the Nojima granite
powder and the hydrothermal reaction samples
before and after gamma-rays irradiation. A) Nojima
granite powder, B) sample heated for one week at
240°C, C) sample heated for two weeks at 240°C.
The radiation dose is 0 Gy (1) and 3.7643 kGy (2),
respectively. The Mn?* signal is derived from a
manganese marker. The measurement condition is
as follows: Microwave frequency 9.44 GHz,
Microwave power 1mW, Measurement temperature
room temperature, Modulation width 100kHz 0.05
mT, Response 0.3 s, Sweep width 331-342 mT, Scan
speed 8 min./scan., Computer accumulation 3 times.
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Figure 4. ESR spectra obtained from the Nojima granite

powder and the hydrothermal reaction samples
before and after gamma-rays irradiation. A) Nojima
granite powder, B) sample heated for one week at
240°C, C) sample heated for two weeks at 240°C.
The radiation dose is 0 Gy (1) and 3.7643 kGy (2),
respectively. The Mn?" signal is derived from a
manganese marker. The measurement condition is
as follows: Microwave frequency 9.11 GHz,
Microwave power ImW, Measurement temperature
77K, Modulation width 100kHz 0.05 mT, Response
0.3 s, Sweep width 300-360 mT, Scan speed 8
min./scan., Computer accumulation 3 times.
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