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The Role of Drugstores in the Shopping Environment of Mountainous and
Hilly Rural Areas: A Case Study from Monzen-machi (former Monzen Town),
in Wajima City, Ishikawa Prefecture

Masaya HIROTSURU' and Koki TESHIROGI**

Abstract

In this research, we clarified the role of drugstores in the shopping behavior of communities in
mountainous and hilly rural regions by focusing on the Monzen-machi (former Monzen Town) area of
Wajima City, in Ishikawa Prefecture, as a case study. A field survey, questionnaire survey, and interviews
conducted on shopping behavior and residents’ perceptions in the study area revealed that drugstores in
these mountainous areas play a specific role in providing physical goods, primarily foodstuffs. However,
the opening of drugstores has also influenced residents’ shopping behavior and perceptions. As small-scale
supermarkets have been replaced by drugstores in the study area, opportunities to change where people
shop or to build social connections through shopping have decreased. In mountainous and hilly rural areas
where populations continue to decline and local stores are closing, the opening of drugstores that offer
essential supplies, including food, is important for maintaining the residents’ shopping environment as
well as their options. However, several other factors also need to be carefully considered in this process.

Key Words: drugstore, food desert, elderly people, mountainous and hilly rural areas, Noto Peninsula
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Fig. 1 Study area. Created using basic map information.
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Fig.2 500m mesh population of Monzen-machi (former Monzen Town),
Wajima City (2015). Created using National Land Numerical

Information.
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Table 1
Created through on-site surveys.
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Food supply rate of major stores in Monzen-machi (former Monzen Town), Wajima City (%).
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Table 2 Number of households using shopping locations by food category (multiple answers allowed).

Created through questionnaire surveys.
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(%F) (%) () (%) (F) (%)
S1 55 90.2 39 69.6 14 26.9
DI 47 77.0 40 71.4 36 69.2
D2 25 41.0 33 58.9 36 69.2
D3 1 1.6 3 5.4 15 28.8
IHPIRTHT A4 0 )5 & 28 459 21 37.5 15 28.8
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Table 3 Residents’ statements on reasons for choosing drugstores. Created through interviews.
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Table 4 Statements regarding the change from supermarkets to drugstores (product aspects). Created through

interviews.
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The Recovery of Manufacturing Businesses following the 2024
Noto Peninsula Earthquake:
An Examination of the general Business Continuity Scheme

Hiroyuki SHIRAISHI'*

Abstract

This paper examines the implementation of the Japanese general business continuity scheme (BCS)
after major earthquakes. Specifically, the research refers to large corporations whose factories are in rural
districts and where the population has been increasingly on the decline. In this research, we analyzed the
effectiveness of the BCS in an underpopulated area following a major earthquake. We explored a case
study related to the Ishikawa Sanken Co. Ltd. company whose factories are located in the Noto region in
the northern part of Ishikawa Prefecture in Japan. Via this case study on how the company recovered after
the 2024 Noto Peninsula Earthquake, we examined the application criteria and guidelines regarding the
BCS, checked if anything needs correcting, and found areas that need to be revised.

Specific options regarding the BCS, namely the main measures listed in the Business Continuity
Guidelines made by the Japanese Government’s Cabinet Office are indicated as follows: (1) the
multiplexing or distributing of sites for operations, (2) collaboration with other companies (OEM,
outsourcing, mutual aid agreements, efc.), (3) teleworking and working at satellite offices, and (4) prior
development and procurement of backup personnel indispensable to the continuity of critical operations.
These options are believed to be purposeful and significant in order to resume operations. We examined
and checked the validity of such measures in a context where the Noto region is becoming severely
depopulated because more and more young people are deserting it for life in cities. We also considered the
fact that manufacturers in the Noto region are community-based.

In conclusion, we found that the content of the BCS currently does not suit the needs and
circumstances of large manufacturers located in the Noto region. The research argues that the BCS in a
depopulated area such as Noto should be more locally oriented. A primary focus on the reconstruction of
the local community is more important than measures such as the multiplication and distribution of sites,
teleworking, and working at satellite offices.

Key Words: business continuity guidelines, large manufacturers, underpopulated area, earthquake, Noto,
temporary dwelling
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K1 BEXBRED-OONENTE.

Table 1 Responses in the initial stage to continue doing business.
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K2 EXBEDO-OHOUEBREED.

Table 2 Business continuity responses after the initial responses.
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Table 3 An extract from deliberations on the temporary dwelling near workplace at the budget committee of the house of
councillors.
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Abstract

Microplastics (MPs) are rapidly emerging anthropogenic pollutants that potentially pose a threat
due to their exposure to ecosystems and public health. In recent years, these MPs have raised much
concern. In this study, deposition rates, morphological characteristics, polymer types, and the impact of
meteorological factors related to atmospheric microplastics (AMPs) were studied in the urban areas of
Kanazawa, Japan from July to November 2022. The AMP deposition rate in Kanazawa ranged from 0.68
to 2.70 n/m’/d. The morphological characteristics of atmospheric deposition samples from Kanazawa
include fragments and fibers. Nine types of AMPs polymers have been detected in atmospheric deposition
in Kanazawa, namely: polyvinyl alcohol (PVA), isotactic polypropylene (i-PP), polycarbonate (PC),
polyethylene (PE), polyvinyl chloride (PVC), polybutylene succinate (PBS), polyamide (PA), poly
(ethylene-vinyl acetate) (PEVA), and acrylonitrile-butadiene-styrene resin (ABS). In this study, the
proportion of polycarbonate (PC) was the highest, indicating that construction materials, data storage
media related polymers, and automobile parts were major sources of AMPs in Kanazawa. Based on the
morphological characteristics and polymer type of AMPs, we speculated that the deposition of AMPs in
Kanazawa consisted of secondary MPs. These showed evidence of the UV-related degradation of local
and large plastic waste material, as well as the mechanical wear and chemical weathering of vehicle tires.
Similar to PM, s, the results of the Spearman correlation analysis of AMPs and meteorological conditions
showed that windspeed and precipitation play a negative role in increasing the abundance of AMPs.

Key Words: atmospheric microplastics, atmospheric pollution, atmospheric deposition
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I. INTRODUCTION

Plastic products have become ubiquitous in our
daily lives over the past 70 years of industrial production
due to their low cost and durability (Pilapitiya and
Ratnayake, 2024). However, the mass production and
improper management of plastic products has led to
widespread plastic pollution (Thushari and Senevirathna,
2020; Brahney et al., 2021; Hale et al., 2020). In recent
years, microplastics (MPs), defined as plastic particles
smaller than 5 mm, have emerged as a significant
environmental concern, attracting global attention.
MPs in the environment can be categorized into two
types based on their main sources: primary MP and
secondary MP. Primary MPs refers to plastics, such as
polypropylene, that are intentionally manufactured in
small sizes to meet human needs (Song ef al., 2024).
Secondary MPs originates from larger plastic products,
like polyethylene, that have undergone mechanical,
chemical, and biological degradation processes over time
(Corcoran, 2022).

MPs have been found in various ecosystems,
including soil, water, and atmospheric environments
(Yu et al., 2022; Dai et al., 2022; Roy et al., 2022). The
first investigation of atmospheric MPs (AMPs) was the
accumulation of fibrous AMPs in atmospheric deposition
samples in Paris which sparked extensive research into
AMPs (Dris et al., 2015). Recent studies have shown that
AMPs are not only present in the atmosphere of urban
areas (Torres-Agullo ef al., 2021), but also in rural areas
(Li et al., 2023) and even background areas far from
pollution sources (Roblin et al., 2020). Due to their small
size and low density, AMPs can be easily transported
over long distances through air masses (Trainic ef al.,
2020). Additionally, AMPs possess a large specific
surface area and strong adsorption capacity, allowing
them to attract pollutants and microorganisms, which
may subsequently be transferred to humans (Yan et al.,
2024).

Research on AMPs exposure in cells and animals
indicated that AMPs can induce oxidative stress,
inflammation, immune dysfunction, changes in

biochemical and energy metabolism, impaired cell

proliferation, disruption of microbial metabolic pathways,
abnormal organ development, and even carcinogenic
effects (Ali et al., 2024; Zhao et al., 2023). Additionally,
AMPs were detected in human lung tissue and sputum
samples (Jenner et al., 2022; Porro et al., 2010; Huang
et al., 2022). Although the exact mechanisms are not
yet entirely understood, there is a consensus that AMPs
may pose risks to human health. Therefore, continuous
monitoring of AMPs across various locations is essential
to understanding their potential health impacts on
humans and the mechanisms involved.

However, there is limited information on the
presence of AMPs in Japan. In this study, total
atmospheric deposition samples were collected in
Kanazawa, Japan from July to November 2022. A
preliminary analysis was then conducted to determine the
concentration of AMPs in Kanazawa, along with their

size, shape, and plastic types.

Il. MATERIALS AND METHODS

1) Study Area and Sample Collection

AMPs deposition samples were collected at Institute
of Nature and Environmental Technology, Kanazawa
University from July to November 2022, as shown in
Fig. 1. The sampling site was located in areas devoid
of tall buildings (height < 20 m) nearby. A stainless-
steel barrel with a 10 L volume, a radius of 12 ¢m, and
a sampling area of 452 cm?, was positioned on an open-
air balcony on the second floor, approximately three
meters above ground level and about 200 meters from
a parking lot. The sampler was continuously exposed at
the site for one month to collect atmospheric deposition.
The bucket was placed on a fixed frame, and 20 mL of
ethylene glycol, along with 80 mL of distilled water,
was added to the bucket to begin sample collection.
Ethylene glycol was used to prevent freezing and inhibit
microbial growth, which could potentially interfere with
the digestion process and determination of particles. The
water-cthylene glycol mixture also helped prevent settled
particles from becoming resuspended.

Then, collected AMPs deposition samples in the

stainless-steel bucket was filtered on 10 um metal filters
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Fig. 1 The location of the sampling site (the original image comes from
the open-source website: https://d-maps.com/index.php?lang=en,
accessed on 27th September 2024).

(NF-06N; ¢ 50.5 mm TAKENAKA WIRE CLOTH Co.,
LTD.). The bucket was rinsed three times with distilled
water, and the rinsed liquid was also passed through the
metal filter. Finally, the residues on the metal filter were

stored in a vacuum drying box until further processing.

2) Laboratory Procedures

First, the residues were transferred to a 10 mL glass
test tube. These residues were digested for 1 h using
Fenton's reagent (1.0 mL 30% H,O, and 0.5 mL ferrous
sulfate catalyst) at room temperature. After completing
the chemical digestion, the residual sample was
transferred to a 25 mL separatory funnel. Next, 18 mL
of saturated sodium chloride solution was added, and the
sample was subjected to density flotation extraction to
collect the supernatant from the separatory funnel (Tagg,
etal., 2017).

After pretreatment, samples were on 10 pm
Metal filter (NF-06N; ¢ 50.5 mm TAKENAKA WIRE
CLOTH Co., LTD.) and dried at room temperature.
The dried samples were transferred onto glass slides
for subsequent analysis. A blank control group was

established under identical experimental conditions, and

no MPs were detected in this group. During the sampling
and collection process, plastic laboratory equipment
was avoided, and solvents as well as distilled water
were monitored to ensure they were free from plastic
contamination. Operators wore cotton clothing and nitrile
gloves to prevent contamination during sampling and
collecting.

Each sample was visually examined using a
microscope at a 20-200 X magnification (Olympus
203575, Japan). Particles smaller than 5 mm that
exhibited unnatural, uniform colors and lacked typical
biological features were selected for further analysis.
After visual identification, the morphology, dimensions
and chemical composition of marked particles were
identified using a combined system of an AFM head and
a confocal Micro-Raman spectroscopy (Nanofinder"HE,
Tokyo Instruments, Tokyo, Japan). Imaging scan fluxes
of the AFM typically images ranged from 0.2 to 1.0
Hz, with a resolution of 10 nm. The Raman spectra of
individual particles were obtained using a Nanofinder
HE (Tokyo Instruments, Tokyo, Japan) with a 532 nm
excitation laser and the intensity of 4.906 - 16.35 mW.

The laser spot size was approximately 5 pm in diameter
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using a 20 X objective lens. Typical used integration
times ranged from 5 s with 30 accumulations (Ono, et
al., 2020; Ono, et al., 2023).

3) AMPs Quantification and Data Analysis

The aerodynamic equivalent diameter (D) of fibers
(slender, soft strips) and fragment (irregular, small
pieces) will be used to classify the particle size, which
can be calculated as follow (Wright et al., 2020):

1
D=(dcxIn2B)2xDc

where dc (25 C , g/lem?) is the density, S is the aspect
ratio (length/diameter of each AMP), Dc (um) was the
cylindrical diameter of fiber or the shortest side of the
fragment.

Deposition rate is the most used standard units to
describe the abundance of AMPs. The specific calculation
method is shown in the following equation (Huang ef al.,
2023).

Total number of MPs
Sampling duration X Sampling area

Deposition rate=

The unit of the deposition rate is n/m*/d, which means the

number of AMPs collected per square meter of sampling

area per day.

4) Statistical Analysis

Monthly meteorological data were obtained by
the Japan Meteorological Agency (https://www.data.
jma.go.jp), including temperature, relative humidity,
wind speed, total precipitation and insolation duration.
Spearman correlation coefficient was used to explore
the correlations between AMPs deposition rates and
meteorological parameters. The test results were
expressed considering a 95% confidence interval. SPSS
version 24.0 (IBM Corp., Armonk, NK, U.S.) and R
software (version 4.4.1; R Core Team, 2024) were used

for statistical analysis.
lll. RESULTS AND DISCUSSION

1) Deposition Rates of AMPs

To verify the characteristics of AMPs in Kanazawa,
deposition rate of AMPs was calculated as shown in Fig.
2. The AMPs deposition rate in Kanazawa ranged from
0.68 to 2.70 n/m’/d, with an average of 2.21 = 1.04 n/

m’/d in 2022. The peak concentration occurred in July,
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Fig. 2 AMPs monthly deposition rate (n/m?/d) in Kanazawa from July to November 2022.
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Fig. 3 Relationship between AMPs deposition rates and total population in various cities.

Table 1 The data source of population density in nine cities (link updated on November 22, 2024).
City Population density (people/km?)
London, U.K. https://trustforlondon.org.uk/data/geography-population/

https://www.statista.com/statistics/1047176/population-density-ile-de-france-paris-region-by-

Paris, France
department-france/

Hamburg, Germany

Shiraz, Iran

https://www.statista.com/statistics/1107073/population-density-hamburg-germany/

https://use.metropolis.org/case-studies/shiraz-the-green-city

https://service.shanghai.gov.cn/sheninfo/specialdetail.aspx?1d=6909084b-7630-4469-bc74-

Shanghai, China Ybees6d3alcc

Ho Chi Minh City, Vietnam
This study
Patna, India

Beijing, China

https://www.statista.com/statistics/1188700/vietnam-ho-chi-minh-city-population-density/
https://artsandculture.google.com/entity/kanazawa/mOgp5ql?hl=en
https://worldpopulationreview.com/cities/india/patna

https://eros.usgs.gov/earthshots/beijings-growth

while August recorded the lowest flux. Since this study
collected both dry and wet deposition samples together,
it was not possible to specifically isolate AMPs from
rainfall samples. However, studies have shown that the
wet deposition of AMPs was generally higher than dry
deposition. For example, in Gdynia, wet MP deposition
ranged from 1 to 30 n/m’/d (mean: 14 = 9 n/m’/d), which
was statistically significantly higher than dry deposition

(range: 2 - 19 n/m’/d; mean: 7 * 5 n/m’/d) (Szewc et al.,

2021). Similarly, AMP abundance in Guangzhou ranged
from 0.01 to 0.44 particles/m?, with higher levels during
the wet season (0.19 = 0.01 particles/m?) than in the dry
season (0.15 = 0.02 particles/m?) (Yuan et al., 2023).
Among the data presented (Fig. 3 and Table 1),
Shanghai, China and Patna, India exhibited the highest
average deposition rate of AMPs at 3261 n/m*day (Jia
et al., 2022) and 1960 n/m?/day (Parashar et al., 2023),

respectively. Other cities with relatively high average
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deposition rates of AMPs include London, U.K. (Wright
et al., 2020), Beijing, China (Zhang et al., 2023), Ho Chi
Minh City, Vietnam (Strady et al., 2021), Shiraz, Iran
(Abbasi et al., 2021) and Paris, French (Dris et al. 2016).
Hamburg, Germany (Klein ef al., 2019) fell into the
median range, whereas Kanazawa had the lower average
deposition rates. These data suggested that AMPs
abundance correlated with factors such as population,

leading to significant variations among cities.

2) Morphology Distribution of AMPs

In this study, limitations in the detection method
restricted measurements to AMPs larger than 100 pum.
The average aerodynamic equivalent diameter of AMPs
was 215 =82 um in Kanazawa. As illustrated in Fig. 4 (a),
AMPs with aerodynamic equivalent diameters ranging
from 100-150 um, accounted for 13%, those between 150
- 200 um accounted for 47%, 200 -250 um accounted
for 13%, 250 - 300 pm accounted for 7%, 300 - 350

(a) Total AMPs

(b) Fragment

350-400 pm
11%

pm accounted for 13%, and 350 - 400 pm accounted
for 7%. Overall, AMPs with smaller diameters (100 -
200pm) comprised 60% of the total. This distribution
was same as findings in other regions, where AMPs are
predominantly characterized by particles with small
equivalent diameters (Zhang et al., 2020).

It is well known that AMPs were mainly categorized
into several shapes: fragments, fibers, films, beads and
foams. In this study, fragments and fibers were detected,
which were also the most widespread MPs. Fragments
and fibers were present in relatively equal amounts,
comprising 60% and 40% of the total, respectively.
However, the distribution of the diameter of fibers was
limited to three specific particle sizes (Fig. 4 (b)), while
fragments exhibited a broader range of sizes (Fig. 4
(c)). Fiber mainly originated from synthetic fibers used
in clothing and interior decoration (Liu et al., 2019).
Fragment AMPs found in street dust were typically
produced through the UV degradation of larger plastic

(¢) Fiber

Fig. 4 The equivalent diameter distribution of total AMPs (a), fragment (b) and fiber (c) during entire sampling period.
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litter and the wear and tear of vehicle tires due to
mechanical wear and chemical weathering (Abbasi et
al., 2017; Dehghani et al., 2017). The broader particle
size distribution of fragments can be attributed to the

variation in their primary sources.

3) Polymer Type of AMPs

Figure 5 illustrats the polymer types of AMPs
identified by this study. A total of nine polymers were
detected (Fig. 6(a)): Polyvinyl alcohol (PVA), Isotactic
polypropylene (i-PP), Polycarbonate (PC), Polyethylene
(PE), Polyvinyl chloride (PVC), Polybutylene succinate
(PBS), Polyamide (PA), Poly (ethylene-vinyl acetate)
(PEVA), and Acrylonitrile butadiene styrene (ABS). PC
and PVA were the most abundant, accounting for 27%
and 20% of the total AMPs, respectively. Specifically,
PVA was the main polymer in the fibers, while PC was
the most prevalent in the fragments. The corresponding
images and Raman spectra were presented in Fig. 6.
Additionally, polystyrene and polyethylene terephthalate
were also detected in the atmosphere of Kanazawa using
a large-volume air sampler, although no quantitative
analysis was provided (Nagato et al., 2023). Nagato et
al. (2023) employed a high-volume air sampler to collect

AMP over the course of a week, focusing on the long-

range transportation characteristics of AMP by targeting
low-density MPs, such as polystyrene and polyethylene
terephthalate. Additionally, the study utilized a passive
sampler to gather sedimentation samples over a one-
month period for analysis. The choice of sampling
methods may influence the types and proportions of
polymers detected. Previous research has also highlighted
differences in the composition and characteristics of
deposited AMPs versus suspended AMPs, which need to
further explore (Xu et al., 2023).

The types and uses of polymers further confirm
that the shapes of AMPs are closely related to their
inferred sources (primary and secondary). PVA is mainly
used in textile pulp and vinyl fibers generally (Tan et
al., 2015), whereas PC is commonly used in traffic
lights, building materials, and other outdoor products,
which means its presence on roads highly probability
(Kyriacos, 2017; Jung and Choi, 2022; Morioka ef al.,
2023). Additionally, PE and i-PP were detected, both
of which are widely used in package products such as
plastic bags, straws, containers, and pipes (Ugoeze et
al., 2021). PVC is often found in outdoor environments,
including water pipes, drainage ditches, and agricultural
greenhouses (Briassoulis, 2023). PBS and PEVA are used
in biodegradable packaging (food bags, bottles, lunch

EPVA 0Oi-PP SPC mPE BPVC @PBS BPA OPEVA EABS

100%
75% |

=]

g | e

§_ 50%

e

[~ ™
25%

0%

Total AMPs

%

.

Fragment

Fiber

Fig. 5 The polymer type of total amounts of AMPs size, and polymer type of fiber and fragment.
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Fig. 6 The morphology and Raman spectra of various AMPs polymers in Kanazawa.

boxes, and tableware) and agricultural fields (agricultural
films, fertilizer slow-release materials) (Stark and
Matuana, 2021). ABS and PA plastics are predominantly
used in automobiles, electrical appliances, and building
materials (Sehanobish, 2009). These results highlight
the diverse sources of AMPs in Kanazawa's atmosphere,
including contributions from industry, textiles,

transportation, packaging materials, and agriculture.

4) Relationship between Meteorological Factors
and AMPs Abundance

It is well known, meteorological conditions are key

factors influencing the spatial distribution of aerosols.

This study also performed a correlation analysis between

meteorological conditions and AMPs. Figure 7 illustrates

the correlation between sunshine duration, wind speed,
total precipitation, and AMPs deposition using Spearman
correlation coefficient. This study found no significant
correlation between sunshine duration, wind speed,
total precipitation, and AMPs deposition rate. However,
the correlation coefficient between wind speed and
AMPs deposition was -0.63 (p = 0.252) indicating a
negative correlation trend. This suggested that AMPs
deposition concentrations tend to decrease as wind speed
increases. It can be explained that stronger wind speeds
accelerated the diffusion of AMPs, leading to reduced
deposition in specific areas. Similarly, the correlation
coefficient between total precipitation and AMPs
deposition was -0.5 (p = 0.391) indicating a moderate

negative correlation. Previous studies have observed that
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Fig. 7 The heatmap of Spearman correlation coefficients between
meteorological factors and monthly AMPs deposition rate.

a significant number of AMPs was washed away during
the initial stages of rainfall, with its abundance gradually
decreasing as the rainfall continues and total precipitation
(Kyriakoudes and Turner, 2023). It has been previously
reported that polycyclic aromatic hydrocarbons (PAHs)
and nitro-PAHs associated with on atmospheric PM, s
also exhibited negative correlations with wind speed and
total precipitation (Yang et al., 2021). These findings
suggested that AMPs and PM, ; may behave similarly in

the atmosphere.
IV. CONCLUSION

This study primarily investigated the deposition
rate and conducted a detailed analysis of the presence
and types of AMPs in Kanazawa, Japan. Our preliminary
study revealed that the average deposition rate of AMPs
in Kanazawa was 2.21 * 1.04 n/m°/d, with an average
particle size of 215 * 82 um. Compared to other cities,
Kanazawa's AMPs pollution level was relatively low.
This study found that the proportions of fragments and

fibers were similar, the compound composition of the

fragments was more diverse than that of the fibers.
PC and PVA were the most abundant. Additionally, an
important finding of this study was that the effects of
AMPs and PM on meteorological conditions appear
to be similar, despite AMPs having higher density and
stronger hydrophobicity. However, the limitations of
the detection method (for example, not all AMPs can
be detected) brought inevitable uncertainties to this
study. However, this study monitored AMPs in the urban
area of Kanazawa and made a valuable contribution to
understanding of the circulation process of AMPs in

Japan.
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Surface Precipitates Observed on the “Kanagaso-ishi” Stone Material Tuff
from the Kanagaso Stone Quarry, in Komatsu City, Ishikawa Prefecture
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Abstract

This article describes the surface precipitates generated on the surface of the “Kanagaso-ishi” Tuff,
a pumice lapilli tuff of the Lower Miocene Akahotani Formation exposed at the site of the Kanagaso Stone
Quarry in Komatsu City, in Ishikawa prefecture in central Japan. The precipitates, white frost column-like,
fibrous and granular crystals on dry surfaces of the tuff, are mainly composed of sulfate minerals such as
epsomite, gypsum and thernadite. These minerals precipitate extensively and in large quantities during
winter. On the other hand, they reduce considerably in terms of both mass and the range of precipitation
in summer. Dominant crystal morphologies of the precipitates depend on the seasons and the precipitation
sites. The crystal precipitation causes salt weathering of the old quarry walls. However, the degradation of
the quarry walls due to this weathering is insignificant. This research found that studying the precipitation
pattern, mineral composition, and salt weathering is crucial, not only for understanding weathering
processes in tuffaceous rocks of the Akahotani Formation but also for assessing the degradation of the
Kanagaso Stone Quarry and other old tuff quarries in Komatsu City. It also helps to better understand how
to preserve these features.

Key Words: surface precipitates, sulfate minerals, salt weathering, pumice lapilli tuff, Kanagaso Stone
Quarry, Komatsu City
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Fig. 2 Schematics of Kanagaso Stone Quarry and route map in and around the sampling site. (A) Index map of the
quarry. (B) Map of the sampling sites in “Tani Quarry” (southern open quarry). Pumice lapilli tuff of the Lower
Miocene Akahotani Formation is widely cropped out.
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=1 RHOFHICAVW-BES—% (K3 ~6).
Table 1 Abbreviations used in the Figs. 3 - 6.

(AbbE\Z_ation) &t (Explanation) fERALT=K (Used figure)

ACG BHROXHF  adit ceiling B4 (Fig. 4)
ADE B0  adit entrance &5 (Fig. 5)
AFC SARITELI-FE4EK#ESR  arcuate frost columns-like crystals &6 (Fig. 6)
AFF sHRDMMIREESR  acicular formof fibrous crystal 6 (Fig. 6)
AGC PRIERDESRIL  aggregate of granular crystals 6 (Fig. 6)
AWL BIAOYE  aditwal (4 (Fig. 4)
AWS B2 /RLI-31B  arid wall surface &3 (Fig. 3)
BFC FROFEHKER  bundled frost columns-like crystals X6 (Fig. 6)
BFI FRDMMIRAESR  banded fibrous crystal 6 (Fig. 6)
BFS BHRLOLE  backfiling sediment X3, 5 (Figs. 3, 5)
BPT a47tE¥  bryophyte &3 (Fig. 3)
CAF WHERERDORIRESKR  crust-like aggregation of fibrous crystals 6 (Fig. 6)
CGL SIARIROFKFESR  cubic granular crystal X6 (Fig. 6)
CRK @3 crack 3, 4, 6 (Figs. 3, 4, 6)
CSA B DERIRELZTHHEY  concentric spherical aggregate of precipitates X6 (Fig. 6)
DAF RURIEROBBEIRESIK  dendritic aggregates of fibrous crystals &6 (Fig. 6)
FAF AR RDOMIRIRESIR  fluff-like aggregate of fibrous crystals 6 (Fig. 6)
FCC THRESR  frost columns-like crystals 6 (Fig. 6)
FCL HHER#ESR  fibrous crystal 6 (Fig. 6)
FEA DRI EIZLDH|AK  flow end resulting from w ater absorption by tuff wall 3 (Fig. 3)
FFT HEREMALGRIA felsic fine tuff &3 (Fig. 3)
FHF EEROWMIREESR  frizzled hair-like fibrous crystal &6 (Fig. 6)
FOL KRIEDERKF  fragment of lichens X4, 6 (Figs. 4, 6)
FTL AL A O REEN S SHIE  film of w eathered tuff and lichens X6 (Fig. 6)
GCL AARKROKIKEER  granular crystal X6 (Fig. 6)
GCS MEELUREEE L gravelly clay soil &3 (Fig. 3)
HAJ EAEIE  high-angle joint X3 (Fig. 3)
ISA BIMOMWE  inside of the adit X3 (Fig. 3)
KHS BT ALt Kanagaso Hakusan Shrine &3 (Fig. 3)
KTC ETHARE Kanagaso Tow n Community Center 3 (Fig. 3)
LCG Hh&KEEDHWE lichen covering 3, 4, 6 (Figs. 3, 4, 6)
LCN H#&KFE lichens X3 (Fig. 3)
LFT S lithic fragment (3, 4, 6 (Figs. 3, 4, 6)
LP1-to-5 E?E’GJH?EP(.:BH%TE%E@*EH.‘-%EE‘ZEH~.5 B4 (Fig. 4)

large precipitated areas 1-to-5 in the open pit wall
NAF WHERERORIET—IRESIKX  netw ork-like aggregation of fibrous crystals X6 (Fig. 6)
OCM EBBEOIIRME  ocher clayey material =3 (Fig. 3)
OHW F—i8—n\2 5 LI=tB  overhanging wall &3, 5 (Figs. 3, 5)
OPM Z4& observation platform &3 (Fig. 3)
OSA HIROMNE  outside of adit 3 (Fig. 3)
PA1-to-7 g1 ~7(R58 M) precipitated areas 1-to-7 (see figure 5) &3, 4, 6 (Figs. 3, 4, 6)
PLP BRORRICEHERCGARIER)  pore of leached pumice X3 (Fig. 3)
PLT Y (L F L) plants (such as ferns) &3 (Fig. 3)
PPT G#INIH  processing plant &3 (Fig. 3)
PTS #HEY  precipitates &3, 6 (Figs. 3, 6)
PUM 8BH  pumice B3 (Fig. 3)
THD FHEYIR trace of hand digging X3 (Fig. 3)
TRC AL IS DB fine tuff rip-up clast X3 (Fig. 3)
TWF FAKDRB (AT REEICK YR BIEL-E5) X3, 4

trace of w ater flow ing (w all surface darkly stained by withered algae) (Figs. 3, 4)
UWD BEZM LR  upward direction X3 (Fig. 3)
wDC JEDEMIZFFELI=KE water droplet on cobwebs B3 (Fig. 3)
WEG BROMEMSDEK  water exuding from cracks or joints ®3~5 (Figs. 3-to-5)
wis KDZBELI-HEE  water infiltrating w all surface &3 (Fig. 3)
WPT [REOERAERILERY gray weathering product of tuff &3 (Fig. 3)
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i, THEE D, RIEES RO K E A
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(37, 2002) DA AT S (FEHIED, 2021
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2008 ; FMHIE A, 2021 5 /IMATTHE UL £ > & —,
2021) 6

BlE A0 G, RESRBOTE T 23 EIK
EHHOGAENIZH 1), 20004 E T [EET
) LIRS N D EIEAM 2RI L Tz U
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x2 [HETH| ORHEEFHEY (MITEREXLSHtE 52—, 2021Z2FE).
Table 2 Petrographic character of "Kanagaso-ishi" Tuff (altered felsic lapilli tuff). Modified after the Komatsu City

Archaeological Research Center (2021).

Rock-forming minerals

quartz particle size < 0.41 mm, anhedral or fragmented crystals, with embayments. VR

plagioclase particle size < 0.90 mm, subhedral to anhedral or fragmented crystals, polysynthetic twins developed. VR

amphibole particle size < 0.95 mm, subhedral or elongated columnar euhedral. VR

opague minerals particle size < 0.39 mm, anhedral, granular to indeterminate forms. VR
Matrix

clay minerals particle size £ 0.003 mm, replacing pumice and volcanic glass. A
Pyroclastic fragments

pumice particle size < 4.25 mm, altered, subangular, fibrous texture with pores. Cc

volcanic glass particle size: 0.04-1.00 mm, altered, bubble wall fragments or indeterminate form. A
Others

pore size < 3.75 mm, indeterminate form, filled with no minerals. C

M. BETHEYVYIGEHE S U B R

1) BETAEUY B

Bl A GBI, AMATERE TR O PE RS
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YURDPHESINL L EREGITE L TEMS T, #
BXRECOOICHIEHIN TS (HAREE S
Uy 7 M, 2017 ; AR SCIL & > 7 —,
2021) 6
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A, abundant (>50 %); C, common (20-50 %); VR, very rare (<1 %).
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T2 =Tig) BHOABZEMOMR. (A) 22T O£8. (B) {HEFERMICETI2EXREY TN, EKE
ELRSTEHFEMNBOONS. (C) HHZREIMLAEROMOFINRKR. (D) BAOROREOMERE.
WEREIIEIEL TS, (E~G) HMIIEDIRKE. BREDALCERYEMKEBICEOLATEY, BEELZFE
YEHBEHONS. (E, F) fTHYOEC-KXHPDIELEYE. HEBERMETIZEBEEYNEFEAEHEELTL
ULy, (G) BHIzEIT S4B REMNLSEEICHES>TE->TWAS. (H ) #EIREHOIKE. hKkEBLa4iE
MTHELBOATBYRELEERIAOND. U, K THETAH] OEHE REICHONDTETERDBRK
BETHD. (J) SHEOBRR[AUMRKE. AENG MMETAH] OFHMETT. (K) BEAXUMRKEEER
TEHIERBLVEREMMERS. AT—ILA—DRESIFENLEFN2m (B, C), 50cm (D), 10cm (E~H, J)
HEUV 1ecm (HOEBHA, |, K) THS.

Fig. 3 Overview of the sampling site in the western part of “Tani Quarry”. (A) Panorama view of “Tani Quarry”. (B)

Open-pit wall at the sampling site. Water from cracks or high-angle joints is recognized at the overhanging wall. (C)
Walls of the open-pit and adit precipitates were sampled. (D) The surface condition of the wall in and outside the
adit. The wall surfaces are dry. (E-G) Adit wall thinly covered with a weathered product of tuff and lichens. Traces of
hand digging are preserved on the wall. (E, F) Dry adit wall with the precipitates in the winter season. No significant
accumulation of lithic fragments just below the precipitated area. (G) Wet condition of the adit wall in the summer
season. (H, I) Deep inside of the adit. Lichens, bryophytes and dewing are recognized on the wall. (J, K) Lithofacies
of “Kanagaso-ishi Tuff”. Pores observed on the rock surfaces due to leaching out of pumice clasts. (J) Porous
pumice lapilli tuff displaying typical lithofacies of “Kanagaso-ishi Tuff”. (K) Pumice clasts and matrix of felsic fine tuff
consisting of the lapilli tuff. Scale bars equal 2 m (B, C), 50 cm (D), 10 cm (E-H, J) and 1 cm (within the rectangle of H,
I, K).
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Deg. 2021

R

R4 ZHiw - BEMBELZRINEYOER. (A~D) BEXRUIPIZE T 2HHKR. (A) 2024FE LK HADHTHARR.
WHEYIXLEREICER LTS, (B) 2024FEEHDOFHKR. ERBIEEFELHICLRIEREIZHEL. (C) 2019F
KO HIRR. (D) 20205 EHDHHKR. (E, F) EUOMEB@IZH ITH2MHEYOER. FTHYIEIFERIK,
BERHDIVNEBIRIZERT S. (G~ J) BHOR—EMRIZH T2 FEYMOERESERE G TEALES). (G, H)
2021 FEHF K U204 FEDNEHDEIR. 2024FEDHBEFEF2021FE LY IR LTWS. (I, J) 2024FENEHH &
VEHICBRRINnER EHOMBHEREZLHICENBENIL TS RT—ILNA—DESEEFRFN2m(A~D),
50cm (E, F) 8&U5cm (G~J) THS.

Fig. 4 Annual and seasonal changes observed in the occurrence of the precipitates. (A-D) Precipitate conditions in the
open-pit wall. (A) Precipitation in winter 2024. The precipitates formed in large areas. (B) Precipitation in summer
2024. Precipitated areas were narrower than those in winter 2024. (C) Precipitation in winter 2019. (D) Precipitation
in summer 2020. (E, F) Occurrence of the precipitates on the adit wall. They are indeterminate, spot-and narrow
band-like aggregates on particular areas of the wall. (G-J) Comparison of the precipitation ranges (within the
yellow dashed lines) at the same area in the adit. (G, H) Occurrence observed in the winter of 2021 and 2024. The
precipitation range in 2024 is larger than that in 2021. (I, J) Occurrence was observed in the winter and summer of
2024. Scale bars equal 2 m (A-D), 50 cm (E, F) and 5 cm (G-J).
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K 1 6 ¥ L "':' gt "

. (B, C)

Fig. 5 Precipitated areas and sampling points in the adit (February 3, 2024). (A) Schematic map of the adit indicating
the precipitated areas and sampling points. (B, C) Inside (B) and outside (C) of the adit.
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WEMOMELITEMERET 48 A~EBLUH ~ L, XKLL F, G, MBLUN, EEOFEY). (A B)
BHRIZE THRBEARDOER. BRLEAFEBELTLS. (C) BREATHEINTEY. MEROESNER
T5. D)MEROEHAFTHEY. BHERBIUVHHROBERETRLET S, (BE) RKE~ERROBRFEY. (F,
G) BEHIICHONDFER~FVEFIROERANEY. (H~ K KYOBATHMEERT TR, MR
BEUVHFROER. MNEAKRERATICLELHD. (L) MEREROANOEIBERTHEY. RIE~RHIK
PRy FT—ORONEERERRT S (M, N) EHOBRRFTHY. HFREFOANLHESE. (M) BESIC
HEUCBEMREREZERE LEEERTEY. (N) MESHROEBLIBOERKTEY. EEC, DELUVEDHTH
ML, TRNENRBE—TTILEA C—FEILTUBRRIELITIRA b—FFILEA F—ABE—ELTVHADESR
E5KTHDB. RT—IN—DESEFFNEFNR1cm (A~E), 05cm (F~L) 8&U0.1cm (M, N) Tdhs.

Fig. 6 Morphologies and component crystals of the precipitates observed in winter (A-E, H-L) and summer (F, G, M, N). (A,

B) Occurrence of the precipitates with lithic fragments on the adit wall. (C, D) Precipitates inside the adit. (C) Tufted
precipitates are dominated by fibrous crystals. (D) Fluff-like precipitates are composed of frost columns-like and
fibrous crystals. (E) Film- and crust-like precipitates on the open-pit wall. (F, G) Thin film-like or crust-like precipitates
inside adit in summer. (H-K) Frost columns-like, fibrous and granular crystals consisting of precipitates inside the adit.
Occasionally forming small aggregates. (L) Precipitates on the open-pit wall exhibiting film-, crust-, and network-like
small aggregates of the fibrous crystals. (M, N) Precipitates inside the adit in summer are only composed of granular
crystals. (M) Thin film-like precipitates are mainly composed of single crystals. (N) Precipitates are dominated by
small aggregates. The precipitates photographed in C, D and E are gypsum-thenardite-mordenite? and epsomite-
thenardite- gypsum-mordenite aggregates, respectively. Scale bars equal 1 cm (A-E), 0.5 cm (F-L) and 0.1 cm (M, N).
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Fig. 7 Powder XRD patterns of the precipitates found on the surfaces of the quarry walls (Ep = epsomite; Gp = gypsum;
Mr = mordenite; Th = thernadite). Sample K4 is collected from the open-pit wall and the others from inside the adit.
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Fig. 8 White precipitates observed in old tuff quarries within the distribution of the lower Miocene Akahotani Formation
of Komatsu City. All photographs were taken in December 2019. Scale bars indicate 10 cm (D, E).
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