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Differential erosion of the shore platform formed on the Upper Cretaceous
Izumi Group along the western coast of Awaji Island in the Naruto Strait,
western Japan
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Fig. 1 Location of Awaji Island and geology around the Naruto Strait. A: Location of Awaji Island. Boxed area represents the areas shown in
Figs. 1B and 2A. B: Geological map of the Naruto Strait. The study area is shown in red. The major lithologies are as follows: sandstone and
sandstone-predominant alternation of sandstone and mudstone for orange areas (Is3—5), alternation of sandstone and mudstone for green areas (Ia3,
4), and mudstone and mudstone-predominant alternation of sandstone and mudstone for light-blue areas (Im3-5). Modified from a 1:200000
geological map of Tokushima (2nd edition) (Makimoto et al., 1995).
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Fig.2 Location map of the study area showing the topography of its coast. A: Location of the study area (Loc. 1) along the southwestern coast of
Awaji Island facing the Naruto Strait. B: Base points (B1-B8) of the topographic section along the coastline. C: Aerial view of the rocky coast of
the study area showing sandstone ridges extending offshore. Bl and B8 are the base points in Fig. 2B. The white arrow indicates the location of
the sandstone ridge lines around the base point B1 (D-F). D: Emerged sandstone ridge lines extending to a small offshore island, with mudstone
channels below sea level during the lowest tide level (nearly T. P. + 0.10 m) around 12:30 on June 25, 2025. The close views in Figs. 2E and 2F
show the ridge lines where a person stands. E: View of the ridge from the shoreline. F: View of the ridge from the sea. The other sandstone ridges

continue below sea level.
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Fig. 3 Topographic cross section along the coastline showing the distribution of rock types and fault fracture zones, and measurement points of
rock hardness (R-value) for sandstones and sandy mudstones. B1-B8: base points on measurement line. The mean tide level for 2024 year (T.P. +

1.24 m).
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Table 1 Altitudes and rock hardness values (R-values) along the coast of the Fukura-Hei district, Minamiawaji City, Hyogo Prefecture.

Sandstone Sandy mudstone
Location  Distance ! Altitude? Rovalue® Location Distance ! Altitude? Rovalue®
No. (m) (m) Mean Std (1o) No. (m) (m) Mean Std (1o)

1(B1) 0.00 2.200 67.5 2.3 2 1.70 1.630 349 52

3 4.00 2.180 66.0 3.1 4 4.50 1.555 36.6 3.5

5 7.20 1.115 63.6 2.8 6 8.20 1.855 31.6 34

8 13.70 2.470 60.4 3.7 7 11.30 1.570 33.7 5.2

9 17.50 2.535 66.5 2.1 12 29.00 1.515 38.0 43

10 25.40 1.735 41.7 34 13 33.80 1.380 48.5 3.1

11(B3) 26.50 2.520 66.8 33 14 35.60 1.395 49.9 3.6

16 43.00 1.955 60.2 2.6 15 37.60 1.395 45.1 3.6

17 46.20 1.500 62.1 1.5 18 47.00 1.355 40.9 6.0

19 49.10 1.930 52.6 2.9 20 51.90 1.170 35.8 4.1

21 52.90 1.375 53.7 5.1 25 64.30 1.290 42.5 33

22 53.40 1.680 52.7 4.5 27 66.80 1.615 48.6 7.5

23 57.50 2.100 61.3 3.2 31 77.90 1.590 39.8 4.1

24 63.60 1.920 62.6 2.9 34 120.10 1.455 46.3 44
26 65.40 2315 51.2 7.6
28 68.70 1.950 54.0 2.6
29 71.40 2.295 57.9 33
30 73.40 2.275 49.6 5.1
32 78.30 1.970 50.9 2.8
33(BS) 79.90 2.235 57.4 34
35 121.10 1.845 46.7 3.6
36 124.10 2.370 50.7 34
37 135.20 2.180 53.4 2.5
38 137.70 2.825 62.6 2.6
39 139.30 3.640 48.3 4.0
40 144.10 2.595 62.3 2.8
41(B8) 148.49 3.890 60.5 1.7

Mean - 2.208 57.1 33 Mean - 1.484 40.7 4.4

Std (1o) - 0.592 6.9 12 Std (1o) - 0.171 6.2 12

cv4 0.268 0.12 0.37 cv#4 0.115 0.15 0.28

1) Distance (m) from the basepoint of B1 shown in Fig.3. 2) Altitude from T. P. 3) Mean and standard deviation (Std) of twenty times of hitting by
a schmidt hammer. 4) CV: coefficient of variation (= standard deviation / mean).
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Table 2 Dips and strikes of the sandstone and sandy mudstone at
the measurement locations of rock hardness (R-values).

Distance’  Location Rock

(m) No. type’ Strike Dip
0.00 1(B1) ss N56E 70SE
1.70 2 sms NS2E 68SE
4.00 3 ss N52E 71SE
4.50 4 sms N50E 70SE
7.20 5 ss N50E 70SE
8.20 6 sms N52E 72SE
11.30 7 sms N52E 72SE
13.70 8 ss NS58E 71SE
17.50 9 ss N5SE 76SE
25.40 10 ss N50E 76SE
26.50 11(B3) ss N56E 72SE
29.00 12 sms N52E 72SE
33.80 13 sms N60OE 62SE
35.60 14 sms N52E 65SE
37.60 15 sms N45E 65SE
43.00 16 ss N53E 68SE
46.20 17 ss N55E 75SE
47.00 18 sms N46E 66SE
49.10 19 ss N56E 75SE
51.90 20 sms N62E 72SE
52.90 21 ss N50E 75SE
57.50 23 ss N62E 70SE
63.60 24 ss N5SE 68SE
64.30 25 sms N44E 75SE
65.40 26 ss N50E 69SE
66.80 27 sms N55E 65SE
68.70 28 ss N50E 70SE
71.40 29 ss N46E 70SE
73.40 30 ss N46E 73SE
77.90 31 sms N48E 85SE
78.30 32 ss N5SE 74SE
79.90 33(BS) ss N50E 64SE
120.10 34 sms N50E 60SE
121.10 35 ss N45SE 62SE
124.10 36 ss N34E 65SE
135.20 37 ss N37E 80SE
137.70 38 ss N40E 62SE
139.30 39 ss N42E 60SE
144.10 40 ss N45E 70SE
148.49 41(B8) ss N50E 60SE

1) Distance (m) from the basepoint of B1 shown in Fig. 3.
2) ss, sandstone; sms, sandy mudstone.

FEFEET D, HIEM IR E EDRROSN, KEFRHDT 40~
60 cm, 1T 10~25 cm, fx/NT 3~10 cm THo/z. BE |
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Table 3 Thicknesses, lithology, and other characteristics of the dominant sandstone units forming typical ridges.

Thickness  Maximum Altitude
No. (m) (m from T. P.) Lithology and other characteristics

1 1.10 2.200 Yellowish gray sandstone with parallel lamination at the base point B1. Fine sandstone with distinct
parallel lamination for 45 cm from the bottom and 20 cm from the top. Massive fine to medium
sandstone for 45 cm in the middle part.

2 0.25 1.650 Fine gray to bluish gray sandstone forms a lower ridge.

3 0.75 2.280 Medium to fine yellowish gray sandstone with fluid escape structure and frequent parallel/cross-
lamination.

4 2.50 1.925 Coarse to medium yellowish gray sandstone with parallel/cross- lamination shows a coarsening-

upwards trend from fine sandstone for 30 cm from the bottom, through medium sandstone, to coarse
to medium sandstone.

5 2.00 2.870 Medium to fine yellowish gray sandstone at the base point B2, with parallel lamination and a line
of small cavities of tafoni formed by wind abrasion.

6 1.40 2.620 Medium to fine yellowish gray sandstone with parallel/cross- lamination, containing a small
amount of pseudoconglomerate of mudstone or sandy mudstone for the lower part.

7 1.00 1.810 Massive medium to fine gray to bluish gray sandstone, forming a lower ridge than the sandstone of
No. 8.

8 1.10 2.520 Massive fine to medium yellowish gray sandstone at the base point B3.

9 1.10 1.960 Conglomerate overlain by fine to medium sandstone with a small amount of pseudoconglomerate

of mudstone for the lower part, then a coarsening-upwards unit from conglomerate through
sandstone to mudstone.

10 3.10 1.680 Mainly composed of medium to fine sandstone with 4 to 5 intercalations of 2 to 10 cm-thick
mudstone or sandy mudstone. The overall relative height is small.

11 2.60 2.550 Massive medium to fine yellowish gray sandstone at the base point B4.

12 0.50 1.790 Medium to fine whitish gray to yellowish gray sandstone with pseudoconglomerate of mudstone
or sandy mudstone.

13 7.10 2.320 Yellowish brown very fine sandstone to sandy mudstone for 0.3 m from the bottom. Roughly
recognized two units of medium to coarse bluish gray sandstone and medium to fine bluish gray
sandstone for 6.8 m from the top.

14 1.70 2.045 Medium to coarse yellow sandstone with five very fine sandstone to sandy mudstone, each less
than 5-cm thick, showing parallel/cross- lamination for the lower part.

15 0.15 1.660 Medium to fine sandstone with parallel lamination intercalated with mudstone to sandy mudstone,
each thickness of 3 to 5 cm, showing parallel/cross- lamination.

16 0.35 2.350 Coarsening-upward unit from conglomerate to fine sandstone with pseudo-conglomerate of mudstone.

17 0.15 1.700 Sandstone with conglomerate for the bottom, and lenticular blocks of sandy mudstone or very fine
sandstone with parallel lamination for the upper part.

18 1.20 1.965 Ten to 20 cm-thick conglomerate for the bottom.

19 7.70 2.390 Thick beds of medium to fine sandstone with a concave part composed of alternation of fine
sandstone, sandy mudstone, and mudstone at 70 cm below the top.

20 1.30 1.970 Pseudoconglomerate of mudstone in the middle part.
21 1.20 2.235 Medium to coarse yellow sandstone at the base point BS.
22 5.80 3.280 Thick-bedded sandstone at the base point B7. Coarsening-upward alternation of conglomerate and coarse

to medium sandstone for 2.3 m from the bottom. Slump-bedded mudstone, sandy mudstone, and fine to
very fine sandstone with sandstone blocks and angular to rounded granules to pebbles for next 2.5 m, with
frequent tafoni in southeast-facing bedding plane, then followed by alternation of parallel laminated
siltstone and sandstone, very fine sandstone, and sandy mudstone.

23 1.00 2.470 Coarse to medium sandstone with parallel lamination.

24 1.10 3.080 Five to 10-cm-thick sandy mudstone in the middle part.

25 1.70 3.745 Sandstone with conglomerate in the lowest part.

26 5.70 3.890 Thick-bedded coarse to fine sandstone at the base point BS.

1) Locations of numbered sandstones in this table are shown in Fig. 5. 2) Bold numbers indicate outstanding thicker sandstones at the studied coast.
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Fig. 4 Distribution of dips of the sandstones and sandy mudstones for measured rock hardness (R-value) along the topographic cross section
parallel to the coastline. The locations, dips, and strikes of each rock type are listed in Table 2.
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Fig. 5 Locations and thicknesses of major sandstones shown along the topographic cross section parallel to the coastline. The thickness,

lithology, and other characteristics of the sandstones are listed in Table 3.
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Fig. 6 Schematic of joint structure developed on sandstone (A) and example (B). The locations of the sandstone example (Fig. 6B) and the
sandstones and sandy mudstones showing various types of weathering and erosional features (Fig. 7) are shown in Fig. 6C.
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Fig. 7 Various types of weathering and erosional features. A: Joint structure and tafoni on gravel sandstone surface. B: Close view of tafoni in

Fig. 7A. C: Example of lowering a sandstone ridge by the collapse of the jointed blocks indicated by red triangles. D: Modern collapse of sandstone

blocks bound by joints and bedding planes. E: Joint structure of the sandy mudstone. F: Dry-wet and salt-weathering cracks on the mudstone

surface. For each location, see Fig. 6C.
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Fig.8 Relationship between rock resistance (Sc-value) and altitude
for sandstone and sandy mudstone. Horizontal axis: logarithmic
value of Sc (rock resistance calculated from rock hardness value; R),
vertical axis: altitude relative to T. P. Dashed and solid lines indicate
results of the linear regression analyses between log Sc (x) and
altitude (y) using all 41 rock data and 39 data points except two
sandstone rock data with altitudes >3.0 m, respectively.
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Table 4 Rock resistances (Sc) and altitudes from T. P. of the sandstone and sandy mudstone along the coast of the Fukura-Hei district in

Minamiawaji City, Hyogo Prefecture.

No. of Sc (kgf/em?) Std of Sc (kgf/cm?) Altitude from T. P. (m)
Rock type samples Mean Std (16) Ccv Mean Std (16) Ccv Mean Std (1o) Ccv
Sandstone 27 1595.9 722.5 0.45 31.9 3.0 0.09 2.208 0.592 0.268
Sandy mudstone 14 490.0 212.8 0.43 345 32 0.09 1.484 0.171 0.115

1) Sc values are calculated from R-values using the equation of Kikuchi et al. (1982) expressed as log Sc = 0.0307R+1.4016, where Sc is rock
resistance and R is rock hardness measured by a schmidt hammer. 2) Std: standard deviation, CV: coefficient of variation (= standard deviation /

mean).
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Fig. 9 Relationship between sandstone thickness and maximum
altitude. The dashed line indicates the trend line inferred from the
23 data points, excluding the data for the three sandstones
intercalated with thin beds of mudstone and/or sandy mudstone.
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Abstract

Shore platforms develop on alternating beds of sandstone and
mudstone of the Cretaceous Izumi Group along the western
coast of Awaji Island in the Naruto Strait, western Japan, and
show corrugated relief extending orthogonally to the strike of
the beds. We investigated one such shore platform to elucidate
the relationship between relief and rock hardness of unweathered
fresh sandstone and sandy mudstone. A topographic section was
created along the coastline describing the distribution areas of
rocks and fault fracture zones. The rebound values of the
Schmidt hammer (R-values) were determined for 41 sandstone
and sandy mudstone points and then converted to unconfined
compressive strength (Sc) values. The corrugated relief corresponded
well with the areas of both rock types; high ridges were on
sandstone and its dominant parts, whereas low grooves were on
sandy mudstone and its dominant parts. The heights of the wavy
relief showed a weak positive correlation with the Sc values,
which were larger in sandstone than in sandy mudstone. Thus,
it is suggested that the corrugated relief of shore platforms is
controlled by the difference in rock hardness between sandstone

and sandy mudstone.

Key words: corrugated relief, Izumi Group, Naruto Strait, rock

hardness, Schmidt hammer, shore platform
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