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Characteristics of Salt Weathering and Wave Erosion at the
Wave-Cut Bench in Iwami-Tatamigaura, Shimane, Japan

Yutaro Naka' and Tetsuya KoGURE?

Abstract

Characteristics of salt weathering and wave erosion and their effects on the wave-
cut bench in Iwami-tatamigaura are discussed through geomorphological investigations.
The wave-cut bench is part of the Middle Miocene Tougane Formation and is made up
of fine- to medium-grained sandstone. The sandstone layer includes nodules which are
described as an oblate ellipsoid with height, major axis and minor axis of around 30, 50
and 40 cm, respectively. The nodules are thought to be the sandstone concreted by the
precipitation of calcium component from fossils of marine organisms. The concretions
are now exposed on the surface of the wave-cut bench. Tafoni, which are formed by salt
weathering of rock, develop on the surface of the concretions. The size of concretions
and the depths of tafoni were measured to evaluate the effects of salt weathering and
wave erosion on concretions around the wave-cut bench.

The measurements revealed that the effects of salt weathering and wave erosion
on the wave-cut bench vary regionally although the appearance of the entire wave-
cut bench is homogeneous. The aspect ratio, which is defined as the ratio between the
minor axis of the concretions and the major axis, reflects the effect of wave erosion on
the topography of concretions. Mean ratio is the smallest (0.79) in a part of the bench
where waves with the largest energy approach, and is the largest (0.90) in the least-
affected part. Direction of the major axis of the concretions corresponds well to that
of the direction of wave propagation from the sea. Salt weathering occurs everywhere
around the bench if the surface of the concretions dries. However, the surface with
tafoni is easily removed or exfoliated by waves in a region where the effect of wave
erosion is large. Therefore, the largest mean depth of tafoni (ca. 2.0 cm) is found in areas
where wave energy is low, and the smallest tafoni (cq. 1.5 cm) are found in areas with the
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highest wave energy. This suggests that both wave erosion and salt weathering control
the topography of the concretions. The effect of salt weathering is dominant if the effect
of wave erosion is small. The processes may affect not only the concretion topography
but also in the general development of the wave-cut bench.
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Fig. 1. Map of Iwami-tatamigaura (after Okubo, 1982). Wave-cut bench was classified as Area A, B
and C, which are shown as shaded area. “Umanose” is a more elevated area (approximately 5 m
above the wave-cut bench).
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Fig. 2. An example of concretions exposed on the surface of the wave-cut bench: (a) a plan view and
(b) a sectional view.
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Fig. 3. Wave direction off the coast of Hamada city for every 2 hours in 2012 measured by Japan
Meteorological Agency: (a) for every wave and (b) for waves with heights of more than 2 m.
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Fig. 4. Locations of measurement lines A-A’, B-B, C-C’ and D-D’, and lines of concretions in which
the depths of tafoni were measured.
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Fig. 5. Waves observed in Iwami-tatamigaura: (a) waves running through Area A and running into
the first Umanose fault and (b) larger waves in Area A and smaller waves in Area C.
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Fig. 6. Relationship of lengths between the major (LD) and minor (SD) axis of concretions in (a)
A-A',; (b) B-B', (¢c) C-C' and (d) D-D.
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Fig. 7. Relationship of LD and SD in the western and eastern part of B-B' and C-C' divided by the
first Umanose fault to confirm the effect of wave erosion on the aspect ratio of concretions: (a)
B-B° (W), (b) B-B" (E), (¢) C-C (W) and (d) C-C (E). “W” and “E” denote the western and eastern
part, respectively.
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Fig. 8. Direction of the major axis of the concretions along the measurement lines: (a) A-A, (b) B-B,
(¢c) C-C’' and (d) D-D’. Coincidence of the directions between wave propagation and the major
axis of concretions is found even in D-D’ (Area C) where wave energy is smaller.
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Fig. 9. Changes in the depths of tafoni on concretions along the lines in Fig. 4: (a) N6 (Area A), (b)
N4 (Area A), (c) N5 (Area B) and (d) N4 (Area C). Distance in each figure starts from “S” and
ends at “E” in Fig. 4.
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Fig. 10. Relationship between the depth of tafoni and height of concretions along the lines in Fig. 4:
(a) N6 (Area A), (b) N4 (Area A), (c) N5 (Area B) and (d) N4 (Area C).
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C, MERELTY 7+ —OERBESHPMBOF LD REVERE 2 VH5. F72, (2) 1Zxt
LT, EOHIBII DT b A o 1R 2 BEK IR & 558 C & v 7z o F T o0 52 2
% IEREIZEHMC & 22 w7, EMOESCEMIIHITICEDL S FIZITHEL L, B0
BAESIIMD ) V2= Ny EE LW (Fig. 9) 2&»5, LR dEFRERL TS
DOFGBFIIICIIREREDNLVWERDNL. ¥ 7+ ORAFEIOREREILZ, 77+
SIS R & CREBASED IO L, BWHE IG5 B EHETIZIZ0
b (728 21, Sunamura and Aoki, 2011). L7255 T, LADF 7+ ZDERFESH
)= VOEBIICEILFTIEIEF-ETHAZ LR, HEUICERONDLSY 7+ ZDRAE
S, B0V a— VICEEZELBLIRKETH L URRMELRET L. WRIZEY
Va— VEREHHIF S ND LERE SN BB, HO IS 2 % SHIFIESK
EVEAIITEAESH 0y FEND. Fig. 101, LA DSOFITIE, 9 Lok
BIZLDHRHDIZDF 7+ ZOFEMFESHERAMIZENZE L 2 WAl REME 2 RIE T 5.
DEDZEHS, Area ClZBWTIE, /¥ 2— )VOIEREIZ & 05 H A L o 28
DO MITNZ IERKE N &V hodz. TUE, /P a— V&7 AreaClZBIT5
W EMAMO M IR LA Z T WEREICTH D T L 2R T

6. & A

BRIEGEATOARE r HOBEEMIBNWT, /Va—VORIRS /) V2 — VERICE
WENDLY 7+ ZDEMESEFHIL, /¥ 2— VOTREIZ RIS HRE A & EEELo
WEBIZOWTHE L, 208E, 7V a— VGRS —H2EAWC R 2 A RS,
WoOHT, WRER LRI ¥ 2 — VOREEICE 2 2 BIIRITNICE R b 2 L8
Do
(1) BrHlBVTIANF =D RbBVIEEIMRAT 55 1K ORI O VEH 0 5

(Area A) T, M E¥EAWEMEEET L0 ) ¥ 2 — VENTE O 525l Hls
WZHRKEW, 20720, 7TV 2— VORFEORXIIRATLEBEOWRIME —FKL
)T 2= VOFHBRIIBEHEOES VI KE V. 72, ¥ 7+ ZOERE ST
R ER D T WHFTE LS v,

(2) B 1BOBTWRBOFME O RENBILH O (Area B) 12543 %/ ¥ 2 —)Lid
Area A LAIRIC /) V2 — VO ERFEOMENWE S 2m DL Lo mE —%3 5. Ll
/Y a— VOFHTEIRIE Area A ICHRTHEMIEOEAGWI/NS W, F/2, ¥ 74 =
DEAFESE, /¥ 2= VREDFERE LIS CHEFRIE LIS WREETH 5 BOTH
BOT = VAHETEAT 5.

(3) AL LEr WA T L ) ICEIT L7, TRV F— DRV IRDEES 2 FEH o
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Ml (Area C) I2BWTIE, /Y a— VoORZEOME T EFROWERE —3KT 5205
J V2= VOFHERIZEMISE., 72, 77 4 ZOBEAES Mo L ) KX
&, ML/ Y 2 — VTR E AN S,

Doz ent, 7Va—NVEREICS 2 5ERBREOFEITITANF—DOREZWIKIRD
VER$ A HIHICBVWTREC, LTI ALFE — /NS WIFRAER T 2 Hilfi2 B\\T
NEV, FEHEEALIZ I 2 DS Vo — VEEDE X R T W TRAE LR T, L
L, BWREEOREIKE WM TIE, HICLD /Y a—VFEDHIF S, EHEER LD
EHDSFED 12 W, LA T, WERILIC L 25 7+ =03#EL, /7 ¥ 2 — )VEREDHE]
FHI SN W THETH L. Tabb5, HREAEB L CHEEE(LOWELN ) ¥ 2 —
DIRER LIS 225, HWHEELOZEBIIEIRBEDTHCIGFTCHNL 2 L R SN
IhE, Va2 VOREOALLT, EEMOER 7oA ETLIHDEERS
no.

%

2

AT D —EBik, JSPS BHF#E: (GREZ 5 156H05350) OB %272, L CHELE
L.
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