A fBEE AR OMMIE—Tafoni Gnamma—

The Micro topography of Rocky Coast in Northern Kyoto Prefecture
—Tafoni and Gnamma—

E R R®B*
Hiroshi Ikeda & Ryoji Machidori

I. 3L®IC

BREELTEBRL T2 EOERERPERERICOVTERTS Z LFEXHREOANT
HbD. HABICERDEFICBRESE ORAEERKESD S 2 5 AAaR—FILEEREE VAR
B TARBHTH S, FHICREBRERETRT LI, BRRESRELTBY, 209
BFECRERICE - TERSNW - BERSHTHIERKIEN>TVE, FOEAKDE -1
TARTEIE, 2~4mOBEEET2EIIFPRTVD, BAKE LTHBR SN LRIZFERR
BT ThoAzb b HMBOBEE (BRI ICL9MELZLOTHEN, L LAERSHEK
HECHFLELTVWABHE, PRV REoTVWAILIZRT VW, FIC. AR TIIEL O

Observation
station

BRI

Wave-roded terrace

BEEL-HERS

v —r --0
- --Om |
?7' ﬂﬁﬂﬁs 6 | Terrace during erosion |  Gnamma
Pothole® Gnamm
Bl EhTVEL Bt EEORE [
Wave-eroded flat surface Hak LA
without Potholes nor Gnamma Upper rocky terrace
HBEETHE

Lower rocky surface

B—1 A&k #RESERKEOHEE
Fig—1 Section Through the Goshikihama Coast Rocky Wave-cut Shelf

2008669 H 4 HRE "RAXFHEENIE TEELREXE - BRI THFEHEH



®H5 B X W OB #H

WD) BRCHENLZFETHY, S 5IZHHRRITE VDA SR S Tafoni & Holel2 8> THt
HT 5o

AHEDEBHER. FENNITRRLTCEA-HOBMEFLRABCL, AEEHHRLEKE
HTELLHIIC L Tbh, REREAABBEL Db RS LERTELISIIC, £ 7
ZBHERRRLE, KICFEOBFEIIOWTIZ, TELTHEMICRANICBASERERIATE
53X, AF—BHTHALO2ZRFRERIL T T LIt

I. Tafoni®DFEL

Tafoni & (T ERLEROKREIZ, BEAMCERENAIBAROARDI L TH D, TafoniDE
Bizid, [RESE] WERICL 0L [EAHE] WERICLAZDOD2 ¥ 1 THELET 5,
TP, [REHE] MEROKIZ. BHRORELZOETFI O TRILEA ST T2V E
IRERLI-FERETLYD FARAROBVIIEIC, SHITERECEBORALRED LS
BBELRERICAEL TV D, ZOOTE ST/ TaoniRONFOLEED TR THEEL TS, &
FITBAT - BT ICHDL S TR AL IR G, ARN IS L 2R Ok A & B
RERYETEA~ERBICEEL CEAEHREC TV I LIl TEE IS, KHICER
DRI % F DT VIEE L JEHIRICIITER SRy, TafonidBRIZ L » TR D L WRERBEIT,
ML L ETRMIIKFIEELLHDVOERL-EE. TabbryRryoRE (K) Tl
HoMTEMRBESLEERORATF y TREFRETH L, TOLDARICIEHEIRIIE S
i3 %A%, Tafonitd YRR IGEVER BRI LR EREL L2,

Kz [BR®E] REROFIZ, BKECPHRED L S CESERIL T TH8O 2 B2 EA
RTVWERIIBEESND ¥4 T ThHbL, SLILBERDKREDAL, ELHEWOIEATHA 2D
ZAERSEHIRI-F 4 YV ENERT AL, HCZOEFOEKIIEYEL LS
REETLRLLALOME (B) AR LLTWEIZRELAGTHE, KELIEDLY %

3
3
E B
= ki
=
@] ®&~-| © @
mEBE s Batfa17
Climate-controlled type Rock-controlled type

FE—2 Tafoni®¥K & HXERO#ESE
Fig— 2 Diagram of the Development of Tafoni Micro-topography



il - 45 : ERAQRS AR OBME—Tafoni & Gnamma—

{ERENL-DHAEATLERO L2 LMBTHLERRLZL X MELA L LODRALA, AR
PEBHELoTVBELEIAb DD,

SRIDARMEB A EEDFEIZ, 1500~ 16005 ERICHR L R EHOABERERICTE
BB R EBEY £ SOTaoniTh b, ZOHDTafoniPERBELHEEE T RET LHH T,
HLAIHOERELTo 2o FHBIZ2003F 9 HICHI, 20RO BERDE LBR LI EGEHR
ITHHEATWLBRBL ZORMZEKR L, TORR. 2—F 1 Y7L TV AREICYHERE
L7-8adiihs b, QBICEFOETORL LKEBLL Sy FEH T L THEMLNTITL
Edbholk, ThIMBEORERTE Y 4 7O TafoniDBHE OGN A~ LEMICHETE
REGRICTH, $hbb, d—LHOPREHISL FTHIIHTCHELTERFETLTVE D
Lo BHIHI—BHB - CR—VOEBERLAHATIR., bTFHh 142 » BHZOICZGHICHE
TLTWB ZEFbhof. TOIZLERS, FIED [KERE] ¥ 4 7OBE IR S 1 - Tafoni
DROBRPRROLA~NEHAL T DR L, FEERIE] 7 4 7 ORGEAROERIE
TV LARRE S T AN EBAL TWAZEDMNERLIBROETORRE» S DI TE
Pro THOLEAMESY 4 7/ DOTafonild, BEOETHECEP ) T KEERLERORE
WEENEEN-T, REDDEREZFLSICRAERBELZEEL TV, Z0XH I8
AL T R, AREDTafonifiidFR B C-FR—YOT) TRV LI ZRISEY
FLAERARBEERLTWA I dbh o

. Hole(s)®#;B = Pothole *Gnammaz

EAREOKERESHICERE I THAR (B) HolesiZid 22D ¥ 4 7ddb5, TTOLE2H
i3, BOFHCERShAFy bdA—LPotholesTh D, Fv bah—-LiZIZMIORGEROR
AREICER XN HEENE VN, BETOERERS, FELLEBRENIL. BAICADRAA

h74 ——-——/_\_,—.é water
-___,.—..__,.,.—_‘? *
RN —

Coastal rock pothole formed by
gravel spinning around due to wave action

#ER D Pothole
W& - THole DB BB

e

River pothole formed by gravel spinning around
due to the flowing river water

-----

During freezing periods

FDPothole
FFNZ & > THole RO A OiE
E—3 Potholel R NDEXE BE—4 Gnammafi{glHHXE
Fig— 3 Diagram of the Development of Fig— 4 Diagram of the Development of
Pothole Micro-topography Gnamma Micro-topography



® A B £ B R OB

MRS L - THE - BB L TV AR TRBAPREA KB KREEZRNEEELTWY
ZEIZEY, BV RTEDbEPothole R SN DTHS, BIVED2DY L Tk, BA
FRHEEHOBAKIFBE D, 2RV HEORETHNIZLF~WECIT TORGH I -
BELBRIELTV ) B, KEBETLIRARLY 1 9BRI 50, KRBT -8 %
DRALFERKETHHBIP LT OREEMSLFLAICAVANERRELTTERVIEE>TLH D
TY 4+ +<Gnammat 29, FOERICIEHEOFRY PEA—-NVOERD L ) ZBOLTILL
Wi, ZEHOBRL L TRAVERWERZED, BEN—EOMIRTEOEORTIIFFF S
LTS, BICID L) 27/ F il BRI REEL T VRELARAFXLRSICEDLATL
FIRILEETRIZEALASN R, CRERAERAEBROHole(s)it, E2LTEHH07 4
TDOHDIEA D D

FFRARRELRAELLER. BHOEARELZIZEALBREA TR L, BITERIC
EFALNBMTHE, TRIIHLECBRIELZEGERE LICRES L 2AICADDRIER
BhTw? (BED E-FR—Yof), LPrdFRO2FMICBELAEL AL E, ROF
CBREEL TRV, ROERZIZIZTPETH )RV, ELHIKREOEMIFIFI L TWwE,
5D ENE, ZOHOHole(s)idPotholes Tld % { TGnammasTah 5 L HW L7 M35
LINFITOHEELRELS, HETRIOIICHBC YT LHERIS 2. 2D
ZEIZHERHLELERELTWER Y,

V. aWwlic —x&EDIHhAT—

BREPS L 2ABEOEREEGE]. T4bbEARALCERSA TV SRHME L £OERA
BIZoWTHEEL BHICEEFMIZTE 2R TH L TafoniOBRER L. KEFEIZTETWY
%7 BRERD 5PotholedGnammaz D & L IZER L 72,

Z0#EE, Tafoni DR IIFTHERLAROFY [FERE] CERENZROS L0, BRE
ORET bbbk LPVERE FOBBRTLEN I —F 1 ¥ 7R TEKILIEAZ RO, 5
A5 OFARIZETS TEOBE] OBBICREETLZ Latbh ol IOz —MTafoni
B L 2 ENDORERGIEAMDL &, FHEMDTREIETL T I EPERICL ST
FRTES L2b ol bTafonidk LTORE - BROJIEAL T LIt EXA#IR
DRDHBELBREREE o TV 2 EPbhol,

AFHEICEE SN SR (B) Hole()id. BAKRED ) bRLF LV FHNOBELEICZIZLAL
HOHENT, bPICEHBRICPothole( PR I NTWABIZT E R, THRIIRL. B UEAKM
THYLPRGERIETENOEE 2o 28571Cid. 5 EZAICKNOHole@@)ER S Tnib,
LD ANCRBEA > TELTRDEDREENESLVCIRTH L, COZLPLAHIZE-T
RN A o 7B HE: - k8 Lo DR STy { Pothole Tid 2 { , BAIH T o 72 k2504: L
R LB D BT RICKYW 1 HIBRBRTAROZ AN ¥ —C, ROFBEOENEZBVTW{ L
Lo TR ENRTCEAGrnammaTH 5 Z kb olz. ¥4 9Gnammak o) RO B
PARTIRD T VEIRAYLRVDIZ, BRTRERRESELNTE Y RY-6hb oo LR,



LHE - 5 SRR GRS R EEORILE—Tafoni &£ Gnamma—

BEEAN-Y  ERRIEBLaESABEOEFER
Photo Page A . Air Photo of the Study Area

~-O

e N
a3
.‘@



# & W% Bt B #H

BHEBN—Y [ 274 K- IAORBIKR
Photo Page B : Examples of Eroded by Tafoni zation

In the Central portion of the hole
the Colored area is being eroded

The eroded rock surface material
is deposited at the bottom of the hole

o g a&
Bt —2007.7.25
#7781 —2008.9.07

R—IOEOHRM;L, Falf
PO LAET L BRI HER
LTWw3



WH - FE | AR BT iR O BB —Tafoni & Gnamma—

BECA-Y  RILBRBEOWEOKR (XS r+=1m)
Photo Page C : Tafoni and Its Topographical Development Process on the Coast

(ruler=100cm)

blow-up photo of the central photo of the upper Jeft
photograph



& W £ A B #

(eorping-eoeLa] -Ayo0Y Jaddn pepose

aAepm) sewwreun Jo juawdojaaaq : g abed ojoud

Wl=&zgy H2LLYWRBWORTTHGE A -V AEE

_78_



DR IR A A R OB IE—Taloni £ Gnamma—

t e

i

oA LOTEEBYEOETT AT

: 3 abeg ojoyd

LIS

_79_



B & W R O B

FEHFAN—D | BEMEOSER
Photo Page F  View of the Eutire Study Area

BHELEE
Toward the west

REE2L

toward the east

ARICFEOES SRKEUE
Eroded Upper Surface (Terrace)

_80_



HH - 5 TR RIEEAER ORI ~—Tafoni £ Gnamma—

FRFOL)LEEEREHLLE LEBRADPOBRE SN TI 2ol LilE B, ZDFA 7D
r—ivit, NETH FAFRORRTOIRDE TRA SR TV EEERE V. FlLIZEOERE
LR THEROLABOKMOBNS AT v 775 v F NI HRALNWS,, I wid
F—A MGV T7TORERT7TF) V- AEOMEHRET, A=A I3Y7 - 77— FRKFO L7
A4 FVCRTwidale A RIBIICHEMR L FLIREL RIS, FNETLERTH LI L
TELHATHS. EHICAEKTIIPothole)5HI - ERZMbT2EZMICHFELTED, £
HOILVROERPR BTV S, HRDOTL { Potholes)k R ENTWBDTH %,

HEEICETLIIRTE TOBREHFICH, Potholeis)k LTHishTEh, FTETLILENS
Ao SHIMMORBIB TEAEN TV 5Potholel Sh2bODERICH. RELALETHAI &
ELOoND, COLHILBEAILSEDL I LILATERIT v,

P

1) JN.Jennings (1968) : Tafoni-Honeycomb - Pothole [The Encyclopedia of Geomorphology] Dowden
Hutchinson.

2) BELA (1981) : vEAhERsT. [HEFER ] BRI HE&E.

3) NEHET (198]1) | BoBRAAL [hBEREl | R -EES,

4) FEEEE (1979) (THEROHFEy bd—n] HE5EFK

5) MLEFA (1998) 1 ¥ 7+= - Ky b= F+v [ERESHBORR] LG SEE.

6) CRTwidale (1963) : Gnammas,Rev.Geomorph.Dynl4.

7) CR.Twidale (2002) : Natural History of Kangaroo Island.Royal Society of South Australia.

8) MHEAE (2006) . A—AFFVT ¥ F=—& v ) —#WREICE LT BB ME 2 B AFREHRR
L8145,

9) fHEE (2008) | AHGOHEEORME — Honeycombs & Potholes — 8 R A E. #3675

10) LB REEIAERS (1975) @ AAREHETAEREREE

11) WEFNHERERS (1992) © &6k - B [EEATE ()] B



£ & 0 % B O H

The Micro topography of Rocky Coast in Northern Kyoto Prefecture

—Tafoni and Gnamma—

By: Hiroshi Ikeda and Ryoji Machidori

Nara University

Goshikihama coast is a rocky wave-cut shelf of welded tuff located on the northern coast of
Kyoto Prefecture in western Japan. This paper reports on the process by which its micro-
topography developed. It concentrates specifically on Tafoni holes on the vertical surfaces in

comparison to potholes and gnamma that developed on the horizontal surfaces.

Tafoni is a climate-controlled geomorphology which forms on vertical rock surfaces due to
the characteristics of soft rock. Its surface is subjected to the chemical actions of the freezing
and thawing of water which gradually erodes the surface to a rock-controlled geomorphology.
Experiments by the authors have shown that this erosion process proceeds with the changing
seasons. Furthermore, as the process progresses, the eroded surface gradually expands into

cave-shaped holes by weathering erosion of the cliff surface.

Holes formed on the horizontal surfaces; almost none formed on the lowest horizontal surface,
but they did form on higher terrace horizontal surfaces. There is no gravel in the bottom of
these dish-shaped holes, so they are not potholes which form due to the revolution and
movement of the gravel therein. Rather, these holes are gnamma formed by the repeated
freezing and thawing of the water that collects in the holes. It is the energy of this action that

erodes the edges of the holes making them larger.

The holes on the Goshikihama coast have previously been reports by others to be potholes,
however the authors' research has shown this not to be so. There is a need to correct previous
misconceptions about the hole micro-topography on this coast. Further studies on this issue are

contemplated by the authors.



