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Abstract

On Feb 10, 1996, a giant rockfall crushed Toyohama tunnel. A bus with 19 people and a car
with a driver, passing through the tunnel at 8:10 in the morning, were crushed by the rockfall.

In order to clarify the cause of the rockfall, the following points are geologically important.

1) The sea cliff of the Toyohama Beach is composed of Neogene pyroxene andesitic hyaloclas-
tites and reworked hyaloclastites. The giant rockfall scarp consists of the following three beds ;
the upper, middle and lower bed. The upper bed is parallel laminated reworked hyaloclastites in-
terbedded with sandstone. The middle bed is foreset-bedded hyaloclastites. The lower bed is
parallel laminated hyaloclastites. Both of the upper and lower bed are distal sediments lack in
fine-grained materials. The middle bed is high density mass flows, such as debris flow, hence it is
unsorted proximal sediments rich in fine-grained matererials. Therefore, both of the upper and
lower bed maybe show high permeability and weakness against erosion. Whereas, the middle bed
shows low permeability and probably resistance against erosion.

2) The boundaries between the upper, middle and lower bed, show remarkable discontinuity
due to difference in sedimentation mode. Namely, the boundaries are regarded as a kind of “un-
conformity”. Parallel and vertical joints on the cliff plane are recognized. They maybe corres-
pond to lineaments of NE and NW directions, respectively. Along the boundaries between the
three beds and along the joints are water penetrating as evidenced by hanging of icicles from them
in winter. Water penetration easily precedes weathering.

3) The fact that top margin of the rockfall scarp is weathered, and that a joint penetrated as



10

shown on the righthand-side scarp, suggest that the giant rockfall occurred probably along the
joints which existed already on the sea cliff.
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fotzdd, BALHFBEEARABOKLES L OEEELZI I TWVDE, T4bB5, FEltARICENE
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1. Fault, 2. Terrace deposits (Figures show the order of height), 3. Landslide deposits,

4. Pleistocene lava, 5. Rhyolitic dyke, 6. Dacitic dyke, 7. Hornblende daciticAdyke,

8. Pyroxene andesitic dyke, 9. Basaltic dyke, 10. Granodiorite-porphyry, 11. Granodiorite, 12. Gabbro,
13. Pyroxene andesitic lava, 14. Sandstone, volcanic conglomerate and hyaloclastite,

15. Hornblende dacitic hyaloclastite with feeder dykes, 16. Rhyolitic pumice tuff, 17. Siltstone and shale,
18. Hornblende andesitic hyaloclastite, 19. Siltstone, 20. Pyroxene andesitic hyaloclastite,

21. Hornblende andesitic hyaloclastite with altered massive lava,

22. Homblende andesitic epiclastic volcanic rock, 23. Basaltic sill, 24. Rhyolitic lava, 25. Sandstone

26. Hypersthene augite andesitic hyaloclastite with feeder dykes,

27. Altered hornblende andesitic hyaloclastite with feeder dykes,

28. Altered hornblende andesitic feeder dykes, 29. Volcanic conglomerate, 30. Sandstone and shale,

31. Pyroxene andesitic hyaloclastite, 32. Altered andesitic lava(A), 33. Rhyolitic pumice tuff, 34. Dacitic lava,
35. Conglomerate, 36. Coal-bearing shale, 37. Rhyolitic pumice tuff and tuff breccia,

38. Rhyolitic welded tuff, 39. Altered andesitic lava(B), 40. Granite,

41. Black slate, chert and metamorphic rock, 42. Dip and strike, 43. Cross section line

el
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breccia ( Carlisle, 1963 ), pillow fragment breccia ( Yamagishi, 1991 ) EEEFETH U, KR
B EORETICE WV, (B)F 4 TI3ED S VA R ERD KGRI & 5 FREOABEER
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72 (Fig. 2 ). BEEEIIRKOBEX150m DEBREDFEOLES mHE, SREL 12,

- OREOHE IH SRR HRBNRBORILEE N 7Oy A5 4 MBI 4 TEE
DB 5155, DEOHEEIEFEEOHMEICNW — SE FRoE#Eze b5, Rl
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Md?%@,i%ﬁf@é<@é%ﬁ%ﬁ7o

SRR ST DRI EIC LR TO 3 BIKRKATE 5 (Fig. 6). LEEII2EELT
OmOEEAH 0, WEELETORNEAREEKE UDEEEECHEE, —KOL1=y M
$100m D A TEEH HSFE 4 5 reworked hyaloclastite (FFHERE U 72K RS ) TdH 5. HEREY
Ak hS & < MIRIER A5 12 ) distal 75 deposits EE X SN B, ERHIMEE (A 1T10~20EH
WTWB, FTHBERRATVAEIATESIIIOmMS Y, ALEARLEEOARETS
BB E LRV, —ROL=y b (EE#10cm) OFITEHDIEEY % reworked hyalo-
clastite T 5, ERHIHEA (FRE) 1210~20EEN T 5,

e LEE TEHBIEE N FHREIIES20mAITH Y, MARRIUEHEOREARE
F{k& ¥ 5 proximal deposits T3 0, T OBEFEICHFIR U THISOEREMDOES 2 —10mD
2=y A IHEDHND, 3KDIEDETFUOL=y b (Fig. 6DC; AEHEICRZS)
1% clast support T IE& ML Lo 345, (Ll (B IBHfT &, £OTRIKEE 5T,
SREED 1=y M DL EL 2HBNE, EO L OFRBOI=y b (Fig 6DB)
vy YT T, BEI0mDAENST kT v S LICEH#E S 5 matrix support THIKD D HWVEHET
H5, HEENSL L, WP ORTFEROKTHSI Y7 MIEAE> TS, LU, #EBHEl (R
B) ~EBYFTSE, EE2mOR{EHEE D dast support Z7RF 2D L=y MTKILT B,
BrE#o1=y b (Fig. 6 DA) WHEEOPERIHITES 5 m TREICHERIEETH 57,
HEl ~EBEY % & clast support DEMICHILT o HAESOemIZET 2 ZILUEH D small lava
lobe (Fig. 7) & &k3HEMAKOT Oy 7 P AMESCAREBETH S, 85, JORLHI= v

D FRICIAEVEEBO L v XEBATN S, THIZHERBZER L 2 BEXILTES DO~
%R L, BEXLUOEIZIZEET 517 & A5 traction current IC K VB L2 HDTH S Do

S %0, fhERE I foreset bed % 7% 3 hyaloclastite T U subaqueous debris flow O 7R ENHERR
BRETT, CORMEEER (FE) ~NBIFY 5 & HREEERT 745 -5 47 (Fig
8) DEBITEFET H, CDF 4 7 ORLERIIEAE (F320m, E10mAL) THAFREEOD
FET B lavalobe EE-TWND, ZOLEMIZESFVH 7 AH (BBEH) TEORRER
DESIREEXLZLTND, 2DHELIIAEHOBAER — 705 ARIEIEATNS LIIKRA
%, D% 0, FHERE (foreset bed ZRITNA 7O T A4 ME) BEDARADT 4 5—5
47BN BEDT, F47EH#ET—2OBEXLOKEZLH LTS, (ILE, 1994),
5%, Fig 5 b DAED lava lobe % & & 72 5 Feeder dyke DRI Z R L T 5o HH LM
ECBERTIRVEARILETHSM, VI ARERBHEERL, KESEBRO—D DR TH S
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Fig. 8. IM4IREi# % R ¥ feeder dyke of lava lobe type o

8= T A MERER jig-saw B Z RSB RHER S MR SRD 5N B,
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BEoAHARLTWS, LEE - THBILEKENSOTRENSH Y, bAIRRINY
TV, PEREILEAKE LELIESERINICTSWVEREDS S Pz b, i, LEBEEFEHE
D/, FEBETHBOMIZVDIE “TEE” L5 VAL AHBEX Y v TTH B, Lizh-
T, ZHhHOREFEICIIH TS AVIAART L, BULRESEARTVTHA I,

ERRREECEEE, COLIMBEFRIHRE (N TUsTAF4 MNE) OBEREFICITETFEL
W 72, BEEFOLDEA S E, LHELEPIHELE DERER, FEEE THEL DRFRER
BEDH LA FHESTNE I EDS, MTRKDBEKNSRDSNS (Fg 9)o ZOMTIXT 4
RETF ¥ ITVFA (KDL BFR) EanBFLlThsr5, 2F0, ThHodD3EeNE
NOBEREZIXLY, LEBORNE, 748554 7EFD0DDNATUITAIA MEDER
BEDHADBD L EBENTH>TND I END, MTFKDEY LT VRBEREAS LT &
ERBET S, 51T, M ANERBENTELORRE#5E, KNADLFHRRHHEDRE
FEICETR oM, FNop b bBEKE ISR EE LI SA EY THEDHD LS 2HDH
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Fig. 9. BIRARHMEOERSHE, KOELHE, HHE (N 17075254 L),
THEEDENENDREFHERT . 2HONB T >TVD T EITHER,

Rx5,

1z, BEREESOH 2HEASKEZI B0, BNBICZ5BILERBLTNS, £, B
Y GHRES DERIC, BEECTTE05508H>TVBENENHZLIEND,
FBELHRICEH L EOENBOTFEDHREENH 0, ZNIEHEERICFETENERD) =
YAV MI=HTBLrbLNE, T2, HELVEBRIOETIE, EOKOETII sheeting
joint 5 L & EWBHEINE bR 5N 5,
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19964 2 A10H OB EH ISR b v 2 IWVERBRE 2 B 2 U R0 E% thEZA IR
H95&, UTomrsiERTs 5,

1) BEORELUIBEHESACD T4 =54 7 oERTHNATOIITAI4 b (kb
BWEE) &2 DZUHEMD» 5725, BEEMNITIETTEED » 2 ZUOHEED» & /2 5 LERE,
foreset bed Z 2 THMDNA T U7 TAY 4 b b5 BRERE, ZIRHEBEW» 5 /2 5 FERE
KX anbd, FEEE THEIEHBOARERIL D2 RRB®RS L, RRLAVEATH
575, FAEERTTOHEREIXEEIRICE < WIKPSEL, MRS RS E BWBRICHEAH > 72T
YRR MNBERTH B, LT, LHBETHBEEKESLS, REIAR TV, P
BEREI NI SBEKELEVAEESH 5,

2) BEECEIIL LB EPIBE DEFIHIC—HT 5, 2L, COERBIHEEF v v
TERT “AEEAE LLbVABRAERETHO, HTKEZBLRLTVWERZERLIZ, 20O
BAELSN DB TH 2 DAREREE,? S/NS VHESBERICREL TS E, 351, [FHEN
TTIE, FEBEE TEHRBEDEREMMNETS, TKOEHICLEZ S LVERDOR NS &
nHs,
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3) BIRWEEICIE, NERENWROZRHMD) =V A Y MPRET D, AEEZB I LIZER
ENERODY =Y AY MI—HL, BEROANAHOBHINWRD) =Y AV MI—HKT 5
5L, BERESN 556N TAY, EANSPRHELTNEIE, BLOEHRKD
BN 55 LPBENTH->TVAHIEN S, BILFETLBHE (NER) NI TREEL, £
Fip 5 ZFNITIR > THITRADPADIASZELDSETLTVIZDOTH A D,

DFD, COREEMEFNICABE, LEORKEL>2EHBEO “REEHE SEDR
BHREORE, )=V A Y M TBREOBRDTFE, FEkHEZ RN %M TKOEFEED 3
DOEEMNKAL VY MIEBHTHAS, Hencher (1987) 1&, RAEICH T 2EHPHEDHD
TR5EAME 17 1 tectonic joints, faults, sheeting joints, lithological boundaries @ 4 2758 % & L TW
% (Table 1), DN &HIT, SEIOEBRAEDSEE S, HEROD linthological boundary & €
N&Y) 5 joints NEETH 5, DS 5, joint | tectonic joints 3 2 L) i faults BETH S 5 5,
sheeting joints 5 U Db HEBHHNBDT, i b & lineament IR X W BRI % & DX
BILbEBETHSS, $1, BEBREOETIE, BAMOOS50REICHAONG LS I, HTF
KOBHT B IFH (NSBPEELZEICESHLV) %W, Hencher (1987) DIEHE T 5
EHIT, B HEMEBOREREEICA S TKIE, BOYEOERL, BEBKEOREE, /S4E
VIBBBEEAFTRLRTVDTH S,
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HOWHERITHET 2 MO E T#A95% ( Hencher, S. R., 1987),

Teble 1.

Discontinuity Physical Geotechnical

Type Characteristics Aspects Comments

Tectonic Persistent fractures - Tectonic joints May only be

joints resulting from tectonic are classified as extrapolated

stresses. Joints often ‘shear’ or ‘tensile’ confidently where
occur as related groups  according to probable systematic and
or ‘sets’. origin. Shear joints where the
Joint systems of are often less rough geological origin
conjugate sets may be than tensile joints. is understood.
explained in terms of Joints may die out
regional stress fields. laterally resulting in

impersistence and high

strength.

Faults Fractures along which Often low shear Mappable, especially
displacement has strength particularly where rocks either
occurred. Any scale where slickensided or side can be matched.
from millimetres to containing gouge. Major faults often
hundreds of kilometres. May be associated with recognized as photo
Often associated with high groundwater flow lineations due to
zones of sheared rock. or act as barriers to localized erosion.

flow. Deep zones of
weathering may occur
along faults. Recent
faults may be
seismically active.

Sheeting Rough, often widely May be persistent over Readily identified

joints spaced fractures; tens of metres. due to individuality

parallel to the ground
surface; formed under
tension as a result

of unloading.

Commonly adverse
(parallel to slopes).
Weathering concentrated
along them in otherwise
good quality rock.

and relationship with
topography.

Lithological
boundaries

Boundaries between
different rock types.
May be of any angle,
shape,.and complexity
according to geological
history.

Often mark distinct
changes in engineering
properties such as
strength, permeability
and degree and style of
jointing. Commonly
form barriers to
groundwater flow.

Mappable allowing
interpolation and
extrapolation
providing the
geological history
is understood.
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marine coherent lavas and hyaloclastites in southwest Hokkaido, Japan. Sed. Geol., v. 72,
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