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Lithofacies from the “Kanagaso-ishi” Tuff Corresponding to the Lower
Miocene Akahotani Formation Observed in Eastern Komatsu City,
Ishikawa Prefecture, Central Japan
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Abstract

Reports were provided for lithofacies and a depositional setting on the “Kanagaso-ishi” Tuff which
were quarried from the Kanagaso Stone Quarry in Kanagaso Town in eastern Komatsu City (in Ishikawa
Prefecture, northern central Japan). Stone from the “Kanagaso-ishi” Tuff was once a popular stone
material which was widely used in the interior and exterior of buildings in Japan. The cultural value of the
stone and its quarry are described in a tourism promotion website page entitled “The Story of Komatsu's
Gems-A Stone Culture Polished in the Flow of Time”, which was approved by the Japanese government’s
Agency for Cultural Affairs in 2016. The “Kanagaso-ishi” Tuff is regarded to be lithologically correlated
to the Lower Miocene (Burdigalian) Akahotani Formation. This is one of the pyroclastic deposits left
during the formation of the Sea of Japan in the time from the Oligocene epoch to the middle Miocene
epoch. As such, by researching the “Kanagaso-ishi” Tuff, we can provide clearer details regarding the
geological history of Japan during the Neogene period. The lithofacies of the “Kanagaso-ishi” Tuff are
classified into the following four categories: Lithofacies 1 (massive, poorly sorted pumiceous lapilli tuff
made up of the thick lower interval of the quarry); Lithofacies 2 (massive to laminated fine tuff which
contains patch-like pumiceous lapilli tuff and polymictic gravel from volcanic rocks); Lithofacies 3 (an
alternation of thinly and indistinctly bedded pumiceous lapilli tuff and fine tuff with plane horizontal
and low-angle cross-stratification, predominantly in the upper interval of the quarry); and Lithofacies
4 (deformed pumiceous lapilli tuff-fine tuff alternations with slump folds, load casts and water escape
structures, accompanied with Lithofacies 3). The above lithofacies are not very likely to be “hot-
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state” pyroclastic flow nor fluvial to shallow-water deposits but rather are regarded to be primary or
resedimented pyroclastic deposits that had accumulated on the middle to lower slope settings as slumped
and “cold” volcaniclastic gravity flow deposits. Providing data on the lithofacies of the stone materials
also contributes to a deeper understanding of the unique stone culture of Komatsu city. For example, the
“striped” and “honeycomb” patterns that are recognized in the tuffs are identified as the Lithofacies 1,
and Lithofacies 3 and/or 4, respectively. This geological approach to the study of the stone materials that
include the “Kanagaso-ishi” Tuff, are expected to shed new light on the stone culture of the city.

Key Words: Akahotani Formation, depositional setting, Early Miocene epoch, “Kanagaso-ishi” Tuff,

Komatsu city, lithofacies, pyroclasts
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Fig. 1 Simplified geological map showing the Early-to-
Middle Miocene lavas, pyroclastic and sedimentary
rocks in the northern Hokuriku region with an index
map indicating locality of Kanagaso Stone Quarry.
The geological map is modified after Kaneko (2001).
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Fig. 2 (next page) Schematics showing the localities and outlines of Kanagaso Stone Quarry at a southern spur of Mt.
Nishio-Kannon, Kanagaso Town (eastern Komatsu City). (A) Localities of the southern and western open quarries
composed of Kanagaso Stone Quarry. Table at the lower left indicates measurements of maximum width and height
of the quarries. (B, C) Outlines with indications of measured sections in the southern open quarry (B) and western

open quarry (C).
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Fig. 3 (next page) Distant views of Kanagaso Stone Quarry. This Quarry is comprised of southern and western open
quarries. (A, B) Photographs showing the locational relationship between the two mines. (C, D) Overall appearance
of the southern (C) and western (D) open quarries. (E) Chainsaw-type quarrying machine cutting the flat ground of
the southern open quarry. The machine processing results in regularly arranged cuboid-like blocks of tuff. (F) Grid-
like patterned cutting marks by chain-saw excavation on a vertical quarry face. (G) An example of “Kanagaso-ishi”
Tuff used as an exterior material (stone storehouse in precincts of Kanagaso-Hakusan shrine). Scale bars in (F)

and (G) equal 50 cm.
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Fig. 4 (next page) Columnar sections of “Kanagaso-ishi” Tuff (Lower Miocene Akahotani Formation) measured in
Kanagaso Stone Quarry. “Kanagaso-ishi” Tuff is characterized by four lithofacies, that is, massive pumiceous lapilli
tuff (Lithofacies 1), fine tuff with patch-like pumiceous lapilli tuff and volcanic rock gravels (Lithofacies 2), pumiceous
lapilli tuff-fine tuff alternations (Lithofacies 3) and the alternations suffered by soft-sediment deformations (Lithofacies
4). The southern open quarry (lower section) is dominated by Lithofacies 1, but the western one (upper section)
mainly consists of Lithofacies 3 and 4. Thickness in the both sections is based on apparent dips of bedding planes.
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Table 1 Abbreviations used in the outcrop photographs (Figs. 5-8, 10).

E& 5 (Abbrevs.) B Explanation f#FALT-B (Used Figures)
AFT AT LT MR 8 amalgamated fine tuff beds Fig. 7B
AGL 22 LA T andesite gravel Fig. 6G
ALT BTk BRI altered lapilli tuff Fig. 5D
APF AT K LI TR P o & B R ORI IR 5 D T8 alternation of pumiceous lapilli tuff and fine tuff Fig. 8E, F
BLT 2 LT MRLERDC e i (B oD iR 53) bifurcated layer of fine tuff (pink-hatched) Fig. 7E
CcDT AT K ILIBEEE R S ORI A IR (SR DB EE) clastic dike of pumiceous lapilli tuff (purple-hatched) Fig. 8C, D
CLM G colorless mineral Fig. 5H
CRS 22 e R cross-stratification Fig. 6F, H
CRX TNy T AT LT R S B current ripple-like cross-stratification Fig. 7D
CT™ T:?é#ﬂ%(lf$7ﬂ]¢i'lﬂ cutting mark resulting from excavation Figs. 5A, C, J; 7B
DFS BRI A T O B deformed FTF stratification Fig. 8D,
DOsS e D A B IR il A 3 discontinuous and obscure stratification Figs. 6A, H; 7D, E, H, |
FEC B G S O T fragment of euhedral crystal Fig. 5H
FFT EERETHRIEE I felsic fine tuff Figs. 5B, F, G, I; 6B, F-H; 7A-E, H, I; 10C
FIR EERESREAS felsic intrusive rock Fig. 5N
GBD LA EO BN gabbroic dike Fig. 5L
GVR KILE B (6P Tt B i) gravel of volcanic rock (in Fig. 6F, yellow-hatched) Figs. 51; 6F
HAJ e f 2 i R high-angle joint Fig. 5A-C
IGT Ui (APl i ZEPRII: Sy ess inversely graded pumice lapilli tuff Fig. 7F, G
IPT A OMAROS impression of pumice texture Fig. 5G, H
LAJ A 7R B low-angle joint Fig. 5B, C
LAX (A 72 e B low-angle cross-stratification Fig. 7C, D
LCT o TR load cast Fig. 53, K
LSR VEBLL = A=) 7 leached scoria Figs. 5I; 6G, H
LTB L RRO JE B (SR DB ) lenticular bedding (purple-hatched) Fig. 7E
LTC KILDHRLEER 5 1 large fine tuff clast Fig. 8E, F
MPT LR OMWIRA B ALHRLEE R massive and poorly sorted fine tuff Fig. 7F, G
ocM ﬁ?@%éw*ﬁ‘kﬁi%fi ocher clayey material Fig. 5E, F
PDN SAPEZE plastic deformation Fig. 6C, D
PLP ﬁ"E@melé’cﬁf" (IR pore of leached pumice Fig. 5D-H
PLT A LIBREE R pumiceous lapilli tuff Figs. 5B, F, G, L, N; 6A, B, D, F, G; 7A-E, H, I; 10B, C
PPB JEBRE (AT U FE R o R elliptical pumice clast parallel to bedding plane Fig. 7F, G
PPL BRAICZ LW pumice poor layer Fig. 6A
PPS SEATRE plane parallel stratification Fig. 7C-E
PUM [:¥a) pumice Figs. 5D; 71
RGL hiisesy: S rhyolite gravel Fig. 6G
RLF MEEESE rounded lithic fragment Fig. 5G
RMG MBS =gk rounded mineral grain Fig. 5SH
SDT AT T HDHNTIIVEA G LI AIDRLEE IR APk di4y)  slumped or plastically deformed fine tuff (pale pink-hatched)  Fig. 8C, D
SES /R i slight erosional surface Fig. 7C, D
SPA ENEIEIDEY S stretched part of the alternation Fig. 8E
SSs FECHRMEHR O AT T shallow syncline-like slump structure Fig. 8A, B
T™S FER LA tuffaceous mudstone Fig. 5, K
TRC FHVRLERI A O 1A fine tuff rip-up clast Fig. 6B, D
ubs Wtk FEER undulated stratification Fig. 6F
ULT AL O K IR IR unaltered lapilli tuff Fig. 5D
um2 kA2 B uppermost part of Lithofacies 2 Fig. 6F
upP2 A2 upper part of Lithofacies 2 Fig. 6F
uUwD Ji& i AT stratigraphic upward Figs. 5A-C, E-G, J, L, N; 6A, B, D, F-H; 7C-I; 8A-F
VRF KR volcanic rock fragment Fig. 6H
WPT BEIR A O R LS weathered part of tuff Fig. 5A
XLT AT KL BRI S D xenolith of pumiceous lapilli tuff Fig. 5N
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FERIE, RO %E L 7RE S 72138 TH 5 (1K
6B, D)o WHEIKRETY, BEIEIPLTZEEL LT
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BemfBEEO b O» 6, WEHHEEREORE SN
HEOWHR (EXimPll, ®&AEE10cmIiZE) &
Lr4kCTHDH (M6B, D, E)o WIMEEZRTIE
B L7285 % b oBigEb A 515 (K6C, D)o
2—2) B2 Ny FROBHKLMERE &K

LA % & OHALRR S

EAH21E, 28y FAIROBLIRPLT %2 B g # 12 & T
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BT 2 EMOFCROEVEGE Ho 5 (M4), 72
2L, MIREKERE & L CREBE TAY Y HICBW
T b BV, RHXEIEA % EBEZLIMTH 5

X5

Fig. 5

(RE) THETAI O—BHMLEEHR. (A B) MBETAI OFARELIBRMUMERSE (PLT) 8XUPLTE M
ALERE (FFT) EDEE. (A) WBRGPLTOERE. £HICKY IBETA] ICHELHEBEZTRT. TEIMIIRE
TH5. (B) BEMOEVPLT-FFTAERE. BE@EmIZEMNTL, #20° t~AEHMLTWS. EA~SHDOEHELE
Hdnd. (C) PLTIZER SN -H£&LGHIE (D) REDELEERESIUVAE~FEREZETIEEHDAH N
BPLT (HESIh-YIEORE). FELTEL, TEHELFLEAEOERNBHLTWS-0, SHBLEMREL-
TW5. (E, F) BIREHEDEH SHETHRMADEARTRETHS. (E) EENLEELKPLT. THETHI O
BRYLGNEETRS. (F) FLEEOEGHNSHEPLTELUVEE L TWAWFFT. FBAa~HBEOMKITRYEN,
BRADBREICHEH D NVEFRELTWS. (G, H) THETH] OMANEERT DEAFRDOFFT. (G) PLT
DELELEFFTOEH. EHICHABSKEERCBERLEBRONEDH DN ERRETHY, THELZBEER T
9. (H) PLTOEZ 2L IFFTOMLATE. EREYMOABRIN-HFOEAROBBEREZEOES,, AR LK
BRABOMELAO5NS. () FFTROXRILAEDA~EAMS IR Y 7. RaYTFEIEBELTEY, BEE
FHBRLTWAEALE L. 0, K) FEROEBRINEHRREGREREDERE. LHITHBER THAFFTIZH
%95 (LLOPLTICEAL=XRLUENER. WFhiBEAEICHLEAIZHRZTLTWS. (L)EHED MUEER.
ZLCRAIELTWS. (M) EHEEAAOKAR GIE#SBEMEOLATE). (N) EREOXUERRK. B85
ThHAHAPLTOHEESZET. (0) EREEAZOBRAR WPFEOILATE). F£FEIIEAEXR (A C-E G,
I, L-O) B&LUHEBIEXRT (B, F, H, J, K) TEE. X7 —ILA—IEFFNZFh0.1cm (M), 0.5cm (H), lcm (F,
G, I, K, O) 8&U10cm (AE, J, L, N) TH5.

(next pages) General lithofacies of the “Kanagaso-ishi” Tuff. (A, B) Pumiceous lapilli tuff (PLT) and PLT-fine tuff
(FFT) alternations predominantly in "Kanagaso-ishi" Tuff. (A) Thick bed of massive PLT. The massive lapilli tuff
displays its unique yellowish color due to alternation. Weathered parts of the tuff are pale gray. (B) Unrhythmical
alternations of PLT and FFT. Apparent bedding dips to the north at roughly 20 degrees. Minor faults and low-
to high-angle joints are also observed. (C) Conjugate joints formed in PLT. (D) Unaltered gray and altered light
yellow-to-reddish brown parts of PLT. Note almost all pumice clasts leach out in the both parts to result in porous
lithofacies. Polished surface of an ashlar stone. (E, F) Porous, massive and poorly sorted lithofacies of the tuffs. (E)
PLT with altered matrix, typical appearance of the Tuff. (F) PLT with unaltered matrix and unaltered FFT. Leached
pores of pumice clasts are filled or coated with yellowish-to-dark brown clayey material. (G, H) Poorly sorted FFT
consisting of fine-grained portions of “Kanagaso-ishi” Tuff. (G) Lithofacies of FFT and PLT matrix. Rounded lithic
fragments and impression of leached pumice clasts are contained in the fine tuff. Bedding plane between the tuffs
is indistinct. (H) Close-up photo of the PLF matrix (FFT). FFT contains sand-sized, fairly rounded or fragmental
euhedral crystals of colorless mineral. Impression of pumice texture is also preserved. (I) Rounded to subrounded
gravels of volcanic rocks and a scoria clast sparsely contained in FFT. The scoria clast is generally fairly leached to
result in leached pores. (J, K) Thin layer of greenish-gray tuffaceous mudstone suffered soft-sediment deformation
(indicated by a load cast). Upper part of the layer gradually changes into the overlying FFT. (L-O) Volcanic dikes
intruding into PLF at high angles to bedding. (L) Significantly weathered dike of mafic volcanic rock. (M) Porphyritic
texture of the mafic dike, close-up photo of a fracture surface in a rather fresh part. (N) Felsic dike containing
xenolith of PLT. (O) Porphyritic texture of the felsic dike, close-up photo of a wall of the quarry. The photographs are
taken at the southern open quarry (A, C-E, G, I, L-O) and western open quarry (B, F, H, J, K). Scale bars equal 0.1
cm (M), 0.5cm (H), 1 cm (F, G, I, K, O) and 10 cm (A-E, J, L, N).
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) THEHEOHTONE. (G) BH2BRLHOTHRE. IRERIKRAZFFTIZ, EATRTHAINLERMAEEDE L
RIUAB~FHEEOHEDEDL,, BHEOETLEROAVTHAEESIATNS. (H) 2R ESHOPEH~ LXK
. BAICTEGTHARHFICEALERD, THBRAMNXBEZEAL TS, -, BAROKIIHNZEE

ERAFMICESILTWLWS. BEERVWTIEFEAIEXRLT

HLU10cm (A, B, D, F) TH5.

k2. AT—I)LINA—[EFNhEFh2ecm (C), 5em (E, G, H)

Fig. 6 (next page) Massive pumiceous lapilli tuff (Lithofacies 1, A-E) and fine tuff with patch-like pumiceous lapilli tuff and
gravels of volcanic rocks (Lithofacies 2, E-H). (A) PLT exhibiting massive (lower-left) and discontinuous, obscurely
stratified (central-to-upper right) lithology. Unrhythmically alternated pumice-rich and pumice-poor thin intervals
constitute the stratified interval. (B-E) Rip-up clasts of FFT contained in very poorly sorted PLT. (B) Rip-up clasts
showing various sizes and shapes. Although they are relatively densely included in PLT, each clast displays matrix-
supported textures. (C) Plastically deformed surface of the rip-up clast shown in (B). (D) Concavely bent fragment
of a FFT bed contained isolatedly in PLT. (E) Internal sedimentary structure preserved within a stratified FFT clast,
close-up of Photo D. (F) Upper to uppermost parts of Lithofacies 2. Indistinctly stratified FFT with gravels (uppermost
part of Lithofacies 2) overlies on massive FFT (upper part of Lithofacies 2) by an indistinct bedding plane. The
uppermost part is characterized by sparsely arranged volcanic rock gravels (lower interval), and overlying obscurely
undulated middle and cross-bedded upper intervals. (G) Lower interval of the uppermost part of Lithofacies 2.
Poorly sorted, rounded to subrounded pebbles of andesitic and rhyolitic rocks are contained in massive FFT.
Leached scoria clast is also recognized. (H) Middle to upper intervals of the uppermost part of Lithofacies 2.
Discontinuous, relatively sand-sized lithic fragments- and granule-rich layers consist of indistinct cross-stratification.
Long axis of the gravels paralleling to the bedding plane. All photographs are taken at the southern open quarry.
Scale bars equal 2 cm (C), 5 cm (E, G, H) and 10 cm (A, B, D, F).
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ELCIZEL. (F-) BRIRAEOHEBIZHONDNEHEEE. (F, G) FMIEETRIPLTSE K UBIKRGEFFTOERE.
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Fig. 7 (next pages) PLT-FFT alternation (Lithofacies 3). (A) Typical successional pattern of the alternated beds which
tend to be predominantly in PLT, generally unrhythmic and fairly indistinct bedding planes. (B) FFT-dominant
alternating beds of PLT and FFT. Significant amalgamation of FFT results in thin and laterally discontinuous
intervals of PLT. (C-E) Stratificational patterns showing in Lithofacies 3. PLT and FFT layers show irregular
thickness and discontinuous bedding planes. (C, D) Plane-parallel and low-angle cross-stratification. Sets of
the each stratification irregularly alternate one another. PLT sometimes slightly or deeply erodes underlying FFT
layers. (E) Lenticular-like bedding and bifurcated (or cross-laminated) tuffs layers. Discontinuity of bedding is
significant in this interval. (F-I) Internal sedimentary structures of the facies elements. (F, G) Inversely graded PLT
and massive FFT layers. PLT beds are generally shown massive lithofacies but sometimes forms discontinuous
inverse grading. Several elliptical pumice clasts (leached pores) within PPL parallel to bedding planes. Any
internal structures are not recognized in thin layers of FFT. Dark gray portions of the lower FFT layer in the Photo
G are machine oil stains. (H, I) Obscure, discontinuous parallel lamination within a relatively thick FFT bed. The
lamination is formed by horizontally arranged sand-to-granule-sized grains. The photographs are taken at the
southern open quarry (C, F) and western open quarry (A, B, D, E, G-I). Scale bars equal 2 cm (I, F), 5 cm (G, H),

10 cm (C-E) and 50 cm (A, B).
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O EERIZA SN, EMH3D LEED D WIETFEIZEED WY D,

N5 (X4), RANIW AW IZEHM3% 7 9 PLT-FFT ERAIX, FICAT Y THh S MW EREET
HRETHY, TRGICERESKETERE L% Mo oNns (K8), EHEIZ L - TERERE
RS (4, [8). D728, ‘HAHA%E 7 EK A IV DEREZETLHOD, 25 v THEEIZAM
DORERRL T, #IEB L O AR & X a3 e 3k DXMEFIZblzo TSNS (K4), AT 0T

&8

(RE) SHEYMERBEEZ L OB NUMERE EEREMALEREDEE (5184). (A, B) AHH4THMT S
AV TEBRHER. (A) BOMGERRORS Y THEE (B) LWV =EFKRORZ Y TEH. (C, D) EfFHKD
ASUTRHMERIFFTRE L UPLTORBER. A5V TEBIERTH, IOFFTBER—THD. (C) RSV THE
HLE=FFTEB L, THEELPLTORBER. RSV TBOTHICH, FFTORBHEEZZ L CE LEPLTORE
EIRAEREOOND. (D) BRBEREBNENDESIZLTEMER L-EAEETRIFFTE. FFTRORNERHE
BREELEAEETITIAELSICER LTS, (E) FFTERBEREBIZA DN AEFIRDSIRERIEE. SRS D
EEEFZELLELELTHY, EREMIYARARORBIAT Y TA->TWLS. EL CGEIRL-SIRETIE, BB
BENTHEL L >TSS, EEIIHTBOERLE—THS. (F) FFTORELER. FE (E) O5IEEMEX
YOPHRAOFFTERERBETICA NS, BEMEBAOCEESE LOREBEERIE, FRAZMMELZLTLS (F
BOWER). REEEFFEAEZERT (A) BLUBEAIEXRT (B-F) TER. X7—ILA—EEFnEFhlocm (D) H&
U50cm (A-C, E, F) TH5.

Fig. 8 (next page) PLT-FFT alternation suffered soft-sediment deformation (Lithofacies 4). (A, B) Dominant deformation

patterns of slump structures observed in Lithofacies 4. (A) Gently dipping, monocline-like slump deformation. (B)
Broad, open syncline-like slump fold. (C, D) FFT bed with syncline-like slump fold and a clastic dike of PLT. The
deformed bed is the same shown in Fig. 7H and I. (C) Syncline-like deformed FTF bed intruded by a clastic dike of
PLT. Highly disturbed FFT bed due to intrusion of other PLT clastic dikes is also below the deformed bed. (D) Clastic
dike and intruded the FFT bed showing plastic deformation as curving up from the original bedding. Stratification
within the bed is also bent as along the deformed bedding plane. (E) Monocline-like, stretched deformation in the
FFT-dominated alternation. The alternated interval is extremely thinning at the stretched part, and slides down
toward the west. Very obscure bedding structure is also observed at the deformed interval. The same alternated
bed shown in Fig. 7B. (F) Large, flat-shaped FFT clast just below the alternation shown in Photo E. The clast occurs
at non-sliding down side near the stretched part. Basal bedding plane of the alternation just above the protruded
side of the boulder exhibits irregular surface (yellow-dashed line). The photographs are taken at the southern open
quarry (A) and western open quarry (B-F). Scale bars equal 10 cm (D) and 50 cm (A-C, E, F).
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HRBIETHNERLIZBIMLTBY, FERFRZ HR
WK B D IEIRFRE 72 B 22 FRIR O ZE TR i & TRk
LTw3 ([MBA ~C)o 7272 LEBEIZEKL, F—

JBHE A RGBT & B RO A T TR
B L 72 il e s, 130° ~ 140° R E D
(B Z2Rd (8B, C)o % B, WRHRRLHRE (Hf
BN L72A T ¥ TREMIZBIZ T RE 2 #PHICEED S
QT

ZOMOERMELEE LT, WEE (K5, K) %
iK% (IX8C, D) D B L, [X8DDRkEIL
PEAHISE X O e BRI A 5N DHPLTO MR IR &
FIIZEDPNIFFTO A S » FHRMETH 5, W
HRE, FFTERO TH2LEATEAT 5725, FFT
rEONTEIMLTHIREZR D, 20 T
BACEIZIEWRE L e 5T b (M8C, D)o 72,
B SNICFRTIB MG etk & Wi 72 2 7215 T %
, THEDVERLETONE L)AL TWwh,
Tbb, FFTEOREMHE B L AR X
JE il L 7o e fa iR o> BN TH & FFNAY 70 BV 2 TM o
3 (XI8C, D)o %k, JEM LB AEIROT
MIZHPLTORNER 2 E ks, BEASNTEL
WAL L7-FFT2SiEREC & 5 (IX8C)-

SEE R IR G & L ¢, PEEISTIX R B o
FFTESH B IS S N7 HAHR 0§ [ RE TR & )
ZFonsb (K8E : M7BE [Al— D XM 72h, £
A HLEFT O AR TH 5 72 OFFTERHJE % AH3 &
LCRt#kL72) . HpHREESEOBIZE S5 TR 1H—
FALFGEMOYIHmE 2B W, FIERERE 0 Wl H
JElEEn L) b RMOFEEHEIZH L TH60cmT
Tﬁofv%>ﬁ%%@ﬁﬁiﬁb<(WLfkb
ERHERERE S L 1T L A ETER T & 2\ (X8E),

72, BIREEO FALIZIEWT R IEAERE S e v

FIERE & ) BB W T, FFTEZEEE T O
PLT CAMHD) 121, E#EFUETE SN TS (K
8F)o EHEIIFFTA & 7 % K i F150cm, 45 #ih &
40cmO i F A TH ), Flhx B 12
xF L CTRRFIIE SR E R EURE IR HERE
HEXA LN, FRFTOER L 72 B JE 3R I FH D,
2% (48F), EHEAMRE o &3 X1 T
A0S, BEEEOZEHL-WEER LD el Tl
BAZ MM 5 EET & 20> T\wb (X8E, F)o

V. T8ETAR] OHESELEBBBEEIZTDNT

BE T A TR S NA KIUEDE, 25k
&L TEAKINBEIK S B & OSHIRL B IR 55 5 72
D, F& L TTFHMOBLR AR LBEIKS CAH
1) & FEBoBAKILEREK SR SIS B E (A
H3BLU4) oMl azE2d 5 (X4),
T/, INSOBIKEEICIZEEY LA ERILA
MR N\, 2D, [HETAH] kot
NI R OMRERTE L HEET A2 LI LV, —
M, KLY o MR AE AT X IEE ICHEE T B
% (Cas and Wright, 1987; McPhie et al., 1993 ; FEET,
2005), 7z& 2\, BWHE»OMWKRGEBIK G OHE O
HISRIZDOWT, #AERIZHERS L 728 N KUK 2 D
FHEREY CTH L kB35 2 13T L A ERITEET
& % (Cas and Wright, 1987), % 72, HEEIZEE L
T2 KIERHERE ) & % 2 LIV T WK ERE DS, Kl
BEEDY — 54 N Th b EFHRES N2HH D
& % (Mutti, 1965 Wright and Mutti, 1981) . 7275 L[
B Al O%E, AT BHTNICBWT—ERET
DL, ERIIFEET 5 EE A DO 72 U %
RSB T & 252z T (2B, C,
M3C, D)o L7725 TC, HFlLEMTH ) 2h 5
KEDICF ORI L RS ZHEETE S,

(Bl A x, BERE (BHIEh, 1993 Tt

BEAE) O KILBEEIK A LIRS % F18 (44,
IE~H)tTé e, S MCEEREE XL
EB ORI HR L 72 A Th 5o HESEME
Bl E CHERE (RBUEE) ~ 7~ X 5 KIg
BiL, BRENZEKEG|ESEI L TEARKILKE
KIS 21375, KiFmd 34ESE 25 (Lajoie
and Stix, 1992 ; 17, 2001 : ¥ HIE4, 2017). %
LTt S e RaE o KILmg i ix, B R KK
WA S B VI ZRYICHERE 2 2 & TRV
fAlE R KILIKIE %2 23 % (Lajoie and Stix, 1992;
Manville et al., 2009) . HEREEIAHDOIEE 05 7
5 [HETAH] I2BWT, BIIMERICHER L7204k
W KIIBEEY CTh o lehBre vy 2k, B
Bt F 72 13 KB OWTIIHERE L 720 b nw) 2 &
(X, ZOREE &MY BT A ETHELGHET
Hbo WEITIL, B ERED KGR 2> & KK
ZHERE L 7= F D GisERE £ Chk 4 70 IR R0 HERE BR B
TR S 7KL E Y 2 BY B, [8E A
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D & EBIETS 50

1) BELICEE LIz KEREREY & D LHE

Pe B2 L 72 KGR 1L, afHDRLZ 72
B O MBI EAL 2 SR S 115 (Sparks et al.,
1973). Sparks et al. (1973) % &£ ) —#%1L L 7zFisher
(1979, Fig. 8B) D i By HEFR H.AL £ 7 V1, T#H D
BIRIX [ (Layer b1-b3) & LF#Fop )@ X[ (Layer
c-d) o4, ThTh [BlETA] OFMHIB X
DA ASIZE BT % ([X4), LA L, Fisher (1979)
DUEPERE AL, SRS 5 T & ERA S %
R ERAERE T 5130, BT 2 — Ui
oo THETH] OFHLUIIIKR TS 255, WMt
Wik % 70 S 72\ (M5A, E, [XK6A) . F 72503 T,
—EROBHETH L ¥ M) v TIVIROFI B % 720
L5007 12— UHEZEIIEREINTBE LT, Bk
bR SN 2w (K71C~E)e 2% 0, [BIETH]
&, B RICEE L7 KRR & 570 o 72 KIlig
B sty v a ek LTwWh,

IR EE CRE 2 L 7 K e fE 1k, —#%
AR (=2 F vy 2R, BIRGaw LE
B2 EH, HART A T, REERE L 2 KL#E
WB L ORAL LBV @2 WE T 5 L vo 72
% 7~$ (Cas and Wright, 1987; McPhie et al., 1993;
Jutzeler et al., 2014) . FEVAEHKE O KW i HEAE W T U3,
KEOT T 2R BEADORAL b RS, HA
T3 TRAEIRE BT S b (Walker, 1971;
Vatin-Perignon et al., 1996; Wright et al., 2011), L #*
L, Ihooafizuneend [BiE a1 1ICE2o
SN\, KGR & WS 2 SRR 1% K1l
ORI, —MRICETE, B IRE X UHBIRT
DD, KEOKE I KHRLFClIimsh I s S
N5 LT, WAMRKIOHEERIIZZZELHS
(McPhie et al., 1993), [BIE T A1 I2& N 58A,
A2 7B IOKILERIL, WD fAELRD S
FHEk (K5E ~ G, 1, K6G, H) THAHI L0,
KPEFENER CHB I N2 E2 520 TE 5, L
ML, MEINEWRTF [BETA] ICEEN
%5 ([5H) 1%, — #0720 KW HERE Y O e &
e b,

Dboka &y, [BETH] #47% L b i
REETRE ISR L 72 KB Th - 72 L 13%
A1\,

2) KEKNZRERY & DL

Be B2 SKRAFICHEA, & 5 \WIZKEKBK THE
L 72 K5, 3 &b b ARE KR (BAH - HF,
1970) 2B T 5 &, KIEIZHAER 2 KL s
J& % 2§ % (Cas and Wright, 1987; McPhie et al.,
1993 : FHHII A, 2017)0 KEKRRMER T IL, [
FAZEE L 72 K HERR Y & B I BRIR 22 T iR &
g L7z B s R, ke L ClibigE 2R
FIED, S IREETEE L7256 12 I E G %
MIRETHE, H25WIEHTAKT A THRE I
% (Fiske and Matsuda, 1964; Yamagishi, 1979; Fisher,
1984; Yamada, 1984; Dimroth and Yamagishi, 1987;
Stix, 1991; Lajoie and Stix, 1992; White, 2000), L %* L,
TR L) I B T A NS mIRETH -
7RISR H N7\,

BAE LT R WK KRR O &, T8
X At~ R AR AU 1 % 720 L 723K TH ikA
BRI s 2 TR L, RESR OB,
FHREREZME) 2 &b H S (Fisher, 1984; Yamada,
1984; Dimroth and Yamagishi, 1987). % 7=, FEEH
DIKIE KW HERE Y O FHRIX I, PAT 72w L#t
SERCE L 7z Mok ~ AR 8 K s R0 K IR R K s o
J& 75 7 % (Fisher, 1984; Yamada, 1984; Dimroth and
Yamagishi, 1987) . £ 512 EEBIX [ Tld, HLJEHAL
TS 5 & & b2, K4k E LT Bk
{t9 % “doubly-graded bed” (ZHEMAILIE) ALK S
114 (Fiske and Matsuda, 1964; #AH - 4, 1970) o [#H
BNA) I, @fE L TTHoMRKXHE (FEHto
FHD) BLUOEHoORBXH (WEHbTOSMHE3E
4) ORER SN, KINFEEY OFEfE b EH ek %
B CIRTEAE O AR KRR (BT 2 (X4,
5. LML [BIETA] X LETEHBE S IKEKE
THERE Y % BB O T B AL E SRR H v (X
4, XI5A, B, E, F, [X6A, H7A ~G). F72/KIE
KWERHERE X, HREaReNA T7a s I A8 4 b
AT HZ &b d D (Fisher, 1984; Stix, 1991) 25,
INHBETADOEHEEEL 22\,

TR K AGEHERE I HEE D K ILIAG & 7 & Rk
S, BHIEOSIR- R AR~ T AR O S %
FfhE 2% (Stix, 1991; White, 2000) . — 7, [#iiF
TH] OKER T 0% 1, RERICED & 37 IR
~M#IRTH 5 (56 ~ 1),

ZOEH TBETA] IKEKFRHERED 12—
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BZFRO LN E VTN RV T WA,

3) BTRALUEBYE DL

B BT HERE L 72 KB id~< >~ by y
TA YT, T bbb HIEO MM 7
AT BEDIZIZ—E L RKEREEZERT 5 (Cas
and Wright, 1987; McPhie et al., 1993), [ T 4 |
DEMAL, EHRD B VCIZHAHRICETE L 72U
xRy (M8A~C, E)o L2L, AHIZILEL
M2 @R 2 b DS HIRIICRET L2 L, B
L O ARfEE LS (X4, X8D, E) T &b,
e 2R L7z KN k2~ > My 74
> 7T S N v,

I BET L7214, KENZIFED 5 \VIZKENT
JEE L 72 IREE D S HERE L 72 L iEwnE, —/%2il
KO BT 2 AEEIROR T2 520, SIRE 7213F
TR R A LA 1% % 7R 9 (Fisher, 1984; Dimroth and
Yamagishi, 1987; Lajoie and Stix, 1992; McPhie et al.,
1993), [BIETH] 1, FATEBED S L EMHIDKX
MAAT5500, &Re L THR»OEIKART
MEBE DKL EY (B5A, G~ 1, M6G, H)
THER SN 7280, AISIZEET - R L 722 ol
BMERELD,

L2 LK Z TS 28A 06, WIZE HHF
F-Lo®EETENEO) HICMBEINLZLbH b
(Richards, 1964; Niem, 1977) % 7z, WEEE(Z 22
THADMEZRLE) 2L THHEZN) 5 (Knopf,
1966) o

FR L7z X912, &IKGEREORIEIZ OV THIER
(BT KILWEEY) ThL0E2OMINIES TR
V> (Cas and Wright, 1987). L 727> T, 1A%
BHOKILAEE, REEHEE L OREHROALNS
(3% T4 (K6eB, D, F, G, [M7C, D) ®O&IX
I ANRiHE - SEEIREE D & TR L 7-A R0 KILK 2 H
KD EIFEZSNLVA, BN KILBEY % Bt
WHEME (72 & Z1EB7H, NIR L 72 PATHER %2 & D
BIKEIERE) DBETE RV,

4) IR & DL

KB KIHEBE CRE I S zmE ik, kL
(ZHERE L 7= R0 AE B 70 KIS 1 5 N — )V R0 K it
W&o THESE S, )R 2 O S H OB I R
&3 % (Major et al., 2000; Newhall and Punongbayan

eds., 1996) . & { ICHMIE A MAET 254, FHERRE
PED K ILTEEI A 5 72 2 I E AT S b
(72 & 2 1IZManville et al., 2009) o

— WA IR L, SRERNHERE) B & OB R
HeAEW SR SN A (Miall, 1996) [ #1%E T4
KLY OIERE Td %5, WHEREY) O R
rRBE LV, Tabh, AR EHS
IZAB6N5 (K7C, D) OO, HENIZBI 2
MOVER R R T IN 2 R 2§ 2 PRI, 7 78
BLOA 7oy HoFsEHE (Reineck and Singh,
1980; Miall, 1985; Manville et al., 2009) % ff 2 C &
e\, KBRLFIIEREECA — T v T — I %
ZRLTBLT, HRAERAKEOIER % 52 725 %
RNTW5, 7o, JLEEICBT 2 &R - HERER
RRTATIER, ) v TUVRIKER, 7943
7)) TR WALk i & 2 3R HERE ) O A
MERE DI, LFER - EYRGEENIC X 55+
BOAKEREB, KkE, RESCAWIHEME (Reineck
and Singh, 1980; ft#2, 1982; Miall, 1996; Manville
etal,2009) OWIhd [EENA] IZIEREDO LN
e & B0, IHERE I I AR Y 2% JE S 1 ~ 5m
FEREE O _E TR A 2 v (Miall, 1977, 1996) & [
T A IR TE RV,

L7z25>C [#E AL 25 o Rl
elE & 13E 212 v,

5) RKEDHERY & DL

KR, 37 b BRI LLE O KR HERE L 72
KifEEwE, WREDICEDIEHIZES SN S
(Cas and Wright, 1987; McPhie et al., 1993) , = D F,
HERE L 72 KIDBEEIZ1Z ) v ZVEIsCTER, 7 o —
Ty TN, AF) TN (Fa— URERE)
YEy 7 IRFICEEDSTE £ 115 (Cas and Wright,
1987; Fritz et al., 1990; McPhie et al., 1993) .
[HETA] TiE, WO 2ICHEEOER (IRET
RLEE) ZRET LRSI I N TE LT
Mz h Ly by TIVIROFR G % 788D 5 DA T
»% (H7D)o

AR ZHERE L 72 KR, & ISR RIS
Kooz TcELHEBESNS (Casand
Wright, 1987; McPhie et al., 1993), [#i& T | %
B8 AR, A, A0 7B X KILEB
DRI TNEHE SN TS (5F ~ 1, X
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6G, Ho AR AT 7 L0 1L 7 M0 G Wy s
FBLORIAE - MACEEKILAEEOMBE b &
< (B5H, 1, 6G), Hi[61: o> 22 A & 1) Ak
ftL7-2 & &R RET 5o

Dbko ko, 8ETH] oXU#EwiEE
EOEKIRLT 0555500, EABIZHER L
7T REE & FEAR A SC R A SRR S A RV T
%o

6) KILBBEARHEREY EDLE

KA HERE L Tz I mas, |
L DIKERE LBV ARE NG E T
BP, 2005) k7o Tt | - EET A&, KILFEEE
JHEREY (FHIZA, 2017) BT 5. KL
JEE IR, RS S imKETH o 72
F#e k&, PATREE, R, BIHEL LU
FE R &, FRRILERE Y 2 5 7 5 H TR
HerRY (aEiHEREY, MRS -y
A bR &) LKk R Z 79 (Dimroth and
Yamagishi, 1987; Stix, 1991; McPhie et al., 1993; White,
2000 ; HHITA, 2017)c FRHERE L 72 K ic
HIR S 2 BRI O a, HE S 7z KR+
PO %) LEEOMEELZ LB S (Yamagishi,
1979; Dimroth and Yamagishi, 1987; Stix, 1991; Jutzeler
etal, 2014), [BIE T A1 2T 2 KR T 13,
R G OENIE D S T HBEOGEWE Z b
5 (45F ~ 1, M6G, H), BAUSMZ b ZIrEHE
R EEDOKIAEBEB LA TE2EGLENY
MR 2 RS (51, [X6F) 2 & 2 6 FHEREE
DRI OREE L —F T %,

FAHUE, BLR DB FF S NTRIRA R 72
Kfhozl, EEx2EMT 5 (M4, H5A, E,
Bl6A) o Z D &9 aHIE, EmEEDOEIIRET
HolBENRNODODRGIMEBIL LML TH
0, KB SRR EEE S -8
4 b EERR S LTV % (Fisher, 1984; Houghton and
Landis, 1989; Chough and Sohn, 1990; Mueller, 1991;
Mueller and White, 1992; Karatson and Németh, 2001;
Otake, 2007; Gihm and Hwang, 2014). & #1ix &1k
ELTHIRTH 57%, Ebo TR ZBERE D
SN T2 ([X6A) . ABINE 2 e = —&h
VRED BRIRAHE, BEit & 4530 L 72 IR E T
PODOHRIZ Lo TR INLEEZLNTWD

(Busby-Spera, 1986; Cisterna and Coira, 2014), ¥ 72,
GHUIZEB KOG A DET 2 BENSALNLS
(6B, D), FMDHEME LT, KfE50cmbl F o
1B % & O A B HERE Y A5 B R AR M A 2> S 51 6 L
Tw5 (Talling etal., 2010) o

RO XMk A RO 5, BAEmIc#EE
LKA R OBIREIR S (X6F, G) X, K
FAHOMER SN O 22T 774 M2l ah
% (Strzebonski et al., 2017, Fig. 4B). Z O & HEIX [t
O FANIIFICE ISR S TB Y (K6F, H),
TFIMIREEDN SR L 722 L 2R T ThbDbEARMD
XM LEE, AlEime (SHEE) BERICE > T
e 87z %z 514 (Cisternaand Coira, 2014) o
T 72, GEEXEIZITZIEE S X OECE E 0K
HRATN) T o TR O 7z B WL AN F] —
HIZALN (K6G), S I FRHERE L 72 KLt )E
McThHsEHMEINS,

EAA3NE, MU 7 KR (EA) 128 & XK (PLT)
B L O 2 Kk 70 5l 3 % X (FFT) &0
HRED2S 7%, FATREC AR B, 2 AT,
AN 2 B, G I L e Vil b S, B
X O TEHAE & PRI ECE L o Rl 2 b oA b
Beds (¥7),

D& mEE, HREME DS L OREIREE
75 HERE L 72 KL Ic % <R 515 (Niem,
1977; Busby-Spera, 1986; Cas et al., 1990; Chough
and Sohn, 1990; Mueller and White, 1992; Kano, 1996;
Jutzeler et al., 2014), E#§ LK FE D4 o 72K
WiEmw 2o % s HEE, BEDRICBTL2EE
WAREOHELZHZ XML TEBY, Wits £
OB IREED S OHERF I X Y IB &1Lb  (Chough
and Sohn, 1990; Mueller, 1991) . Busby-Spera (1986)
Mueller (1991) (2 XX, EHHR O T 5%t
WZBWT, itk 5w E L 728 2 KL e
Yo (FEITRMEREW OARLE) 12, KEREL TRAD
SHER 2 58 & BT & 72 I8 KIekr - DL FE 3 5 3
HHEANED REND Z L1280, MR — MR KL
WM OHREE 5 PATHEE, RARKEHEL X
DR EHIIFIIRED S OMERE 2 RIE L, KILE
Ty —E 54 b TE—EYICHALNDHERELETH
% (Cas et al., 1990; Mueller and White, 1992; McPhie
etal, 1993). PLE & D GH3DOKETDH % Mk —
weKILiE ERE S L TR EOE (X7A ~ E)
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&, FE L TOHERMEIG & 20Ul tE D BEIRE,
SORMIZED DD EMRENS,

HERY C R R O 2 7 2 KLY 2 5 4%
BN D HEREE, AR D 2\ IZEF ) 7 B %
R (72 & 2 1ENiem, 1977), ZiiE, BEEOME
A 7 BRI KR 12 & B RRAL, & B WIZERE K
ek FOZEREREICL S BDOTH S (Niem, 1977;
Cas et al., 1990; Chough and Sohn, 1990) . [#i#& T4 |
Tld, PLTORE LFFTANIZIRIE UK ILEY 2 &
ho iz bl k), HMHNIIHEREY E I
2& b 74 BER ORI EEI NS, Lo
T, FHSORHE 2 BHE (K7A ~G) b BEAEf
FTTREEINTRAICLEZ DEEZ NS,

M EAE 2 Ll R b i 1k, AREE R
DOWNFIZBWT, RPTICER Sz T2 a >
H—Ry MZEBHDEEZS5NTWS (Chough
and Sohn, 1990), kI 27 3 v —y M, WE
R D 5 B EIRE T O T ISR S 5 5T
&% (Lowe, 1982), #H3TIL, PLTOHJENIZF
BT TR & L7z i i SRR H b (IXTF,
Go LZZA5T, Zo0L)RXMIEEESY -
A PMTHDLEHESIND,

KIS B D HERE Y Cld, KBk T o Bl A
JEBRTE & 1T IEFATT 5 2 & b %\ (Cas et al., 1990;
Mueller and White, 1992; Kano, 1996). #HH3DPLTIZ
EENLEMIROEEA I & FAAIICES 3 2
@A A S (H7F, G), RF 0 EIis o R
L 72T REME R TRIE T %,

FHATEHBOEATH Y, AT v THEECH
TRME A 7 &R EREHERE W) DT S - B Tt i % 4
BE4s (M4, M8 D& HZERIL, HeMist
T AH O K LR 5 B ) R W S — R IC A H L
(72 & z |¥Zakaria et al., 2013) .

AT v TRERE AR AT, B 2 HE R
WD HBKEZEICRFEL 72 ZOIREICH 5K
EHEHERE IS, A ONE - MO EROERS 2 2
T SIS (Allen, 1982; Owen, 2003) . Z A%
EOWRHKIZOWTHA ZBArbERINTW D
7%, Moretti et al. (2001) (2 & AU HERS T /) Bl 7328
EOERTH %,

Moretti et al. (2001) (ZHED L, ‘EHAIZE W EI
THWrB R I B (5AH3) oftia S s
Fha L, T b bHEREE O R WES L - HEREY ©

KU AT V¥ 7R ER R R O % )
ML CTWaEEZ N5, VYT (LEBIXHE) T
FIZALNLEHRO 25~ T#h (8B, C) (3,
B KR OFTEM S Mo N TB Y, HEIC L
LBEMFHOWE TR SN ELZONTW S
(Lakshmi, 2021, Fig. 3). =4RIZJE T L 725 Ak &
B SN R S - A (1K
8D) X, MEA A OHER K & AR L 72 A 22 e g
5% (Berra and Felletti, 2011, Fig. 8B) 7% &% &5 4
SENTw5, EEXHICA SN LHFFTO BB IR
THIREFLEO FIANCZEZH L TB Y, FE2HEo
B 2 HFFTIESEJE ORI I M AT &
nTwb (X8F), Sty (1977) @ [#iH ]
ATy TREEL BTE, BRI E B EO NS
LT L2 EREERO—H LRI NS,

7) TEETH) ORRL HES

[BlETA] X F& L CRIUEERAEREY
BIOAT Uy THREYW THLEMMTEDLZ Eh
5, FORJE LB OVWTEET L, IhbH%
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Fig. 9 Possible depositional settings of “Kanagaso-
ishi” Tuff pyroclasts (modified after Cas and
Wright, 1987). The pyroclasts are suggested
to have deposited on middle to lower parts of a
slope probably dipped westward in the light of the
characteristic four lithofacies. Namely, lithofacies
1-3 (pumice and felsic tuff transported by “cold”
volcaniclastic sediment gravity-flow), and its
lithofacies 4 (slumped gravity-flow deposits) within
“Kanagaso-ishi” Tuff, reflect their material had
been accumulated from middle to lower slope
settings due to collapse and slumping of previously
deposited pyroclasts at an upper slope.
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Fig. 10 Relationship between the textural patterns
of “Kanagaso-ishi” Tuff used as building stone
and their lithofacies types. Examples of the stone
storage in Kanagaso-Hakusan shrine. (A) Stone
storage used “Kanagaso-ishi” Tuff as building
stone. (B) “Striped” pattern texture (Lithofacies 1).
(C) “Honeycomb” pattern texture (Lithofacies 3
and/or 4). Scale bars in (C) and (D) equal 5¢cm.
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