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Tectonics of the Fujikawa-kako Fault Zone around the
Hoshiyama Hills, central Japan, since 1Ma

Ken-1ca1 Kano!, Ker OpawaraZ, GENyYU Yamamoro® and Tanto Ito?

Abstract We have examined the surface geology and tectonic landforms of the Hoshiyama Hills
and its surrounding areas in the Fujikawa-kako Fault Zone (FKFZ), central Japan. The FKFZ is
generally regarded as a collision zone between the Honshu Arc, mainly composed of the pre-Neogene
accretionary and the Neogene collisional complexes of South Fossa Magna region, and the Neogene
Izu-Bonin Volcanic Arc on the Philippine Sea Plate. This zone is believed to be the most active and
dangerous area of Japan in association with violent earthquakes. One of the keys to understand the
activities of this zone since the Pleistocene is to reveal the geologic structures of the Hills, as well as
the characteristics of the Omiya and Iriyamase Faults along the northeastern and southeastern margin
of this Hills, respectively. Our surface geological survey reveals that the upper Lower-lower Middle
Pleistocene Thara Group, main constituent of the basement of the Hoshiyama Hills, has complicated
structures including several-hundreds meters scale steeply-dipping beds without distinctive preferred
orientations. The structures also include chevron-shaped anticlines and flat synclines, suggesting that
the E-W horizontal shortening due to fault-related foldings was the main cause of their formations. The
flexure-landform associated with the Omiya Fault clearly suggests that the Fault, previously believed
to be a high-angled normal fault dipping toward NE, is a reverse fault dipping toward SW. However,
the landform around the Iriyamase Fault, also believed to be a NW dipping reverse fault, show no
evidence of its existence. Finally, we have summarized the tectonic and volcanic events in and around
the FKFZ since about 1 Ma. These results suggest that the Quaternary tectonics and seismic activities
of the FKFZ should be necessary to re-evaluate based not only on the surface geological and landform
data but also on the subsurface geological structures now being poorly known.
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Fig. 1

Geological outline of the southern South Fossa Magna in the Izu collision zone and the location of the Fujikawa-kako Fault Zone

(FKFZ), mainly based on the seamless digital geologic map provided by Geological Survey of Japan. The pale-green area in the inset figure

corresponds to water depth less than -3000 m deep on the Philippine Sea Plate. The legend of this map is available from the following

URL. https://gbank.gsj.jp/ seamless/shosai_legend_j1.html
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Fig. 2 Topographic outline and the location of the Fujikawa-kako Fault Zone (FKFZ) in the southern South Fossa Magna, compiled from
Sugiyama et al. (2010), Sugiyama & Matsuda(2014), Mizumoto et al. (2016) and Ozaki et al. (2016). The relief map is made from the
50m-mesh digital elevation model of the Geospatial Information Authority of Japan by SimpleDEMViewer. FJK-1 and -2: Seismic survey

lines in the Fujikawa-mouth area by Geological Survey of Japan (Ito & Yamaguchi, 2016).
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Fig. 3 Bird’s-eye views and distributions of main faults in and around the FKFZ (A) and the Hoshiyama Hills (B). These landform images,

showing by slope-angle degrees, are made from the 5m-mesh digital elevation model of the Geospatial Information Authority of Japan by
SimpleDEMViewer (hereafter, LIDAR). Abbreviations shown in B refer to those in the legend of Fig. 4.
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Fig. 4 Geologic map in and around the Hoshiyama Hills and the locations of outcrops referred in the text, compiled from Ozaki ez al. (2016)
and this study. The topographic relief are made from LIDAR data. Area of flexure along the Omiya Fault is based on Nakada ez al., (2000).
Numbers on the borehole sites follow those in the report number of the Earthquake Disaster Prevention Center, Shizuoka Prefecture. d.c.:
diversion channel.The bedding attitudes only shown for the volcanic fan deposits (vf). The estimated part of the Agoyama Fault is based on
Tsuya (1940a), Yamazaki (1979) and Shimokawa et al. (1996b). Geologic profiles of S-A-A” and S-B-B’ and those of GSJ-E2-E3 and GSJ-
F2-F3-F4 are showing in Shiba et al., 1990b) and in Ozaki et al. (2016), respectively.
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Fig. 5 Geologic profiles of the Hoshiyama Hills (line locations showing in Fig. 4): HB: Columnar sections of boreholes along the Hoshiyama

diversion channel. The E’-E” profile is based on the survey reports for the construction of the new-new Fijikawa bridge.
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Fig. 6 A: Ill-sorted volcanic breccia of the Iwabuchi volcanic rocks,

probably filled in a volcanic vent (this location showing in Fig.
4). Note the overall vertical linear arrangement of long axes of
volcanic fragments without planar fabrics.
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Fig. 7 Irregular mixture of the volcanic breccia of the Iwabuchi volcanic rocks (Iw), and the conglomerate and pebbly sandstone of the Saginota
Formation (Sg) (this location showing in Fig. 4). A: Overview of the outcrop, B: Close-up view of the lower-right part of A, showing the
boundary between the volcanic breccia of Iw and the pebbly sandstone of Sg.
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Fig. 8 Lithofacies and structures of the Fuji volcanic fan deposits.
A: Clino-unconformity between the gravel beds of the Saginota
Formation and the volcanic fan IV deposits (vf4) (this location
showing in Fig. 4). B: Northeastward-dipping volcanic fan III
deposits (vf3) in the flexure zone of the Omiya Fault (this location
showing in Figs. 4 and 13).
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Fig. 9 Attitudes of poles of bedding planes of the Saginota
Formation (lower-hemisphere projection on equal-area net). A:
Data from the southern Agoyama Hills in Ozaki et al. (2016),
B: Data from the Hoshiyama Hills, compiled from Shiba et al.
(1990b), Odawara et al. (2013), Ozaki et al. (2015) and this study.
C: Data from the Kanbara Hills in Ozaki et al. (2016).
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Fig. 10 The Numakubo Anticline in the Saginota Formation (this location showing in Fig. 4). A: Overview of the outcrop, B: Geological sketch

of the axial part of Numakubo Anticline, C: Attitudes of structural elements of the Numakubo Anticline, plotted on the lower hemisphere

of equal-angle net ([Legend] 1: pole of bedding plane on the western limb, 2: pole of bedding plane on the eastern limb, 3: best-fit girdle of

poles of bedding planes, 4: mean fold axis, 5: pole to fault plane, 6: mean attitude of poles of fault plane with 95% confidence cone (blue-

colored small-circle), 7: mean attitude of axial plane of fold, 8: fault plane with striations, 9: direction of striations on fault plane).
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Steeply-dipping and chaotically disturbed beds of the Saginota Formation exposed on the northern-side slope along the Shin-Tomei

Highway at Nukudo (this location showing in Fig. 4). A: Overview of the outcrop. Lighter and darker parts are mainly composed of gravel-

sand beds and silt beds, respectively. B: Central part of the outcrop, C: Close-up view of the steeply-dipping gravel beds, D: Irregular-

mixture of sand and gravel beds.
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Fig. 12 Slope gradation map (A) and topographic profiles (B) around the Agoyama Fault, made from LiDAR-DEM data. The fault traces are

not shown in A to make clear the landform around the faults. Abbreviations on topographic surfaces are the same as those in Fig. 4. Profiles

6, 7 and 8 are showing in Fig. 13B.
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Fig. 13 Slope gradation map (A) and topographic profiles (B) around the Omiya Fault, made from LiDAR-DEM data. The fault trace is not
shown in A to make clear the landform around the fault. YT: location of the Yamamoto Trench, d.c.: diversion channel. Abbreviations on
topographic surfaces are the same as those in Fig. 4. Profile19 is showing in Fig. 14B.
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2016) & T, KEWE%IENE & 3 2 BRI
O LN,

WWTE ? : Lin et al. (2013) @ Fig. 3121, KEWiE %
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WiTE & AT LRBARIRENTWS, LrLLXL,
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LALTIENTE S,

BRHE « ARRE D & 7 2 I 16 125 VW T,
B D TEEB & T o KFFEEE400m o [X[H (118, Wik 11
OWRHOFH) T, BITEDRHAR D KCFHERE Y R O 5
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TKPEEMEEIEAY 60m T, SHMERIFN1% L X5, 20D
ACEEE AR R & EREE o LA 80m 23— Wifd o B AL T
Ganl:id5LE, ZoOWEIZALEIZ50°FifR O R
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Mot s -3, Rz ) B R
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EL, HIINC X 2 ERUIKTOBEE, 3 4bbiBE
MROBIBSEHENTWE, LEdoT, ZORETIX
AR R A BN, TR BRI A D - Tw
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PUD DOEENRAING. L, ML EROEH
31 2014 AERITFIRALIE O B 12> TR S LTV S
(Appendix2R). 20 X 5 LHEE COEME O LM
X, 5%, WEOME LM T 00— MEL% 55,

A LB

ALTEWTE R (1940a) 12k - T, BILEBOE
W E B L)IERH L ORFEL2 S, BITFO X S ITIRES
nr (JBESCiEfEE ).

NLBET B L REROBH TIIEO LN VWE D
THoH, MPWIRELEEROREZDA4E %
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DIRDEKIFEELE EEERERAIMEICE
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THETHTZG=ZTKANIDRIDAIZE!) . #
D CRBTE DM RANLRERICE L TR K
TLTAHAZEDLE~NLNT T,

AW 1, BIERE O HEEH» 6, o R

LB, BELHRMMNE»SEBLIRVERETL,
R EBEOREOEL)RIIEST 2RENEE LTo k
V—2pEEsnTWD (K2, 4) (Ui, 1979 ; HH
E2, 2000 ; L), RETEOILE, EILEREOFHEM
O T AILNERTE X mATNE & ShTEzo (L
W, 1979), ZEHIEIZIZ LA LR LNT, FDHEE
B S 2T T o TWRW,

B EE RS co ALTEEE X, KEWE» o™
HAIEMLTWw (3B, 4, 14). FvyFFEEOM
WrZWEINEBE T CEEROR—) v 7 THifEoF
EDPMET S T8, 2% RT3 & 5 2 10m B
HWHPAN T, LEEH~ZFHo L TEMIZRD b
TWZ W (Yamazaki et al, 2002 ; Jull « ZFEE, 2007).
FWREAR—) v 78 (TK) ZERA WK 19, 20 O vi3m
E “BEER Koz /ED, WimAR2l £ CHEkET 5 &
<TH3 (HM14A, B).

W45 22 DAL HFY 150m TOJERTEES AR — Y >~ 7 (AB)
Tlx, FEEE160m OHFIPH CORDIREI L S iz, Z DfE
B, BTRIHEES L TORIE b v —20dbiEillo e
Am O/NER, BEHE 0 LI A TWEHIE O /I Fet: 23
HoEHusnTWD Gulll - #EE, 2007). 7z, W
JED MV —RAZIZEAT “BELIRRHERY” »15°8%
EHEICEM L TWS Z L3RS, BIAWEP ()
100m ? ) DFERLH B L S N T REME DR &
nie Gl - Z8E, 2007). 7223, Wil ohifE £ CIE
TETWRY, JEEER T OE LR - 1B HERE
Wz HEE o RHE B EEHERE 12 & o T, OB X
¥ N OFEEDER S L TW5 A (Yamazaki et al, 2002 ;
FUIL - Z5HE, 2007), RVEIZZ o 723557 T 0 RSy ©
FED, MHECTOWBEMIERTE 2dDTIERW,

WITAR 21 DLRE CILETE 2 /MR A A3A A, BT DBRE
BT L CwWa, S 5T S OWTR23, 24 T,
AR EMO LS 150mBi#OaEE L 225, T2
B HE < KIBER R HHERE ) & D (X BRI 2 EH AK L
HENBHLTWS, $hbb, ZOHETOEDEERE
EREWRE OBME X B D, Wimites, 24 TOET
BHEE SN TOBAWIE b v —2 25 250m 2L FRFHE Iz
L TW5,

Wit 24 D &R X, ARILOmMEE, ELIE
R D FFTEERIZ B 72 2 5 1) 1128 FHH o 253 L L SE A3t
DREBICHERELTWS, ZORAEOTE, WK (S
30m) 225 D HE 60 ~40m 1213 5B B X OFEMTTE S o
FHHATER S Twd (K14C), 2020 FiHH
R R IS 2 EEICE L, KILERR
HWIHERY) (vE3) R 2mEITHb s hTtws (&
Biig 2y, 2016). 2O o O FHEIZBIEIX SN &S T
T2, BAHIESH»IE TS 2 LlHoEEE{Lr b,
TERCYIIHERE L T Wit AR E NS,

ZORNHHIE L TR, Z o vi3THIZEILIBUKKOE
M, BLE/E£73, 2RIV HTOEF 25
—EHRIOM OB ZHT L, LSO E L) % HE
L7zHhA% - eiic X 2B EoRENTH L. 20
vi3 DHEREAERIE, BRI oRESH (LGM) 2
Hi:zd2lkaBHELIFZAMBIE SR TWS (p.29). L
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TEFRH WL 2 72002, AILMENTE 0L ~ v — 2 offili &g, HiEE (FAfRE) o, K4Lme, Wmx17, 181,
M13B %R, TK: WP R —Y > 7% (Yamazaki et al, 2002) DL, AB:BIEFIAR—Y v 27 Gull - FHE, 2007) OfLE.

Fig. 14 Slope gradation map (A), topographic profiles (B), and bird's-eye view (C) around the Iriyamase Fault, made from LiDAR-DEM data.
The fault trace is not shown in A and C to make clear the landform around the fault trace. Profiles 17 and 18 are showing in Fig. 13B. TK
and AB: Locations of the boreholes at Takido (Yamazaki et al, 2002) and Asahi-cho (Maruyama & Saito, 2007), respectively. Abbreviations
on topographic surfaces are the same as those in Fig. 4.

12h3o T, BLINERBOORARIE4 DL HIT#ET 2 RIRR Lk 23, ZRINGRALTWS 2 ETHE (I
BEL, VBHOERMENIFELTWZZ EIZh s, 3 &, 2014). ELEMERES2 58 Ikm 5 IZBETE

Tbb, ARUEEOSE LM, BILEEERED
REEEE (WK 22 DARG) D2 1L, B L Tz 4iFo
BhNck2iRBETH ), BEIGEWEDEEIX v3HE
FERHI I BEICIERL S LTz, IR 21 Dbz onwT D,
BEhEE & T AR A IR, BREBEOREMLE
W, BHR L2 & DT, KEWE I D S, vi3Ht
BUBITER LTS,

HBCRHEHIE T O AILIENTE OTEE) % R" W2 3 5 B D
Sk & UM CEEE o 1x, WERICELIIGEMNT
DYKHFIZL Y, ZRMNETT 2 X 5124 ), #ED
MRS BB T O 34ER] (1855~ 18574F) 1Z1%E6H D

a7 EE3ND MEHEL” OKk#&, 1920 ; PHE,
1977 ; 1EA - 3R, 1981) zowTid, FHITHY%T 2
HEREE D I3 ESNTE oS, “HEMEIL" &k
TREEE CARJRE - KB, 2016 ; FHg - LA, 2016 ; ATHIZ

», 2018 ; HHZ 2y, 2018) HAETH 5. [HA - K
(1981) @ “BLHJIWIE" 12X 2 “MEBRHEEEOZER”" 12
OWTIE, MELGHEEERNSRBSRTELY, by
FHRETIIWE 2RI L o7z (F)INE2, 1996a),
RIS DM E LD o7 L LTH, WEEEIZL2HD
T, BEHZ W ULIEZDKOUEKICER L 78
2H LT,
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HE (1940a) OiEf > LHEICE S T, Bl
iz 2 28z onTIE, EAMNIE & LT o AL
JE DIFAE & RS HVE S0 - BN T ERIZE S Tw
W, HAFE (2018) 25ERT 5 L D1, ZOhr—
ADREE 2D T, WMEOHFHEHEREEZDT, &6
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WARILARE I, AL 13 -t ) C Pl _b S ok
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WHEEZEE S+ TWws (Yamazaki, 2002 ; HiIgEF4
HEEARTT I BRAE R A S, 2010; T &), HHEEE?S
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oW, KEAR (F17) osfm@E oz (L
IR, 1979 ; MHA - H¥R, 1981) R HEHIERESR (Kaji
et al., 2008 ; g - (L1, 2016), X—V > 7 (G -
KEF, 2016) L EITX o THEIENTWVWS, INLDER
BilzonwTid, MELAZED TRRIZ2» (2016) THEHEL
CEBAENTVBDT, KiFTIIEKT 3.
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Lin et al. (2013) 1%, BFRAL*&LERLDOVES D
AL 7 OARHVR W A LLTEETRE 5> & 40l U 723G Wi &
LT, BIIEEZMNT2 “HRNE OFEEIERL
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4DTwHiE) T, BV EHEOY NV NELEE L M ET 2
N26°W/75°SW QO £# &> “WMiEH3HiE" 23ME LT
W3, IO “HAWE" 12ho TIE, ZBEIIEOFEET
MeRsnTwiw, BIFIE (2016) 1%, B HEOW
JEFBIEO HTIE, B L KIUBHERY 2k 3 250
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TIFMBRER LW,
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MU EIZii R T & 72 R ME - i 7 — & 1c&on T,
UTFCTRED)IMOWES (FKFZ) & ZofHidcod
~BEFHLUFEO T 7 b= 2% DTV, K15
12, FKFZ O#RE & BE S 2 18 - KITEE) 034
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3, BEEICBEES N TVWERY, BHFHICASTH5D
FKFZ D O WilgTEE) - #HE Y R 7 Mz oW gt 4
LIEREDID 2 Bs, EEMIZEIRIZS (2016) It & BIE S
nizw,

K15 D hC, m/Ad (FPEl) 13 FKEZ 2> 5 FPE
1260 ~T70kmEfEn, BN 70607 4 )V VS
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BIR IZ W7z 2 C, BIEORMIE N 7 7 K5 51330 ~
40km OIFEEDS D 2. T ZITIIAEEJERE L3 IZRRMR /N
SRR L, COTLOIERS & Z O LALOB /K
BYERSRE 0T LT W2, 2o oFERE (HA
) 1%, FKFZ 225 REVE 5 128925 ~30km, B&{ b 7 7 &
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ZEEMEICAE L (K1), AR 2 S BRI
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BRI (EROBRR IR O A %KLL Tz,

FKFZ 2> 5 #9 20km 3 7, Bt IR O 5 K 1L
(ASTK) (K1) @XIIEEN X, FKFZ o EEEROZE
Rz A T Tws, EEXLOR G, FKFZ 251330
~ 40km B 5 OFE R EERITIE, RO KB R
KILDSTEEI LT3, BEXKLORM, FEHEOIE
OFR K OTEE)E, FKFZ ORI L EH LTV 3,
B CRACEAA) o BAFHI % FKEZ 2 5 #J 40km [ T
TR 22 OALTRIRE I U, W RE & RIS
JE O R ERBERE - A JE o HERE - B E LTV D,
BRKLEE- - B/ AEOHRE - T (SifiEFHH%E
~1%EAEFHEIHEA)

Wt - Bl - FER TR O 38 2 R 3 2 R R T
DOWEE I, 20 o B EFR e LIl o B K
OB LG 2 i EH 0% 0 IMatH (1A
&, 1995 ; 7F¥F, 2002 ; &) »6, FTT7ED LKL
ERBEINHERE B L T2 B TH 2. D B0 E
KB KRR, FHEIAGE O T oK
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JE X IAFEPH TR BB L, BRI ERE & BILERE T
EPRF100m D L 1Z 2L LoD R ~&ER L7
HEEIER S T 5, BEEHOHREIKT L, B
FRML T2, HIFIMET 3 2 MMizowvwcix, Fil
HEHHAY (0.56Matl) M SHBREIEH ORI (vid
HERELLRT) T TOME LARETS Zw,

o HBEHRCOEE LG, Koz RoBA
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RO ME GAARKRE) LIFFTThs. 2
DO ERERMIEEDIZF TR EsoTE 2
EERBT S, TRERICH L CraikilidiE e T, ik
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Appendix EEFERD “EF>F7F077 2014 ERFEIIPOME I S HEihigE

20144F11 A 22 HizFA: L - BRI oHE IR :
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T30°REE E D), MIRIGERREIES. ZOEMTIE
W T 1 F R EIEE LT,

Z OB ORI R L, KEWTE OB & AEM
LTW3, ZORBIZKEWED 10000 1BETH L
B, BEMERD “EXv7Fus” HdrwiE Ay —u
TN LAHDIENTE D,

Bt o ALEE 2 ¥ss L 72K 18A O FRIHI AR TS (1)
I &R 1z, EFE M) oKE#HELHE
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B 18 [Appendix] 20144F11 B 22 H 0 BB R OME Mw6.2) 124E-> CTEWFIRABENMEEWILFEE S (N36°42' 30.6”, E137°52
39.7") 1B E e B (FI4E11 A 27 H, MWRE). A KHOZER, FRIZMNGKEBHEL, AlloKiE & 055 »E
TEE, BRGOEBNIEB TRENZHNEOLIRT, BRENIRES M, Hllid 2 O%R5 OEEEtNIERS 5. B NET X7 7
A bEEOZIR, ANEE B 3 ImE. CIEEFTNO T A7 7 v FEOZIR. B O HBRIIEE OEFE T, A OT% K
WA 5EYE, HRHIZBOALE.

Fig. 18 [Appendix] Flexure scarp at Shiojima-Jyoyama, Hakuba Village (N36°42' 30.6", E137°52' 39.7"), appeared by the surface faulting
associated with the Nagano-ken Hokubu Earthquake (Mw6.2) at 22nd November, 2014 (photos taken by Kano at 27th Nov., 2014). A:
Deformed rice-paddy. White frame and arrow indicating the location of B and the viewing direction, respectively. B: Destroyed village road
paved with asphalt. White bar on the right is 1 m in length. C: Deformed ground surface paved with asphalt. White dotted-line and arrow
indicating the location of flexure scarp shown in A and B, respectively.








