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A Middle Miocene laccolith around the Saruodaki Falls in the San’” in Kaigan Geopark, northern
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Abstract: Saruodaki Falls, which is about 60 m high, is
one of the highlights of the San’in Kaigan Geopark,
northern Hyogo Prefecture, SW Japan. The quartz di-
orite exposed at the falls has previously been thought
to represent a wide dike. However, we found that it is a
laccolith with a horizontal diameter of <4 km and a
thickness of >100 m. The base of the laccolith is not ex-
posed. The host of the intrusive body consists of a low-
er Middle Miocene shaley formation, which is subhori-
zontal in this region. However, the formation makes a
culmination centered by the body. In addition, the in-
terface between the shaley formation and the diorite is
concordant with the domal structure of the surround-
ing shale. Fracture patterns observed at the falls sug-
gest that the laccolith is a composite sill made up of at
least four sheets. Fission-track and U-Pb dating of zir-
con from the lower part of the laccolith yields ages of
15.7+1.2 Ma and 16.1 1.4 Ma, respectively. These ages
are concordant with fossil data from the host rocks.

Keywords: laccolith, dike, Hokutan Group, fission-track
age, U-Pb age
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Fig. 1. Map of the Saruodaki Falls, northern Hyogo Pre-
fecture, SW Japan.
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Fig. 2. Route map around the Tsukuriyama Laccolith. The star indicates the location of the sample on which radiometric
dating was undertaken by Tsunakawa (1983) and that was examined in the present study. D indicates dike, and S indicates
sill. Tsukuriyamagawa and Yubunegawa are branches of the Yatagawa river. The base maps are from the 1: 25,000 topo-
graphic maps “Muraoka” and “Tochimoto”, published by the Geospatial Information Authority of Japan.
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Fig. 3. Geological cross-sections along lines A~A”" through E-E” in Fig. 2. No vertical exaggeration.
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FRNTZENS 2 DOIBIRDSFTARMI TH S Z EnSHB L 7.
£9, BRETH S0, EREOILER 400 m DRETD
ABHL T BHIZLARWH OO, PWEiFICEE R DAL
EDFRE TE MR NEH D 2 (Fig. 2). (ELIOHEMDIRE
AT TCIE, ORI D RBARDIEAIZI L 7= el
HEKTOm DO EZAMNZEDOHIT, ZOdH7=0 THRIUIEES
400~430m IZH 5. F/z, EROHEEHEOIRTIE, 5B
I3HER 400 m ETCTLEWICESZ T 2. FlopE#IT
13, 400~410m EIFIEFE—EDEHIICH D, =72, #H
BWOE, TxbbRERO 500 m iZEILFE T, SEFm
WEEER & AT TR <20, 40~50° 168 < BE 5 A3 H
LTz, BRI IEE T 72 i A—A" WiE X 2 Bk 9 %
&, ZOEKRD FENED B EMZEE L TS (Fig. 3).
RITREE DG R A ECETRE O HE OFIRE/RT. A
FE A M35 D P RIS TR RAYIC 10° migs CHRILRICEE <
(Fig. 2). MEITIZA T > TR s S 7= HifE A3 N
TEIAEZAIZHSNSD, FOA—NIIVDIEND THRHE
IS DIF, ZOFEROFEDIBICHF - TH S, fELID
R TIE, DRI D BOMNRAIN I R— 3 V&R
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KT, EREOARIIEN S 4.5 km, mMEIZH 2 km
WZhlo>THfidadE L, RREREOILHRN 2 km O, &
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3kmEAUFOMELS IV ZA3RET 2. £/, FEHOES
JIWITIEEEH L7sn (Fig. 2) O°C, AR S P AIEHK)
1.5 km AN THRIET 2.
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M DS 3 20, DI THRS NIZEABASKT
B EMASMITESNZ Morgan et al., 2005). W
OELZ a1 2%, HEO)NY =25 6 BT 6.
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DRIRERERITEF 02 2L, TN5DOEOMOE ARG
ZR SR E TSR SR TE TR,

s F A
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U-PbERETrvar s by FDERESEZ Y
> 7)WL Tsunakawa et al.(1983) E[RIU <, EILJIOFER
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(Fig. 2). BT HNED T, HIKOR FBMSHERM LT
sl VAR
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FT BEIfERI/GEm CEHAIL, PIIVa> FTOIZyF 27
&, KOH : NaOH=1 : 1 (mol) ®3Lfl#k T 225°C, 24 K
D&M TNz, Pb/U RGRLIIEB KO U E&RIT
WL —Y—=7 T — a3 VFEEHEE T T AEEMT(LA-
ICP-MS) iEhEHA Sz, L —3—REB XK ICP-MS 4
Hréethid Table 1 1ICE &7z, ABEIETEZS — LRI

2017—12

'fjgbi 29Si, ZOZHg, 204Pb) 206Pb, 207Pb, ZOBPb, 232Th, 238U
D 8 DT, UUPb AR, PUTPb B L U Pb-
PThERERD 2. RS HIORMIEICIE 1 RAY 25—
F & U T Nancy91500 ¥ )b O > (Weidenbeck et al.,
1995) % Ly, 29Pb/28U=0.17917, Th/U=0.3444 O fii %
Az S SIERBIERREOEMEZFET 5720, 2K
28 H—RELTOD3 P 3> (A ER, 2012
Iwano et al., 2013) &4HT L7z, 7 F 2 #EEIE, 91500 &
L3> (74 ppm D) & ORHIHRENSERL, ZTOBE
B PSDIE—E & UTNEEERIE 2 i L 7=, FT Ao
B EII Y — & B EIRIC X > T (Donelick et al., 2005;
Hasebe et al., 2013), ¥ —#1{E1347.9+2.6 GEZ13 1o)
yrecm’ Thorz

FERBEEICHW A ARENIERE, RET, BSELT
REA, HEAaNa, Eﬁf@E%J:U\E%%EE. &, Aak»
S/ 5NV O MK B EAS T (Fig. A1), SRS
22 ER (U IREHEY 510 ppm, Th/U HeATE 2.8) i
S5ATHEENEW. T AR 20 ){uO)
U-Pb BEIUFT FAUAIERE R Z Table A2 BEUA3 IR
T BUPh RN 20 ki 11 RSO > O —F > b T —
5T, TS OMMENEEENS 16.1£0.7 MaGRZE 1o)
Z457- (Table A2). —7, [F—HKi5®D FT HFUIEMNT L
5~29 Ma OFiFHTIISL DENHLHHDD, HFENT v I
EUSUERDAT L MICBWT P BEICEHKLE. L
o7, 2GS 20 M FERFREMHICET 2D LA
72U, INE-5ME (pooled FT age) &L T 15.7£1.2 MaGR
23 1lo) ZRkD 7. HGREIHAWZ D0 2 DOENRHIEEIT
BASHIE & 7Y U—Pb EEIE 1% T34 900°C (Cherniak and
Watson, 2000), FT 4% #l & i% T34 250°C (Hurford,
1986; Tagami et al., 1995) ERE< B2 A, —HL7=4F
RnfFEonz. £ RFKTHSNZFT HFK8E U-Pb
F£4R1E, Tsunakawa et al. (1983) IC & 2% K-Ar 48D
FEiR &+ 1o ORRAEFARNTMN SRS, ZHUI Lk OF fE
DILAFREFIE LR,

El [33

BB 2121, FABICEL TluAABiHEiTa S 7=
ICER FEODMEE%T*%EE&EE iji%O)ﬁiﬁlﬁi%f’EE

213, FAAEEZENS TWizZWe RS #EiT)
ELO ' — REIE T X RS FEHS TV f:fimfc.
BT v a> b Ty OHEFE K& EEEBITRIC
1, AERBEICDWT I E W2 Wz, IR ERICIE
Mg RO OBIZEM R E CHERWEE W, EE T H5E
REEDFEERERI A S XM HREZ B 01O RF O KFIH EH
Fe D TR, FREOUGTICER TH 2. AL, 1
R > A )N — 7 2E A ST SR 72 5 TNT JSPS B #
15H02141 OBk ZEZT 72, el TRGHOEZET 5.
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* English translation from the original written in Japanese.

PR, A7 >7 74N ELTERFR—LR—=Y LT
N LU TWET. <http://www.geosociety.jp/publicaion/
content0006.html >

Fig. Al. Photographs of the Saruodaki Falls. (a) Upper and
lower parts of the falls. The rectangle indicates the location
of the image in (b). (b) Horizontal sub-layers of the intru-
sive body, which are recognized by their fracture patterns.

Fig. A2. Photomicrographs of mounted zircon grains from the
Tsukuriyama Laccolith (top) and the 20 zircons analyzed
for U-Pb dating (bottom).

Table Al. LA-ICP-MS FT age data of zircons from the Tsukuri-
yama Laccolith sample.

Table A2. LA-ICP-MS U-Pb age data of zircons from the Tsu-
kuriyama Laccolith and a secondary standard (OD-3).

Table A3. LA-ICP-MS FT age data of zircons from the Tsukuri-
yama Laccolith sample.
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