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JUMHACER I 5040 3 2 55 R R RE (2 b Bl o ER Y 2 5 22 0, N 'y 7 RESE RS 2 (hummocky
cross-stratified sandstone : HCSW5) =N T 4. HCSWEITFAMRFICERK EINDL EEZZ2 6N, TOKE
R A KL T AWREES R SN Cw b, LA L, BA KO HCSTHEOWED S\ RRED
EBEILTHICH0, ZTORBKEEZRET 2O05MWEEEL V) HEEAD -7z, 2 TRIFETIE, HE
JERE ORI & HCSWH DWW, NAEDOBREZ R, BHROKEE OBREEZ G Lz, SEERICH SN E
FHHCST A & Wl HCS WA ORifE - REZ RS &, WA HCSWAEDOHPHBEHCSWA L ) DRENIKE L,
EEIREVEVIHMDED 7. TNIIHERBHEOHCSHAEDOREOR X S, FHRKEICERT 2 HEREM
RRAELHET LI EZRIBL TS, 22T, BAHCSHEOMI LT, HEEH & bibiko HCS B4 (B
RGP R & hF = IRE ) OREL R E 2 MG L2, 2o, WA HCSH A TR 2 LR
EBBLZEMEL (150200 um) THAHIZHHDHLLT, ERIIAERKTFRBEIGEIIKECI LWL NIIH -
7. 2o X9, FUHBHCRBEORZEZRTICHOED ST HCSHE O RICHE R EVWAR LTS, Z L
W&, T - TIPS R O JRREE O B L TV B I REMEATRIB S D,

Abstract

Ashiya Group distributed in North Kyushu consists entirely of mid-Oligocene shallow marine sediments with
intercalation of hummocky cross-stratified sandstone (HCS sandstone). Previous studies suggested that HCS sandstone
formed during storm dominant conditions and HCS wavelength reflects the storm intensity. However, relationship between
sedimentary facies, grain size, and wavelength of HCS sandstone are not clarified yet. We examined sedimentary facies,
wavelength, amplitude, and grain size characteristics of HCS sandstone in the Ashiya Group. Three types of sedimentary
facies in the HCS sandstones, such that amalgamated, partly-amalgamated, and non-amalgamated types, were observed

in the Ashiya Group. Amalgamated HCS sandstone shows larger in wavelength, amplitude, and grain size than partly-



amalgamated and non-amalgamated HCS sandstones. This observation suggests wavelength of HCS sandstone are
influenced by sedimentary facies and grain size, which are possibly related to the formation depth of HCS sandstone. In
addition, we compared the wavelength and grain size of amalgamated HCS sandstone in between the Lower Cretaceous
Choshi Group, the mid-Oligocene Ashiya Group, and the mid-Miocene Misaki Group. Although grain sizes of the
amalgamated HCS sandstone in three groups show similar size (150-200 um), wavelengths of three groups are different
markedly; i.e., longer in the Cretaceous Choshi Group and shorter in the Miocene Misaki Group. Thus, we suggest that
different wavelength of HCS sandstone in between the Miocene, the Oligocene, and the Cretaceous strata can be reflected

to the different storm intensity at that time.

L &I

THAEDO MR O LD LR - T, KN 7 — v R RO AEFEDSHE A LT % i igMEAS
BRMEINTBD (B 213X Emanuel, 2005 ; Bender ef al., 2010 ; Knutson ef al., 2010), HERIREIE[L & v o 72
SMEEENAE S M OBE R HE OISR Z R T 2 L EEIEHE->Tnb. L L, BllESHFoH 5
#7100 4 LLAT O R B O ICIZNEETH 1, SBEEEII T 2 B E OIS G IAH % mas% v, R,
BAEL D D LR FZRE OV B LM ER ORI OGRS HEILT 5 2 LA kUL, RBELE
TTRDREEL PS5 L TEELRBEZ L5252 LHMETHS.

W OHE RO JAIEE 2 MG 5 7290120 v 7 KPR AR (hummocky cross-stratification :
HCSHiiE) & H\7-ii5ehlasdh 5 CHE - 1, 2000 ; Tto ef al., 2001). HCSHEE & 1%, DO A b —
LHERE O NERMEE T, BEFATE ) Ao 22 THMAN S b (Harms et al., 1975). & D HCS )
HHOHCSHEE D PR W EIE, R YR O PR %2 S L T 5 1R A Tto ef al. (2001) 12X D
RS N7z, Tto eral. 2001) 1%, T-EEWRICHA 3 5 F LR BTG HE O HERG AR 48O HCS 5 75 vh O PR A 3
OPRAFHIL, HERAMH E EROBBRMEZ RS &30, bk - RO HCSWH MR & g L 7.
ZORER, WM (NEIEER) OHCSBAORETHKT 2L, AMLD X ) ITRKABIbKE
BENEVIFRICB W THCSWADOEESAREICKEWZ LA R L, AERICIIROMEITKE L,
JRDOIREENI KA BRI RIRBE DR R EITKRE L 25 LR L7z, L2 L, Ito et al (2001) THIER
S L LTRINTVS HCS A IR DO BIBUR ST OB T TR S N2bob & T h, Rk
X9 B HERNY) r— VBREEEOBEIEE UTHIRIE RS 22O W TIEEER 2B 5. 512, Tto et al.
(2001) TH/REINTWVD L H T, HERMD HHEE SN DIBBAKGEIEL % 52O THCS A DO ED
INEL BB eV H A ZEE T D L, Tto et al. (2001) D X 9 12 [A— DOHEREA CTHER$ % 7217 T, HCSH
FOWRENPLRMEZHEETETVINE ) IOV TIE, REPRLETHLEEZOLNS.

FHRAOTERNIE, HREE L LB ICEORBEAKEVIRELFGTLILEPAON TS, Flz
(& Clifton (2006) 1%, AL KRKBED 2 HT O EHERW IR U TRIERHERA, RAZ B L, KR
DTGNP IR E R HERE R L TV BT L 2R L TWA, HCSH A D IIKGE & BIFR L
ThHBY, HCSO—FET T OREEN BT 5 A7 = — IVIKFIZCE L (swaley cross-stratification : SCS)
MR I E DN CTHIET 5 L V) B0 5, SCSTP A I3 H AR IR BR KR & D VW Bss
T, IO EZFOHCSWEIZ X DIRVERETER SN LHEE SN Twb (Leckie and Walker,
1982). 7z, Eoff Q014)IXKEw 1 22 vMEI AV IMIIHATE A7) THROHCS W %
AL, TOMRMERAEL OBMRER Lz, ZOMRE, A HCSTHAITHEENKRE , FHRHEL25¢
(HFhES) 257420, ZTORBKRITERNFEREAKEGETH S EHEL TV 5. lFHCSH A &
13, HCSHEE SR AL HER 2V B L CTELZ YV Ao TWAHCSHADZ L THDH. — )i THFHCS 1
BIEWED/NES L, WEN25350 LRSS 2D, AETHEREALD, TORBKEITIEA
HCSWHE L DVIRWERBETH S L AL > Twb (Boff, 2014). L2 L, [FA—KETH > TDHKRIMEREIC
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X0, UK - W USRS LR 20w E B ME ST WS (Clifton, 2006). 2D X9 12,
HCS W D RRLE, HWRAMH» SRR E OBREEZHETE20E3A LN b4 <, HCSH A
DOPWED 5 M B O P RRE DO BICH W HEA &9 IOV T AW T A, HCS b O HER A%
W - kL, TORBKEEZERT H720DIBETF— 7 DB+ ICHE IR T RVOPBIRTH 5.
ARFFEE, WSO RBHEHERY ChH L REREEZ IR E L, HCSWaB L U2 ETEOH
FAHOBIZ L, HCSHIEDWREOFHN, € L TRIL 7zHCS W ail ORI 2179 2 &12X D,
HCS WA OHEREA & i, WMEOMREER L. 2 L CH—OHERM, FMEEORELE W) &MFT,
M%ﬁ%%%ﬁ&éﬁ%%%@ﬁk%h% HET R IR RS R O HCS W H O E O K & S & ik
22 D P IR B E O W IO W Thliam L7z

WEETR
FUMNALTIC A 3 5 R R (Fig. 1A), 8 W o RE e » 5 20, hErtoH
RUEPERICHERF TR U BROWIREICH 5. WELNEOEYHZEMN LR 7 +—F %
ZHET LI L0, ARERIMUCATEONEIE 2o frbT&7: (BIZIX, KR, 1925 BR,
1927 ; /K¥F, 1963 ; Shuto and Shiraishi, 1979 % &). ZO#HHREBEIZLATHIZEC X VD BREIX 50

A

WETATORT & 7225, AT, Y —4 v ARIEICIES S, FRis o IE, ARE, 5w, i
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Fig. 1 Map showing the locations of the Ashiya Group, the Choshi Group, and the Misaki Group. (A) Geologic map of the
Ashiya Group underlying Munakata and Noogata groups at north Kyushu (modified after Ozaki and Hamasaki, 1991). (B)
Geologic map of the Misaki Group and the location of the Tatsukushi Formation at southwest Kochi (modified after Teraoka
and Kuriomoto, 1989; Arita and Sutou, 2006). (C) Geologic map of the Choshi Group and the location of the Inubouzaki
Formation at east Chiba (modified after Takahashi, 1990; Tazawa and Hasegawa, 2007).
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KK, BB K L7 dkE s (2014) ORBIFRS 2 BWT 5 (Fig 24). FRBIEOERIE, At
T AHEIKEHEIFR O VDT 4y ay - Ty ZERICE DR TFHROILERE» 513317 = 2.2
Ma DAEMRAE (B - B, 1991) 25, ¥ 7 Y-SRI & 0 B & ZECER 2> 5 28.9 £ 0.2 Ma DAL,
il (BIEA, 2014) PHE STV (Fig.2). ZOEMMEN S, RFFETHR L § 5 HCSH %I
19 % M5 g & g, LWt EIc %75 L E X b5,

FFEIZ IR ICE LWiERIC L A v —F Y ABRZFS, 3HOREINNT S —r Ao hsb. £
DEMALNT ¥ — o ¥ AP THAE LIZHCSW a2 TET 5. ZOfAE HCSH AL, BEICREAEZIZE
AEHRTT, BIEI0mIFEDOHCSWEDY 27Xy ¥ a v &)Y (Fig 2B). —h T, BHE &R %
HE o 72BN O EITHRAL - EHEALT A 2 VO R U5 % 5. i HIE TR ERMEEE A 5 &L
T 5T, WEHTHZREEEWEFOMEMETH 2 EEOMIZ, HEOHCSHE L, HHm
WA L 72 HCS WAL BIAE L T 5 (Fig. 2B). AWFZETIE bk L 7-RE g OS5 HCS e &,
HE O BN HERE L2 HCS s, HIEOHCSWAAZ MR L L, HEESLHEO RN Z MG L7
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Fig. 2 (A) Stratigraphic column of the Ashiya Group with transgression/regression cycle; T, transgression; R, regression, and (B)
with sedimentary facies and horizon of studied HCS sandstone. Obtained SHRIMP 206Pb/238U age (Sakai ef al., 2014) and
fission track dating age (Ozaki and Hamasaki, 1991) of horizontal tuff layer are also shown. The stratigraphic classification
and the age model are followed after Sakai ef al. (2014). HCS, hummocky cross stratification; HCS ss., hummocky cross-

stratified sandstone.



AW E 72, B o RO HCS T ORFRUE JoBed 2 720, SR WERE & F1 Rk 71
BEOWA AT - 72, UGB E5 MR PG 3612500 L (Fig 1B), T X 0 e BRd, erlFhd, % HOW
b7 s (HHE - F, 1979). TR ILREEA LI 25, BB CH 5 & M S hC
Wh M, 1985). SHEBHE TR LD FR~E, MEOTR - 2~ — 2R, IR R,
WIIEDF v 2V T Ly 7 ADIETELLTEY, &k LTFuers5—T 3 VIZk K
7L EZHNTYD (R - P 1979). HE T HbILE R TR & I3RS 5 A5 1  # 0 3E L C

e
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Fig. 3 (A, B) Amalgamated HCS sandstone of the middle part of the Jinnoharu Formation. (C) Partly-amalgamated HCS sandstone
of the upper part of the Waita Formation. (D) Non-amalgamated HCS sandstone of the middle part of the Waita Formation.
See Fig. 2B for the stratigraphic positions. HCS ss., hummocky cross-stratified sandstone; SCS ss., swaley cross-stratified

sandstone.



HR-TBY, WHBHICHCSH A ZAET 5. wWHETERIEI L2 (2000) 12X - TREMAIRIA,
HCSBEDWRSCHEIZD T — & Ml SNTB Y, Ak HCS A M OMRER 2 Ry L L Twa.
TR BTSRRI S U (Fig, 10), FRLL 0 M EbR, 74 o, ookeaIg, Pallahe, &
WS BB 57 0, 2 Z I DR AR 2 M CHE ST & ) WG B0 & o SRR L 3 7
KR 7 7F 7 i, BB 7 777 YRk S %, BRI T 777 v Bl L e
ENTW2 (Obata et al, 1982). FRICRIRFIRE I, e - #EY 4 7 Vo FERAME D & PIHIFE B
55 N TS HCS Wb 71 & B HCS WA E L, HCSHWHDOWEERBIED 7 — 7 s shTnwd (4
I - fFEE, 2000 ; Tto et al., 2001). SO DEATR A FEICT 2 &, Sk RIRIGRE - =R 5
J& & IO MR EREE T ICEAE HCS W A B Ed 5.

HRF*

R e A R g & i FH R U A HCS P A & HUBHCS W IZE H L, T oo BT OHERTAH O 4L
RY s voa vl LR 2 R BRBE A EE L7 (Figs. 2,3). T 72, MWAEHCSHA L HiE
HCSWAZNZN ol ERIRE, BIEOGHNEIT - 72012z, MR R & W EO RN % Bt
5720, HCSW e OFkE 2 SRIL TREE DT 2175 72, Sk B RIS g & = IG R f g (CB L
T, WAHCSWEHDOAIHEH U TEH &R ESH 21T 5 7. HCSHA DWW RIE, HCSHEE DR ™M
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Fig. 4 (A) Relationship between amplitude and wavelength, and (B) median grain size and wavelength of hummocky cross-
stratified (HCS) sandstone in the Jinnoharu Formation (solid circle) and Waita Formation (white open triangle and square).
(C) Distribution of grain size divided in amalgamated HCS, partly-amalgamated HCS, and non-amalgamated HCS. HCS,
hummocky cross stratification; HCS ss., hummocky cross-stratified sandstone.
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Table 1 Summary of wavelength, amplitude, and median grain size of HCS sandstone appeared in the Ashiya Group, the Choshi
Group, and the Misaki Group. Thickness of HCS in Ashiya Group are shown in the table as reference records. Fm.,
Formation; J, Jinnnoharu Formation in Ashiya Group; W, Waita Formation in Ashiya Group; C, Choshi Group; M, Misaki
Group. Numbers are assigned in ascending stratigraphic order.

Wave- | Ampli- | Median | Thick- Wave- | Ampli- | Median
Formation (HCS type) length tude |grainsize| ness Formation (HCS type) length tude |grain size
(m) (m) (mm) (m) (m) (m) (mm)
71 6 03 | 1952 | 05 ct | 10 05 | 1847
2| o9 03 | 1894 | 09 2 |13 04 | 1804
13 76 | 045 | 2062 | 0.65 |13 03 | 1779
J4 8 0.3 192.9 0.5 Choshi Group; Tnubouzaki Fm. | C4 9 0.7 168.1
) ] 15 6 0.2 193.8 0.5 (amalgamated HCS) Cs 9 0.7 208.2
AShl{;ﬂgj‘g’gg;é‘L“ggg‘; fmly6 | 86 | 035 | 2168 | 05 c6 | 10 0.6 | 1585
7 | 6 03 | 173 18 c7 | 8 05 | 1602
18 8 04 | 1979 | 09 8 | 12 08 | 172
J9 7.9 0.3 198.4 1 Choshi Group: Inubouzaki Fm. c9 8 0.5 186.7
Jio | 3.6 02 |_—"1 os (partly-amalgamated HCS) |C10 | 8 0.4 144.9
J | 105 | 05 | 2713 | 18 Ml [ 38 [ 02 | 2095
wi | 77 | 036 1.4 M2 | 35 | 02 | 1973
w2 | 65 | 045 [ —| 11 M3 | 4 0.15 | 1885
w3 | 59 | o015 _—| 04 M4 | 37 | 02 | 1602
Ashiya Group: Waita Fm. | W4 7.5 0.25 98.2 0.3 M5 5.6 0.4 155.1
(prtly-amalgamated HCS) | W5 | 5.8 0.2 130.6 0.25 M6 | 5 025 | 181.8
W6 | 79 | 015 | 1643 | 04 |Misaki Group: Tatsukushi Fm. [M7 | 5.6 | 03 | 141.7
w7 | 57 025 | 1654 0.63 (amalgamated HCS) M8 | 45 035 | 1803
w8 | 64 157.3 M9 | 4 03 | 199.7
wo | 42 | o1 0.2 M10| 4 03 | 1723
wio| 44 | o1 | _—"| 02 M| 6 03 | 1846
wit| 3 | —"| 958 | —| Mi2| 56 | 02 | 1636
wi2l 6 | —"] 813 | —| MI3| 6 | —| 18L5
wiz| 13 | 003 | _—| 007 Mi4| 32 [ 025 | 1748
wi4| 52 | 007 | _—"| 0.4
wis| 13 | 002 | _—| o004
wi6| 15 | 004 | _—| o1
wi7| 115 | 003 |_—"| 006
wis| 05 | 002 | _—| o004
wi9| 128 | 003 | _—| 007
w2l 6 | —| 774 | —|
Ashiya Group: Waita Fm. | W21| 6.1 0.1 / 0.2
(non-amalgamated HCS) | w22| 4.7 0.1 / 0.2
w23| 67 | 0135 _—| 027
w24 58 | 03 |_—"| 07
w2s| 58 | 03 |_—"| 06
w26 42 | 006 |_—| 026
w27| 3 02 | 1358 | 02
w28 26 | 015 | 1519 | 0.5
w29l 1 003 | 1102 | 0.08
w30l 25 | 004 | 1119 | 007
w3l 15 | 003 | _—| 008
w32| 18 | 008 | _—| 008
w33| 47 | 008 | _—| o018
w34| 28 | 02 0.2

PORMEOEEE, L M2 SRMEOLEEZFHIL 2. £WEE2FHIT 5 0 W%
HCS WA 3B EZ 2 L CEBREOMEEZF L7z, 72, REOFHINCBWTEIIRRIZL Y, HE
DREEHFAERALZ SO ERERORKEEZRT17—%) CBHL T, BB CHERE 2 REME)
DEREEOMEL 7 — 5 O L LTHILL, TOFHHEEZERORKE S L L7z (Figs. 4A, B). HRIEIX
Wk e L2 REi o R KIREZ FHI L7z, BIEIES L2 HCS I E T T Lo Mg 2 2 & L 7216 A
LROHCSW AR RSNMFE TEEHIL7 (Table 1).
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R DIRNTIZIE, HCS S E DO BMBER N 2 72 B FIKEEORL T2 H 72, — RIS, B4 R EE &
ZPEMBEBIS T T b N B 7%, AR TIE 7Y — XY =B o T aEER I3 7Y — XY —
Bk, RO LB oM IE 2 FIH U728 E Ok 08 ETH Y, ROTFIHCTRILEIT- 7.
(1) MBEEEHITKEPERHETHIEICE ST, MEEICKZRESES. () MAEFICE
HEROKERSE L. (3) Bk L-HE a2 BE RS CREs 5. (1)-3) O#IEL 30-50 HIF2
BEORFT LKD), BEERAICELN LY, IR IS 22 L3 TE. b
ORI T U723 %, L — ¥ — RS MR (SHIMADZU SALD-3000J) 12 & o THIEEG AT 247 5 72

1. FERHMEEE & MHEEOHBHEORE

FREEEIIEE L ROV R LIZE 5T, EHHRAL - R LoV A 7 VaiBd S, NIRRT %
AT IREDOHERA A S REINE 2 R TR E ORI &L L TV 2 B THCS AR E T
W5 (Fig. 2). TOHTHHIC, BERPIICIZE S L-HCSWEDY 72y v a YBT3,
R Ji g IR IR T 2 PR, W - R HE 2 SE RS, 2L C T 7R EE S, 4
T4 FENT TEANE EHMRAL - R b E RS, Z o - LEOE I, HCS - SCSHEE
HSPATHE, MLER OIENBHE T, BRI EAE L2 10mIZEOHCSH AL SR D, MICRAE% (1T
EAEATOAR (Fig. 3A). EEIZEI0cmA2 S ImBETH Y, HCS - SCSOIEEDE Y +HH
WEICHERR T X % (Fig. 3A). Fig. 3B OEBEIHTIIWIME 2 SCSAMERR T E 5. MIKAS 2 & % B HAE L7 E
HCSW A DO TR AaREERE, B T 7R EES S, 474 +FFV 7 780U MH%
S, LLEOHERHA S, BEEOHCSHEY 7 Xy ¥ a v OMMEREIITHRMNETH S LHEE L.

—7, WHETOHCSHAXREEHELTEY, WAEHCSH S & HOmICEE L HCSHh S, H
JE HCS W 23R 7E L T\ % (Fig. 3C, D). Mg o LMRAL - R b 4 7 v o IZ B HCS b h
ERI3-THE Y PTERELTEBY, I IF ERA HCSW AT HBT 2 L WA H 5. ThHE
W REE R em OB HCS b7 (Fig. 3D) 5 EIE I mBEEOWAE HCSWH F Th - 72, HHE O HCS
Walx LTI RATH), XTI =T Y ADWBRY A I VOB Ty =T v TV FFL—F
BHRON, FACAH T4 AN T W aOMRMEZNED . U EONERHA S, BHHE TR O LA
HCS e & Hig HCS B 1N MM - T HMEOBRBE TR S - L e L 7-.

FEJEJEIZ% < RO N 25 HCS I A 1L, HCSHEEDSRAELHMBEZHRY R L TCHELZ)FoTWE I L
POBEBPORTIER I N2EEZONE. —FHT, BHEIZZL RSN 2 HEHCSHAIZ— MO
THERINIEZE2ON5E. WEIEORAEHCSH AL SCSHERE b HE ) 2%, WHE O A HCS W &
HEHCSH I SCSHSEZ T LA LR T RV E W) FFH b A 5172, Dumas and Arnott (2006) | 4>
15m, WE1.2m, #E0.65mDMHEHEEHT—HI - WREIE - WEROKEEREZ ATV, TRER
FHEEEZZ LS ¢ THCSHEE Z BB L7z, ZORR, WEICEWIERER Tl SCSHEENS CAFEL
MEIZEHCSHEB DO EI AWM T A L ZRBLTWAS, o T, MEREEBHHEICES WL EE
HCS 7 & BB HCS b & v ) HERAHIL, TEBKIEOEVOREZ ZITTn5E 2 EAURBR S 7.

2. FEEBOHCSHADHEHEE KR - R OBEN
R JE R L3I HCS B A S BATEL THB Y, D) B 10EHETH R L IRIEZ W E L7z (Table 1).
PIGPRNIH 7.4 m R/ 6.0m, Je KPR 10.5m), “FIIRIEIEAY 0.3 m (/MR 0.2 m, fe KHRIE0.5m)
Tholz, BHBIIEESICHERS L7-HCSHE & BB HCSW AN ET 5. 2095, H5HITHE
A L7-HCSW A 8 g, HUEHCSW A 26 H#E Tl L IRIEZ W E L7z, &0 mIZiEas L7 HCS W D
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W ERK6Tm /AR Tm, BAEE7ImM), FHIREZH03m (H/MEEO0.15m, #RAIRIE
045m) TH Y, WEHCSHEHOFEEEEIIHI2m (RAERE0Sm, RAEE6Tm), FHIRIEIZR
0.1m (OR/MENF0.02m, RAIRIE02m) TH-o7z (Table 1). JEFEIEX, HCSHAN T OMEZRZEL
72 SROHCSWHICREESNAMETERHILTB Y, MREOREZHIE TE TidwiRwvifk
PEATE S, ZF & LT Table 1R L7z, BUEE O HCS i, M H g O3 1A L7z HCS b e
HIFHCS A & v ) I EAVIE {, RIFD /DS WD - 72, FRELRIFOKRE SI1THEK
BRI ILBIBIFR 2 /R L7z (Fig. 4A).

KIZ Fig. 4B \ZHUEE ORiA5 HCS W, W HE OB 1ICHAE L7 HCS B, HUE HCS b 'a THRILL
CREL ORI E AT R & R R L 2%, F 72K HCSHS 5 ORAR5AG % Fig. 4CIIRd . FRyskiff
IS A &, MGG O A HCS b5 DR 3 H g O FB 75 1A L 72 HCS b 75 %0 Ll HCS b A @
WELDABICKEL, HEOKRESDRFLIEMEL TV

CCCHERBHOBAHCSW EORREIIRE , HBHCSHADOWRRII/MEVwE W) B/E%EEZ, &
e oisk & BT 5. 4 - i (2000) R Tto et al. (2001)1%, HHLZRSETEEEICB VT, W&
OHEREMZ R TEEICE TN HCSHEOWERIZ/N S, HMICERVWERHZ RTBEICEI NS
HCSWHDWEREIIRKE W L Z/R L7 Eoff 2014) b KED A ¥ 7 ) T RDFLEEN S, HAs HCS 4%
DPWRIIKRE L, ZTORBARFEIEH S IR FERERRFKEMETH L EHELTED, HE
HCSW A I3 IEA HCS A L D BIRBVERBE TR SN, TOHERIINIVE LTS, b DEITH
FIH RO HCSH A DWEDORE ZH, HKRICHRT 2HRMEHE L TW5E 2 & LA
TH5b.

3. A—#BHICHI2FEEH, SFEH ZBEHONRLIBEROLE
RIS, F—OHRATHRET I, B2 2 ERICEB T 2 AEEOREAKEICB ) 5 HCS B
DWEEZERLZENTRTH L9 TH720, FUEAHCSHEZNSRE LT, HERBEE,
HILREE TR R, T =IO HCS W5 ik & & W RO BIfR % WiET L7 (Fig. 5). Sk 1@k
WIS (23S HCS b7 & Wi HCS WP S E L, A HCSW A D ) B 10/@HE TR L IRIEZ 510 L
7z (Table 1). I EIZFK 10.0m GR/MEE8.0m, R 13.0m), FIIRIFEIZH 0.5 m (F/IMRIE 0.3 m,
RRIRIE0.5m) Th o7z, ZIFREHEE I3 AE HCSHA L BB HCSWEBMEL, 209 bk
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Fig. 5 Comparing wavelength and grain size of amalgamated hummocky cross-stratified
sandstone among the Choshi Group (Cretaceous), the Ashiya Group (Oligocene), and the
Misaki Group (Miocene).



HCSW A D 14 G H#E TR L IRIEZ FHI L 72, A5 HCS W E O FEH R IIH46m Gr/EE32m, &
KEFR60m), FIREIZR03m (B/MEIFO0.15m, IRARME04m) THo7z (Table 1). F 7RIS
WMok RE, oMM (EEHCSHE) TId3Hiigke b I2I2H UAE (150-200 um; 2.3-2.7¢) %
RL7z. —HT, WA—0kE2RTICLEL ST, ZFEHCEYEE46m), HREHCESEE74m),
PhrlEht CPBEiom) &, WA HCSHWEDWEEOKRE S IFTHFEICR 2 > Tz (Table 1; Fig. 5).

COFER%E, HCSH A OHERAH R KR & O BIAR1E % <72 Tamura et al. (2008) D #5H & MRS 3
%. Tamura et al. (2008) X L+ LB B LA TFE OHRF MR Z LB L, MU X9 RERBET
AR MG FHORRPW ORI R LD I L 2HHL TS, LA LADS, Tamura ef al.
(2008) THUE SN TV L MRMEROBERDIB I Z TTF— 72 LA ATAL L, TR FHOaT
AECIE, TEHAMHEOMRW A E - 2BOH KRS 18mBETH L 2 L AL, 72, IH
FHF O 2 7 RET D TEHAMNERE E - BN KIRIE820mFETH 5 2 LA FAIN, WHIFZ O T
AHEDOHEEREIZIZIZ—H LT D, 2510, LT B FHOKARKEED S 2 M ET 5 TEsHED
BB S R ERIC 2T T ORARIFHI 2.6-2.8 9 TH L DK LT, MEFEOEMAFLEES S % M ET S
THERAMED LA & HERIC 2T CORRIZHR2.02.6 0 TH 5. AWFFECTHEME LS REE, ST 8
B, ZIFBEEORA HCSHE X VTN THIHEOHERBREZ /R L, Sh o ORZIIH 23270 TH Y,
Tamura et al. (2008) T/R SN TV 5L T ILESEE R OB FEICB U 5 THMEoREE BB X Z—3
T5. L2LEASHRBRO LI, HCSHED HHEREEXEITT 512H720, FH UREKAKERDHCS
W2 T 208N H 5. HCSH EH OB I I RRE D AR 5§, MEMELEREOEED
KELZITB720, BURTIZHCS A DTEAKEE IED T2 DIEHEETH 5.

AEFZE TSNz, HERSETREEE CFEKEE10m) - BiErkS BER CFEEE74m) - Pk =
iR (P 4.6m) THRAEHCSWEDOWREDOKE SHELR - TOERIE, KR SHILR FHRE
EMBE L CTIRBRED T B L8 L 72 Tto et al. (2001) L BAWTH - 72, Tto et al. (2001) (ZHEFEA D A
THEL THCSWHOWREZ KL TV LDk L, ARifgeTi, F—#FHEH—REL V) 2200
FMFCHCSW A DR EZ KL TWaD, 272K W80 X 5 ICHERAHH & WA CTIEBUKIRASHE TE 55
EHiE, B oi#Eimom ) BURTRMEL BRI TV, ZOMEZRIET 5 2 &A% iEZ% HCS b E
DOHERGA &R - WELR EOBI T — 7 OHEERNIIMD TA7% <, HBICRRE SN HCS B E DI
RERR SRR EE DO ICIEBIRE TR L v, 4%, BB Z S0HHEOHCS 7— ¥ BEFH S TwiT
&, BROKEERET HMEICOVWTI ) ERMICERTE L EEZON, MERRIZBIT 28EOK
SREEICOMM D WREIC R B LIRS LS.

xEDH

ARIFZETIEINALER N /04 3 A Wi s Bl 2 x5 L L, HRREH ORI L HCSH A 0jE &
WEOMBRZHOS I L. HEBEICIIH ISRV TR S L5 S HCS b7 & AR RIS R
WERBETER SN L BEHCSWEDPMEL TW5hH. A HCSHAEITHBHCS A L D RENPKE L,
TELREVWEADLED 7. T4abb, HRBIHICBIT S HCSHEDOKRED KX S IZHERHH R &
MBEBERZR L7z, 72, BHOCRSETFRERE, Wodnis BIERE, ookt I E #E v o 25 HCS i’ ok
PREPRRIET S L, KAEIX 150200 um TRIBEOMHZ/RTICOEDL ST, ERIZFAMICE LT
BY, ARk TR ORAE HCSHEDEREVARICKREVI PO E Loz T, it
W - R Y R O SRR O WA S LT W A W2 RIS 4.
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S DOWFFEIZ Y72 ) AT R RFBE AR O ) 4 I3 A2 S 2 THW 2. JFIC, HCSHE DR
FESHT DERE, AT BRFABRE A TER O ARG HIZ B X OYNIHEZAZ (oM )itk e &2 THORTH
Wiz HRRER, ZIEREE, SkTREBEOMRAOBIE, R RECE TR SO CREE S LI PR AR,
LTI RS R R — 7 i SRS LA W RS LR AR, BRI v ] DU ] 3 07 BRBE 8 i A3 /K B 2%
TG, BTV A3 =7 OBHYUF D T5 2 \HAFHRINO R O T & 8 TRE B HEES
2o 7z. F72, HHH TH A HNERFBRBAMIER O WNIEIR B & 0% B SE A O 5 H 3
—#dZ, WEE THHHEEE—H LB OYEE - RIS TRV 2. LR T 4 128 CEFLE L
EFEY

51 RAXE

AHIESR - ZHEEEA (2006) 5 & Ut HIRGEE (5) mAIPE & SRR — i & i 2180, ME =2 — X,
617, 46-56.

Bender, M. A., Knutson, T. R., Tuleya, R. E., Sirutis, J. J., Vecchi, G. A., Garner, S. T., and Held, I. M. (2010) Modeled
impact of anthropogenic warming on the frequency of intense Atlantic hurricanes. Science, 327, 454-458.

Clifton, H. E. (2006) A reexamination of facies models for clastic shorelines. Facies Models Revisited, SEPM, Special
Publication, 84, 293-337.

Dumas, S. and Arnott, R. W. C. (2006) Origin of hummocky and swaley cross-stratification the controlling influence of
unidirectional current strength and aggradation rate. Geology, 34, 1073-1076.

Emanuel, K. (2005) Increasing destructiveness of tropical cyclones over the past 30 years. Nature, 436, 686—688.

Eoff, J. D. (2014) Sedimentary facies of the upper Cambrian (Furongian; Jiangshanian and Sunwaptan) Tunnel City Group,
Upper Mississippi Valley: new insight on the old stormy debate. Sedimentary Geology, 302, 102-121.

Harms, J. C., Southard, J. B., Spearing, D. R., and Walker, R. G. (1975) Depositional environments as interpreted from
primary sedimentary structures and stratification sequences. SEPM, Short Course Notes, 2, 161 p.

F b3k - A - BTEW (2000) RIERIC BT 2 W OERGERE L A b — 22X 5 HEER . HRFIZE, 50,
11-18.

Ito, M., Ishigaki, A., Nishikawa, T., and Saito, T. (2001) Temporal variation in the wavelength of hummocky cross-
stratification: implications for storm intensity through Mesozoic and Cenozoic. Geology, 29, 87-89.

FHEET- - P (2000) NV EY ZIRRY B 7 4 — 20 A4 X540 . T-ZERALHER, T HE A MR8k T- R HE %
& LT, MEFH, 106, 472-481.

RS - “FilE (1979) MUERPEHBO ZIGRGHE. A F AR, HEAFFF#HE, 27, 165-180.

AAFAE (1985) MUEREEOE = RiEKEL L =GB ORBR B X OHERE. #2547, 91, 815-831.

Knutson, T. R., McBride, J. L., Chan, J., Emanuel, K., Holland, G., Landsea, C., Held, 1., Kossin J. P., Srivastava, A. K.,
and Sugi, M. (2010) Tropical cyclones and climate change. Nature Geoscience, 3, 157—-163.

Leckie, D. A., and Walker, R. G. (1982) Storm-and tide-dominated shorelines in Cretaceous Moosebar-Lower Gates
interval —outcrop equivalents of Deep Basin gas trap in western Canada. A4PG Bulletin, 66, 138—157.

KEFEEAT (1963) THHAMIRIZ BT 2 BB L OFHHE =20 b AWERFENIZE (53 MEFILATRTE
DRERLRY - IR 5AT) . B FHEqE, 69, 38-50.

R (1925) $SRMHE=,E O, a7/ REFM G/ #H, 21, 1002-1012.

RRY (1927) WMEE=RE 4y i+t). #E#HEE 39, 655-674.

Obata, 1., Maiya, S., Inoue, Y., and Matsukawa, M. (1982) Integrated mega-and micro-fossil biostratigraphy of the Lower
Cretaceous Choshi Group, Japan. Bulletin of the National Science Museum: Geology and Paleontology, 8, 145-179.

R IEAL - EIRAE (1991) fRRRICEIC M T2 HE=207 4 v v a v - 7 v VR BEFHGE,
97, 251-254.

W RL - IRVLRRES - MRS (2014) EH 7 iDL, HEN LY R &4 16%. 110 p.



Shuto, S. and Shiraishi, S. (1979) A Lower Miocene Ichinofauna of the Middle Ashiya Group, North Kyushu —Ichinological
study of the Ashiya Group. Transactions and Proceedings of the Paleontological Society of Japan, New Series, 115,
109-134.

EREER (1990) SkFFREBHAREFINEHOMWE - SMGLIR L BBGRAE I 285, TRE L2 H 5%
AETFER, 1, 1-13.

Tamura, T., Saito, Y., and Masuda, F. (2008) Variations in depositional architecture of Holocene to modern prograding
shorefaces along the Pacific coast of eastern Japan. Recent Advances in Models of Siliciclastic Shallow-Marine
Stratigraphy, SEPM Special Publication, 90, 191-205.

H— - BENIEAT (2007) TEEESTFOZGINEENL LR 7 X)) FHE T OMEE AW ERE. 4E
FHEE 113, 406-416.

PN E] - EARLHE (1989) 2057770 1 E KN [R5, #E

%
=i

AT



