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Ichnofossil assemblage and sedimentary facies of the middle Oxfordian
Arimine Formation, southeastern Toyama Prefecture
(The Upper Jurassic Kuzuryu Group in the Toyama area, Part 1)

Satoshi Hirasawa
Toyama Science Museum
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The shallow marine Upper Jurassic Kuzuryu Group, distributed in north-central Japan, is important in
paleontological studies of East Asia during late Mesozoic time. However, sedimentological and ichnological
information on the group is still insufficient. This is a preliminary report on the sedimentary facies and ichnofossil
assemblage of the middle Oxfordian Arimine Formation (upper part of the Kuzuryu Group), southeastern Toyama
Prefecture. Results of the study are summarized as follows:

(1) A mixed Skolithos-Cruziana ichnofacies dominated by Ophiomorpha, is recognized in the middle part of the
Arimine Formation.

(2) The ichnofossil-bearing interval consists of alternating beds of swaley cross-stratificated fine-grained sandstone
and intensely bioturbated muddy fine-grained sandstone.

(3) Sedimentary facies of the interval is suggested to be a moderately storm-dominated, middle to lower

shoreface.
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J& 03T R HIC 2 A+ %  (Sano, 20158 X O D 5[
. o iTmES oMWY TH Y, BHPANRDOER
T VT HUIBIC R 2 WWEREEO WA, S DICAARSIE
OREEFERZMHEAT L ETEELEIND (B)INEH,
2007; Matsukawa et al., 2008, f£8E2>, 2013, Sano,
2015). Yokoyama (1904) Lisk, ThiamEdEfERE, »»
SEHTIHEEY LA IOV TIIEE <HiEsh, 3%
Mg S LT ad (il 21X, Kobayashi, 1947;

Hayami, 1960; Sato, 1962; Maeda and Kawabe,
1966; Matsukawa et al., 2008; Sano et al., 2010;
Sato and Yamada, 201472 &). #0—F5 T, LA
H 8 DHEFEFR AT O VI H D S HERFERBE DB 2T,
Masuda et al. 1991)</A3C - ##5 (2001), Yamashita
et al. (2011) 7R ZT<PHIc L &£V, FAAHIE G R
BRTWD, SLICHT U THIROY = 7R/ T, Hefg
BREE L RAEREE L ORRICOW T ORZEBINIEFIcZ L
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PR, 1958; BHIR - HoA, 1960; 7rN - IR, 1991; 42
JINED>, 2014) 1Thiz T, 7>E /A REE Sato, 1962
Matsukawa et al., 2008; Sato et al., 2012; Sato
and Yamada, 2014) <°, MEbfbaiiseE CRE - M
K, 2008, Kashiwagi and Hirasawa, 2010) O
) - AR RSN TE Iz, LA LHEFESER
F O ARERICEET 28 A, K E bR oERIZED
WTHEREERRIE 2B L7, mil - ®Eg (1957b) 22654
FEHEInTH W,

Z 2 CAMFZITAR AR ICE B LT, Al
DAY DIRMEAE OHERF LA O T L, ZOHERERE
WCOWTHETOEREITO . ALAEEIL, WNIERDEA
EZ XV IBRSNTEBROAREIATH D, EERE
B INTFHEOLE TH D Z &0 D, {LABEIR
HWREBRBEOETICEZI TH Y, FRITERUEAE TIIHEREE
1 & AARALARHE AL AR DY 5 Z & CTRE 2R HEREIE T
TN E#EGETE 5 (MacEachern and Pemberton,
1992; Pemberton et al., 1992a, b). AfEidFOxfordian
PO FIGE TR SN, Ophiomorpha % FAk L
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Fig. 1 Index map and geological outline of the studied
area Modified after Kawai and Nozawa (1958), Takenami
and Maeda (1959) and Nozawa and Sakamoto (1960).

THAFMATEICONWTHE L, ZOEHNXHEOHERE
FCDOWTELE TS, BBARICAICET 2IFEDHER
&, Teal—, KF (EEER) (1993) BXLOWFH (1994)
ZHED . BRI 7oA, & IR AR [ R S 4L
TW5 (EAESTOYA-Fo. 4459, 44603 X 1UM4461).

W AL, FRERICRER SN ST 27
R~ TERE HSROUERL, R/KAIS KON R DO HEFEY)
DILL A5+ % (i, 1961; #28)111E4>, 2014; Sano,
2015). Z D EESHARD & SRR BRI LA D3 S AU
TR, W7V THIRICIIT 2% AR EYHFEC,
FOEBERAT D L CHEERMVATEL 2o TWD #i
H, 1961; Manabe et al.,, 2000; Kusuhashi et al.,
2002; Matsuoka et al., 2002; Hirano et al., 2003;
Matsukawa et al., 2006).

ZOREROTE AT 2 7RI, EHEERL (B
% = K — BB — RS & A Ra HE) B8 X OVE L
WREEER (M s ~F S (R IcaamL, h
Y 2 74 (#%HBathoniani) 5 H%H Y = T4

(Oxfordian¥#iH#i, Tithonian#l) 1T THEREL 7=
B A O bR E TH 5 (FiiH, 1961; Sato,
1962, Sato and Yamada, 2005, 2014; #JI[iEA>, 2014
Sano, 2015). %€k, ZHALITFEEREO FHEZ LTI
GHEE AR EEE (RiTE, 1952, 1961) <X°, DAY EOHYK
HRAE A - FR, 1958) L L TEFRSSNTER
B 213, ELRHAEFEZRES, 200372 ). Sano (2015)
IETHE (1952) @ T gEEHER, %, JuHEREN (A
a2 45t & 35 i~ B Y = T %Bathonian~
Oxfordianf) & L THEZEL, A - AlEdHEKO
OxfordianfE b AERICE DT, £, BA - K-F
B — FRFHO Y 2 FRIE, BEL)IBEE (IR, 1954
HEFR) OTFEE L7 (Sano, 2015). L»L, BE4JI
JEFEDFERM 72 3 A0 OB P RUALEAT 1 1EAEE (Sano,
2015) TH D7, KHITIIEKT 5.

JUEHRE BRI ITREEH 3 L OB NS A OGRS FE & 3
gL, 6 EAREEDDLWINE TS5 (RTH,
1961). E7ARBEIX, THAEROFEEHOMEE
BRCABGICgES D (FTH, 1961; #)111E0>, 2014;
Sano, 2015). EEEEHEEWENPOGHB LN LIV D
FEROAACEILYIFARIC X 5 &, NEAEERIIHEDT
ERILE 2% e U, P~%HY = TR T T
M OWBTICIER SN EBEZ LN TWS (FRFS - A1
JE, 1993; JIIERIED>, 2014). F 7=l HUBE OB 5,
OB ITIEEE (bi&24° fF) IThi@EL Tz
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R (R, 1961; #)I1E2D~, 2007, 2014) THY,
HHIY = % (Bathonian~Callovian#j) E#HY =
Z% (Oxfordian#) D2 DOWEELZFTHEEKL TWD (&
P91E2>, 2013; Sano, 2015). ABERIIEMAE LT, HE
TR - HEREHLGE & D ITE VWA R~ VB TR
i (Ail, 1955; Takenami and Maeda, 1959;
Maeda and Kawabe, 1966; Sato and Yamada,
2014). HEAMONEHEERL, 77 T NVH VAT A
OHEREY EZEZ BN TWD  (ILEIED>, 1989; Masuda
et al, 1991). ‘AMAMIBOARER IO, LR
e b e E 2+ 25 (Kobayashi, 1947; miH,
1961; Sano et al., 2010). —J5, Al OEHT
D7 A FEIE, HREERWL T F AEOFEE
#THD (Sato and Yamada, 2014).
HlEHg O NI ERE (=4 - BFR, 19580 TR
JERERIRGRRAIE ) 1L, T LV E)IE (WL EsE
WCRAIEZHET D) &, AR (RAajesEsrs
WAV ABE TR E LS ZES) TRy S, H K
A, AR LOHE) I FBICBIENICAm T2 (G -
PR, 1958 Takenami and Maeda, 1959; #JI[1E2>,
2014; Fig. 1). T OHIBOAREEE, EBE OREIE
fEfE By =7 R) EAEESOWIRETHEL, T
HESROMEERE (=WE - B3R, 19580 'FEEHE
BIRE) CREETEDND (INEH, 2014). B
JIBTIHMERICZL WS DD, o H% < DRt
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Fig. 2 Route map along the upper course of the Makawa
River, eastern Arimine

ARFERINTNWD CEEIZA, 2010). Perisphinctes
matsushimai BEEEHOT v F /A4 NEEZEHRTZ &
D, BUEREIIHIY = F i DO0xfordian#iHH#iIcxt b
X5 (Sato and Westermann 1991; Matsukawa
et al., 2008; Sato and Yamada, 2014).

A ZAT - TR OB 1| it Tk, JusHEERE
DHZERICER TS Fig. 1). AKHEICOfA+ 2 =
DIFBIZONWT—R L R <, EIE (R)INEs,
2014), HIERE (A4 - BR, 1958, F1N - &R, 1991),
HOLWIEIERLOEERE FiH - ®/5, 1957a; Sato
and Yamada, 2014) &L TRAOSNTWD, FifL—
NMIHER AR OIET TH 5 (Fig. 2).
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Fig.3 Columnar section with the bioturbation index (BI)
and interpretation of the lithofacies

“IV1-5” are intervals exhibiting the representative
lithofacies and ichnofabrics (Figs.4, 6). “SH1, 2” indicate
the sampling horizons.
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B)IARRICH > # 8L — b (Fig. 2) T, PATEEs
ORI DI L T IUTHE FE R OHRIHD S 8 3K B
BERI130 mich e - GEGMICEL T2, BEEITIRE
LM T, JLITH40~80" AL TWD., Zo—k
TIE, KEBRM RO S I3 b e, MRS
JE1x, REXIBROIE TR~EREE (hiBfEit o iR
22T ERIRE) ICRES THEIS N, M TIIEER
BAIEDBRICEAIND., B IEEICHR - N
INCHE R OIERA T 572 0, A5G O~
MBI 8 2 ede, EEREKIAITE L <AL TR
v, REFTMICH L Tn5,

Ophiomorpha = =FR T HARCAREES, Tk —
s OHEICEE T AR S E N D EH T 5. F O
i, WAL Y = — /LIRRIEHESCS & 72 T K H
BRI &, 35 L < EWHEE 2T To B IR AR E AR
e D HE TRHEM I b5 (Fig. 3). ARBIEH72RY
REREELH LD, HEL L GRkTEsBEDRE
JEZHAE L 72\, WA & b BET, EbimmidRe e
275,

SCSHERI YA 8 D EE TRV RIR T, FALOVEE kL
waEEHEREREm TES (Fig. 4.A, B). E&m\
ks B Fie & ORIk I3 Sk, B
JEIZ IR W CTRIZZZEHE ORI BT 5 1T E KA &
720, K EMTIRIEFATERE2Z2 3 X 912725 (Fig. 4
A, C). SCSnt v MIREREZHAAET, BEL T
W5, B &3k, SCSHhaEHERE O Eimiddy
PERIC X VAR RN 2R &7, BT D IRE A E~
W45 (Fig. 4.C). SCSWEDHEEIIEHEIZL > T
720, 5ecmARHOE—BHH20cmEBALEREL H D

(Figs. 3, 4.A, D). AWbiRE OfsiEbioturbation
index (BI; Taylor and Goldring, 1993) if—f&%ic
BI= 2R LR 5, HhEgrvsg <fEHk (BI=3~4) &h
EHEL A LD (Fig. 3). SCSHWEREOIAHEE T,
JEERE IR L EE 2O U E AR T AR (Fig.
4.C). FlAEAA LR L OBEFITHETHY, 1t
LSRRG ICRBRTE S,

—7%5, BB BT X b AR 2R <
ZUTTNT, FIARZRHERE 21 2IER TS (Bl =
5; Figs. 3, 4.A-C, E). #£JE7 77V v Zichnofabric
FEERSCERORHAR 2B R TH Y, Hx OfbasE
BRI L (Fig. 4.B, C). %7, SCSH&E 4
BALAE L 872, R ICPAT E IHRA IR T 51k
FRHEPFERTH D, HAREIERXHE T, JeERE
SCSHE X v HEETHY, 30 cml EOHEEE Z/Rd
JBHL R b D (Fig. 3). Pinna 72 ¥ Ol

ADRER AP GHIERICENT 5, ZKE{bA1T, B
B S TRBER R 8 D VXA FRORRETET S (Fig.
4.B). WAEEWILE Ok, %< OBAERL T\ 5.
D ORI AT, B E O BWARCRE
[ORIAPHIRDB T INVa—ZEWETHY, AERFIC
‘Bie (Fig. 5. %77, SCSEIOREWEITE bITHI~
R OFA RGNS (Figs. 3, 4.A) ZPET 5, Y
Roiba 2 & £\, SCSHE IRk R T, HEIC
ZLULZEWRFOIRNPERD.,
AR L7z X 9 ic, B kyiikic iz 3 2 L e it
DBFEIFTONWTIE RO —E 2 ATV, Sato
and Yamada (2014, p.22, 24) TiE, AHuEjIcEZ
SNLAY = LRRIZBHOREEL Iciha)E %,
“Arimine Formation” (FlgfE) &L TnW5. A#E
T ZOEFREZ e, g Lr—bh (Figs. 2, 3) @
SCS WrafE XM= HIkfE & /a4, FREOIER X
(Fig. 2) 1%, Sato and Yamada (2014, Fig.2) iz
BT 5 EIEH S AR0009 & AROO10DAEAF AL L,
HlEE P ERICHIYS 3 5.

EREAHEEOHFH
ERCERERITEE S TH 505, SCSHELAIR Y 7
7Y v 7 %7 (Fig. 6.A-C). BEEZERTIL0E
BIIE L LTOphiomorpha THY, phycosiphoniform,
Planolites 3 X O\Skolithos £ 3£+ % (Fig. 6.B-E).
U bEDAEEITEBYENLHET DD, BRICEARER
Jg#ESH1 (Fig. 3) OSCSHA Tlx, Cylindrichnusk
Skolithos \ZHELL L 72 53T Hlining D & B A HEE L 38
wohd (Fig. 6.F, G). L»L, Kk L THED
SREMEITZ LS, DT PERAEERI OB STV S,
IS AECA DERITEMIC L > TR S, SCSH
a (BrlcEE BX) TiX, Ophiomorpha DIr¥i shaft
S Skolithos7e £, JEHEME T3 U HEE LA S D38
MIc A B 5 (Fig. 6.C). XHRAICIRERD /S0 5 EH
THAECE X, BREREICIZIEEAT 2 Ophiomorpha
JK3EFL horizontal tunnel & Planolites# Tk L+ %
(Fig. 6.B). Phycosiphoniform %, SCSH&E DA
B S EALOIREREITHNT TEET D, 2720,
ER X OUKER b agEE Y, EnEnieEme & SCSH
Hizb@EOHND (Fig. 6.B, C). {ba#EDERI
ARBSCREEOEEICED L, WL REEEEREY
J& full relief TH 5. Fiz, EHKMCIIERDSEH
LT, EVERCAITEOAE 2R TE 20,
Ophiomorphai®, SMAD I IFHER 72 RkE wall
granule O 5%&EE wall lining &, EFEERWN L
e Ebackfill structureZ R HEE TS D 5 7
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Fig. 4 Lithofacies of the middle Oxfordian Arimine Formation

(A) Swaley cross-stratified (SCS) sandstone bed overlying an intensely bioturbated muddy sandstone bed with a sharp, erosive
base (IV4). The SCS and muddy sandstones contain a pebble-sized nodule and abundant burrows, respectively. (B) Sharp basal
contact of a SCS bed overlying an intensely bioturbated bed. Lower part of IV4. (C) Parallel-laminated sandstone gradually
changing into the overlying mottled sandstone (IV5). Few vertical and inclined burrows penetrating into the laminated
sandstone. (D) Thin SCS layer intercalated in a bioturbated interval (IV2). (E) Intensely bioturbated sandstone contained a
molluscan fossil IV1). Thin layers of SCS and dark muddy sandstones overlying the bioturbated bed. Abbreviations: ABV,
articulated bivalve fossil; CSS, concave upward shallow scour; HTO, horizontal tunnel of Ophiomorpha, 1BS, intensely
bioturbated muddy sandstone; MSL, muddy fine-grained sandstone layer; NOD, nodule; PAL, parallel lamination; SBS, sharp
base of a SCS bed; SCS, swaley cross-stratification; VSO, vertical shaft of Ophiomorpha. Scale (A-D) in cm.
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Fig. 5 Photomicrograph (under XPL) of the muddy sandstone
(TOYA-Fo. 4461) from SH2

Quartz grains tend to be well-rounded. Abbreviations: Mus,
muscovite; Plg, plagioclase; Qtz, quartz. Scale bar indicates
100 p m.

MR AEEE TH D (Fig. 6.D). EREIRES X
D HEFEPOIRE TH D72, EYLL 2FEHE TH 2D
ERBERDITHTE D, SCSHYEHOBE ITE
EREL K E RS2 b > (Fig. 6.D, F). LaL
REWE T OEE TIX, BEIIE EREEL/hawn
(Fig. 6.E). K PALOBEWHE IZMFISEWERE TH
% (Fig. 6.B, D). #EOFREYII—MKICHET, &
FHOREEH D WIHER LRI AE TH D, Fl—EHT
DREIFHEEZ LT RVERL, SITIOEX1.0~
10.0cm, HEERE (BEMrmoE#HE) T0.4~2.5cmT
b5, TlZL, BERIF—E CIHEF—EL W5 (Fig.
6.C-F). kL7 AbaEE 1L, EHEEOSWEYET
bR TE 2V, Fiz, BHBCSCSHYEE DR %
PEEE burrowing 92 351D & H ALV,
Phycosiphoniformi¥, 7 7 2% —K72\ L EBEHIC
o TREL T/NBERIR, SR E 7213 mE 2V LK 2
HEMRD 2T core 2R L35 (Fig. 6.E-G). 27X
HERAETHY, —MICEEIEEO % FeaEE
Znd (Fig. 6.G). a7 ormeE (BiE) OEW
no, ZOAEFAAITIREIE NIO25Z A4 FICK s Eh
% (Fig. 6.E-G). =7 HERIIRIE THI1.0~2.0 mm,
#%#FT0.4~0.6 mmEETH L. LML A TDaT
FEREICHR 22 RIT 2 <, FRBEIGENT25H6b%
W (Fig. 6.E). = 7EM D~ > /L mantle i%, SCS
BIOVEEREFOER L LIZ, OO TRARETHS.
Planolites V%, BEEMEITFATRWUIKRMAICRIZT2E
ToEo 2 WMbA#EE THh 5 (Fig. 6.E). FEYIL
BHEREETHY, REELRI RV, BEORS
IERAK10.0 mmEE T, EEMBBmE (Ei#k)

3.0~5.0mmTd» 5.

Skolithos 1%, FEEEE ICX L TITIEEE CTHEHARO 2
MR EH#E T D (Fig. 6.E). Planolites L [7]
B, BEEIREOQIEEE TRESLTRY, NG
BRI R, BERITRATT0.0 mm, BEEKL.0~
4.0mmiEETH L. EARIUBHESHITIL, Skolithos
WCHERIT A BT b Sh - EEME 2ET 5 (Fig. 6.
F). Z¥T5130phiomorpha RIC <, B TIRE ekt
6725, FeREYITERS CRE LRI U E
TH5DH., KREZIFEENETH2.0mm, EITHOESX
0.2~1.0mmiZETH 5.

Cylindrichnus BOHEFLA S SHIUBHEIZZED H b,
HfERkoBEE /AT TH Y, RNHERFEOMHEEL
IRYEEE RSO, [FLMEEY, PR oREREY &
ZFNEI Y &G LIRESEDOARHANRAEE PG 725

(Fig. 6.F, G). D7 < &b KVEHlm <%, WEHR
EY)CNEREIE A TER T E RV, FEMOER L, FREA
ROEZE, ZHZH5.0mmE4.0~7.0mmTH 5.

Fig. 6 Ichnofabrics exhibiting the mixed Skolithos-Cruziana
ichnofacies of the Arimine Formation
(A) Moderately bioturbated SCS sandstone bed overlain by
a less bioturbated SCS bed with an erosional base. Upper
part of IV3. (B) Burrow- mottled ichnofabric dominated by
horizontal tunnels of Ophiomorpha. Several vertical shafts of
the ichnogenus also observed. Muddy sandstone in the lower
part of IV4. (C) Vertical shafts of Ophiomorpha within an
upper part of a SCS (quasi-parallel laminated) bed. Upper
termination of the shafts are obscured by biotrbation. Lower
part of IV5. (D) Typical mode of occurrence of Ophiomorpha
(upper part of IV5). Shafts penetrate from the bioturbated
muddy sandstone into the underlying laminated sandstone.
Horizontal tunnels are burrowed in the muddy sandstone.
Tubes have dark muddy wall linings with wall granules.
Note distinct linings of the shafts even within the
bioturbated sandstone. (E) Ichnofabric of the dark,
homogeneous muddy sandstone. An indistinct shaft of
Ophiomorpha, large and small phycosiphoniform, Planolites
and Skolithos are observed. The shaft is characterized by
very thin linings with tiny granules compared to those of the
tubes within the laminated sandstone. Note Planolites
cross-cutting the shaft. Vertical polished slab (TOYA-Fo.
4459) from SH2. (F) Bedding plane view of an ichnofabric of
SCS sandstone. An irregularly concentric tube
(?Cylindrichnus), small vertical tubes with muddy linings, a
horizontal  tunnel of  Ophiomorpha  and  small
phycosiphoniform are recognized in the light-colored, well-
sorted SCS sandstone. Horizontal polished slab (TOYA-Fo.
4460) from SH1. (G) Transverse section of a vertical
Cylindrichnus-like tube. Its concentric structure consists of a
central sandstone core, an inner thin muddy and outer thick
sandy linings. Two small vertical burrows intersect the
tube. A phycosiphoniform core showing a backfill structure.
Horizontal polished slab of the SCS sandstone (TOYA-Fo.
4460). “TOYA-Fo” is the acronym for the fossil collections
housed in the Toyama Science Museum. Both scale division
(A-D) and scale bars (E-G) indicate 1 cm. Abbreviations:
CYL, Cylindrichnuslike vertical tube; LWG, muddy wall
lining with wall granules; PHL, phycosiphoniform (large
type); PHS, phycosiphoniform (small type); PLA, Planolites,
SKO, Skolithos; VTL, thin vertical tube with muddy lining.
Other abbreviations are the same as for Fig. 4.
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FEARBARK T 2ROV D25 01T, AR OB 7216
B L, SCSH LUNPATEM OFE L 7ok BAT 720
ENLRHLHEBETHS (Figs. 3, 4). ERXEFHED
X ou, WSS O DOYAR 72 HEFEREIE DS BT
REINTWOIREELA~LNS (Figs. 3, 6.A). Z
WO ITHRES TA LT, 1) BN 2 BRHEREY) OfAE,
2) WEREFICRIT 2 IREY DOHERE & A4 OTRS), B
L0 3) EAMEOEEZHREITHKI L IcHER, %
FEERL TWB LB X LS.

1) 22T, SCSROZAUTHE D FATHERRIX, FHRO
ELBE L 7o I~ S O B R 1 5 B 1L D HERE IS
T&» 2% (Dott and Bourgeois, 1982; Leckie and
Walker, 1982). #iRJE TRE S AVICHEHETR IO
WE TR FICEREL, MUNOS &R & BRIE L D
MEERZZ T RPBOHERE L BRI, Ny 7REE
BEHCS°SCSZ 75 (Dott and Bourgeois,
1982; #iE2>, 1985). L 7=h - THRRKXE OSCSHY
AL, BRI A OE I S S S N EY)IC sk
THEWVWZD, ek, B RO EHE BTN Rk
DPORNEBRLTH Y, SRIEEWM A OERSRFIRIEI D,
ZEOHERYIC X > TEHITHEE SIS L 9 HEfE ©
BHolctEZHBNTE @il - ®KFE, 1957b; Takenami
and Maeda, 1959 HijH, 1961; Maeda and Kawabe,
1966; Sato and Yamada, 2014). —f&ICEIREICIT
WAKPICZEOWDPBREL TRY, HFREOENEKTL
ELICHESL DT HEFE T S (Kreisa and Bambach,
1982). L7zhio THATHHRE TR ST\, FlgfE
CRITHHRH LD E LT, BRAV MCBEL
TCHERETER 2T 6D b Liviawn,

2) ITOWT. JREAITFIRIF IS S Vi EY)
&, BRZOERKMFICIERE L TR EWH 6 72 2 VB
BITH®RL, AL ZEAEYIC XY B S IREW
TholctEx2bND,

3) ZOWT. AWz T R g & L T
REINTND Z G, FREOENIEARELS
ATEIERIFDJEE 23X THIRI T 512 L5387 TRro Tz
LWz b, BEWE BI=5) OBUETIE, JEAERED
JEE A SRR T X DRI L 7o i &, £
SODRHEREEA AR S D, F I KEFERICE, #5
HICSCSORIFEEI N (BI=3) 723, XV #EHE
EORNWSCSH A (Bl=2) 1C#E S -EHEd B
545 (Figs. 3, 6.A). ZOBI=3 Z/RTHEEDR
K& LT, 20o0REEMEAZEIT D, 1D, AP
L D HEEEOKRE P& TH D, DFD
FRIRMEFEY) I AR U T AR REEE DS, MBI (EfEmE) o

SR EFITRC T EF~BE L T27c®, REeR4EY
BERICEE T EZBND. 22HE LT, BRIFIC
BT 5 IEAREO AFERTEER B O & (colonization
window; Pollard et al., 1993) 723, JREWE BI=5)
DFNL Y SFRNE DS TEE TH D, Tbb,
JEAREDOARETE T XV b RNCIROFERA N N RFAE
L, #THOEBHG LR L e & Bbihs. L
LARI&ELNT—4 TiL, ZOERBOKKIZOWT
2ODFREMHDONT D, & DWVITHEHEDOES L iR
T D DOPHETE 720,

PLEDEZE P HARRKXEX, “moderately storm-
dominated shoreface” (MacEachern and Pemberton,
1992) LR END. T, BEA NV X DH
FEIERH & 2 s i< B Fn Ao AMTTEN R X O
BREOEE, LWVWOBRSLERY KL IIMNERETH D

(MacEachern and Pemberton, 1992). XV EAkAY
CHERRS 2 E T2 &, R OEIL N 7 71Rb
D WIREHIR RIS 2 R &, BEYEHEREY) &5 F 3 HRL
ThHhdHIZ b, EHINEL Y QBEVRETH o2&
2%, FEie, IREWEBORES CREINIALAEE
DH¥WT S L, BRIFICIREY OIS 5 X 5 2
TR CTh o7z, TR LEBE L TEi#kTE 5
BIEDIRE A D e\ o, PRIENR L D b HERES &
Exohd, Lciho THERKXEE, HEMNENLS T
HAMEICDIT COBREEE e LHEE SN D, 72RSCSIT
HCS LV b WHERES Z2mi2 L, TEIME L D b st
ETER STV (MacEachern and Pemberton,
1992; Dumas and Arnott, 2006). Wz IZHEREMH & L
T, FESMNEDOFTREMENR LV BV EEZ LD,

AIRACATERE OMERIT, Ik RAF72SCSIb A & Ik D
BVREE TRRD., g2 bENT 2AFE T,
M fa R © R BRI ([ B 1E 72 Ophiomorpha D SLHLE L O
Skolithos #FEE L, KEHEEICZ LV, EiAbABE
OEHBEEIR. —F, #BECEEshbaEeEl,
F & L TCREERE & AT T D Ophiomorpha DKL &
Planolites THY, ZHOEHBEE L EV. Pemberton
et al. (1992a) 1T < &, SCSHE & IREW A DORE
813, FhEhSkolithos A5 Skolithos ichnofacies
B X O Cruziana =I5 Cruziana ichnofacies|Z i
, XEEgE L THARMOMBRE Y KRS (mixed
Skolithos-Cruziana ichnofacies; MacEachern and
Pemberton, 1992) %724, X[EDSkolithos AFEFAIT,
FRIRA RV MME, BRI EIE (SCSHE)
WCARE L 72 BAn RAED 6 72 5 B4R (Pemberton et
al., 1992a) ZRE3 %, xR, XEID Cruziana 4
SRR TG RIFFORWEIRICE R L 7o FHifE CHRERk S 415 i
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EREE (Pemberton et al, 19923) ThA9. 72721,
MAEIRAR O BRI AR CHBRICX B S5 DT Tl
<, SCSHyaE EiBir o EALOIRERYEE FERICHNT T
1BAZ L CW5. Bl 21X Skolithos HIEAR %3 SCSHY &
HIZY, Cruziana £EM O EESE (Pemberton
et al., 1992a) T&b % Cylindrichnus \ZFLLL 7o A1
B, Ophiomorpha DAALIFED IS (Fig. 6.8,
C,E, F. ZOXoRMEROERLIAET 77 v
70E, BRA N NEHZO AFIRAREARE (Skolithos
IR D, BEREFICRIT 2 EHIRE D KA RE
(Cruziana HI8FH) ~DOEBEZKBL TNWDH LEEZD
b, i, SCSWAR EIICHEST D Ophiomorpha
DIYUTHERT 2 &, BT 2 IEER SN o
BTERWES (Figs. 4.C, 6.C) &, HEICHRAF
SNTPER (Fig. 6.D) TR &b, BIEIESIHT AR
BIEMR 2T T EES NI L Bbihvag Z 205,
FIRA X NEBRDOEEIZEALTCANER & A750E 5.
%EOLE, Bl=5%2 R {REA T THLEE LT 5%
SNTWD Z e, EEREOZE L IZRICEAS
NizctEZE2bh5bd, ZOXOCFE—ERERETSH, FERE
DIEERFE & U C AN 5130, PHEREEDO1ER L LT
EETHHALDHoTLEWVZ D,

EXA))

ARACABEIER LT, BLRMAEIC T2 1
Y = 7 RSB AR OHEFEFRIC DWW TER L T2,
AREDOERNL, UTO4ETHS.

(1) Oxfordian B EAIEE D HERIC, Ophiomorpha
rEERETOERMABEOENXMEZRERL 72,

(2) EEHRXBOEMIL, 27— VIREIESEHE D%
L TOMRIRDS &, YRR O IR ERRID S O B
JBThHd.

(3) AFALAREEEIT, BIRA N MNEZO AR
22672 % Skolithos "EIEFA &, B REFICOEHEREO L L
7z Cruziana AI8A8 & OIRAR 2R

(4) PFEHXE ORI, LIELIEREBA XV D
BT TP ~TEHSMNETH 5.

E i3

BRREVERTHI2Hi, KiE Bz (Blik®)
WCIXER EEOBREIC TH IV W, E 73T
FLITEL TiE, BRERK GRS OTEREZST:.
ZZICRL THEHB L BT 5.
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