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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)
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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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HEsH G OJEEICIE,  EEH AR TFRUEHO T2
L, Whwa ThsasEsER, (FiH, 1961) &L T
BRS8N TEREY =7 %05 FEE HR OWERK
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
WZ EbiEfHEN TS (Komatsu et al., 2001).
B ILRFE RO A eI, ThBEEEERE I
T3 EEY o 7 REERE OB o1 > TH S (R -
g, 1957a; W& - BFR, 1958; Fig. 1). Z OEiEK
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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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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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