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A trace fossil assemblage from the Lower-to-
Middle Miocene Kurosedani Formation (middle part
of the Yatsuo Group) observed in Tateyama Town,
eastern Toyama Prefecture, is reported. The trace
fossil-bearing outcrop (Zashubo Coglomerate, Sandstone
and Mudstone Alertnation Member) consists of lower
stratified clean fine-grained sandstone with swaley
and low-angle cross-stratification, and parallel
stratification, middle moderately burrowed fine-grained
sandstone with partly preserved cross-stratification,
upper mottled carbonaceous fine-grained sandstone
and uppermost coarse-grained sandstone overlying the
carbonaceous sandstone by an erosional bedding plane.

The assemblage within the fine-grained sandstones
is mainly composed of Ophiomorpha, Palacophycus,
Planolites, Skolithos and branching thin burrows.
Bioturbation indexes tend to gradually decrease
from the eroded upper contact surface of the upper
the

sandstone. The fossil burrows, whose infills are

carbonaceous sandstone to lower stratified
carbonaceous sandstone and/or carbonaceous material
in many case, frequently cross-cut each other and
exhibit apparent tiering from middle to upper fine-
grained intervals. While trace fossils from the
uppermost coarse-grained sandstone show very few
occurrences of almost only horizontal lined burrows,

which quite different from those of the underlying

75

fine-grained intervals.

The sedimentological and ichnological features of
the fine-grained sandstones probably indicate the
trace fossil assemblage reflects opportunistic Skolithos
ichnofacies immediately following a storm event and
a succeeding climax community of Cruziana ichnofacies
during a fair-weather condition under a middle
shoreface environment. After establishment of the
climax community in the fine-grained substrate,
rapid, large volume of coarse sand deposition of
probably by marine flooding or a sediment gravity
flow originated by river flooding would have resulted

in a frozen tiered-profile below the newly formed bed.
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Toyama Bay
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Yatsuo Group (upper part, mainly marine sedimentary
rocks) and its correlative formations

Andesite
Zashubo Congl. Sst. Mst. Alternation Member
Kashinoki Conglomerate Member

XN Yatsuo Group (lower part, mainly lavas and pyroclastic
rocks) and its correlative formations

Iwaine Formation

[E] Pre-Early Miocene basement rocks

Fig.1 Simplified geological maps showing the studied
area (Tateyama Town, eastern Toyama Prefecture).
Modified after Toyama Prefecture ed. (1992) and
Kaneko (2001).
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Storm-affected shoreface

o

fs ms cs 1
rLEGEND
Lithologies
Fine-grained sandstone (well-sorted, clean sandstone)
Fine-grained sandstone (poorly-sorted, clean sandstone with
medium-grained sand)
Fine-grained sandstone (carbonaceous and mottled)

Coarse-grained sandstone (poorly-sorted) 952 Gravel

Sedimentary structures
E= Parallel stratification Swaley cross-stratification

E=] Low-angle cross-stratification [27] Biodeformation

Fossils
2)7 Fossil burrow B== Fossil wood (bored by Teredolites)

% Carbonaceous material (mainly thin fragment of coal)

= Carbonaceous material (discontinuous parallel-lamina-like)

N

Bed contacts
Sf&f Obscure and irregular by bioturbation ™~ Erosional

Fig.2 Vertical profile of the Lower-to-Middle Miocene
Zashubo Conglomerate, Sandstone and Mudstone
Alternation Member (lower-to-middle parts of the
Kurosedani Formation) with bioturbation indexes
and occurrence ranges of dominant trace fossils. The
fine-grained sandstone interval preserves a frozen
tier composed of Cruziana and Skolithos ichnofacies
under storm-affected shoreface environment. Scale
bar is in 10 cm divisions. Abbreviations: BT, branched
thin burrow; cs, coarse-grained sand; fs, fine-grained
sand; ms, medium-grained sand; OP, Ophiomorpha;
PA, Palaeophycus, PL, Planolites, SK, Skolithos.
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IIREY) CHREINIACEBELEL, POEBICR
X3 % (K3E, G, 4A, E). %7z, BEHEICKLEMAICHE
R EABEE LS, BAICRRD L WIITIEEATR
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Fig. 3 (previous pages) Lithofacies of the trace fossil-bearing sandstone beds of the Zashubo Conglomerate,
Sandstone and Mudstone Alternation Member. (A) Outcrop of the sandstone beds intruded by age-unknown
andesite. (B) Measured interval of the sandstone beds (See Fig.2). This interval is composed of lower stratified,
middle bioturbated and upper mottled carbonaceous fine-grained sandstones erosionally overlain by uppermost
coarse-grained sandstone. (C) Low-angle cross-stratification developed in lower-to-middle intervals of the lower
sandstone without muddy matrix. (D) Low-angle and swaley cross-stratifications, and parallel stratification
observed from middle-to-upper intervals of the lower sandstone bed. The sandstone is well-sorted and lack
of muddy matrix. (E) Ichnofabric formed in the middle sandstone bed. Burrows filled by dark-gray or black
carbonaceous sandstone and/or carbonaceous material are visible. (F) Laterally discontinuous set of cross-
lamina because of bioturbation (close-up of Photo E). (G) Cluster of burrows in a carbonaceous, biodeformed part
of the middle sandstone. Vertical and horizontal burrows frequently cross-cut each other. (H) Irregular and
gradual boundary between the middle and upper fine-grained sandstone beds owing to bioturbation. (I) Mottled
upper carbonaceous sandstone, sometimes with coal. Ichnofabric dominated by horizontal burrows filled by
gray, relatively clean or dark carbonaceous sandstones. Cross-cutting relationships among burrows are also
recognized. (J) Uppermost coarse-grained sandstone bed erosionally overlying the carbonaceous fine-grained
sandstone bed. The coarse-grained sandstone sparsely contains lined horizontal burrows, fossil woods and
parallelly arranged thin carbonaceous material. Morphology of the burrows is different from that of the trace
fossils in the underlying fine-grained sandstone beds. (K) Fossil wood bored by Teredolites (close-up of Photo
). (L) Basal part of the coarse-grained sandstone bed containing poorly-sorted, matrix-supported gravels of
volcanic rocks. (M) Parallelly arranged thin carbonaceous material without disturbing by burrows. Lower part
of the coarse-grained sandstone bed. Scale bars equal 1 cm (L, K), 2 cm (E), 3 cm (G), 5 cm (F,H,I, M), 10 cm
(C,],D), 20cm (B) and 100 cm (A). Abbreviations: ANS, andesite; BDF, biodeformation; BDP, bedding plane; CBM,
carbonaceous material; CFS, carbonaceous fine-grained sandstone; CSS, coarse-grained sandstone; DCX,
discontinuous set of cross-lamina; EBS, erosional basal surface; FWD, fossil wood; HBR, horizontal burrow;
LAX, low-angle cross-stratification; LHB, lined horizontal burrow; LSS, lower stratified fine-grained sandstone;
MBS, middle bioturbated fine-grained sandstone; OPH, Ophiomorpha;, PAC, parallelly arranged carbonaceous
material; PAL, Planolites; PBL, pebble; PLS, planar stratification; SCS, swaley cross-stratification; SKO,
Skolithos, SSB, sandstone beds; TRD, Teredolites; UCS, upper carbonaceous fine-grained sandstone;
UMC, uppermost coarse-grained sandstone; UWD, upward direction; VBR, vertical burrow; VH], vertical or
high-angle joint; XCR, cross-cutting relationship among burrows. All photos parallel to bedding.
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Fig. 4 (previous page) Trace fossils and ichnofabrics observed in the fine-grained sandstone intervals. (A)
Ophiomorpa ichnofabric composed of nearly vertical and horizontal burrows characterized by a wall structure
with fecal pellets. Few back-filled burrows and Planolites are accompanied by the ichnofabric. Vertical
burrows tend to penetrate into the other trace fossils. Middle bioturbated interval. (B) Transverse section of
a horizontal burrow of Ophiomorpa. Thick wall with knobbly fecal pellets is partly bioturbated. Clean fine-
grained sandstone of the lower stratified interval. (C) Crowded mode of occurrence of light-colored Palaecophycus
and dark Planolites burrows forming a mottled ichnofabric in the upper carbonaceous interval. A horizontal
burrow of Ophiomorpa with an indistinct backfill structure is co-occurred. (D) Sparse occurrence of Skolithos
burrows filled with clean-sandstone of the lower interval. Note Skolithos burrowing into the laminated sandstone,
and conversely, penetrated by Ophiomorpha. (E) Ichnofabric consisted of backfilled burrows, Ophiomorpha,
Planolites, branched thin burrows and biodeformation, which indicates a climax benthic community. Their
cross-cutting relationships are visible. Middle interval. (F) Black thin burrows with upward branching and
carbonaceous infill. A branch cross-cut the other burrow. Middle interval. All scale bars equal 1 cm.
Abbreviations: BDF, biodeformation ; BFB, backfilled burrow; BTB, branched thin burrow; FPT, fecal
pellet; HBO, horizontal burrow of Ophiomorpha, OPH, Ophiomorpha, PAL, Palacophycus, PLA, Planolites,
PLS, planar stratification; SKO, Skolithos, VSO, vertical shaft of Ophiomorpha, WAL, wall of burrow; XCR,
cross-cutting relationship among burrows. All photos parallel to bedding.
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¥ilZ Palaeophycus =810, Ophiomorpha<°Palacophycus DOSLHUTSERLT 573, FHITHOIMINC IR 2 R < 5 TH

P bIEEIND (M4A). 25, ZOHEEAE, Planolites o3 FF5 7 + A —
Skolithos 1%, TIROFATREIEEX MBS L O L OREW varEEETsIEbHD (M4ALE).
EPOET DM, HMRIHEE OREIC W TIER I HBI A B IC A BB AR L, PREVEE DFEWE

HEORNERTHY, EHXKEGHEW (X2, 3D). & 6 & S ORI S TR 0~ 5 72 5K (B
AR ITE IS L CRIEEE M LAESE TH Y, E 1.6 cm#2 ) =°, Palacophycus BiDILHHEE TH 5
FHoatiz 7272 (44D ; Lindholm, 1987, figure (I23]).

4.38b2), KZZ13ES0.9~5.0cm, HEER0.3~

1.OcmBETH 5. FHEWIL, EHBYE LR CEMOm 6. &M

HThHY, N EZXR< (M4D)., FTHPLET D WIEHRRE AR 7 7> 7Y v 2 IS &, ARRME
Skolithos TiX, FelY LA & OBERPREEOEEL RIX [ OHEREER S & AERRRICOWTERT D, AXKMH
PN X VRIS TWDIED, Ophiomorpha \ZHEHE & THEREER SR DR & 72 D58 /1E, MBI A I by

NTND (K4D). ESoR'ERE TIE, Skolithos 23K 5SCS B L ROphiomorpha DEM LU TR 7 77V >
Wy E CHE & iz Palaeophycus ZHEES 2% (K3]). 7 ThH5 (K3D, 4A). —MIcSCS i, A b — AKFICHE

AR O AIRALA X, HERIK R 8 o K HE A & REFHIRFBI 2> BIRFFRIRBR AT 23T TOEKEE T
I REREE O KB TEIC T CTHET 52, RiE TH R S5 (Dumas and Arnott, 200633 X2 D5
w35 (X2, 4C, E). —#&ic, BEmECx L TEMAIC Cik) . E72, Ophiomorpha = TR E LI EE T 77
R & 2 WITITIE TR E R RE 2 R TEARR DR L 72 Vo 70%, FARDPOCHEROHEICEW TR FEROBR
(LE#EETHY, Fick), MG ERETH~2Ed 5 Eame+ % (Pollard ef al, 1993). seiflL7zX 91g,

(K4E, F). D IE—KDHRT, DN SRO S O4 FEEE VR —F 2 Rt Blba 2ET 5 (1
U5 &9 7R EDODIEIEFRD Hive vy, B 1L HIEA>, 1998 ; &1, 2001). L7z23-> T, REHEICEIT
EOREWAESCREY TRESNTEY, TL<MIKE AR A OHERG IR Th o Tc L B2 b b,
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AR TR o K H ~ EfRiE, SCS SEARIZE
HRBIOETBEOREELZ, REMEESE2VWEIKE
It 7 by S 2 R & 3% (K 2). SCS & Zhicfih
T HRARLBESOEATREEIL, WRSCAM—AICXD
R DVEH %32 1) Te BIRFRER R LI TR S iz 2
& %777 (Dott and Bourgeois, 1982; Leckie and
Walker, 1982). F7z, MRIRAICIXVEERLE, EE
AEOBER L OHEEZMES b 7 7R EE B 6 e
W, L72iio> T, WaETE (Dl &b XEf~ L5
X, A b —LOEEEZT - FERIMELIED D T EME
D& OHEREY; (middle shoreface; Pemberton ef al,
19923 X U'Buatois and Mangano, 2011%%[R) TH
EhiztEZLNS.

AR A R T O L, AW 2o T
W2 bDOD, TELFRBRRPIEHRBRBEZEL TV

(X2, 3B, 3F). @ zic, WL TR O 2 HEREER
BEEATFTICHoToZ & amkd 5,

HORIRD =8 LY, BREWICE Te—J5 TSCS &KW\
W5 (X2, 31, 4C). =72 L, HEk & IRIEFE U Ellhi e
ERTIEEHABREER L RN LG, SRR
BEII EHICBNTOHiEE S TWe k9 TH B, Fhrk
B0 REWE AR, R N — LB 6 DBt
IRIFNT X > TEIEBIRICHAR Sl R 03, BT
L7cA M =L %OERMENCIHEE L I2ed LHEES D

(] z 1¥Marjanac and Marjanac, 2007).

Thbb, MRREREISMNEICHEL g Th o T
EEZLN, AR—AhA XUk (FEBOSCS KH) &%
D% OERM (LEOREXH) ZFeHl T\D LiE
Rans.

ARID A T 1L, BEHICEE 2 3 O EE I k- T
BFEMICEDNS (K2, 3]). INEMHOMBI 2 E L RE
Lo oW T B HBIRD AT, B S JHEREY & 5 VN ]
JIU B OYIKIE TREICHAG S NI B IC L 2 E T
Bk Z 2 5N TWw5 (Baztan et al, 2005;
Petter and Steel, 2006; Buatois et al, 2007; Coates
and MacEachern, 2007). L7z43-> 7T, tRREXEOH
B e L v, VR RV U HEREY E T L D
RARMmEARED,

HEIRZ 77V v 70X, MEAEREOTEH, B~ Lk
F oMk AE TRE < LTS (K3D, E, G, 1, ]).
BRI S B OB ERE AR L LT, £
HoOMEOMHEANE ERD (K2). bbb, Mk
HEOTH Bl=1) 226 L (BI=5) &) Clliks
B9z A L 7zbioturbation index 2%, HKIRbEE DR A
miE ETAEB (Bl= 0) L CTAWRMERES 2R\ o
8 (“zero bioturbation”; Taylor and Goldring,
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1993) L7222 (X 2). Fiz, MK EBENOILAEET,
HURIRD A O FEE T A4EE L vy (K2, 3]). Lichio
T, MBI ETE O EELAREL, MDA EORER
HEH 21 X~ OEESUA key stratal surface (Taylar
et al., 2003) & L7z frozen tiered-profile (Savrda and
Bottjer, 1986; Orr, 1994), % v ARIIVEE IR S
NTWEAEYOBEE S HHEEZRFL TWD & AR
®5., —FHT, HERERBICAH LN D AR LA ITEEEL
X0 b B BEHRL, R X UBI OfM & b ICHRL
WHEBEOHELRE R D (K2,3]). ZOZEhb,
AR JEE O AR S HLBIR O 2GR R I K> T—
TBaniztg, HIBREOHMZRTIE, MMAWERE
L B DIRAEEY DA X N HEREY) CHURIRDEE) 12 A
WLz eHEEND (Taylar ef al, 20030fig. 12d - f
).
HERLRD 5 8 O ABALAREE TIE, T &~ EEick
W CHEERE R ICHE R BB DD, REEE»
S L 72 Z & 27~ 7 bed-junction preservation ®{b
FAEEORAOEPI LR &, FETIESCS AR
RIEELDOFEEE L T XN Skolithos DI 3T NTET S
(M3C, D, 4D). ZARtE - BEHIBEEE & HIR<, BMRH
REOTEFE TR THD Z LD, THOREIISkolithos
EJEFE (Pemberton et al, 1992) ([ZHEEESH, A b—
NEHORYEE~ BN RAICARE U 72 SR A W) ORI &
Ezbohs. /A, F~EHOAFCAREITT
LD bIEDNITENZERME L EHBEE 2R T (K2,
3E, D. T oA EE L, REWERWLUIREYD
FeHEYCHEEZE T 5 (K4A, C, E) =%, &HaW R
Il OHEREZITIEBY L 72, Wia v _T7—RloBafkls
L e REHREY &E IV, 2000) OIEBRITH A
5. FHERTIE, Skolithos £V bEKRT GRS < TFH
FCiET %) EFE domichnia & &5 Ophiomorpha
DSt (Bromley, 1996) <0, JEEHAENII L @A TR
THMEWREE, L CERARTORERPSHEEIC
#Blzmsns (M4A, E). E#TIE, Bromley (1996)
X % L EFEEAE fodinichnia LB EFEAIE pascichnia
LIRS D Ophiomorpha DKL BHH & VATT 5
Palaeophycus ¥ X O\Planolites 13, W)AFHEREREE 212 &
WEBRZRWNEEE-T S, BEOBRERLERTS
L, th~ EEo4IE 7 7 7Y v 7 1% Cruziana £IEHE
(Pemberton et al, 1992) &<, WERBIRIHE
W OWFET 2 WHEIEICERS L I PRI L > TEK
SNt Wz b, EIBIT, Ophiomorpha DY « K-
LR B Ze b ORIEIRAEEE O E H X NITARER S 2 BARR
TREEE NG &, T ICERD bV AELA TR
TORYERIZERT D E, 2O Cruziana R,
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FFAREEE climax community (Bromley, 1996) % it
LTWa EBEZLND, £-K4DD X 512, Skolithos
AIEM O AR L, Cruziana EEMOEFIZL > T
TEEX ) S TWa, 772bb, WAREDRIIHIC
EHMEMEIZ T TIREIL TWih oot bbb, =
D LD DHRIEY AL, Skolithos HIEFR S Cruziana
AR~ OEAREDOBEBR LTI L TVD LN D,

1. B
BRI O RAR S (BE) RS 2o
5, T~ BB ORISR (Bl
WiEles HEE) 2> bREH L ARE AR 2 MG L,
PEHIE OHERFER BT & AERERICONWTERL .
SRR OBIR S NCRRIAIY, DUT ORI ZRT.

(DFEEITTALY, 1) 27 =2—/LIREB X OMEA R
RIBHEOATIEBE DI U 7o ik RAF 72 KGRIy S (F
), 1D ZEoAEE &Iy RS 2T
LMK BRI RIS (), 1D BEEE 72 4WiR
PR o T BRIR~FEEIR ORI B 72 Rt i B b 45

(EEB), BLUIV) EEHICHEZE T E DO TRIEIK
OEIREAICZ LWKA RS (&R EH) 22672
5.

(2) HRLHD 45 8 D AAREE ST B & D WITARARE TH
5. —H, MRS 8L TALO RE MK S T 2 B 72
RRE CHETS.

(3) ZZHEA-X[# D bioturbation index BD i, Bl= 0~
2 (F#B), Bl= 2~4 (F#5), Bl= 5 (E#), BIO
BI=0~1 (&LE#) TH5.

4) MbiwaEo AR AREZ, L LT
Ophiomorpha, Palacophycus Planolites, Skolithos=°
R b OMEIR DA 2R L L, Z< 0%
A, IREE (REY) OFEYO% T FREME, EiT
LEeHET5.

(5) i~ _EEBITINT, FRIZ Ophiomorpha DIHLFS
L O 2 b SMIERICA R L, PR HE
DN

(6) MRV BB 0 B I, AR A S & 872 HIERE DK
BEPDTPICETLOHLTHS.

UUED D, AECHEREE DO PEH B ISR ITHERE L 72 X
N —2oHeifEY) (F~FH) B LUK OHEY (&
), L TREZEEICE S BEH O 7 ZHEREY 720
L2 6 G S e g W sk O B iRy (b
) RS ND. Ei, MRS EOARIEAIE, R
b — AEARIC BRI R ARG L 72 BE4E &2 759 Skolithos

AIEAE (TER) &, ZOHBOBKRYIFICES L 7 P iifE
D35 72 DIFAREE & e U 72 Cruziana HEIEFE . (Fh~ 1K)
OREREZETH Y, MBI EREOIZEHE% key stratal
surface & L7z frozen tier ZZL T\5 LIRSS,
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