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Abstract

In this study, for the first time, a poorly developed trace fossil assemblage from the Lower Miocene
Akahotani Formation is analyzed. This was cropped out of an excavated wall of the Nishiyama Quarry
Remains at Takigahara, western Komatsu, in central Japan. The Akahotani Formation is mainly
composed of non-fossiliferous greenish grey tuff related to intensive volcanic activities during the
opening of the Sea of Japan from the Oligocene to middle Miocene Epochs. The trace fossils were
yielded from pale-colored coarse-grained tuff and overlying dark-grey muddy fine-grained tuff layers.
Both were intercalated with greenish-grey lapilli tuff called “Takigahara-ishi” which is used in
construction materials.

The assemblage consists of deposit-feeding burrows filled with grey muddy fine tuff, specifically
phycosiphoniform and Planolites. Both of them are sub-grouped into large and small morphospecies.
Vertical modes of occurrences of phycosiphoniform are characterized by small clusters containing
sparsely distributed, indistinct cores (U-shaped, streak- and dot-like morphologies) with or without very
pale mantles. Planolites exhibit circular, elliptical and slightly curved, horizontal pellet-like
configurations in the vertical section. The large form of phycosiphoniform sometimes cross-cuts the
small phycosiphoniform and Planolite burrows. The occurrence of phycosiphoniform strongly indicates
the Akahotani Formation at least partly experienced under marine condition which is significant because
it reveals the sedimentary facies and benthic paleoecology of this pyroclastic deposit.
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Fig. 1 Simplified geological map showing the

Early-Middle Miocene lavas, pyroclastics and
sedimentary rocks in the northern Hokuriku
region with an index map indicating locality of the
Nishiyama Quarry Remains. The geological map
is modified after Kaneko (2001).
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Fig. 2 The Nishiyama Quarry Remains, northern Takigahara, Komatsu. External appearances (A, B), inside of the
investigated gallery (C), and lithofacies of the “Takigahara-ishi” tuff (lapilli tuff used as a building stone; D, E).
A, B: High-roofed lateral galleries excavated westward from the east slope of a rock mass. The galleries are
arranged in the north-south direction.
C: Inside of the gallery. Thick lapilli tuff called “Takigahara-ishi” with intercalation of reddish tuff beds (RTBs).
D, E: “Takigahara-ishi” tuff observed at an excavated wall. Light greenish-gray, massive lapilli tuff containing
poorly sorted and matrix-supported volcanic gravels. Scale bars indicate 1 m (C), 10 cm (D) and 2 cm (E).
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Fig. 3 Lithofacies of the Lower Miocene Akahotani Formation (Tomii et al., 2002), observed in the trace fossil-bearing wall

shown in Fig. 2C. Scale bars indicate 50 cm (A), 10 cm (B, C), 5cm (D) and 1 cm (E, F).

A: Greenish-gray, low-angle cross-stratificated lapilli tuff (XLT) and reddish, horizontally stratificated fine- to coarse
tuffs (HRT) intervals intercalated within light greenish-gray, massive lapilli tuff (typical “Takigahara-ishi” tuff). A minor
normal fault is developed at the northern side of the gallery wall. The wall surface is conveniently divided into 6
sections by vertical cutting marks in terms of description.

B and C: XLT and HRT composed of 9 lithofacies displaying significant lateral changes in each interval. Sections 1
(B) and 4 (C).

D: Typical lithofacies from upper part of XLT to lower part of HRT (Section 4).

E and F: Lateral change in bioturbation intensity in the uppermost part of HRT. E: Highly bioturbated interval
(Section 3). Muddy fine tuff layer shows irregular thickness and a locally diffused basal surface. F: Less bioturbated
interval (Section 5). The muddy fine tuff layer with almost constant thickness is bounded from underlying
light-colored coarse tuff by a relatively sharp, horizontal surface. Note obvious, flat upper bedding planes of the
muddy fine tuff in both the sections.

(Abbreviations: ALP, accretionary lapilli; ATM, alternations of fine-to-coarse tuffs and tuffaceous mudstone; CTF,
coarse tuff; CTM, cutting mark resulting from excavation; DBP, diffused bedding plane; FTA, fine tuff with
accretionary lapilli; GTF, greenish tuff gravel; HRT, horizontally stratified reddish tuff; LCT, light-colored coarse tuff;
LPS, lapillistone; MFT, dark gray muddy fine tuff; MLT, massive lapilli tuff, MNF, minor normal fault; PFT, light purple
fine tuff, PUM, pumice; RFT, reddish-brown fine tuff; RLT, reddish-brown lapilli tuff; SAG, sag structure; TFM,
tuffaceous mudstone; TFS, trace fossil; XLT, cross-stratificated lapilli tuff; XLT(l), cross-stratificated lapilli tuff (lower
part); XLT(u), cross-stratificated lapilli tuff (upper part)).
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Fig. 4 Phycosiphoniform/Planolites trace fossil assemblage from the Akahotani Formation exposed in the investigated

gallery of the Nishiyama Quarry Remains. Each burrow is composed of both large and small morphospecies. All
scale bars equal to 5 mm.

A and B: Ichnofabric of the uppermost part of the horizontally stratified tuff bed, sections 3 (A) and 4 (B). The
trace fossils are burrowed from upper to uppermost parts of the light-colored coarse tuff and formed on an upper
bedding plane of the dark gray muddy fine tuff.

C and D: Phycosiphoniform/Planoclites ichnofabrics recognized at the uppermost part of the coarse tuff. Small
clusters of phycosiphoniform and sparse occurrence of the Planolites burrows are characteristic in the
ichnofabric. Phycosiphoniform (large form) locally cross-cuts the small phycosiphoniform and Planolites burrows.
C: Ichnofabric contained both the large forms of phycosiphoniform and Planolites. Close-up photo of the squared
area in fig. A.

D: Ichnofabric consisting of phycosiphoniform (large and small forms) and Planolites (small form). Close-up
photo of the squared area in fig. B.

(Abbreviations: CCR, cross-cutting relationship between phycosiphoniform and Planolites; LCT, light-colored
coarse tuff; MFT, dark gray muddy tuff; MTL, mantle of phycosiphoniform; PFL, phycosiphoniform (large form);
PFS, phycosiphoniform (small form); PFT, light purple fine tuff; PLL, Planolites (large form); PLS, Planolites

(small form); UCE, U-shaped core)
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THRRAR R B E S THRE SN TS (M4C, D),
Tz, BRI O H HILAHEE TR b
v,

VI. ARIEAHEDEHE

IR LA BEZE L, phycosiphoniform (Bednarz and
Mcllroy, 2009) 3 U8 Planolites Nicholson, 1873 %
F#F% L L, phycosiphoniform/Planolites A2JE 7 7 7
U v 7 ichnofabric %72 L C\ % (X 4: Pemberton et
al., 1992b; Rotnicka, 2005; Callow et al., 2013 & &),
AR OFEREIIEH XE AL LTHEBETH Y,
B OEE A 23T 2 #RE 22 R (B 2 1F Knaust,
2017) LT 5 &, FEWISAMEI OB 2L
WR7 77V v 7%y (K3E), 2720, X#E3 &
Xl 4 [ZBTDHEET 77U v 7 3R ¢ &
D, EABEEORELZESE LT (K4C, D),

Phycosiphoniform & Planolites [\ 974 & HEFEY)

BEOBE LIRS TRY, HAERDN LB
J TR R~ PR ORI (JEH) ZRHERTE OB HE
B HHEEIZHER T 5 (Pemberton and Frey, 1982;
Netto and Rossetti, 2003; Bednarz and Mcllroy, 2009;
Buatois and Mangano, 2011; Knaust, 2017), Planolites
EWIERE & W o OB NS bbb TWnD
(#51 2. 1% Buatois et al., 1998) 73, phycosiphoniform
VR D NI O R 2 52 T HERR S DFREEIZ
72 5 49E (bA) & 272 3T 5 (Frey and Seilacher,
1980; Mcllroy, 2004; Gingras et al., 2011)
Phycosiphoniform ¥ Phycosiphon incertum von
Fischer-Ooster, 1858 ([ZfXF I NB4EE (k) @1
HTHO, KEFMHDWIE=RTHIZEE LoD
REAT 2 MRARE R OTERE TR T B (Wetzel
and Bromley, 1994; Naruse and Nifuku, 2008; Bednarz
and Mcllroy, 2012) . HEE K& TiX, U~JF (898
W, S 5k, ke LOBERROGCRE 2R 2T
(core) &, ZAUTHFET 2 THEDO~ L ML
(mantle) 7237 7 A X —IRICHEEE LIZHEEIRD AR
777 Vw7 %%ET 5 (Chamberlain, 1978; Goldring
et al., 1991; Pemberton et al., 1992a; Bednarz and
Mcllroy, 2012) ,



V1A Y) 0 58 EE D phycosiphoniform |3 LCT @
R EEICERO DI, 1) MR T 2AE—, 2)
SWIEMNZ T Lz a7, 3) Rz aT L~ b
v, BEO4) R RERE (PFL ; BEE 4 0.2~0.7 mm)
E/NTZRERE (PFS 5 HEE 2 0.1 mm LAT) &5 de,
E Vo TR A R T (IK4C, D), FFE1) ~3) 13,
phycosiphoniform @ # B! {9 7 p£ Ik ( Wetzel and
Bromley, 1994, Figs. 3.1, 5; Callow et al., 2013, Fig. 5)
EHRRD, LU 4) ORI, EATHIZETHEL
s STV (Rotnicka, 2005, Fig. 8d, e; Callow et
al., 2013, Fig. 5SC 72 &), 7272 L, A@E /MU HRE
fE L 9% phycosiphoniform @ = 7 I FEH TR T
&5 (X14D), SEATHIZE CITRHA L72BERICA DL
% KA @ phycosiphoniform (X 4C, D) 23,
RO RER E L TR TWD (f 2 1X
Rotnicka, 2005), L2 L7222 SAAE] Y GHFE D/
AFEREREIZ\ T H,  Wetzel and Bromley (1994) <°
and Mcllroy (2012) @ & i L 7=
phycosiphoniform OIEEEZHT L2 &b, ZD7
N—TD 1 BIRJEIZRE S D, PFL O = 7 Wik
RIE, UK, ik, Ny MREXUBEAIRTH
% (K 4C, D), PFS I3dE v i, FITHik
by MROaT7WRZR7 (K4D), W& &b
3T IR CHF IR R B E A B2 0, BAL
D MFT £V 00/ 82 ORI aE 27 5,
FERMEICL O, v MUIa 7 2582 Hie
PER B A BNNE, E<RO LNV EHH D (K
4C,D), v ¥ MVTREE LD & T< BT NITHRAT,
i # O AR LV, F7- PFL 1X PFS
Planolites & ZXFfREZ & H, T b EZEFHITAIIC
Gl-Tns (HM4C, D),

Planolites [FHLAliZ2Ffak D (fba) #EETH Y,
ACEHENCHEATT 2 & & B ICRE S IS ARSI
JEHE9 % (Chamberlain, 1978; Lindholm, 1987), F£ 7=,
FEHEM VT EAT HO% 7 RIS e E B DA

(Chamberlain, 1978; Pemberton and Frey, 1982), HE[E
WrimiOJEREIE, () Mg~ (&) #ME (Chisholm,
1970, P1. 1, figs. 4, 6; Wetzel, 1991, Fig. 5B; Hubbard et
al., 2004, Figs. 5B, 6A, C; Mcllroy, 2004, Fig. 8B), X
L > MK (Ekdale, 1978, PL. 1, figs. 3, 7) K72/
fK (Wetzel, 1991, Fig. 4B) T® 5,

A L 72 BEEIZ R T b AR 2R Wi RE D AR
FHRAH B, Planolites [Z[FE S5 (X 4A, B),

Bednarz

AAEJRJE T H R RERE (PLL ; #4545 3.0~5.0 mm)
BLOVNTERERE (PLS ; & 1.0~2.0 mm) 73
waihsd (K4C, D), pEHIEM & LT, A& X LCT
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WK CIRIR A B 72K AR RIS TH Y, MFT O
BRI 5,
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