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Trematoceras watanabei, a new orthoconic nautiloid
species from the Middle Triassic Fukkoshi Formation,
Miyagi Prefecture, Northeast Japan

Shuji Niko* and Masayuki Ehiro™*

* Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University, Higashihiroshima
739-8521, Japan, ** The Tohoku University Museum, Sendai 980-8578, Japan

Abstract: A new species of an orthoconic nautiloid cephalopod, Trematoceras watanabei, is
described from laminated sandy mudstones in the Ozashi area, Jusanhama, Ishinomaki City,
Miyagi Prefecture, Northeast Japan. Its type stratum is the Anisian (lower Middle Triassic) Fukkoshi
Formation of the South Kitakami Belt. Endosiphuncular deposits remaining in two well-preserved
specimens of the species support the decision that Trematoceras should be removed from the
order Orthocerida, and instead be placed in the Pseudorthocerida. The principal character that
differentiates T. watanabei from a comparable species (i.e., T. hikichii ) is the development of

distinctly longer camerae.

Introduction

Little has been published on the taxonomy of Triassic
orthoconic nautiloid cephalopods in Japan. Only Niko
et al. (2016) described and named a single species of
Trematoceras (T. hikichii) from Olenekian (upper Lower
Triassic) mudstones of the Osawa Formation, Miyagi
Prefecture. However, a considerable number of further
specimens comparable to their discoveries is found in
publications of faunal lists of various Japanese sites.
The first report was probably made by Yehara (1927),
who documented the occurrence of Orthoceras sp. from
the Upper Triassic Kochigatani Group, Kochi Prefecture
(Kobayashi and Ichikawa, 1951). This is the only
representative of a Triassic orthocerid in the Kurosegawa
Belt up to now. Besides the abovementioned species, T.
hikichii Niko, Ehiro and Takaizumi, 2016, whose type stratum
is a constituent of the South Kitakami Belt, all further records
of Triassic orthoconic nautiloid cephalopods derive from
the Maizuru Belt. Reports of these occurrences are listed
as follows: Nakazawa et al. (1954; Orthoceras sp. from
the Anisian (lower Middle Triassic) Miyanooku Formation,
Okayama Prefecture; correspond Michelinoceras sp. in
Nakazawa, 1958), Nakazawa et al. (1957; Orthoceras sp.
from the Anisian Waruishi Formation, Kyoto Prefecture;
correspond Michelinoceras sp. in Nakazawa, 1958),
Nakazawa (1958; Michelinoceras sp. from the Olenekian
Hirobatake and Narawara Formations, Kyoto Prefecture),

Nakazawa and Nogami (1958; Michelinoceras sp. from the
Olenekian part of the Oro Formation, Kyoto Prefecture),
and Ishibashi (2005; Michelinoceras? sp. from the Waruishi
Formation). The present paper describes Trematoceras
watanabei sp. nov. as the second species occurrence of an
orthoconic nautiloid from the Triassic of the South Kitakami
Belt.

The cephalopod specimens described herein were
collected from a coastal outcrop (approximately latitude N
38°36’ 18”, longitude E 141°30’ 59”) in the Ozashi area,
Jusanhama, Ishinomaki City, Miyagi Prefecture, Northeast
Japan (Figure 1). According to Kamada and Takizawa
(1992) the Triassic rocks in this area are divided into the
Hiraiso, Osawa, Fukkoshi and Isatomae Formations in
ascending order. The newly described orthoconic nautiloid
species derives from the Fukkoshi Formation, that mainly
consists of sandstone and alternating beds of sandstone
and mudstone. The deposits intercalate with thick laminated
sandy mudstone beds, about 30 meters in total thickness, in
its middle part. The two cephalopod-bearing beds, i.e., Fk-
1a and about 3 meters above Fk-1b, are in the topmost part
of the mudstone beds (Figure 2). The Fukkoshi Formation
represents the submarine fan complex deposited in a deep-
water environment (Kamada, 1984). Onuki and Bando
(1959) assigned the formation to the Anisian, based on
the presence of age determining ammonoids, such as
Hollandites sp., Balatonites cf. kitakamicus (Diener), and
Gymnites cf. watanabei (Mojsisovics).
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Figure 1. Index map (A) and geologic map (simplified from Kamada and Takizawa, 1992) (B) of the Ozashi area, showing

the fossil locality.

Repository. All examined specimens are reposited in the
Tohoku University Museum (Institution abbreviation: IGPS
= Institute of Geology and Paleontology, Faculty of Science,
Tohoku University, Sendai).

Systematic Paleontology

Order Pseudorthocerida Barskov, 1963
Superfamily Pseudorthoceratoidea Flower and Caster, 1935
Family Trematoceratidae Zakharov, 1996
Genus Trematoceras Eichwald, 1851

Type species.—Orthocera [sic] elegans Minster, 1841;
Carnian (lower Upper Triassic) in Carnic Alps.

Discussion.—Two well-preserved specimens from
the Fukkoshi Formation reveal that the new species of
Trematoceras has endosiphuncular deposits even in
the adoral shell. Although Jeletzky and Zapfe (1967) did
not describe these in their publication, similar deposits
are visible in their figure (pl. 4, fig. 3) of T. cf. triadicum
Mojsisovics, 1873, collected from the Rhaetian (upper Upper
Triassic) Zlambach Marl, Austria. Judging, and based on the

new Japanese finding, the deposits in the Austrian specimen
seem organic. There are two opposing views about the
higher taxonomic position of the genus: (1) Trematoceras
belongs into the order Orthocerida (e.g., Sweet, 1964;
Shigeta and Nguyen, 2014; Niko et al., 2016), while (2)
Schastliviceva (1986, 1988) and Zakharov (1996) assigned
Trematoceras to the order Pseudorthocerida. These present
knowledges derived from the Japanese and Austrian species
support the latter decision advocating a pseudorthocerid
affinity of Trematoceras.

Trematoceras watanabei sp. nov.
Figure 3

Diagnosis.—Species of Trematoceras with adoral
conch expansion of approximately 3° in angle and
ornamentation of fine transverse lirae; camerae moderate
to long, with 0.4-1.4 in maximum width/length ratio; septal
necks suborthochoanitic; connecting rings bear distinct
constrictions at siphuncular foramina; cameral deposits
episeptal-mural and hyposeptal; endosiphuncular deposits
unfused.
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Figure 2. Simplified columnar section of the Lower-Middle Triassic Inai Group in the South Kitakami Belt, Northeast Japan,
showing the fossil horizon (Fk-1a and Fk-1b). The lowermost part of the Hiraiso Formation is not exposed in the

Ozashi area.

Description.—Longiconic orthocones with gradual conch
expansion; except for apical part of a paratype (IGPS coll.
cat. no. 112399), where cross sections of conch are circular,
most specimens are more or less deformed and exhibit
oval to flattened lenticular cross sections; the holotype
is imperfect phragmocone, which is 53 mm in length and
approximately 6 mm in reconstructed diameter near its
adoral end; body chamber attains approximately 9 mm in
reconstructed diameter in a paratype (IGPS coll. cat. no.
112401); reconstructed angles of conch expansion are
4°-6° in apical decreasing to approximately 3° in adoral
part of the shell; apex and peristome not preserved. Conch
surface ornamented by fine transverse lirae. Sutures directly
transverse; septa moderately concave; camerae moderate
to long for the genus, having 0.4-1.4 in form ratio (maximum
width per length). Siphuncle nearly central in position;

siphuncular wall consists of suborthochoanitic septal necks
and slightly thickened connecting rings; length of septal neck
is very short (0.33 mm in the holotype); connecting rings
cylindrical with distinct constrictions at siphuncular foramina;
thickness of connecting rings maximum 0.04 mm in the
holotype. Cameral deposits well developed, differentiated
into episeptal-mural and hyposeptal; endosiphuncular
parietal deposits unfused, developed mainly on ventral
siphuncular wall in apical shell of a paratype (IGPS coll.
cat. no. 112402) and adoral shell of the holotype; incipient
parts of endosiphuncular deposits occur at apical part
of connecting ring, then also grow adorally; siphuncular
foramina lack deposits.

Material examined.—Holotype, IGPS coll. cat. no.
112409. Paratypes, IGPS coll. cat. nos. 112398, 112399,
112401-112403, 112406-112408. In addition, three poorly
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preserved specimens, IGPS coll. cat. nos. 112400, 112404,
112405, were also examined.

Occurrence.—Fk-1a (IGPS coll. cat. nos. 112398-112405)
and Fk-1b (IGPS coll. cat. nos. 112406-112409) in the
middle part of the Fukkoshi Formation, the Ozashi area,
Jusanhama, Ishinomaki City, Miyagi Prefecture, Northeast
Japan.

Etymology.—The species name is to honor Mr. Yuta
Watanabe, who discovered important specimens including
the holotype and two of the paratypes (IGPS coll. cat. nos.
112407, 112408) and making them available for this study.

Discussion.—General conch shape and structure of
the siphuncular wall of the Fukkoshi specimens are
exclusive morphological characters restricted to the genus
Trematoceras. Among the previously known about 40
species of the genus, T. watanabei sp. nov. is similar to
the Olenekian species T. hikichii Niko, Ehiro and Takaizumi
(2016, p. 1-3, fig. 1), from the Osawa Formation (type
stratum) that is conformably overlain by the Fukkoshi
Formation. The principal difference between these species
is their cameral length. Form ratios (maximum width/
length) of T. hikichii are 1.6-2.3, whereas T. watanabei has
much longer camerae and ratios of 0.4-1.4. In addition,
stronger curvature of septal necks and deeper constrictions
of connecting rings of T. watanabei compared to those
of T. hikichii are distinctive. Because endosiphuncular
deposits are not preserved in T. hikichii, direct comparison
of T. watanabei and T. hikichii is impossible regarding this
criterion. However, the pronounced differences of camerae,
septal necks, and connecting rings support to separate the
taxa on the specific level.
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The elasmobranch fossil fauna from the Tatsunokuchi
Formation (upper Miocene—lower Pliocene) at Sendai City,

Miyagi Prefecture, Japan

Daichi Nakai

Department of Earth and Environmental Sciences, Graduate School of Environmental Studies, Nagoya University

Abstract: The Tatsunokuchi Formation of Sendai Group (Neogene) of northeastern Japan is
considered to have been deposited in the past bay opened to the Pacific ocean, which is called the
"Tatsunokuchi bay". The molluscan fauna of the Tatsunokuchi Formation indicates that a colder
paleoclimate than present ocean along the northeastern Japan. Whereas, the terrestrial flora of the
formation represents the temperate climate. This study challenges this contradiction by analyzing the
elasmobranch fauna of the "Tatsunokuchi bay" comparing with the other biota reported in previous
studies. 51 elasmobranch specimens from the Tatsunokuchi Formation, representing 12 species of
8 genera, 8 families were identified, including the first Neogene fossil record of Carcharinus leucas,
which mainly habit in the tropical environment. The elasmobranch fauna of the "Tatsunokuchi bay"
was dominated by the species dwelling in both seashore and offshore, and was composed of the
taxa of both cold and tropical assemblages. The composition of fossil fauna differs from the recent
fauna in northeastern Japan, but resembles that of the Dai-nichi Formation, Shizuoka, middle of
Japan, which represents the relatively warm environment in Pleistocene. Considering the diatom-
derived sea surface temperatures in northeastern Japan and the paleoclimate of the world in the
Pliocene, the elasmobranch fauna and terrestrial flora of the "Tatsunokuchi bay" represents that the
pelagic environment was basically cold, though the warm current may have flowed into the bay for
the survived of the cold water assemblage.
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fe, BIbBEL AT 28BN EL D, Mbh BEA
BOME, MOBEBROLAELHSN. &, AtV
Tavik, NEERRERCANMELNT, TMITERR
ERbahhdINCERTS WHR, 1990). REE(CALE
WIns, EOOBR LMH S Z T 8 EBDELARE (X8:
I EUARRZE SILE SR, 1980) B LDORRBWERBHS
EH L (K1:38°15N, 140° 51'E). #REEE(LADE
H UTcB#EI&, Thalassiosira temperei D& EEHREZE (WK,
1990) KW EAITHY, FisEHICHBELIEEDEHTE
TNB. T, tDOBETIIREVEL AT TELRh > 1.

IREBRR LR DECHE

AHETIEHRE LT 49 18X, HoCICELME—K (L&
MERE) HoFEINARXY AR Squatina DEe{ta 2 12
ADEETS11EA%E, R 8B 12 EcnE-BELR & 1).
BRELILAIFEARDIFEAEDBILAT, TIFRICHRIE, B
&%, ERbELRLE.

IREBFEDHRDFEICDWTIE, KER - %E (1999) (&
DVWCEHET 5. sHAlRIaEGEILAICDVLTIE, EIRDIE,
EIERO OEBERE COBY, RAREFEEICDVWT/
FRAERAWTCEHAILZ (R2). A20O% A& Carcharhinus
DEE L Voigt and Weber (2011) #&E(CL, D HEE
BIIBEMRICEH INERZSEICRE L.
BEBICEEINEDICOWVTIE, TOEDERPER
BICDWT Ebertetal (2013) BB LT, 75, &L
feiZAlE, RIEKRFHREFEMENEE (Institute of Geology
and Paleontology, Faculty of Science, Tohoku University,
Sendai: IGPS) (CINEEN T 5.

B
Class: Carcharhiniformes X014 X8
Family: Carcharhinidae X204 AF}
Genus: Charcharhinus A< 0O A8
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x 1 AARICHT ZBOOEDREIBCADEHEL

Hita 47
Carcharhinus leucas 4
Carcharhinus longimanus 2
Carcharhinus sp. A 3
Carcharhinus sp. B 1
Carcharhinus spp. 5
Sphyrna zygaena 3
Carcharodon carcharias 1
Squalus sp. A 3
Squalus sp. B 1
Squatina sp. 2
|Dasyatis akajei 5
\Myliobatis sendaicus 17
8 4 2
Dasyatidae gen. et. sp. indet. 2
L s} 1
Cetorhinus sp. 1
=i 1
Myliobatis sp. 1
X 51

Carcharhinus leucas Miller & Henle, 1839
FAATOYA
EARES  IGPS112334-112336
(2. 2-4)

SCE LBl TH A BAECIEFET, EAETIEDLT
MR T 5. mRIEEBEOS T IS L TRIAS, FRT
BHL, RKECFRICES. mEidzMINMEL. =
EEEDLS 1/3-12 THER S, ROEIEFEINSEEE
[ICMNF ThIIChERD. £z, mgDiEsElE, FHESR
TlEHITHITHEL, EImERIchTHBERNIEN < 5D, &
EXRIFEERELYHI15-2FKEL (Voigt and Weber,
2011). A X Cn plumbeus (L&, AT 0O AR
Carcharhinus Z IS CT Cn. C BT 2) [ZEEDE
AR VEREE S, £z, DL Cn. longimanus (&1
BHBERICH L CTEEBEICILS, BEBEHN 111558,
ABEXBENS.

Carcharhinus cf. longimanus Poey, 1861
AL tEEE
EARZES 1 IGPS112338, 112339

(2. 5, 6)

SCE L3R TH S BAECIEFET, SAmETlEhT
TR 2. ERIZOITMNTER LTS Y, mimh L.
B IEEARICN L CIRIEEEICILS, ®mENEV 0=
BEZLTWVWATEHLS, BIETHSEHEAEINS. =D
BIFFEVH, WOEIFESBEC THS. Flemgs biEs
AEARAITIZB L, TRl THBICHEN 5. &
EREEUT 24 A4 AT 0OF X Cn. leucas (FEBHIEL L,
20 kA A Cn. falciformis [ SYNEDNTREIES S8, &K@
EXBIENS.

Carcharhinus sp. A

EARES | IGPS112340-112342
(2. 7-9)
SCE L3R TCH S BAECIEFET, EAETIEDLT
DT 5. \mIRIZFIEL, LI HITEHT 5. EEld
EOEINELS . B0& 172 Hic) THEEYEANFEL, V
FIRITMICHE D, EEED T IS TH Y, HWLETIED
EIRAS 1/31ChD. i, EB5EEBEDOEEIETIEL
SERAITIEEC, mEaEfITIEEH,L. FERIEZT O M
1)+ A Cn. falciformis D LSOOI R U EEICTESH, Cn.
falciformis (FEEARDHREH TR BT 5728, AEAEX
AENS.

Carcharhinus sp. B
EARES 1 IGPS112343
(2. 13)
SCE Ll TH B BAECIEFET, SAETIELY
MY 5. BRIV FRICHM &5 S, BEEldE oA
B, BORIFEENS 1/3-1/2 THERY, dFDiE 1/2
T hEES. BHRIEEBAITIEORELS, Smifich
FEREICN K 15D, ANIERIE K2 T A Cn. obscurus &
BT ER OIS DY, BBV FRICHE G\, RIERE
XBplEng. &z, WEOENMRICY ZROTEHNTFEL
FWNT &, IOEANICE DR T Cnsp. A EXBIEN 5.

Carcharhinus spp.
EARZES 1 IGPS112344-112348
(X2. 10-12)
EHE C WITNETHEECHDN, AVOTABDTEED
FREIEZ < DETHELULTWSRS, BENRHEETH 5.
BAETIELINICEEL, FRAETEEAELY HEL
T %, WRIEPRTHENMELED. WRISEENINC,
D - BOEOmmN S 1/3 T, YHEIFERITHED K5
ITEVDICH LT, FRTREIVIEOENZEI=AF% 2
LTW%. migsEDE—CTHHOVERIEFTT 5.
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&2 EH LTOREEESR(LADFHANE.

RS EZAES &= | ®mm) FE(mm) E&(mm) (EE
Carcharhinus leucas IGPS112334 2. 2 20.70 17.99 4.27
Carcharhinus leucas IGPS112335 2. 3 19.59 16.04 3.22
Carcharhinus leucas IGPS112336 2. 4 11.76 11.23 2.32
Carcharhinus cf. leucas IGPS112337 18.55 — 3.31|BE XA
Carcharhinus cf. longimanus IGPS112338 X2, 5 10.85 10.76 2.29| R —EB 1B
Carcharhinus cf. longimanus IGPS112339 2. 6 13.62 15.37 3.90
Carcharhinus sp. A IGPS112340 X2, 7 9.86 9.23 1.94
Carcharhinus sp. A IGPS112341 [X2. 8 8.92 6.85 1.82
Carcharhinus sp. A IGPS112342 [X2. 9 9.92 8.01 1.90
Carcharhinus sp. IGPS112344 X2, 10 9.22 8.59 1.88| T3EE
Carcharhinus sp. IGPS112345 [X2. 11 10.23 — 3.01| 588, HEHIE
Carcharhinus sp. IGPS112346 X2, 12 6.65 6.90 1.83| T 5EiE
Carcharhinus sp. B IGPS112343 [X]2, 13 6.32 5.47 1.01
Carcharhinus sp. IGPS112347 — — —| T3EH, #XIE
Carcharhinus sp. IGPS112348 7.77 7.05 1.83| B AL
Sphyrna zygaenna IGPS112349 [X3. 1 5.12 4.45 1.21
Sphyrna zygaenna IGPS112350 3. 2 4.41 3.80 1.09
Sphyrna zygaenna IGPS112351 3. 3 6.28 3.51 1.24
Carcharodon carcharias IGPS112352 3, 1 32.35 38.98 10.01| T3R8, STiREERE
Squalus sp. A IGPS112353 [X3. 4 3.34 2.13 113[3&= 0 —BRAaRIE
Squalus sp. A IGPS112354 3, 5 4.34 3.00 1.37
Squalus sp. A IGPS112355 4.59 2.69 L1253/ OREE
Squalus sp. B IGPS112356 [X3. 6 3.04 2.56 L10pRE IR —EB R IE
Squatina sp. IGPS112357 (3. 7 — 4.75 3.55|siR > 38
Squatina sp. IGPS112358 [X3. 8 4.56 2.83 211 EERERIE
Dasyatis akajei IGPS112362 3. 9 2.35 1.68 1.61
Dasyatis akajei IGPS112363 [X3. 10 3.03 1.89 2.19|EIR—EB 48
Dasyatis akajei IGPS112359 [¥3, 11 2.35 1.93 2.30
Dasyatis akajei IGPS112360 X3, 12 1.59 1.85 1.45
Dasyatis akajei IGPS112361 [X3. 13 2.16 1.72 1.62
Myliobatis sendaicus IGPS112362 X4, 1 24.23 5.18 5.37
Myliobatis sendaicus IGPS112363 [X4. 2 18.24 3.77 4.28
Myliobatis sendaicus IGPS112364 4. 3 22.94 3.51 3.97|—#&BXRiE
Myliobatis sendaicus IGPS112365 X4, 4 — 427 477D R4E
Mpyliobatis sendaicus IGPS112366 X4, 5 15.42 3.16 2.07
Myliobatis sendaicus IGPS112367 4. 6 33.43 425 5.17
Myliobatis sendaicus IGPS112358 14.08 3.06 2.05
Myliobatis sendaicus IGPS112359 — 3.86 439|¥ D R1E
Mpyliobatis sendaicus IGPS112360 13.31 3.74 2.53| 48
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A A
ANAXAM

7a L 7b 8a
AN &a 4
10a _10b A@‘nb *z::z:

X2 BOOBRNEWEBL SEL LIRESE(EA [no. 1-13]
1. Carcharodon carcharias Linnaeus, 1758 (IGPS112352). Ts&8E, a. =@IE, b. E@/IE. 2-4. Carcharhinus leucas

Miuiller & Henle, 1839 (IGPS112334-112336). L£%8tE, a. =@M, b. F@I®E. 5, 6. Carcharhinus cf. longimanus
Poev, 1861 (IGPS112338,112339). _L#¥EtE, a. =@, b. HEIE. 7-9.Carcharhinus sp. A (IGPS112340-113342).
%88, a. BEImE, b. HMAIE. 10-12.Carcharhinus spp. (IGPS112344-112346). %88, a. =EIm, b. HA/@E.
13. Carcharhinus sp.B (IGPS112343). %888, a. &AIE, b. H/m.
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Family: Sphyrnidae < 1 E7H A%
Genus: Sphyma > 2E® V7 AB
Sphyrna zygaena Linnaeus, 1758
OV aE'IHA
ZAZES 1 IGPS112349-112351
(3. 1-3)

soE: SRS TERIDXF)IE CEGAL. BRIE TIETFET,
FRE IO INNCERET 5. &R AINMEL . SO
OGS BICIERIFER LV, JEOEIERRTOROIC
BRI LEEcE Cldh I MR VRS, £z, mOE&idh
BRI 5. HEOEEITEESICHD 28RS V 2]
BENLTEDERMIICHDREEBEELTNS.

Class: Lamniformes X = AR
Family: Lamnidae X = AF}

Genus: Carcharodon KRV AT AB
Carcharodon carcharias Linnaeus, 1758
RARIOY X
EARES 1 IGPS112352
(2. 1)

B L TEER CHS. BRAECIEFHET, HAm TR
T5. mRERONEBHERL, RERNEAEICR TEEY
5. WEIEHAT THEN=/FEMT. £l ERIEmE
EEHEV. BAmETIEFFmEAL, SAmETIEEE< FET 5.
Class: Squaliformes ' ./ X H
Family: Squalidae Y./ A #}

Genus: Squalus /A B
Squalus sp.

EARES 1 IGPS112353-112356
(X 3. 4-6)

SoE . ESEERE THEEORKRAIETERL. WuElEERES
FEROEOEIREN S5 S, ERBE IR MINEE, §E
BIEETE LR, ERBEDOEIERRHN S AiFICH T T
PRMEGY, BOMKIFESBELCT, EESSICVZERIOY)
BONFEYT S, —H, HEOERFOETIEESHEED.

FIEAE CIEEBOEERIREO R EICIRET 5.

Class: Squatiniformes A X AR
Family: Squatinidae A X%
Genus: Squatina 71 AY A&
Squatina sp.
RS D IGPS112357, 112358
(3.7, 8
SCEL  bEESE S TEEEOXAIE TELL. EiRIERIRTE
RICIBILC, FHETHAS. Ffz, BAEFTRTEEOER
ERNERAICIRET 5. WElEAEEXNHC, HRIEEAIN
PREHT S, o, WEOELE - ROKE BICHERIE

FELGL.
Class: Myliobatiformes ~EI - H
Family: Dasyatidae 7L %}
Genus: Dasyatis 7 HIZA B
Dasyatis akajei MUller & Henle, 1841
ThHIA
EAES | 4 X IGPS112359-112361,
AR 5 1GPS112362-112363
(FA K3, 11-13; AR K 3. 9, 10)
SCE L T HIA DEIEIEREIC K > TN RS (Taniuchi
and Shimizu, 1993). A XD ClE, L5EEE T5EHIEXAY
TEHFV. WEEXAEIGBEOHN TEERMNAL THS. W
REEIFLHIEC, FRNRERT 5. BwRIEZZRIC
TY, ERINES. AADETIE, REEIGLDEOHRIC
EVWAAFTHS. wmEXR@IEBESHCH, BEICELST
BEAIC NI 5. o, mEHAIEICIFHBVEDNFET 5.
BARIE ZRRICE Y, BRINES.

Hatai et al. (1965) TE2&E SNz’ I A Lb8#E Dasyatis
cf. akajei DEFIE b &I A8 Myliobatis DERRTZ LIEHIN
THY (EEEFD, 2000 ; # 50 HEYHAZER, 2002),
COWE{LED, EHET HIA D. akajei DEDRBH S D
IEeiRE 5%,

Family: Myliobatidae b E I %}
Genus: Myliobatis tEIAE
Myliobatis sendaicus Hatai, Murata & Masuda, 1965

EAES 1 IGPS112364-112380
(FPoRpg - X 4. 1-6; Al - X4, 7-11; Bt - X4, 12)
FoEl - EFEERE THEEORAIETERL. REAEIEESH
TEM - BAOEESMNDEMNICEBRLTNS. K1,
HOBRINEEVNAEE TS Y, RAFHEV. REEOR
EETICH LKWA-5ETH 5. mBIEEIRT, 10 mm &
e 9-14 K, BEAAFBANETICHVWERELSDY, &
AINRES. £fc, BAETE, ®WIBEREEERT KE
HICFITEREEZEZSD. —7, AROREHIZEET,
FRIFABETHS. DEICREEE FITEENFET
5. ERIF12KDEENDY, BANRES. £z, B
B CIEREED—IRICDEL. RIERIE &I Myliobatis
tobijei [ICLB D, WEEDEE OB <, M. tobijei &
XElENn5.

MES
Class: Myliobatiformes  ~EI A H
Family: Dasyatidae 77/ L%}
gen. et. sp. indet.
ZAES 1 IGPS112381, 112382
(4. 13, 14)



14 A

soE BEESISERAMICRVEAL, KTERAFTHY,
EBRITMELRS. BRMIERFT, BATEIARS, BRICH
TR TS, e, BENISERICHIFTHOIHITEL
TWa.

fEFE

Class: Lamniformes X=X AR

Family: Cetorhinidae 7/ \tf XH}

Genus: Cetorhinus 7/ \Y' A8
Cetorhinus sp.
EARES | IGPS112383
(X 4. 15)

EEE C AERIEEHERNTESY, HEHAIABEEL TS,
ffe, FEREATI S AIIVNRERT S, HIMNITZEL,
K CHENAELZD. FERTIEEREDOHADEL L
fo. BEBIFMEICL > TREETPERHEG DD, VAT
X% Cetorhinidae IFBRDFREZE RS T EHDSEETNS.

E#k

Class: Myliobatiformes  ~EIAH

Family: Myliobatidae ~ETIZAF

Genus: Myliobatis ~EIAJE
Myliobatis sp.
EAZES 1 IGPS112384
(4. 16)

SLEL C ARG - BEERWVNTWNS. BET, Eimic
B> CHEK 55, BECIEEREL, RRICKENFTT 2.
B KmICmb > ORV. ERIEFRROMICEY, BA
ICED 2 TV, HHRICIFERBICAD > THE  SEEIR DR
o, EETIEFRELS, BATTOTMITNEL.

BEOMERBHLAEEDEH,
RUGERBEDETT

L RBEDIER

FAETEH LEOOBNREEIC RS, ERNO LD
RIS FO O RME I NIRBAELAREE, KU, '’
FORIAFRICER T HIRBEFEAR 3, NUK3 IR
Lfc. 758, Hataietal (1974) TEE SN fc Carcharodon
megalodon |, SEIFHESRINGEL DT

EBEOOBTIE, TTMRTEEHINEEZED, 8K 8RB
R BORBEHIESR N .. TNETRERIANVE THiES
N5 EQEH olz A2 A g Carcharhinus H 4 FLRERE
ICKBIENTe. E£ie, 7/\Y AF Cetorhinidae, Y /4
& Squalus, 131 AT AR Squatina, RUEIC L DHEDET 1
T |8 Dasyatis DAL, BOOBL SR EHE 5D, Kt
EATIEENREDEEFEICHR T 2SEBBHEBRE (F
EEHHE) I TULARE (I8 - Ffs, 2016) ST

T ofeAA A OT X Cn. leucas BEDOBH SHI&D THE
TEINfe. TNIEERD EEBBHFFFE—FIEFTRICHITS
i CHH 5.

IRERR L ABEDN T IR

A2y AR Carcharhinus (n=15), KRR OF AE
Carcharodon (n=1), FEIA @ Myliobatis (n=17) DR
HFEDEIL, ARE—IEICHTTOREERT (#ELIEH,
2001). fRAC, 33 L tBe#&E Carcharhinus cf. longimanus
(n=2), YA 2TV A Sphyrnazygaena (n=3) &L >
TENFRBICERT 2@HAER LT ED D, HFKDR
ADH ST ENRBEND. THILEDOEDHRERE,
ROEREAICLSHRERITEBENTHS.

£, BOOBORBENMARSIF, REORIEET
HONZHENGEAFHORBERE (KEIEDH, 1987)
CIEEGS. Thabb, RAEORILBRRE—HEEICE
B9 %3+ UH X Prionace glauca, % X = A Lamna
ditropis (3t ECIEKRFER CTH 5. £z, B B DELBE
TIRBEBYAERFICEDH T ARBEADS B, 7/ X
#l Cetorhinidae (n=1), 7AHI A8 Dasyatis (n=5), 2
TV T AR Sphyma (n=3), ./ X8 Squalus (n=3)
DIELHRTHBH—H T, BECTIEFAT RBHIICHTT
BT B ATOY AR Carcharhinus (n=15) A, ~EIA
B Myliobatis (n=17) ICRWTZW. BICAF AT DO X
Cn.leucas (n=4), ITLLLEAFE Cn. cf. longimanus (n=2)
SR~ EETIHORETBICOT T AT A THS (Ebert
etal,2013). Th&V, HEDO"BOODE" L, HFKD
MAZRITTORRICDHT 2EAKEC oD, WEDR
FERBELVEBRGEERDNRAT KL H o &N
TEENS. L, BoOBREKICESHESYMEa ik
BEtah o aREETICOVTERL DY, EE550%
ERCOLRBEERECHENINL28) IBHAHERE (B
it o BLIZA, 2000 ; 55, 2005) LB &, REEFED
SIREMEL. i, BRICKSABKEBOREA HIR,
1990) (CLX>C—ERDRBHARTE (FIZL, A 2FT X
Galeocerdo cuvier) &> TEELDSWRIETHOefcd
CHERENS.

Aoy avig, NERRRERCAGNMELNT, T
TERRERELAGNDTMNCEHRT S WHR, 1990). TSI,
AFAEM K UK 450 km LB (Site 436 : 39° 55.96'N, 145°
334F) OEFRAPTHEE NIz DSDP O7 DR REIEEH
(Td-SST) Ic&B &, MENREREIELE R ER AR
ERES5NS (Koizumiand Yamamoto, 2012,2013). 7z,
BOOE L S & EHHEHERMMOIEM LA EL LT
Wa (TR - FH, 2012). ZOIEMLAEEICEEENS
T+ 8 Fagus |\ DWT, IREFRED T F Fsieboldii (FAHE
MK DK 150 km EaADRBER/VEILICHBREZEL DT 05
(EMIED, 1989), BOORB EEHHERE Lo URFIEIRTED
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24 zzb
4a 4b
ap
"il'g? 1'llifb
N R4 8b
A 10b  10c 'a' ’

2a"l!!L“1!i: 1"" aq'lilﬁ“i}c
E—

la

3a 13b 13c

X3 BOORRKERERL SER LIcREFREA [no. 1-13]

1-3. Sphyrna zygaena Linnaeus, 1758 (IGPS112349-112351). t§, a. = il @, b. & {4 m. 4-6. Squalus sp.
(IGPS112353-112355). ®g, a. =@, b. &HImE. 7, 8.Squatina sp. (IGPS112357,112358). #4, a. =MfImE, b.
FAIE. 9,10. Dasyatis akajei Miiller & Henle, 1841 (IGPS112362,112363). X AMDtE, a. HEIE, b. &AM, c. AIE.
11-13. Dasyatis akajei Miller & Henle, 1841 (IGPS112359-112361). # AMwE, a. EHEE, b. &@I@E, c F/m.

[

5 mm
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11 12b 13b 14b
’ Sglen, S

I cm

4 BOOEENBMEEDL SEH LIREEEE [ho. 1-16]
1-6. My//'obat/s sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112364-112369). 8, a. B &M@, b. HEE. 7-11.
Myliobatis sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112373-112377). {ItE, a. &M, b. EEM@. 12.Myliobatis
sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112380). &i#eth, a. &M, b. EEME. 13, 14. Dasyatidae gen. et.
sp.indet. (IGPS112381,112382). #&f#, a. B m, b. fAIm. 15. Cetorhinus sp. (IGPS112383). #24E. 16. Myliobatis

sp. (IGPS112384). E#k, a. M, b. BEE.
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(5.4-5.3 Ma)

Bl

El

[l

Carcharhiniformes

Scyliorhinidae

Galeus sp.

[e)

Scyliorhinus sp.

Triakidae

Galeorhinus sp.

Hypogaleus sp.

Mustelus manazo

Triakis scyllium

(e](e]

Hemiprists elongata

[ Hemipristis serra

AB

Carcharhinidae

Carcharhinus u]mnm

IC

Carcharhinus leucas

Carcharhinus longimanus

[e](e]

Carcharhinus p/umbeus

7Ce

ABC

Carel /mrhmm SD.

AB
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O|0|0

0
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o —

(e)e]
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| Rhinopristiformes
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Squalid.
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Myliobatiformes

Dasyatidae

Dasyatis akajei
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Rhinopteridae
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Raja schmidti
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A study on the stone materials used in historical buildings
on Katahira campus, Tohoku University

Takahiro Uchiyama', Satoshi Kanisawa”

" Campus Design Office, Tohoku University
? Professor Emeritus, Tohoku University

Abstract: Among the existing buildings on Katahira campus from the Meiji to early Showa era, stone
materials are used in many cases. However, their types and occurrences have not been studied
so far. The purpose of this paper is to clarify these issues by researching literature and scientific
analysis, especially measurement of magnetic susceptibility. As a result, the characteristic stones

types of each era are listed and their origins are presumed as follows.

Meiji Era

¢ Volcanic rocks presumed as Mitaki-basalt produced in western Sendai.

Taisho to early Showa Era

¢ White colored granites presumed to be produced in Ibaraki Prefecture including the Inada district.
¢ Tuffs presumed as Akiu-stone produced in western suburbs of Sendai
* Welded tuffs presumed as Sirakawa pyroclastic flow deposits distributed in South of Fukushima

and North of Tochigi Prefecture.

In Showa era, cherry-colored granites and terrazzo (artificial stone) are used in many cases.
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A study on the tuffs used in historical buildings on
Katahira campus, Tohoku University

Takahiro Uchiyama", Reishi Takashima®

" Campus Design Office, Tohoku University
% The Tohoku University Museum

Abstract: Among the existing buildings on Katahira campus from the Meiji to early Showa era, tuffs
as building material are found in many cases. However, their quarries are unknown so far. The
purpose of this paper is to clarify the origin of these tuffs by researching literature and scientific
analysis utilizing trace elements in apatite. As a result, the tuffs used in 2 out of all 5 cases are
proved as Akiu-stone mined from the western suburb of Sendai. The remaining 3 cases are also

presumed as Akiu-stone.
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F Cl Mg Mn Fe Ce Y P Ca Total
1.850 0.889 0.042 0.085 0.225 0.211 0.476 17.819 36.986 58.583
1.760 0.880 0.050 0.075 0.212 0.280 0.627 17.666 36.740 58.290
1.636 0.828 0.049 0.086 0.238 0.120 0.204 18.280 36.993 58.434
1.652 0.794 0.052 0.069 0.247 0.125 0.234 18.321 37.056 58.550
1.057 0.453 0.064 0.110 0.293 0.060 0.103 18.376 36.982 57.498
1.787 0.918 0.074 0.068 0.242 0.154 0.257 17.902 37.012 58.414
1.710 0.897 0.083 0.071 0.264 0.113 0.201 18.224 36.991 58.554
1.779 0.492 0.025 0.110 0.233 0.068 0.140 18.310 37.301 58.458
1.696 0.908 0.082 0.075 0.247 0.090 0.250 18.109 37.064 58.521
1.811 0.916 0.075 0.090 0.223 0.047 0.246 18.288 37.102 58.798
2.038 0.886 0.056 0.082 0.245 0.148 0.410 18.053 36.589 58.507
1.834 0.885 0.074 0.093 0.267 0.081 0.228 18.283 36.892 58.637
3.071 0.348 0.084 0.078 0.281 0.228 0.419 18.374 36.770 59.653
3.788 0.362 0.078 0.095 0.271 0.213 0.455 18.395 36.947 60.604
1.833 0.921 0.087 0.100 0.246 0.136 0.102 18.116 36.925 58.466
1.727 0.905 0.075 0.085 0.277 0.079 0.127 18.251 36.987 58.513
1.786 0.902 0.081 0.096 0.234 0.154 0.193 18.185 36.876 58.507
I 1.792 0.869 0.075 0.082 0.237 0.081 0.231 18.083 37.124 58.574
Ei 1.581 0.778 0.045 0.074 0.221 0.122 0.273 18.309 37.023 58.426
41|_'|K 1.777 0.938 0.079 0.088 0.245 0.089 0.326 18.397 37.001 58.940
ﬁl’@r 1.835 0.811 0.041 0.089 0.226 0.159 0.724 16.363 36.728 57.009
o 1.854 0.837 0.069 0.081 0.261 0.126 0.380 16.637 36.985 57.243
2 1.838 0.839 0.084 0.065 0.246 0.082 0.285 16.459 36.769 56.692
2.339 0.708 0.072 0.103 0.284 0.329 1.308 16.333 36.508 57.990
1.842 0.847 0.092 0.075 0.266 0.081 0.271 16.431 36.662 56.580
1.836 0.877 0.077 0.098 0.260 0.074 0.246 16.533 36.834 56.851
2.146 0.387 0.056 0.062 0.232 0.154 0.260 16.733 36.933 56.964
2.167 0.742 0.061 0.079 0.249 0.131 0.476 16.557 36.897 57.386
1.770 0.743 0.045 0.065 0.249 0.088 0.286 16.677 37.095 57.022
1.773 0.731 0.063 0.065 0.251 0.087 0.172 16.397 36.643 56.182
1.151 0.411 0.074 0.095 0.316 0.016 0.069 16.267 36.816 55.215
1.877 0.854 0.080 0.075 0.257 0.099 0.265 16.388 36.941 56.862
1.816 0.885 0.083 0.091 0.275 0.082 0.265 16.743 37.000 57.266
1.971 0.845 0.087 0.103 0.257 0.069 0.252 16.060 36.745 56.410
1.857 0.819 0.077 0.083 0.270 0.118 0.376 16.284 36.704 56.588
1.828 0.453 0.028 0.104 0.250 0.132 0.353 16.277 36.851 56.277
1.849 0.851 0.090 0.072 0.277 0.094 0.309 16.178 36.612 56.352
1.714 0.489 0.026 0.072 0.206 0.110 0.415 15.980 36.646 55.659
1.714 0.468 0.025 0.091 0.201 0.040 0.241 16.162 36.694 55.638
1.880 0.836 0.086 0.077 0.265 0.063 0.237 15.928 36.485 55.901
1.873 0.815 0.063 0.095 0.234 0.153 0.309 18.498 37.193 59.233
1.859 1.037 0.080 0.067 0.311 0.143 0.278 18.290 37.248 59.313
1.869 0.930 0.079 0.078 0.269 0.178 0.282 18.438 37.131 59.254
1.989 0.413 0.012 0.114 0.228 0.129 0.456 18.178 37.106 58.625
1.864 0.537 0.019 0.085 0.221 0.064 0.149 18.367 37.308 58.614
1.993 0.914 0.085 0.092 0.302 0.059 0.200 18.408 37.047 59.100
2.355 0.933 0.081 0.082 0.269 0.105 0.231 18.315 37.100 59.471
1.808 0.939 0.093 0.084 0.279 0.092 0.268 18.270 37.082 58.915
1.294 1.008 0.109 0.076 0.304 0.100 0.045 18.376 36.926 58.238
1.395 0.411 0.037 0.086 0.283 0.035 0.290 18.478 37.135 58.150
2.037 0.855 0.080 0.101 0.236 0.040 0.241 18.242 37.003 58.835
1.844 0.951 0.085 0.088 0.257 0.107 0.149 18.372 37.161 59.014
1.838 0.510 0.036 0.092 0.231 0.079 0.330 18.481 37.332 58.929
2.072 0.865 0.066 0.067 0.255 0.139 0.603 18.165 37.049 59.281
1.986 0.840 0.091 0.064 0.293 0.036 0.196 18.344 37.195 59.045
- 1.701 0.831 0.080 0.061 0.266 0.081 0.301 16.124 36.722 56.198
= 1.514 0.743 0.059 0.072 0.242 0.096 0.376 16.105 37.079 56.293
f% 1.153 0.940 0.113 0.076 0.300 0.090 0.067 16.087 36.928 55.779
ﬂ; 1.218 0.386 0.042 0.105 0.284 0.010 0.282 16.102 37.177 55.614
b 1.761 0.813 0.112 0.114 0.264 0.082 0.334 16.031 36.846 56.380
1.652 0.813 0.092 0.075 0.261 0.118 0.345 15.841 36.805 56.033
1.694 0.827 0.092 0.074 0.281 0.095 0.353 16.052 36.774 56.261
1.699 0.827 0.103 0.080 0.287 0.127 0.221 16.057 36.817 56.244
1.634 0.492 0.040 0.081 0.242 0.085 0.273 16.409 37.297 56.556
1.700 0.371 0.009 0.097 0.253 0.091 0.699 16.153 37.038 56.432
1.688 0.807 0.080 0.082 0.299 0.101 0.464 16.042 36.836 56.420
1.619 0.925 0.092 0.087 0.324 0.098 0.454 16.157 37.274 57.038
1.713 0.693 0.057 0.101 0.243 0.118 0.324 15.957 37.129 56.348
1.683 0.844 0.049 0.106 0.323 0.073 0.334 15.736 36.839 56.008
2.254 0.667 0.067 0.077 0.274 0.105 0.250 15.987 37.286 57.007
1.658 0.808 0.070 0.090 0.280 0.101 0.239 15.735 36.796 55.799
1.505 0.428 0.027 0.097 0.198 0.070 0.379 16.022 37.316 56.053
1.866 0.790 0.059 0.086 0.266 0.145 0.524 15.789 37.087 56.643
1.653 0.825 0.086 0.077 0.277 0.073 0.269 15.917 36.996 56.204
1.666 0.820 0.088 0.099 0.299 0.095 0.368 15.823 36.889 56.178
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1.875 0.918 0.080 0.086 0.236 0.085 0.152 17.987 36.588 58.007
1.671 0.924 0.081 0.075 0.250 0.116 0.214 18.280 36.527 58.138
1.611 0.807 0.073 0.109 0.206 0.167 0.399 18.012 36.542 57.926
1.229 0.548 0.077 0.111 0.293 0.029 0.210 18.219 36.532 57.248
1.618 0.916 0.087 0.083 0.236 0.161 0.185 18.278 36.657 58.221
1.358 0.825 0.095 0.079 0.254 0.087 0.163 18.008 36.606 57.475
1.661 0.923 0.075 0.067 0.249 0.137 0.257 17.968 36.600 57.937
1.836 0.915 0.081 0.094 0.252 0.063 0.198 18.148 36.635 58.222
1.662 0.879 0.047 0.078 0.234 0.258 0.382 17.908 36.402 57.850
1.390 0.723 0.112 0.124 0.307 0.112 0.175 18.187 36.375 57.505
1.659 0.937 0.082 0.086 0.255 0.093 0.199 18.146 36.707 58.164
1.542 0.886 0.076 0.077 0.219 0.133 0.319 18.264 36.446 57.962
1.979 0.306 0.023 0.073 0.205 0.167 0.191 18.393 36.933 58.270
1.504 0.917 0.088 0.071 0.241 0.073 0.189 18.361 36.694 58.138
1.654 0.921 0.099 0.076 0.262 0.025 0.228 18.254 36.696 58.215
1.517 0.828 0.088 0.075 0.240 0.079 0.169 17.967 36.509 57.472
1.724 0.924 0.058 0.086 0.170 0.214 0.409 18.165 36.236 57.986
2.316 0.685 0.051 0.086 0.282 0.185 0.334 18.517 37.126 59.582
1.592 0.930 0.074 0.078 0.250 0.141 0.216 18.642 37.021 58.944
1.473 0.930 0.085 0.070 0.240 0.114 0.233 18.707 37111 58.963
2.247 0.737 0.056 0.069 0.223 0.128 0.463 18.674 37.093 59.690
1.560 0.696 0.088 0.078 0.232 0.062 0.196 18.590 37.154 58.656
1.564 0.909 0.090 0.082 0.232 0.103 0.131 18.475 37.088 58.674
1.268 0.935 0.080 0.083 0.244 0.134 0.179 18.367 36.875 58.165
1.486 0.896 0.079 0.088 0.268 0.116 0.187 18.282 37.069 58.471
1.816 0.905 0.064 0.090 0.211 0.302 0.724 18.381 36.908 59.401
1.588 0.869 0.074 0.080 0.268 0.074 0.225 18.493 36.922 58.593
0.917 0.464 0.099 0.101 0.326 0.065 0.112 18.429 36.847 57.360
1.468 0.915 0.081 0.083 0.276 0.130 0.154 18.500 36.947 58.554
0.850 0.447 0.126 0.079 0.358 0.018 0.104 18.550 36.880 57.412
1.561 0.808 0.061 0.091 0.238 0.132 0.410 18.499 36.996 58.796
1.781 0.893 0.069 0.077 0.245 0.197 0.370 18.539 37.228 59.399
1.400 0.917 0.074 0.082 0.255 0.148 0.190 18.557 36.920 58.543
1.480 0.959 0.088 0.090 0.260 0.146 0.191 18.580 37.036 58.830
1.560 0.418 0.003 0.094 0.174 0.156 0.531 18.531 36.836 58.303
0.864 0.456 0.071 0.082 0.313 0.070 0.217 18.683 36.996 57.752
2.365 0.735 0.043 0.076 0.221 0.127 0.326 18.465 37.271 59.629
1.062 0.439 0.093 0.088 0.325 0.000 0.079 18.501 37.048 57.635
1.701 0.920 0.076 0.081 0.218 0.085 0.304 18.445 37.236 59.066
1.705 0.960 0.085 0.098 0.236 0.071 0.200 18.203 37.118 58.676
1.692 0.846 0.093 0.088 0.229 0.070 0.183 18.363 37.182 58.746
1.449 0.516 0.035 0.081 0.190 0.061 0.204 18.367 37.054 57.957
1.605 0.924 0.079 0.076 0.226 0.133 0.291 18.522 37.060 58.916
2.047 0.918 0.085 0.092 0.255 0.098 0.276 18.382 37.179 59.332
2.609 0.639 0.049 0.077 0.219 0.164 0.353 18.502 37.255 59.867
1.601 0.936 0.084 0.085 0.261 0.062 0.139 18.493 36.983 58.644
1.607 0.501 0.039 0.093 0.231 0.167 0.578 18.183 37.136 58.535
1.677 0.855 0.073 0.074 0.237 0.136 0.112 18.466 37.086 58.716
1.682 0.550 0.098 0.062 0.188 0.109 0.069 18.197 36.944 57.899
1.939 0.926 0.072 0.070 0.251 0.165 0.191 18.351 37.108 59.073
1.984 0.946 0.082 0.081 0.253 0.056 0.185 18.197 37.095 58.879
1.737 0.957 0.079 0.069 0.244 0.124 0.228 18.565 37.089 59.092
1.353 0.959 0.047 0.106 0.236 0.119 0.262 17.934 36.715 57.731
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Abstract: This paper aims at understanding not only the technologies and functions of lithic tools
but also site function at the Gorbatka 3 and llistaya 1 sites. One of the goals of our research is
the comparative evaluation of technology and function in the microblade industries between the
Russian Far East and the Japanese archipelago.

Regarding site functions, the use of end scrapers distinguishes these two sites. There were more
than twice the number of end scrapers at Gorbatka 3 than at the llistaya 1 site. In addition, 60% of
the end scrapers were utilized for hide scraping at Gorbatka 3, although 5.4% of end scrapers had
use-wear at the llistaya 1 site. Therefore, the hide scraping needed for longer stable settlements
was chiefly carried out at the Gorbatka 3 site. Ten times more boat-shaped tools were discovered
at Gorbatka 3 than at llistaya 1. They may be used as blanks for end scrapers in some cases. In
lithic assemblage, bipolar cores and microblade spalls were mainly excavated from the llistaya 1
site, not from Gorbatka 3. These differences characterize the site functions of the sites. Burins were
commonly used for bone/antler planing/whittling at both sites. Microblade removal and bone/antler
tool manufacture coexisted because of composite tool production. This activity was organized as a

basic component in their subsistence technology and hunting strategy.

1. Introduction

The Gorbatka 3 and llistaya 1 sites in the Maritime
region were discovered by one of the authors, Anatoly
Kuznetsov, in 1977 (Kuznetsov 1992, 1996). These sites
were excavated in 1970s and 1980s. The Final Palaeolithic
artefacts were discovered at the Gorbatka 3 site in 1979,'82,
‘85, and '86, and at the llistaya 1 site in 1978, ’87, '88, and
'89. The Gorbatka 3 site was re-excavated in 2003 but the
materials in 2003 were out of our research scope in this
paper.

From 19 April to 29 May 2019, use—wear research of
lithic artefacts at the Gorbatka 3 and llistaya 1 sites was
carried out by the second author (Kanomata), who studied
many microblade industries in Japan from the viewpoint of
lithic function. Technological analysis was also practiced
by the third author (Aoki), who is studying microblade
technologies in the northeastern region of the Japanese
archipelago. Therefore, one of the goals of our research is
the comparative evaluation of technology and function in
the microblade industries between the Russian Far East
and the Japanese archipelago. In addition, the present

paper aims at understanding not only the technologies and
functions of lithic tools but also site function at these sites. A
traceological approach is very useful for getting information
about what has happened at the site.

2. Experimental archaeology on local raw materials
in the Russian Far East

Concerning the use—wear analysis, there is a problem to
face in this region because of absence of basic experimental
data. Since the main raw material here was local siliceous
tuff, which has several characteristics that are different from
siliceous shale in the Japanese Islands, it is probable that
use—wear traces on siliceous tuff also has characteristics
different from those on siliceous shale. Therefore, one of the
authors (Kanomata) carried out experiments about use wear
on local raw materials in the Russian Far East. Green and
white siliceous tuff cobbles were collected from the riverbed
near Ustinovka sites on 18 May 2019. After that, replicated
lithic tools were manufactured at Far Eastern Federal
University, and use experiments were conducted from
20-28 May 2019. Shell, antler, cowhide, reed grass, wood,
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Table 1 List of experiments

Experiment . . . ) . . Additional
Operation Worked Material Condition | Minute | Storoke/Minute | Figure No. .
No. Information
1 saw shell dry 20 180 3-1,2,3
2 saw shell wet 15 150 3-4,5,6
3 saw antler dry 8 180
4 saw antler wet 5 400 1-13, 14, 15
5 scrape hide (cow) raw 30 140
6 scrape hide (cow) raw 30 130 2-10, 11,12
7 saw plant (reed grass) dry 15 - 1-4,5,6
8 saw plant (reed grass) wet 15 150 1-1,2,3 add water
9 scrape hide (cow) dry 10 180
10 saw wood raw, dry 15 180 1-7,8,9
11 plane wood raw, dry 10 180 1-10, 11
12 saw wood raw, wet 15 180 12
13 scrape wood raw, wet 10 180
14 scrape antler wet 10 180
15 cut meat (cow) raw 10 100 3-7,8
16 cut meat (cow) raw 18 100 3-9 removal from
bone
17 plane bone (cow) raw 15 100 2-4,5,6
18 plane bone (cow) raw 10 100
19 saw bone (cow) raw 5 180
20 saw bone (cow) raw 15 180 2-1,2,3
21 scrape hide (cow) dry 30 180 2-9
22 cut hide (cow) dry 15 180 2-15
23 scrape soft hide (cow) dry 20 180 2-7,8
24 scrape | hide (cow) with hair dry 10 150
25 cut hide (cow) with hair dry 10 180 2-13,14

cow meat, and cow bone were selected as object materials.
Twenty-five lithic tools were selected for these experiments.
The results of experiments were summed up in Table 1 and
Figures 1-3.

So-called ‘corn gloss’ was observed on an experimental
flake, which was utilized to saw reed grass in a wet condition
(Figs. 1-1 to 1-3). This polish is very bright, smooth, and
shiny. It is accompanied with numerous dark pits and filled-
in striations that show the direction of operation. In a dry
condition, the use polish is not developed, as shown in
photos (Figs. 1-4 to 1-6).

Wood polishes were caused by several wood operations.
This polish is bright and smooth. Inner and outer contrasts
are as high as corn gloss. The shape of the polish looks
domed. In the case of sawing, parallel striations were
limitedly recognized, and the polish development area
connects the parallel zone to the use edge (Figs. 1-7 to 1-9).
In contrast, the planing operation produced the same type
of polish with vertical striations. It is situated near the edge
(Figs. 1-10 to 1-12).

Bone and antler workings often produce similar types of
polish. Antler sawing in wet conditions produced polish that
is a little darker and rougher than corn gloss (Figs. 1-13 to
1-15). So inner and outer contrast are not so high as corn
gloss. Raw bone sawing caused rugged polish with parallel
striations (Figs. 2-1 to 2-3). Planing activity produced the
same polish, accompanied by vertical striations (Figs. 2-4 to
2-6).

Dry hide scraping produced a rugged surface and round
edges with vertical striations (Figs. 2-7 to 2-9). In contrast,
the same activity in rawhide caused a less round edge and a
darker polish (Figs. 2-10 to 2-12). It is characterized as dull,
low contrast, greasy, and lustrous. Cutting dry hide made a
similar polish with parallel striations (Figs. 2-13 to 2-15).

Dry shell sawing produced a flatter and higher contrast
polish with a severely high density of striations (Figs. 3-1
to 3-3). In wet condition, the same activity made a similar
polish (Figs. 3-4 to 3- 6).

Cutting raw meat caused the dullest polish (Figs. 3-7 to
3-9). Inner and outer contrasts are small, and striations are
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Fig.1 Use-wear polishes on experimental lithic tools.
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Fig.2 Use-wear polishes on experimental lithic tools.
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Fig.3 Use-wear polishes on experimental lithic tools.

not clear.

As a result, use polish on siliceous tuff formed in a few
minutes with more than one hundred strokes per minute.
Though characteristics of use—wear polishes on siliceous tuff
are basically the same as those on siliceous shale in Japan
(Akoshima & Hong 2017, 2018 etc.), they are somewhat
flatter and smoother than polishes on shale. Since these
differences are so small, the author could apply the method
of use—wear analysis in Japan.

3. Outline of the Gorbatka 3 and llistaya 1 sites

These sites are located on the terrace-like surfaces of
the left bank of the Gorbatka River in the Russian Far East
(Fig. 4). Stratigraphy in the llistaya River area is basically
composed of light loam (whitish-greyish-yellow in color, 8 to
30 cm thick) in the upper layer and heavy loam (brownish-
blackish, 80 cm thick) in the lower layer. The most complete
stratigraphic sequence was discovered in a central part of

8 raw eat cut, T0min., 200x
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the Gorbatka 3 site. Because water-worn artefacts were
found at the Gorbatka 3 and llistaya 1 sites in the same
stratigraphy position, a kind of water effect was caused in
these sites. For example, stratigraphy at the Gorbatka 3 site
is composed of a first layer (humus, 8-15 cm thick, without
cultural remains), a second layer (greyish-white light loam,
10-25 cm thick, with numerous Palaeolithic artefacts and a
number of pot sherds of the Bronze and early Iron Ages), a
third layer (brown, brown-black, red-brown, and black heavy
loams, 80 cm thick, with Palaeolithic artefacts), a fourth layer
(yellow loam, 40-60 cm thick, without cultural remains), and
a fifth layer (detritus mantle—basalt bedrock). The excavated
area at the Gorbatka 3 site was 400 m? in total. In addition,
Palaeolithic artefacts were contained in the second layer
and in ice-wedge deposits that crushed the upper part of
the heavy loam unit of the excavated area of 400m? at the
Gorbatka 3 site.

Several radiocarbon ages were proposed in these sites.
The "C date of the charcoal from light loam at Gorbatka
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Fig.4 Map of the Gorbatka 3 and llistaya 1 sites

3 is 2,590 +85 BP (SOAN-1921), and the "C date from
the bottom of the dark heavy loam unit is 13,500 +200 BP
(SOAN-1922). In addition, the "C date from the light loam
at the llistaya 1 site is 7,840 +60 BP (Ki-3163). Therefore,
the chronological position of lithic materials from these sites
would be between 7,840 +60 and 13,500 +200 BP, which
ranges from the end of Pleistocene to the early Holocene.

Basic lithic assemblage was reported in an earlier article
(Kuznetsov 1996). The number of total materials in the
upper layer of the Gorbatka 3 site is 38,272, and 84% of
the total are flakes. The total number of the lower layer of
the Gorbatka 3 site is 6,238, and flakes occupied 77% of
the total. Lithic artefacts from the llistaya 1 site is 24,781,
and flakes occupied 87% of the total. In addition, there were
numerous blade cores and bipolar cores in these sites.
These lithic assemblages simply represent that these sites
were formed as lithic manufacture workshops. There was
no organic material in these sites except for some charcoal.
Therefore, it is impossible to reconstruct the utilization of
animal and botanical resources at the site.

4. Research objects

The first aim of our research is to understand the actual
functions of lithic tools, especially burins and end scrapers,
at the Gorbatka 3 and llistaya 1 sites by the practice of
use—wear analysis. In these sites, the classification of
items between microblade core, burin, and end scraper
is occasionally confused because simplified microblade
removal technologies were carried out to cope with the

unsuitable size and form of their blanks, which were
sometimes produced from a bipolar manufacture sequence.
In addition, the so-called “Togeshita-type” microblade core
and burin, the “Horoka-type” microblade core, the boat-
shaped tool, and the end scraper have similar technological
sequences in some cases. Therefore, the precise
classification of tool types needs to be constructed not only
from a technological perspective but also from a functional
aspect through microscopic observation. Concerned to raw
materials, silicified tuff, rhyolite, obsidian, chert, and jasper
were utilized in these sites. There was no local raw material
in these areas. Obsidian sources were in the upper part
of the llistaya River valley. The relationships between raw
materials and lithic assemblages represent their foraging
strategies and raw material exploitations. Since the size and
quality must have influenced lithic manufacture technologies,
each manufacturing sequence must be understood
according to differences in raw materials. Finally, the authors
propose a new insight to evaluate the chronological position
of the microblade industry in the Primorye region from the
perspective of Northeast Asia, including northern China and
the Japanese archipelago.

5. Research procedure

The objects of this study are materials from the Gorbatka
3 and llistaya 1 sites excavated from 1978 to 1989. Chief
artefacts except for flakes and irregular cores were selected
by the previous studies. At the first step of our research, we
counted the number of stone tools in each box according to
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Table 2 Lithic assemblage at the Gorbatka 3 site
Microbl
Boat | Micro Retou|Retou Bifaci|Bifac|Bifac
Tool |Bipolar| End Side ) ) Micro [end/side| ade ) ) Ski
Blade|shaped | blade Core [Burin |Flake | Biface [Cobble | ched | ched al ial ial Total
type core |scraper scraper blade| scraper | core X . spall
tool core blade| flake oint | knife| tool
preform
Number 321 180 173 168| 84 64 59 45 26 13 9 9 7 5 3 3 2 1 1 1| 1174
Table 3 Use wear of lithic tools at the Gorbatka 3 site
Artifact . Location of [independent . . |Microfl| Use .
Tool type Raw material Polish | Striation ] Figure
no. facet use zone aking | degree
69 obsidian left(u&l) burin facet - vertical - heavy 6-5,6,7
reen
302 ¢ left(u&l) - - - . - 5-1
siiceous tuff
307 chert left and right | burin facet - - + - -
. bone/ ) !
328 chert left and right left facet vertical - light 5-2,3,4
antler
366 obsidian left burin facet - vertical - light 6-1,2
1105 obsidian left burin facet - vertical - light 5-7,8,9,10
1182 obsidian left burin facet - vertical - - 6-8
1194 obsidian left burin facet - vertical + light 6-3,4
burin 1977 obsidian left burin facet - vertical - light 7-1
green . bone/an . )
3646 left burin facet vertical - light 7-4,5
siliceous tuff tler
B1-1-6 obsidian left - - - - - -
B1-1-18 obsidian left burin facet - vertical - heavy 6-9,10,11
left(right-
B1-1-29 chert - - - - - -
small)
B1-1-34 obsidian left - - - - - -
parallel
B1-1-55 |siliceous tuff left burin facet ? & - light 7-2,3
vertical
113 agate - scraper edge| ?hide | vertical - light 8-4,5,6,7
green . ’ .
139 - scraper edge| ?hide | vertical - light 10-9,10
siiceous tuff
211 obsidian - scraper edge ? vertical - light 10-3,4
323 chert - scraper edge|dry hide| vertical - heavy | 8-8,9,10,11,12
426 chert left and right [scraper edge|dry hide| vertical - heavy 7-6,7,8
431 chalsedony - scraper edge ? vertical - light -
end 1220 obsidian - scraper edge|dry hide| vertical - heavy 9-5,6,7
scraper 1642 obsidian - scraper edge| wood | vertical - light 9-8,9
3644 siliceous tuff - scraper edge|dry hide| vertical - heavy 10-7,8
B5-2-1 chert - scraper edge| hide | vertical - light 7-9,10,11
B5-2-2 chert - scraper edge|dry hide| vertical - heavy 8-1,2,3
B5-2-9 chert - scraper edge|dry hide| vertical + heavy 9-1,2,3,4
B5-2-42 obsidian - scraper edge ? vertical - light 9-10,11
B5-2-44 obsidian - scraper edge ? vertical - light 10-1,2
B5-2-65 obsidian - scraper edge ? vertical - light 10-5,6
green .
. 3605 right - - - - - -
microblade siiceous tuff
core B1-1-1 obsidian right - - - - - 5-5,6
B1-1-2 obsidian left and right | left facet - vertical - light -




58 Anatoly M. Kuznetsov, Yoshitaka Kanomata and Yosuke Aoki

raw material and tool type (Tables 2 and 4), and took photos
of all the materials.

Then, lithic artefacts were selected for technological and
use—wear analyses. Microblade technologies were grasped
objectively by one of the authors (Aoki). A functional analysis
of lithic tools was conducted by another author (Kanomata)
with a metallurgical microscope (Olympus BHM). The result
is summed up in Tables 3 and 5. We also made drawings of
lithic artefacts needed for the analyses (Figs. 17 to 20).

6. Analyses at the Gorbatka 3 site

a. Technological analysis

In total, 1,174 lithic materials were selected from the
Gorbatka 3 site for this study. The assemblage of selected
materials at Gorbatka 3 is as follows (Table 2): bifacial
tools (N=17), bipolar cores (321), microblade cores (84),
microblade core preforms (3), blades (173), microblades
(5), boat-shaped tools (168), burins (45), cores (59), end-
scrapers (180), end/side scrapers (3), side scrapers (64),
flakes (26), cobbles (9), retouched blades (9), retouched
flakes (7), and a ski spall (1).

We looked at 84 microblade cores and three microblade
preforms. From the viewpoint of Japanese archaeologists,
microblade core types were composed of Togeshita (Figs.
16-4, 16-6, 20-7, 20-9, 20-11 and 20-13), Horoka (Figs.
16-9 to 16-11), wedge-shaped (Figs. 16-1 to 16-3, 20-1 to
20-4 and 20-6), and those made from blank flake without
a secondary retouch (Figs. 16-8, 16-10, 20-12 and 20-14).
The number of simple microblade removal technology is so
outstanding that we had a problem classifying microblade
cores from burins. This problem will be considered in a
cooperative analysis between technological and functional
studies. To be precise, the microblade core type should be
strongly related with a special chronological and regional
position. Therefore, we can point out similarities but should
reconstruct each microblade technology individually.

Average size of end scraper is 36.2 mm in length, 21.9
mm in width, 8.86 mm in thickness (Figs. 17-16 to 17-25,
18-1 to 18-4, 21-14 to 21-23). The average edge angle is
69.3°. Average size of burin is 36.5 mm in length, 18.1 mm
in width and 6.7 mm in thickness (Figs. 17-1 to 17-24, 21-1
to 21-13). The average edge angle between burin facet and
ventral face is 97.9°.

The most frequently produced material are bipolar
cores (N=321). Small obsidian pebbles (from 3 to 6 cm
in diameter) were the main raw material for the bipolar
technique. They must have been taken from the llistaya
River gravel. The experimental workshop on the bipolar
technique was carried out in Tohoku University in November
2019. We will reconsider the characteristics of bipolar
technology at the Gorbatka 3 and llistaya 1 sites in the next

paper. Blade technology is characterized by the existence
of platform preparation retouch and crested ridge formation
(Fig. 22). Relatively larger blades were produced in this site.

b. Use—wear analyses

There are several kinds of raw materials at the Gorbatka 3
site. The quality and sustainability against post-depositional
surface modification relate to how suitable the raw material
is for use—wear analysis. The most suitable raw material
is chert and/or chalcedony. Because their surface sustains
the original, worked material and the direction of operation
can be assumed. The second one is highly silicified green
tuff that worked material, and the direction of operation can
be also assumed. In the case of obsidian, the direction of
operation can be assumed on a limited basis except for
a few obsidian samples that kept their original surfaces.
The usual siliceous white/grey tuff that occupied the larger
portion of the raw materials is not suitable for use—wear
analysis because their original surfaces were completely
changed in the post-depositional modification. Rhyolite and
andesite are commonly unsuitable for a use—wear analysis.
Therefore, our object materials were restricted.

In total, 15 utilized end scrapers and 11 used burins were
found at the Gorbatla 3 site by microscopic observation
(Table 3). Then, 26 lithic tools with use wear became
objects of precise observation under a microscope from a
traceological viewpoint. The most utilized tool at the site was
the end scraper. The edge was used for scraping (N=10)
and worked material would be dry hide (N=6), hide (N=3),
and wood (N=1). Burins were chiefly utilized to whittle/plane
(N=9). Only one worked material was assumed to be of the
bone/antler variety (N=2). The use rate of the end scraper is
higher (60.3%), and that of burin is not as high (44%).

Figure 5-1 shows a photo of the edge of lithic artefact no.
302. This tool has three burin facets (Fig. 17-2) and no use-
wear on all these facets. Burin (no. 328) made from chert
has the D1-type of micro polish accompanied by vertical
striations (Figs. 5-2 to 5-4). This burin must have been
utilized for planing bone/antler.

Obsidian tools have unfamiliar striations in our research
experience. Numerous striations composed of a line of pits
were recognized on the edge between the burin facet and
the ventral surface (Figs. 5-5 and 5-6). These traces must
have been caused by post-depositional effects. Usual use—
wear striations on obsidian tools were as shown in the
photos (Figs. 5-7 and 5-8). On the base of this burin (no.
1105), wider striations were formed probably by hafting
activity (Figs. 5-9 to 5-11).

Striations composed by a line of pits were commonly
observed on burins nos. 366, 1194, 69, 1977, and b1-1-
18 (Figs. 6-1 to 6-6, and 7-1). Such striations extend to the
opposite side of the burin facet (Figs. 6-9 to 6-11). No use—
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Fig.5 Use-wear on lithic tool at the Gorbatka 3 site.
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wear polish is recognized accompanying these striations.
It would be related to post-depositional effects and the use
degree of each tool. A relatively apparent polish was found
on the burin edge of no. 1182 (Fig. 6-8). Vertical and density
striations were formed on the light and flat micro polish. This
kind of polish is usually formed by the contact with a hard
material such as bone/antler.

Use-wear on silicified tuff has similar characteristics. The
distribution of polish was limited on the edge between the
burin facet and the ventral face. Striations were basically
vertical to the edge. The polish profile is principally flat with
minute, dense striations (Figs. 7-2 to 7-5). These burins
might have been used for planing bone/antler.

An end scraper with two burin facets was excavated
from the Gorbatka 3 site. It is difficult to classify whether
this was a burin or an end scraper. Despite the absence of
use wear on the burin facets (Fig. 7-6), a well-developed
polish with vertical striations was recognized on the distal
end of the scraper edge (Figs. 7-7 and 7-8). Micro polish is
characterized by the existence of numerous micro pits, a
rough surface, and a round profile. This polish (the E2-type)
has a strong relationship with dry hide working.

End scrapers were generally utilized for scraping hide.
In case of end scrapers made from chert, silicified tuff, and
chalcedony, the E2-type of micro polishes were situated
on the distal end of scraper edges (Figs. 7-9 to 7-11, 8-1 to
8-12, 9-3, 9-4, 10-7 to 10-10). This polish type is generally
caused by scraping dry hide. Abrasive wear and bright spots
were occasionally formed on the base and the middle of
lateral edges (Figs. 8-4 to 8-9, 9-1 and 9-2).

Vertical striations were often recognized on the use edge
of obsidian end scrapers (Figs. 5-10, 5-11, 6-1 to 6-4).
Striations were sometimes composed of continuous pits.
Abrasive polish accompanying numerous pits were found
on several end scrapers (Figs. 9-5, 9-6, 10-5 and 10-6).
This is an E-type of polish that is basically caused by the
contact with hide/leather. Round and bright polish is found
on the edge of end scraper no. 1642 (Figs. 9-8 and 9-9).
Since distribution of the polish is limited near the edge,
and its border is clearly lined, this polish is regarded as a
B-type, usually caused by woodworking. In addition, vertical
and narrow striations in the polish on this scraper would
be utilized for scraping wood. Wide and apparent striations
were crossed on the base of some end scrapers (Fig. 9-7).
Such traces would be caused by hafting activities.

47 microblade cores (56% of the total) also became
objects of precise observation under a microscope. 15 of
them were unsuitable for the analysis because of the post-
depositional surface modification. 34 microblade cores have
no use-wear on their expected use edges. That is to say,
microblade cores weren’t utilized basically and had a role
limitedly for microblade manufacture.

7. Analyses at the llistaya 1 site

a. Technological analysis

In total, 1,406 lithic materials were selected from the
llistaya 1 site for this study. The assemblage at the llistaya
1 site is as follows (Table 4): bifacial tools (N=36), bipolar
cores (596), and microblade cores (72), microblade core
preforms (15), cores (3), blades (11), microblades (41),
boat-shaped tools (16), burins (52), burin spalls (22), end-
scrapers (68), a pointed scraper (1), side scrapers (53), drills
(4), flakes (179), pebbles (6), chunks (122), a perforated
flake (1), a hummer stone (1), retouched flakes (16), first
spalls (47), ski spalls (43) and an unifacial tool (1).

We observed 72 microblade cores and 15 microblade
core preforms. Although microblade technologies in llistaya
1 were basically similar to those in Gorbatka 3 site, the
Hirosato-type of microblade core was absent from this site.

Microblade cores were typologically composed of Horoka
(N=20) (Figs. 23-9, 23-12, 24-1 and 24-2), Togeshita (N=3)
(Figs. 23-1 and 23-4), wedge-shaped (N=12) (Figs.23-2, 23-
3, 23-5, 23-7, 23-8, 23-10 and 23-11), and simple flake blank
(N=36). Although wedge-shaped microblade cores were
regarded as cores made using the Yubetsu technique in
some previous papers (Pantukhina 2007 etc.), we regarded
it as one of the final shapes using Fukui technique known in
Kyushu island around 15,000 calibration BP. We recognized
retouching on the platform at the top of the microblade
removal face and removal of core tablets to renew the
platform on such cores.

Compared to the assemblage at the Gorbatka 3 site,
there are larger number of bipolar cores, microblade core
preforms, and microblade spalls (first and ski spalls). In
contrast, the numbers of end scrapers and boat-shaped
tools at llistaya 1 were smaller than those at the Gorbatka
3 site. It must be reflected by the difference in site function
and/or distance from raw material sources.

Average size of end scraper is 35.9 mm in length, 24.5
mm in width and 8.68 mm in thickness (Figs. 19-14 to 19-16,
24-3 to 24-16). Average edge angle of end scraper is 70.3°.
Average size of burin is 34.4 mm in length, 17.7 mm in width
and 6.8 mm in thickness (Figs. 19-2, to 19-16, 24-17 to 24-
19). Average edge angle between burn facet and ventral
face is 98.3°.

b. Use—wear analysis

In total, 37 end scrapers, 22 burins, and a utilized
retouched flake became objects of the analysis from a
traceological viewpoint under a microscope at the llistaya 1
site. Then, 15 lithic tools (two end scrapers, 12 burins, and a
retouched flake) with use-wear were recognized. Therefore,
the most utilized tool was the burin at this site (use rate =
48%). Despite the discovery of numerous end scrapers, they
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Table 4 Lithic assemblage at the llistaya 1 site
) ) ) ) . . . Boat Microbla o Bifacial
Bipolar Microbla| End Side First | Ski |Micro Burin Retouched Bifacial
Tool type Flake | Chunk Burin Biface shaped de core | Blade . Pebble| point
core de core [scraper|scraper spall | spall | blade spall flake point
tool perform preform
llistayal | 596 176 122 72 68 53 52 47 43 41 23 22 16 16 15 11 6 6 6
Retouch L . o
Bifacial [Hummer| Perforated | Pointed | Unifaci
Tool type| Drill | Core | flake from Total
tool stone flake scraper | al tool
MC
llistayal | 4 3 3 1 1 1 1 1 1406
Table 5 Use wear of lithic tools at the llistaya 1 site
Artifact Raw Location | Independent . L Microflak Use .
Tool type ) Polish Striation ] Figure
no. material | of facet use zone ing degree
green
B5-1-1 |siliceous left burin facet | ?bone/antler | vertical - light 11-5,6
tuff
B5-1-5 chert left burin facet | bone/antler | vertical - light 11-1
green
B5-1-6 |siliceous left burin facet | ?bone/antler | vertical - light 11-7,8
tuff
tip of burin
. Bb-1-7 chert left bone/antler | parallel - heavy 11-2,3,4
burin facet
B5-1-8 | obsidian left burin facet - vertical - light 12-1,2
B5-1-9 | obsidian left burin facet - vertical - heavy 12-3,4
B5-1-10 [ obsidian left burin facet - vertical - light 12-5,6,7,8
B5-1-11 | obsidian left burin facet - vertical - light 12-9,10
B5-1-13 | obsidian right burin facet - vertical - light 13-1,2
B5-1-14 | obsidian right burin facet - vertical - light 13-3,4
B5-1-15 | obsidian right burin facet - vertical - light 13-5,6
B1-2-22 | jasper left burin facet | ?bone/antler | vertical - light 11-9,10
end B4-3-31 | obsidian - scraper edge hide vertical + light 13-9,10
scraper | B4-3-33 chert - scraper edge dry hide vertical - light 13-7,8
broken face
retouced
flak B4-5-1 agate - like burin wood vertical - light 14-1,2,3,4
ake
facet

were seldom used in the site (use rate = 5.4%). Compared
with the Gorbatka 3 site, the absence of end scraper
utilization is the most apparent feature at the llistaya 1 site.

Figure 11 shows use traces of burins made of chert,
green siliceous tuff, and jasper. It is possible to distinguish
the micro-polish type on the burins made from these raw
materials. Use—wear polish is commonly flat and bright with
vertical and narrow striations (Figs. 11-1, 11-5 to 11-10).
They would be used for whittling/planing bone/antler. A burin
with a sharp edge of burin facet was utilized for cutting/
sawing bone/antler (Figs. 11-3 and 11-4).

Figure 12 shows use wear on obsidian burins at the

llistaya 1 site. In the case of obsidian, micro-polish is not
apparent because of post-depositional effects and developed
striations. Vertical striations were commonly observed on
the edge between the burin facet and the ventral face (Figs.
12-2 to 12-10, 13-1 to 13-6). Micro-polish was recognized
to a limited extent on the edge of a better condition (Fig.
12-1). Hafting traces as wide striations and abrasion were
occasionally formed on the base of the burin (Fig.12-8).

The E2-type of polish was recognized on the use edge of
an end scraper (Figs. 13-7 and 13-8). This would have been
used for scraping dry hide. Vertical striations were formed
on the edge of an obsidian end scraper (Figs. 13-9 and 13-
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Fig.11 Use-wear on lithic tool at the llistaya 1 site.
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Fig.12 Use-wear on lithic tool at the llistaya 1 site.
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Fig.13 Use-wear on lithic tool at the llistaya 1 site.
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Fig.14 Use-wear on lithic tool at the llistaya 1 site.

10). This was also used for scraping activity.

A retouched flake has a broken face like a burin facet.
Since this edge has a B-type polish (Figs. 14-1 and 14-2),
this would have been used for planing wood. The other edge
with retouch has a D1-type polish with vertical striations.
This edge would be used for whittling/planing bone/antler.
This was a multi-function tool.

8. Considerations

Technological approaches at these sites presented us with
some criteria to distinguish between microblade cores (of the
Hirosato and Tougeshita-types) and burins. When a blank is
a flake or blade, they sometimes have similar morphological
characteristics (Fig. 15). The angle between the ventral face
and the burin facet (microblade removal face, in the case
of a microblade core) is one of the most important criteria.
The average angle of the microblade core is 135.5° and that
of the burin is 97.9° at the Gorbatka 3 site. The edge angle
of burins at llistaya 1 site is 98.3°on average. The second
criterion is the position of the burin facet and the microblade
removal face. The facet of the burin is situated on the left
shoulder of a blank flake/blade. In contrast, the microblade
removal face is basically located on the right shoulder of
the blank flake/blade. From a functional aspect, there is no
use-wear on the microblade removal face. Traces of use are
found a half of burin facets.

Short and thick flakes were used for the microblade core
and end scraper blanks. Since both the scraper edge and

100 um
(x200)

the microblade removal face are situated on the distal end
of the blank, it is sometimes difficult to distinguish between
the microblade core (Horoka-type) and the end scraper.
From a technological aspect, microblades were removed
by the pressure technique, and end scraper edges were
retouched by direct percussion with organic hummers. The
angle between the microblade removal face and the ventral
face of a blank flake is about 50°on average. In contrast,
the edge angle of end scrapers is around 70° on average.
Functionally, there is no use-wear on the edge of microblade
cores. More than a half of the use edges of end scrapers
have use-wear. Through these approaches, microblade
cores, burins, and end scrapers were correctly categorized.
Regarding site functions, the use of end scrapers
distinguishes these two sites. There were more than twice
the number of end scrapers at Gorbatka 3 (N=180) than
at the llistaya 1 site (N=68). In addition, 60% of the end
scrapers were utilized for hide scraping at Gorbatka 3,
although 5.4% of end scrapers had use-wear at the llistaya
1 site. Therefore, the hide scraping needed for longer
stable settlements was chiefly carried out at the Gorbatka
3 site. Ten times more boat-shaped tools were discovered
at Gorbatka 3 than at llistaya 1 (Fig. 24-22). They may be
used as blanks for end scrapers in some cases. In lithic
assemblage, bipolar cores and microblade spalls were
mainly excavated from the llistaya 1 site, not from Gorbatka
3 (Figs. 24-21, 24-23 and 24-24). These differences
characterize the site functions of the sites. Burins were
commonly used for bone/antler planing/whittling at both
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Fig.15 Characteristics of burins, end scrapers and microblade cores

sites. Microblade removal and bone/antler tool manufacture
coexisted because of composite tool production. This activity
was organized as a basic component in their subsistence
technology and hunting strategy.
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Fig. 18 Lithic tools excavated from the Gorbatka 3 site
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Fig. 20 Lithic tools excavated from the Gorbatka 3 site
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Fig. 21 Lithic tools excavated from the Gorbatka 3 site
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Fig. 22 Lithic tools excavated from the Gorbatka 3 site
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Fig. 23 Lithic tools excavated from the llistaya 1 site
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Fig. 24 Lithic tools excavated from the llistaya 1 site
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Fig. 25 Lithic tools excavated from the llistaya 1 site
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