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Early Devonian orthocerid cephalopods from the
Kamianama Formation, Fukui Prefecture, Central Japan

Shuji Niko

Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University, Higashihiroshima, 739-

8521, Japan

Abstract: Four species of orthocerid cephalopods, including Fukujiceras kamiyai, Spyroceras
fukujiense, Mitorthoceras? sp. and Buchanoceras sp., are described from the Kuzuryu Lake-Ise
River area, Fukui Prefecture, Central Japan. They occur from the Lochkovian (early Early Devonian)
shale of the Oisedani Member, the Kamianama Formation. This assemblage indicates strong affinity
to that of the Takaharagawa Member in the Fukuji Formation, Gifu Prefecture. The Fukujiceras
Fauna is newly defined for the Kamianama and Fukuji cephalopod assemblages

Introduction

The Kamianama Formation (Fujimoto, 1953; Kurihara,
2003; Niko and Senzai, 2010) of the Kuzuryu Lake-Ise
River area, Fukui Prefecture, Central Japan contains the
diverse Devonian marine faunas. Here the author discusses
orthocerid cephalopods heretofore undescribed in the
faunas except for those reported preliminary by Hamada
and ltoiwaga (1983), Tokai Kaseki Kenkyukai (1995) and
Kamiya and Niko (1997). The material was collected from an
outcrop (= locality KU-1 in Niko and Senzai, 2006) of black
calcareous shale along the Kamaharadani Valley. Niko and
Senzai (2010) divided the Kamianama Formation into the
Lochkovian (early Early Devonian) to Emsian (late Early
Devonian) Oisedani Member and the Emsian to probably
Eifelian (early Middle Devonian) Hakubado Member.
Stratigraphic position of the cephalopod bearing shale lies in
the Lochkovian part of the Oisedani Member.

Abbreviations used for repositories are as follows. IGPS:
Institute of Geology and Paleontology, Faculty of Science,
Tohoku University, Sendai, HMNH: Hida Museum of Natural
History, Fukuji, Takayama, and UMUT: the University
Museum, University of Tokyo, Tokyo.

Faunal discussion

The present cephalopod assemblage contains Fukujiceras
kamiyai Niko, 1996, Spyroceras fukujiense Niko, 1996,
Mitorthoceras? sp., and Buchanoceras sp. With the
exception of Mitorthoceras? sp., they are common with those
of the assemblage documented by Niko (1990, 1991, 1993,
1996, 1998a, b, 2006) and Niko and Nishida (2003a, b) from
the Takaharagawa Member of the Fukuji Formation in Gifu

Prefecture. In the generic level, Fukujiceras is an endemic
genus in the Hida Gaien Belt including the Kamianama and
Fukuji formations. On the basis of their strong faunal affinity
and geologic settings, the Fukujiceras Fauna is newly
defined for these assemblages. This fauna may developed
in a non-tropic water condition around northeastern margin
of North China (Niko, 1998a).

Systematic paleontology

Order Orthocerida Kuhn, 1940
Superfamily Pseudorthoceratoidea Flower and Caster,
1935
Family Pseudorthoceratidae Flower and Caster, 1935
Subfamily Pseudorthoceratinae Flower and Caster, 1935
Genus Fukujiceras Niko, 1996
Type species.—Fukujiceras kamiyai Niko, 1996;
Lochkovian (lower Lower Devonian) in Gifu Prefecture,
Central Japan.

Fukujiceras kamiyai Niko, 1996
Figures 1.1-1.3,1.8, 1.9

Conularia sp. (cf. C. mitchelli Fletcher, 1938). Murata, 1977,
p. 38, 39, figs. 2—4.
Conularia sp., Tanaka, Ono and Murata, 1977, figs. 3A-3C.
Fukujiceras kamiyai Niko, 1996, p. 348, 350, figs. 2.1-2.13;
Niko, 2006, fig. 2.8.2-6.
Fukujiceras cf. kamiyai; Kamiya and Niko, 1997, p. 83, 85,
figs. 1.1-1.3.
Description.—Three deformed specimens of incomplete
phragmocones are available for study; they are orthoconic
longicones with moderate conch expansion; the largest
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specimen attains 164 mm in length; surface ornamentation
consists of flat topped transverse lirae that frequently form
shallow to linguiform salients; adjoining lirae separated by
narrow striae. Sutures directly transverse.

Material examined.—IGPS coll. No. 111736, 111737. A
specimen, T. Kamiya’s personal collection, is also examined.

Type species.—Holotype, UMUT PM 19111. Paratypes,
UMUT PM 19112—-19119, 19143.

Discussion.—Fukujiceras kamiyai is easily recognized
by its characteristic surface ornamentation. This species is
well described and illustrated by Niko (1996) on the basis of
the types from the Lochkovian shale of the Takaharagawa
Member, Fukuji Formation.

Murata (1977) and Tanaka et al. (1977) described a single
fragmentary shell of Conularia from the Kamianama Formation.
Although this specimen is inadequate for identification, it
exhibits identical lirae and salient with those of Fukujiceras
kamiyai. There is a high possibility that “the first Devonian
conulariid in Japan” in their papers is misidentification.

Dimple-like borings caused by bioerosion are recognized on the
shell surface of this species and Mitorthoceras? sp. (this report).

Subfamily Spyroceratinae Shimizu and Obata, 1935
Genus Spyroceras Hyatt, 1884
Type species.—Orthoceras crotalum Hall, 1861; Middle
Devonian of New York, North America.

Spyroceras fukujiense Niko, 1996
Figures 1.4, 1.5

Metaspyroceras insignis Niko, 1991. Field Selection 20,
Fossils (Tokai Kaseki Kenkyukai), 1995, p. 49.

Spyroceras fukujiense Niko, 1996, p. 350, 352, figs. 3.3-3.11,
4.1-4.5; Niko, 2006, fig. 2.8.2-3.

Description.—A weakly deformed specimen of incomplete
phragmocone is available for study; it is annulated longicone
with gradual conch expansion and 51 mm in length; annulations
transverse, low; surface ornamentation consists of longitudinal
ribs and coarse lirae. Sutures straight, slightly oblique.

Material examined.—IGPS coll. No. 111738.

Type species.—Holotype, UMUT PM 18505. Paratypes,
UMUT PM 18506, 19507, 18512-18515, 18516, 18517,
19145-19151, HMNH-NO098.

Discussion.—Previous records of Spyroceras fukujiense
have been restricted in the Lochkovian shale of the
Takaharagawa Member, Fukuji Formation. Metaspyroceras
insignis is easily distinguished from this species by its lattice-

like surface ornamentation in juvenile shell.

Genus Mitorthoceras Gordon, 1960
Type species.—Mitorthoceras perfilosum Gordon,
1960; Chesterian (Upper Mississippian; upper Lower
Carboniferous) in Arkansas, North America.

Mitorthoceras? sp.
Figure 1.7

Description.—A strongly deformed specimen is available
for study; it is longiconic orthocone with very gradual conch
expansion, and 29 mm in length; surface ornamentation
consists of fine transverse lirae.

Material examined.—IGPS coll. No. 111739.

Discussion.—Because this poorly preserved specimen
indicates synapomorphies found with the generic type,
Mitorthoceras perfilosum Gordon (1960, p. 136, 137, pl. 27,
figs. 1-4, 8; Niko and Mapes, 2015, p. 54, 56, figs. 2.1-2.11),
including general conch shape and ornamentation, it is
questionably placed in Mitorthoceras.

Subfamily Cayutoceratinae Flower, 1939
Genus Buchanoceras Teichert and Glenister, 1952
Type species.—Buchanoceras graviventrum Teichert and
Glenister, 1952; Lower Devonian in Victoria, Australia.

Buchanoceras sp.
Figures 1.6, 1.10

[?] Michelinoceras hidense Kobayashi, 1958. Hamada and
Itoigawa, 1983, p. 15.
Buchanoceras sp., Niko, 1996, p. 358, 359, figs. 8.1-8.4.

Description.—A weakly deformed specimen of incomplete
phragmocone is available for studys; it is longiconic orthocone
measuring 48 mm in length; conch expansion very gradual;
conch surface lacks distinct ornamentation. Sutures directly
transverse; camerae relatively short; siphuncle consists of
cyrtochoanitic septal necks and expanded connecting rings.
Cameral deposits occur at episeptal-mural and hyposeptal
positions; annulosiphonate endosiphuncular deposits are
well developed, but not fusing.

Material examined.—IGPS coll. No. 111740.

Discussion.—The specimen is conspecific with those from
the Lochkovian shale of the Takaharagawa Member, Fukuji
Formation and probably represent a new species. However, their
preservations are not adequate for detailed systematic treatment.

—

Figure 1. 1-3, 8, 9. Fukujiceras kamiyai Niko, 1996: 1, 2, IGPS coll. No. 111736, side view and partial enlargements
to show details of surface ornamentation, note borings caused by bioerosion; 3, side view of Kamiya’s specimen, note
borings on the shell surface; 8, 9, IGPS coll. No. 111737, partial enlargements to show details of surface ornamentation. 4,
5. Spyroceras fukujiense Niko, 1996, IGPS coll. No. 111738, side view and partial enlargements to show details of surface
ornamentation. 6, 10. Buchanoceras sp., IGPS coll. No. 111740, ventral view and dorsoventral thin section, arrow indicates
septal neck. 7. Mitorthoceras? sp., IGPS coll. No. 111739, side view, note borings on the shell surface. Scale bar is 15 mm in
Figures 1.1, 1.4, 1. 6; 3 mm in Figures 1.2, 1.5, 1.8-1.10; 30 mm in Figure 1.3; 10 mm in Figure 1.7.
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Studies of the Late Palaeolithic Culture in the
Northwestern Mountainous Area in Miyagi Prefecture:
the 1st Term Excavation at Sunasaka Site in Kami Town.

Yoshitaka Kanomata”, Jiro Fujiwara, Shotaro Ono?, Toshio Yanagida®, Hitoshi Kanno® and
Kunio Yoshida®

" Department of Archaeology, Graduate School of Arts and Letters, Tohoku University

? Education Board of Miyagi Prefecture

% Professor emeritus of Tohoku University

4 Department of Soil Science, Graduate School of Agricultural Science, Tohoku University
% The University Museum, The University of Tokyo

Sunasaka site is located at Kami town in northwestern part of Miyagi Prefecture. Jiro Fujiwara
discovered lithic artifacts from loam layer when the road was widened in October, 1998. Finally, he
collected 24 artifacts there. The stratum containing these artifacts is 1.5 meter below the ground
surface, and situated at the 3" lower layer from Hijiori-Obanazawa volcanic tephra which dates
at ca. 12,000 BP. He measured and recorded the distribution of artifacts at the site. The lithic
concentration is about 3 meter in diameter. In 2002, Fujiwara explained the situation of the site to
Yanagida, Kanomata and Ono. Furthermore, the collection of Sunasaka site was observed precisely
and made drawings of lithic materials. Raw materials are various, such as rhyolite, siliceous tuff,
siliceous shale and tuffceous andesite .There is no typical tool for assuming their chronological
position. Therefore, a charcoal material was analyzed for AMS radiocarbon dating by Kunio Yoshida.
The date of 27,340£140BP means that they belonged to the Early Upper Palaeolithic period.

In 2010, Tohoku University Archaeology Laboratory (TUAL) and Tohoku University Museum (TUM)
members carried out the 1% term excavation of Sunasaka site. The research was conducted from
21° to 30™ of September by TUAL and TUM crews. The area of excavation pit is 12.5 square meter.
The bottom of trench pit reached to the 8" layer. All the area was excavated from the ground to
the upper part of the 7™ layer. The 3™ layer is Hijiori-Obanazawa tephra and the 8" is Yasuzawa
pyroclastic flow. The crews discovered 3 lithic artifacts and 9 charcoal materials. The most typical
artifact is a trapezoid which unearthed from 5" layer. Two flakes were discovered from 5" and 6"
layers. The assemblage of raw material is similar to that of the collection by Fujiwara. The authors
regarded excavated findings as an identical material of Fujiwara’s collection, although there is
no refitted material between them and the radiocarbon date of charcoal from 5" layer is younger
(12,750x50BP). Therefore, it is judged finally that cultural layer of Sunasaka site situated on the
top of the 6" stratum of hard loam and belonged to the Early Upper Palaeolithic period shown by
the age of 27,340£140BP. The date of 12,750+50BP would belong to 5" layer because the charcoal
materials were unearthed chiefly from 4™ and 5" layers above most of the lithic artifacts and
cobbles.
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Use of animal resources from the late to the final Jomon
period at the Satohama shell midden, Miyagi Prefecture

Rintaro Yamada

Graduate school of human and Environmental Studies, Kyoto University

Many shell middens dating back to the Jomon period have been found along the Pacific coast
area in Tohoku; approximately 210 of these shell middens are located in Miyagi Prefecture. These
shell middens have been researched since the beginning of the 19th century as they contain intact
archeological remains and deposits. However, zooarchaeological studies on these middens mainly
focus on the final stage of the Jomon period. After conducting comprehensive research from the
1980s to the 2000s, the living conditions of the seasonal hunter-gatherer belonging to the final stage
of the Jomon period have been reconstructed. However, details regarding the life of the Jomon
people before the final stage are still unknown. In this paper, | aim to understand the use of animal
resources in the last Jomon stage and clarify the changes occurring from the last to the final Jomon
stage using zooarchaeological methods. | identified and counted the animal remains from the
Daikakoi-Kazakoshi area (belonging to the latter period of the last Jomon stage) of the Satohama
shell midden in Miyagi Prefecture and later compared these to the ones from the Nishihata area
(belonging to the middle period of the final Jomon stage). Thus, | could construct the basic data and
find the differences in animal assemblage between the two areas. | believe that one of the causes
of these differences is the changes in the surrounding environment, along with the influence of
demands for bone artifacts and trading with other sites.
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Figure.1 Location and sites around the Satohama shell midden
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Figure.3 “Calendar of the Jomon Period” at the Satohama shell midden
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Figure.7 Research on the relation between potteries and stratigraphy at the M grid
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Table.5 Identified species of Bivalvia from stratums 34 to 46 at the Daikakoi-Kazakoshi area
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Table.7 Identified species of fish from stratums 34 at the Daikakoi-Kazakoshi area
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Table.8 Identified species of fish from stratums 35 at the Daikakoi-Kazakoshi area
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Table.9 Identified species of fish from stratums 36 at the Daikakoi-Kazakoshi area
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Table.10 Identified species of fish from stratums 37 at the Daikakoi-Kazakoshi area

&

10mm, 5SmmAYYa[E]

iy
i

x

3
3

&l

2

+
%
EL)

B

=
o

SE

Th OH B
Th of b
T 5§

0| )

#
&

T i
Th b g
T B
T B
T i O
T o
%
T i B H
T )RR B
T S B
o 8 3|
|
T & 8 b
T {5
o | W
7
il
Th SF B 2 &
Tj 1 A
EELES
(dSIN) 428

h i 5
T i

'_
Pl
-
o
-
o
-
Pl
-
el
-
el
-
el
-
Pl
-
el
-
el
-
Pl
-
Pl
-
o
-
o
-
o
-
o
-
o

o | T &

RASHAE

FETAF

FFIR

HHTEE

AXXE 1 1 1 1 2

o |on [ o

S4F

1V 1

A% 1

PATAE 1 1 1 1 1 1 3/ 5 1

HNE 1

AINER 1

9% 21 2 1 1 HAEERI 2 1 3 5 1

no

(=1 o N e e 2 e (50 (2 e [

1
KEOM: [FETARIBEART, [PAFABITEZ BRI, (NVNFRIGEEE — 1
ImmAy 1 BIR (3 H 3 100.0% ., iE1)

I4tH 1

¥R 1 1 1 1110 1

FFIR

N

—IVR 1 1 713

N>

49 2

NIGFATY 3

HHdEE 1 1 1 2 1 701 1

JIFH 1

2XXE 1 1 1

7% 1 naii

ET ) 1 1

=)

TATHE 1 1 2 1 1 11 1 1 1 1 2| 9141 3

DI 16

ALAE 1 1 1

29% 5

o feo [~ [N o feo [ [on eo N [N [ fen | =

ot [VF FRIFLER-HE-MER. PFIRIMLEE-SHE-BER. YTERIEAL . QAR THREFR
A ERTRRSNETYNI—F P immAy 1 TERSNZEYIE . 37TE TR EBREETOT\S,

39



40

LRV ARR

=11 cHEREHMS 38 BRERERR
Table.11 Identified species of fish from stratums 38 at the Daikakoi-Kazakoshi area
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Table.12 Identified species of fish from stratums 39 at the Daikakoi-Kazakoshi area
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Table.13 Identified species of fish from stratums 40 at the Daikakoi-Kazakoshi area
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Table.14 Identified species of fish from stratums 41 at the Daikakoi-Kazakoshi area
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Table.15 Identified species of fish from stratums 43 at the Daikakoi-Kazakoshi area
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Table.16 Identified species of fish from stratums 44 at the Daikakoi-Kazakoshi area
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Table.17 Identified species of fish from stratums 45 at the Daikakoi-Kazakoshi area
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Table.18 Identified species of fish from stratums 46 at the Daikakoi-Kazakoshi area
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*27 BEREFGHREMS 34~46 8
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Table.27 Identified species of Gsstropoda, Scaphopoda, Crustacea, Echinoidea, Amphibia, Reptilia, Aves, and Mammalia
from stratums 34 to 46 at the Daikakoi-Kazakoshi area
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Figure.8 Histogram of shells (Gastropoda and Bivalvia) from stratums 34 to 46 (MNI; Using correction value)
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Figure.9 Histogram of fish (Chondrichthyes and Osteichthyes) from stratums 34 to 46 (NISP; Using correction value)
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x4 BERBHS 47 ~ 54 BERMBETER
Table.4 Resuming species of Gastropoda from stratums 47 to 54 found in the Daikakoi-Kazakoshi area
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Table.6 Resuming species of Bivalvia from stratums 47 to 54 found in the Daikakoi-Kazakoshi area
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Table.19 Resuming species of fish from stratums 47 found in the Daikakoi-Kazakoshi area
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Table.20 Resuming species of fish from stratums 48 found in the Daikakoi-Kazakoshi area
10mm, S5mmAy Y1 E YR
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Table.21 Resuming species of fish from stratums 49 found in the Daikakoi-Kazakoshi area
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Table.22 Resuming species of fish from stratums 50 found in the Daikakoi-Kazakoshi area
10mm, 5mm*Av¥a[EyR
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Table.23 Resuming species of fish from stratums 51 found in the Daikakoi-Kazakoshi area
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Table.24 Resuming species of fish from stratums 52 found in the Daikakoi-Kazakoshi area
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Table.25 Resuming species of fish from stratums 53 found in the Daikakoi-Kazakoshi area
10mm. 5mm*vy > a@E4R
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Table.26 Resuming species of fish from stratums 54 found in the Daikakoi-Kazakoshi area
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Table.28 Resuming species of Crustacea, Reptilia, Aves,

and Mammalia from stratums 47 to 54 found in the

Daikakoi-Kazakoshi area
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Figure.11 Comparison of the assemblage of shells from the latter period of the last stages and the middle period of the final
stages of the Jomon period at the Satohama shell midden (MNI)
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Figure.12 Comparison of Balanomorpha from the latter period of the last stages and the middle period of the final stages of
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Figure.13 Comparison of the assemblage of fish from the latter period of the last stages and the middle period of the final
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EXTIYVRT Neptunea(Barbitonia)arthritica

EAEIYIFY Mollusca IY 1%} Buccinidae spp.

Z R Gsstropoda

Y5 1B Neoloricata

IER# Gastropoda

DF XU 4% Orinella pulchella
DFXVERE% Odostomia desimana
FOHRFTAFL Pyramidellidae sp.

HHH4 B Patellogastropoda spp.
I3H1% Haliotidae sp.

DiNH4  Chlorostoma lischkei
ANYTHXDIRNIA Chlorostoma turbinata
AVHERHIAS Omphalius rusticus
A58 Monodonta labio form confuse
ZVXIER Calliostoma muktiliratum
AHA Turbo(Lunella) coronatus coreensis
HHTIHlx Turbinidae sp.
AAIIFIHNZE Y% Plesiotrochus parcus
YUY NIVl Diffalaba picta picta
3IZF% Batillariidae sp.

EANAIFE % Lacuna(Lacuna)carinifera
AIFNF Y1 O8IFE % Lacuna(Epheria)decorate
IVARIFE Littorina(Littorina)squalida
RIXE  Littorina(Littorina)breicula
RZFEFR Littorinidae sp.

ATV Ia0H 1% Assimineidae sp.
AANEHTA  Serpulorbis imbricatus
DEFLHMAF Truncatellidae sp.
VAT A Glossaulax didyma

IRIXYAR  Glossaulax hosoyai

BRI 1%l Naticidae sp.

EAIDSY  Ergalatax contractus

EUHA  Ceratostoma bumetti
FFIRI% Nucella lima

LA YKHA4  Thais (Reishia) bronni

ARZS Thais (Reishia) clavigera
7AZY Rapana venosa

7y H4F Muricoidae sp.

L¥H4  Mitrella bicincta

JIZF Zafra(Zafra)oumila

LYOHA  Niotha livescens

73LY0x% Reticunassa festiva

EXLYO Reticunassa multigranosa

BB #8 Scaphopoda

YJ)H 1B Dentaliidae sp.

iR E# Bivalvia

IHA Barbatia(Abarbatia)lima
HUTRIHA Berbatia(Savignyarcalvirescens
FPHHA  Scapharca broughtonni
YIVIRDH A Scapharca kagoshimensis
I T 1A% Tegillarca granosa

RIFH 1% Glycymerididae sp.
A1 Mytilus coruscus

LoY¥40 Septifer virgatus
1515 Mytilidae sp.

TP AIZ X Chlamys(Azumapecten)farreri japponensis
IITH A% Mizuhopecten yessoensis
A3% 1%} Pectinidae sp.
FIXHYTE Anomiidae sp.

I ¥ Crassostrea gigas

AJRH* Ostrea denselamellosa

AR RHXF Ostreidae sp.
IA)INTHAx  Pillucina pisidium
YATF  Mactra veneriformis
DFINHA  Coecella chinensis
Zva9H1% Tellinidae sp.

AFa9I5 M) 1A% Merisca (Pestris) capsoides
EXAYSMNIH 4% Macoma incongrua
IAGH IR Psammobiidae sp.
IT7H1% Solenidae sp.
RFTININTA  Trapezium liratum
JHHRHA  Trapezium bicarinatum
YR bOUS Pseudozizeeria maha
FZF7H)  Protothaca jedoensis
X)ATPHY  protothaca euglypta
AZAZPH) Protothaca schencki
BHZIHA  Phacosoma japonicum

7YY Ruditapes philippinarum
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EXTHY)  Ruditapes variegatus
AT 1% Gomphina melanegis
RVNEH A% Irus mitis

IYVJAL Callista brevisiphonata
IFLTYX  Saxidomus purpurata
DAL A% Sunetta menstrualis
NV Meretrix lusoria
FavtvN\IHY  Meretrix lamarckii
AX¥YII Cyclina sinensis
QIVARLH1EL Veneridae sp.
A7A)H4A Mya arenaria onogai
NIDEHA Paramya recluzi

ZAHA Barnea manilensis

LLIFRARRR

R B Arthropoda

3k #PY Crustacea

JIYiRE B Balanomorpha spp.
%5 RETH Brachyura sp.

TRE B Echinodermata

J_#2HEFY Echinozoa

)Z#8 Echinoidea sp.

LEHEIYIPT Vertebrata

#EAH Chondrichthyes

HAX Selachii sp.
FAIHYAF] Lamnidae sp.
I4 Lt H Batidoidimorpha sp.
FETIA %l Myliobatididae sp.

AXXE Lateolabrax sp.
JUE Seriola sp.

7Y%} Carangidae sp.
19%% Haemulidae sp.
a8 4@« Plectorhinchus sp.
RAFL Sparidae spp.
DOXNAIE Acanthopagrus sp.
INLEFL Pagrinae sp.
385 0% Embiotocidae sp.
1848 Oplegnathus sp.
N5%} Labridae sp.

754 Semicossyphus reticulatus
HUh#EHE Cottoidei sp.
T IE Pleurogrammus sp.
TAFAE Hexagrammos sp.
FYUHEE Zoarcoidei sp.
NEF Gobiidae sp.

HYI\E Scomber sp.

IYUOE Thunnus sp.

BIF  katsuwonus pelamis
ESAFL Paralichthyidae sp.
HL14%} Pleuronectidae sp.
AJNEF} Monacanthidae sp.
75%l Tetraodontidae sp.

MAE#H Amphibia

#EH Anura sp.

e Reptilia

EEAM Osteichthyes

YFXE Anguilla sp.

7F+J%l Congridae sp.

ZYV% Clupeidae sp.

1% Sardinops melanostictus
NRDFATI S Engraulis japonicus
J4% Cyprinidae sp.

54 @x  Tribolodon sp.
FI35% Moridae sp.

R Mugil sp.

Y3AYRE Hyporhamphus sp.
HY%l Belonidae sp.

HYTHEBE Scorpaenoidei spp.
OF% Platycephalidae sp.

AAB Testudines sp.
D35 A%} Cheloniidae sp.
AE#EH Serpentes sp.

EM Aves

F Y%l Phasianidae sp.

HER Anatidae sp.

D1 YT VFx Podicipedidae sp.
PR Phoebastria albatrus
SZXFFRUFEL Procellariidae sp.
%} Phalacrocoracidae sp.
HEAR} Laridae sp.

AhF Accipitridae sp.

IEZLH Mammalia

EH5%kx Talpidae sp.
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A1X%} Canidae sp.

(FY2R Vulpes vulupes)

RIX Nyctereutes procyonoides
ZiIRVATIY % Lutra lutra
A4)9% Sus scrofa

ZIRVIN  Cervus nippon
JZ%}x Sciuridae sp.

FA3F Muridae sp.

JOYX  Lepus brachyurus
HYJ5HB Cetacea sp.

E ks Homo sapiens

GE 1) XD2WVL DI 47~54 BTOHRESNZLD,

CE 2)CO—ETIE. KR THFTHRREGLLEHMDORIESNE
LONHEFELEH LTS, LIEN>THRES WIER-Z8H (1997) i
HOREIAMRIABNELS,

(G 3)IRERHEH Elasmobranchii ICRILTIFAEE., SRFLOAIED
DY AE - TAEHEKRBISNTELN, AR (2013) TIE 5 F Rk
RITES (T AFEEY AX Selachii. T{$8% I 1 X Batoidea &L
T, BAERAFICBITPIMXIETIM LE batidoidimorpha @
HNEESNTOBEHATETELENEEALLA, SARCERX
SHA LB Galeomorpha &Y./ Y4 _E B Squalomorpha H'E&% E SN
TR, KRBT LD ERBH CHITAREDFERHEL TR
ALTW%,

GE HVAOVERICFRLTIE, AR =ERER 1995 R EBMREB AR
BEEDYREIIIMREHR. REEE 2000f BANEEER
#HE1% Marine Mollusks in JapanJBiEKZFH RS . F R
20095 F0iEERLE]. hHER 2013[BAREAERE 2
FBORE F£=MI-I-IIEEXFHRS. PR FIE
ER2015[BAERFELEOXE BRUERIFERFELMR
. FEE— EHAZ-WAE-HhBE—FEHR 1996[ B RSN
KEH 5545 WAEHE-TCHE HELHEITF AL, FEK
2008[ B ADMEELFENET 2 RRIIEERZHRES. BABER
202BABHEB R WETHE 7TRIESELTVS,
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Standard use-wear chart of TUMRT (3): Microwear Polish (1)

Kaoru Akoshima, Hyewon Hong

Department of Archaeology, Graduate School of Arts and Letters, Tohoku University

INTRODUCTION

The present paper is the third part of the results of
microwear analysis by Tohoku University Microwear
Research Team (TUMRT). It is an initial part of explanation
of standard identification criteria of a category of use-wear
traces, that is, microwear polish. The part 1 and part 2
of TUMRT standard were published in the Bulletin of the
Tohoku University Museum, No. 13 (Akoshima and Hong
2014), and also No. 15 (Akoshima and Hong 2016). The
present article is to be utilized with part 1 and 2, which will
soon be available through the Tohoku University Library
website (TOURS). Part 1 and 2 explain analytical framework
of microflaking (microchipping) analysis by TUMRT, typical
patterns of microflaking scar appearance, variables in
experimental control, and the expanded range of micro-
photographs to cover various different appearances of
microflaking scar patterns. In part 2, we also explained
in detail the method of analyzing the actual wide range
of microflaking varieties by counting frequencies and
classifying attributes of chipping scars, for the basis of
statistical analysis of flaking scar variability, as was already
summary published in Japanese (Akoshima 1981) and
English (Akoshima 1987).

Here as part 3, we review fundamental classification
systems of microwear polish that have been called as
Tohoku classification since 1981 and were actually widely
used by many Japanese lithic use-wear analysts. The polish
types are presented with typical micro-photographs and their
range of appearances are shown with a number of sample
micro images. In the present volume, images of microwear
polish produced with soft contact materials are shown
here. Those polish images with medium and hard worked
materials will be presented in our future report.

EXPERIMENTAL DATABASE

The present paper continues to introduce essential criteria
of micro-wear interpretation accumulated by TUMRT since
1976. The team was initiated by the late Prof. Chosuke
Serizawa and has been active up to the present (for its

history, e.g. Akoshima 2008). This is to be the third of a
series of presentations resulting from the TUMRT inferential
criteria.

The database presented here is a part of the first series of
TUMRT project directed by Serizawa. Microwear polish data
were analyzed by Kajiwara and Akoshima (Kajiwara and
Akoshima 1981, Akoshima 1989) and the data have been
utilized by TUMRT members since then. Micro-photographs
were color printed and served on file at the Department of
Archaeology, Faculty of Arts and Letters.

The procedure of photographic data presentation in the
present publication is basically the same as our previous
reports (Akoshima and Hong 2014, 2016), so only short
descriptions are repeated here for readers’ reference. The
paper photo-micrographs in the TUMRT file were scanned
at 1200 dpi and color digitized. For the present report,
representative images were chosen for presentation of
“microwear polish types” for polish type A to type F2 (Figure
1 to Figure 4). The wider range of microwear polish patterns
are shown for better recognition of overall wear varieties.
By referring the typical polish type photos with image data
from various worked materials (Figure 5 to Figure 12 for soft
contact materials), the range of microwear polish patterns
are roughly knowable.

From Figure 5 on, experimental micro-photographs are
arranged in the order from working soft materials (meat,
rawhide, leather, soft plant) to medium (wood, bamboo), to
hard materials (bone, antler). The latter two categories will
be reserved for our next report, though. Within the category
of similar hardness, they are sub-divided and arranged by
the method of use, from parallel motions (cutting, sawing) to
perpendicular motions (scraping, whittling).

The main raw materials in our experimental project for
polish analysis were the shale collected from the riverbed
of the Mogami River in Sagae City, Yamagata Prefecture. It
should be noted that the “shale” in the Japanese rock type
terminology for lithic analysis denotes a sort of fine grained
sedimentary rock with breaking feature of conchoidal
fracture. The rock type was in wide use throughout
prehistory in northeastern part of the Honshu Island of Japan
(Tohoku District).
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The micro-photographs are not presented with a scale
bar for fixed length, but the size of photographs are kept
constant (ca.700 microns from right to left of the photo at
the case of 200 X). Photos with no magnification number
were taken at 200 X when being observed. Photos with the
number of “400 X" at the end of caption were taken at 400
X when being observed (the width of photo is thus ca.350
microns).

The order of presenting photographic data from Figure
5 on, is as follows. Basically, they are arranged so that
the general patterns of microwear polish are recognized
according to the category of contact materials and the kind
of motion, as in Kajiwara and Akoshima (1981). Namely, the
Figures are captioned with the category of worked materials
and working edge motions. At the end of the caption,
identified polish type(s) and the experimental specimen
number are shown. Microwear polish often appears
as combination of multiple types (for example, D1 type
surrounded by F1 type), and in those cases, type names are
combined (for the example, D1F1, and so on).

They are shown in the following order (the same order
as Akoshima and Hong 2014, 2016). It is presented here
again for quick reference of the reader. We plan to publish
micropolish photos from worked materials 4.1 to 9.3 (medium
and hard) in our next report.

1. Meat, 1.1 cattle (beef), 1.2 pig (pork), 1.3 lamb (mutton),

1.4 duck, 1.5 chicken
2. Plant, 2.1 grass, 2.2 wheat crop, 2.3 rice crop, 2.4 reed, 2.5

pampas grass
3. Hide, 3.1 rawhide, 3.2 half dried hide, 3.3 dry hide
. Wood, 4.1 paulownia, 4.2 cedar, 4.3 pine, 4.4 alder, 4.5

zelkova, 4.6 others
. Bamboo
Gourd
. Shell
. Bone, 8.1 raw, fresh, 8.2 wet and boiled, 8.3 boiled
. Antler, 9.1 soaked, 9.2 dry, 9.3 others
For the third digit of each photo caption number, the type of
motion in use is indicated as follows.
Longitudinal, -1 cutting, -2 sawing
Transversal, -3 whittling, -4 scraping
Varied, -5 chopping, -6 butchering
Incising, -7 graving

Micro-photographs were all taken using a film camera
attachment (before 2003) to the binocular metallurgical
microscope of Olympus BHM system. The magnification
shown is at the time of photography. The reversal 35mm
color slides were printed and used as references for
micropolish identification for many years at Tohoku
University Archaeological Laboratory. They were, in a
sense, “standard polish chart” for Japanese lithic use-wear
analysts. We think it is meaningful for this time to publicize
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the standard photos.

HISTORICAL REVIEW OF POLISH IDENTIFICATION

Since the first discovery by Keeley (Keeley 1977) that
various microwear polishes reflect the kind of worked
materials, the fact of correlation between the contact
materials and polish attributes was widely admitted among
the scientific circle of lithic analysts. Hence the way of calling
polish varieties with the name of representative worked
materials has become a world standard up to the present.
The names “wood polish”, “bone polish”, “dry hide polish”
and so on bring us some clear imagination in our mind, at
least in case of use-wear analysts. However, from the very
beginning of this discovery, Keeley already recognized that
a large variety of polish appearance did exist among the
edges of utilized stone tools made of European flint. So,
the nomenclature of polish names originally entailed some
discrepancy in that the same worked materials do produce a
considerable range of differently appeared microwear polish.

Our team, too, noticed the fact that the polish was variable
even from the same worked materials by conducting
independent sets of controlled experimental programs. We
used replicative Japanese lithic raw materials, including
“shale” and chert, as well as European flint. The European
flint was brought to Tohoku University from Denmark by the
late Prof. Akira Matsui of Nara National Institute of Cultural
Properties (at that time, a graduate student of Tohoku
University). Dr. Kazuo Aoyama and TUMRT members
conducted supplementary experiments on flint at a later time.
The first recognition of Japanese microwear polish came
up during the final excavation of the Early Palaeolithic site
of Hoshino, in Tochigi Prefecture in 1978. The excavation
was directed by the late Prof. emeritus Chosuke Serizawa,
with a government funding (KAKENHI). The history was
introduced by Akoshima (2008), and the reader may refer to
the episodes.

What is to be emphasized here is the research history in
which our team attempted to carry out the so-called “scientific
reproductivity” procedures. Kajiwara and Akoshima repeated
experiments using the replicated shale tools and found
that Japanese shale artifacts actually exhibited evident
microwear polishes which were very similar to the published
photo images by Keeley (1977). Additional experiments of
chert and obsidian also reconfirmed the fact.

Accordingly, our team first described the appearances of
microwear polishes with the title of the contact materials as
Keeley did. Some documents remain on file at our Tohoku
University Laboratory and there go the lines concerning
polishes on shale as follows (Akoshima 1980, pp.89-91).
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Characteristics of Polishes.
1) Wood polish (Plate numbers are omitted here).

A typical wood polish is bright and smooth. Inner and outer
contrasts are high. Few pits are observed on polished area.
It is smooth especially on elevated portions, and sometimes
looks even slippery or domed. It first develops on elevated
portions according to microtopography. But the depressions
are not easily polished. Heavily polished area sometimes
undulates, accompanying a kind of striation of “troughs and
crests”.

Working bamboo and gourd produced similar type of
polish, which can be included in wood polish. They are
bright, smooth, with high contrast.

In some cases, wood polish is atypical with rugged or
rough characteristics.

2) Corn gloss (“Nonwoody plant polish” according to Keeley).

The characteristics of corn gloss observed on our
experimental flakes are almost nearly the same as those
described by Witthoft (1967) and Keeley. It is very bright
and smooth, shining even to the unaided eye. “Filled in”
striations are observed running in the direction of activity.
Polish covers elevated portions first and invades over the
depressions. It looks like, as it were, the surface painted
with viscous liquid. The contrast is extremely high. The
fluid appearance of the affected area is quite distinctive.
However, clear “comet shaped pits” were not observed on
our experimental specimens.

3) Bone polish and antler polish.

Bone and antler often produce bright but rough polish.
They are sometimes as bright as wood polish. The contrast
is high. A lot of tiny pits in various shapes are found. The
pitted surface gives battered appearances to the altered
area. The pits are even found on very bright portions that
were heavily polished. The heavily polished area that is
usually the tip of the edge becomes smoother than the rest
of affected area, but it can be distinguished from wood polish
in that slightly polished area remains rough. Soaked antler
often produces smoother bright polish than bone. Rugged
polish is also produced by bone or antler working.

4) Meat polish.

The polish produced by working meat is usually very
dull. Sometimes it is quite faint and hardly recorded on
photographs. Contrast (both inner and outer) is very low.
Polish is not necessarily restricted to the elevated portions
of micro-topography. Depressions of the original surface
are similarly affected by polish. Meat polish sometimes has
“greasy” luster which looks like as it were, oiled or lubricated
surface. Tiny pits are not found. Sometimes rugged polish is
also found.

5) Hide polish.

Hide polish of rawhide sometimes resembles meat polish:

dull, low contrast, greasy luster. But various polishes are

produced in case of hide. There are both bright and dull, high
contrast and low contrast, and rugged. Pits are sometimes
found. The surface becomes heavily “pitted” when soil is
involved in the experiment. Both smooth and rough polish
developed, but in some cases, elevated portions became
smoother.

6) Soil polish and natural polish.

There are polish types characteristic of soil involvements
and developments on naturally patinated surface. (In
hindsight, these types (Type X and Type Y) were initial
recognition of PDSM (post depositional surface modification)
and “soil sheen” phenomena.)

As our team was convinced that these polish characters
were almost identical to the polishes produced on
European flint and described by Keeley (1977), Akoshima
brought photograph prints to SAA (Society for American
Archaeology) held in San Diego, California in April 1981 to
discuss with Dr. Keeley himself. Our conclusion was that the
data on the Japanese shale would support his hypothesis of
common polish characteristics among various CCS rocks.

The reason why we reiterate the original description is that
the Tohoku polish classification basically followed the first
recognition of polish on shale, but that the “in-exclusiveness”
of polish and contact material correlation turned out to be too
large to retain the original “contact material nomenclature”
(Serizawa, Kajiwara, Akoshima 1982). The fact of relative
correlation was also graphically included in French
explanation (Akoshima 1995).

DESCRIPTION OF MICROWEAR POLISH TYPES

Actual appearances of microwear polish are rich in
variety even along one working edge, but there are portions
which are evaluated as representing typical types. TUMRT
originally classified the polishes into 11 types (Kajiwara
and Akoshima 1981). The classification was recognized
as standard types among many microwear analysts in
Japan, and since very widely adopted and applied to actual
artifacts nationwide. However, the original presentation of
polish types was not necessarily exhaustive in that only
representative sample pictures were published. Actually,
personal communications for experimental specimens with
team members spread the criteria in the country. The lithic
raw materials were limited to “shale” for early programs,
but other lithic materials such as chert, obsidian, rhyolite
and other CCS (crypto-crystalline silica materials) were
also included as well as European flint. It was revealed that
most lithic raw materials developed basically similar types of
microwear polish.

The Tohoku classification was briefly published in English
in a report of the Mill Iron site, Montana, USA (Akoshima
and Frison 1996). In French language, the classification
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and typical photo images of types were published in the
excavation and research report of a Magdalenian rock-
shelter site of Abri Dufaure compiled by Straus (Akoshima
1995).

It is true that great difficulties exist in explaining the
characteristics of observed and/or photo images by verbal
words. We found that language differences (English and
Japanese) also prevent from precisely translating the
subtle nuances of description. For example, the Japanese
“kadobatta” does not equal to “angular” or “rugged”. We
chose to present as many actual microphotos as possible
instead of cumbersome explanation sentences. Due to some
limitations, we divide the photo contents into 2 separate
articles, this report and the next. We apologize for the
inconveniences but we hope the reader would understand.

The following is supplementary to explanation of polish
characteristics. They were influenced by Keeley (1977,
1980), but based on the TUMRT initial series of experimental
results (Akoshima 1980).

“Bright” and “dull” are used in terms of “brightness” of
polish. It relates to the reflection of light.

“Contrast” is used in terms of the difference of “brightness”
between two areas. “Inner contrast” means the difference of
brightness between brighter part and duller part of polished
area. “Outer contrast” means the difference of brightness
between polished area and unaltered area neighboring the
polished area.

“Smooth” and “rough” are used in terms of the evenness
of the texture of polished area.

“Rugged” means a distinctive appearance of polished
area. The surface is very uneven, preserving the original
micro-topography, shining with very fine-grained difference
of brightness, with some “greasy” luster. It looks like, as it
were, a boiling liquid of high viscosity.

“Coarse” and “fine-grained” is used in terms of the surface
texture of shale.

“Pitted” is used when these “pits” do not seem to be the
original depressions of micro-topography, but seem to be
plucked off pits.

The explanation (Akoshima 1995, Akoshima and Frison
1996) is summarized here. The word order is approximately:
contrast and texture, extension, other characteristics, and
related worked materials (in the parenthesis, less common
but related materials).

Type A [Figure 1(1), (2), (3)].

Very bright and smooth. Covers wide area rather
evenly. “Filled-in” striations, “comet-shaped” pits; when
underdeveloped, resembles Type B. Non-woody plants,
(bamboo).

Type B [Figure 1(4), (5), (6)]

Bright and smooth. Round and “domed” appearance. well-
defined patches develop on high portions, clear striations.
Wood, bamboo, (bone, non-woody plants).

Type C [Figure 2(1)]

Relatively bright but rough. Covers wide area rather evenly
with flat patches; patches are ill-defined. With numerous pits
of various size/shape, depressions, striation; often surrounds
Types D1 and D2. Sawing soaked antler (and bone).

Type D1 [Figure 2(2), (3), (4)]
Bright and smooth; very flat and lacks “roundness”; includes
“melted snow” type. Flat polish patches are well-defined.
Directional undulations often constitute wide striated
features. Bone, antler, (wood).

Type D2 [Figure 2(5), (6)]

Bright but less smooth than D1. Polish patches are well-
defined. Patch surface undulates with numerous parallel,
sharp striations. Bone, antler, wood, (bamboo).

Type E1 [Figure 3(1), (2)]

Dull and relatively rough. Polish patches are small and
confined. Numerous tiny pits and very minutely rugged
(“rugose”); usually accompanies Types E2, F1, F2. Hide,
meat, (wood).

Type E2 [Figure 3(3), (4), (5)]

Dull and relatively rough, “matte” texture. Patches are less
confined and sometimes flat; when developed, patches grow
and “roundness” increases. Numerous tiny pits and very
minutely rugged (“rugose”); usually accompanies Types E1,
F1, F2. Hide, meat.

Type F1 [Figure 3(6), Figure 4(1)]

Dull and rough, sometimes “greasy luster”. Patches are
not well-defined; polish follows micro-topography (on both
elevations and depressions). Coarse “rugged” appearance;
And Type F1 often develops into Type D1 on antler/bone.
Dry antler, bone, hide, meat, wood.

Type F2 [Figure 4(2), (3), (4)]

Very dull, weak. Polish follows micro-topography. Often
accompanies other types. Generic polish, hide, meat, (wood,
bone).

Type X (Kajiwara and Akoshima 1981, figure 3-18)

Dull, “battered” appearance. Extends widely. Very “rugged”;
full of pits, depressions; striations everywhere. Soil (digging,
etc.) or any other material in contact with soil.
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Type Y (Kajiwara and Akoshima 1981, figure 3-19)
Relatively bright but no contrast (even brightness), variable
texture. Entire surface is covered. Random striations;
various pits. “Patination” polish, polish on naturally worn
surface.

The Tohoku classification system has spread also through
direct personal communications among lithic analysts.
Independent experimental works by the analysts contributed
to reliable inferential criteria. In Japan, the Palaeolithic
period, the Jomon period, and the Yayoi period respectively
have maintained their traditions of stone tool research.
The scientific community was not so huge in the country
and there were also networks through legal administration
system of the cultural properties protection, including
mandatory site excavation and site report publication and
social circulation. The foci of the Palaeolithic period research
included spatial distribution and human behavior, and those
of the Yayoi period research included studies of agricultural
equipments such as leaping knives.

Although the microwear analytical techniques were
regarded as standard research procedure, there was
a certain degree of skepticism about the objectivity of
functional determination. The “Palaeolithic fake scandal”
committed solely by Mr. Fujimura which was exposed on
November 4, 2000 as a scoop of the Mainichi Shimbun
newspaper seriously deepened this skepticism. In such
a social atmosphere, the disciplinary organization of
“the Society for Lithic Use-Wear Studies” headed by Dr.
Midoshima and Dr. Harada launched a joint research project
of use-wear analysis in 2003.

In the joint project, a communal experimental program
was carried out to strengthen the methodological objectivity
of use-wear analysis. One of the main themes has been the
problem of polish classification and their attribute analysis.
The final results of the joint project are in preparation for
publication, so we cannot discuss the relations of the joint
project and Tohoku University polish analysis here. Tohoku
classification is “explanatory description”, while the Society
tactics is “attribute analytical characterization”. We plan to
discuss their similarities and differences the next time.

CONLULUSIONS

Microwear polish is a minute scale phenomenon of
surface alteration, but its mechanism, that is, physical
processes of formation is not clearly determined. There
were theories of additive substance explanations as well
as abrasive explanations (e.g., Yamada 1986, 1993), or
complex combination of both. Our team has been in a
position to morphologically observe and classify its wide
variation and attempt to correlate the formal phenomena to

actual functions of tool use.

Classification of microwear polish tends to ignore
diversity. Each micro-polished working edge has individual
characteristics that would not be accommodated into type
classifications. In order to alleviate this missing feature of
diversity, micro-photographs were repeatedly taken and
compared. Of course these micro-photographs do not
necessarily represent all the variation of surface morphology
that occurred on the edge of flakes used in a particular work.
However, within the framework of controlled experimental
program of TUMRT, relationships between micro-polish
identification and contact materials were clearly discovered.

The polish photo database presented here will serve for
a means of fundamental pattern recognition of the category
of use-wear which can be observable with a standard
equipment of high magnification optical microscope. We
very affirmatively keep the methodological position that each
category of use-wear, namely micro-polish (or microwear
polish), striation, micro-edge-damage (microflaking, e.g.,
Tringham et. al. 1974), and even macro-wear patterns which
are often observable with a hand magnifier, has its own
potential. We need to integrate various different categories
of use-wear for a more reliable method of interpretation.
Our fundamental direction is again based on the theoretical
standpoint of the “middle range research” in the sense
of Binford (1981, pp.21-30), where all the archaeological
records as data are integrated together with data sets in
actualistic situations such as experimental archaeology.

Microwear polish is often difficult to identify when heavy
patination, or “post-depositional phenomena” affected the
working edge of the tool. Another restriction of micro-polish
is the quality of raw materials. Relatively coarse-grained
lithic materials such as andesite, or extra-hard materials
prevent from reliable identification of micro-polishes. In case
of relatively soft but fine-grained materials such as rhyolite,
or acidic volcanic rocks, surface alteration and abrasion
of the edge often makes polish identification difficult.
However, once polish types are identified, the inference of
contact materials can be more detailed. We reiterate our
conclusion (Akoshima and Hong, 2016) that all types of
use-wear should be paid enough attention as long as they
are observable along the working edge. Proper sets of
equipment should be applied to observe the target use-wear
traces. More problem oriented methodological thinking is
fundamental for the establishment of standard procedures of
use-wear analysis.
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(1) polish type A. grass cut 2200st (SH140d) (2) polish type A. grass cut 2200st (SH141) 400x

> B
(3) polish type A. rice cut (SH45) (4) polish type B. wood cut 4000st (SH103)

(5) polish type B. wood saw 5000st (SH49) (6) polish type B. wood scrape 5000st (SH110) 400x

Figure 1. Experimental microwear polishes.
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(1) polish type C. antler saw 4000st (SH47) (2) polish type D1. bone scrape 1500st (SH93)

(3) polish type D1. bone scrape 1500st (SH93) (4) polish type D1. antler cut 4000st (SH106) 400x

(5) polish type D2. bone saw 5000st (SH92) (6) polish type D2. bone saw 5000st (SH92) 400x

Figure 2. Experimental microwear polishes.
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(1) polish type E1. hide cut 1000st (SH113) (2) polish type E1. hide scrape 500st (SH132) 400x

(3) polish type E2. hide scrape 2000st (SH35) (4) polish type E2. hide scrape 10000st (SH28) 400x

(5) polish type E2. hide saw 2000st (SH76) (6) polish type F1. bone whittle 1000st (SH19)

Figure 3. Experimental microwear polishes.
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B

(1) polish type F1. antler 2000st (SH72) 400x (2) polish type F2. meat cut 800st (SH26) 400x

(3) polish type F2. hide scrape 2000st (SH122) (4) polish type F2. hide scrape 2000st (SH112)

Figure 4. Experimental microwear polishes.



Standard use-wear chart of TUMRT (3): Microwear Polish (1) 79

(1) 1.1-1. meat cut 800st. type F2E1. (SH26) (2) 1.2-1. meat cut 1100st. type F2. (SH57)

(3) 1.4-6. meat butcher. type E1D1. (SH107) (4) 1.4-6. meat butcher. type E1. (SH103) 400x

(5) 1.4-6. meat butcher. type E1 (SH108) (6) 1.5-6. meat butcher. type E1D1. (SH56)

Figure 5. Experimental microwear polishes. (soft worked materials)
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(1) 2.1-1. plant cut 2200st. type A. (SH140) (2) 2.1-1. plant cut 2200st. type A. (SH140)

=

(3) 2.3-1. plant cut 3000st. type A. (SH43) (4) 2.4-1. plant cut 3000st. type A. (SH40)

(5) 2.5-1. plant cut 2200st. type A. (SH141) 400x (6) S2.5-1. plant cut ZOOst. type A. (SH141)

Figure 6. Experimental microwear polishes. (soft worked materials)



Standard use-wear chart of TUMRT (3): Microwear Polish (1) 81

(1) 2.5-1. plant cut 2200st. type A. (SH141) (2) 2.5-1. plant cut 1000st. type B. (SH155)

(3) 3.1-1. hide cut 250st. type F2. (SH32) (4) 3.1-1. hide cut 1000st. type E1F2. (SH113)

(5) 3.1-1. hide cut 1000st. type E2E1. (SH113) 400x (6) 3.1-4. hide scrape 1000st. type E1. (SH24)

Figure 7. Experimental microwear polishes. (soft worked materials)
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- K

..
N

(1) 3.1-4. hide scrape. type E1. (SH28) (2) 3.1-4. hide scrape 3000st. type E2. (SH29)

(3) 3.1-4. hide scrape 3500st. type E2. (SH29) 400x (4) 3.1-4. hide scrape 3500st. type E2E1. (SH29)

(5) 3.1-4. hide scrape 2000st. type E2. (SH35) (6) 3.1-4. hide scrape 2000st. type E1. (SH112)

Figure 8. Experimental microwear polishes. (soft worked materials)
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(1) 3.1-4. hide scrape 2000st. (SH116) (2) 3.1-4. hide scrape 2000st. type E1. (SH117)

-

(3) 3.1-4. hide scrape 1000st. type E1. (SH118) (4) 3.1-4. hide scrape 1000st. (SH119)

(5) 3.1-4. hide scrape 2000st. type E2. (SH120) 400x (6) 3.1-4. hide scrape 2000st. type E2. (SH120)

Figure 9. Experimental microwear polishes. (soft worked materials)
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(1) 3.1-4. hide scrape 2000st. type E1F2. (SH120) 2) 3.1-4. hide scrape 2000st. type E1. (SH120)

(3) 3.1-4. hide scrape 1000st. type E1E2. (SH121) (4) 3.1-4. hide scrape 2000st. type E1E2 (SH121)

5) 3.1-4. hide scrape 2000st. type E1E2. (SH123) 6) 3.1-4. hide scrape 800st. (SH124)

Figure 10. Experimental microwear polishes. (soft worked materials)
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(1) 3.1-4. hide scrape 2000st. type E2. (SH125) (2) 3.2-4. hide scrape 2000st. type F2. (SH128)

(3) 3.3-2. hide saw 5000st. type D2. (SH76) (4) 3.3-2. hide saw 2000st. type E1. (SH76)

(5) 3.3-4. hide scrape 5000st. type F2. (SH74) 400x (6) 3.3-4. hide scrape 1500st. type E2E1. (SH130)

Figure 11. Experimental microwear polishes. (soft worked materials)
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(1) 3.3-4. hide scrape 1500st. type E2. (SH131) 400x (2) 3.3-4. hide scrape 1500st. type F2. (SH131) 400x

(3) 3.3-4. hide scrape 1500st. type E1E2. (SH131) (4) 3.3-4. hide scrape 1500st. type E2. (SH131)

(5) 3.3-4. hide scrape 500st. type E1. (SH132) 400x (6) 3.3-4. hide scrape 500st. type E1. (SH132)

Figure 12. Experimental microwear polishes. (soft worked materials)
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