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Grafordites mcleodi, a new Pennsylvanian cephalopod
from Texas, southern Midcontinent, North America

Shuji Niko* and Royal H. Mapes**

* Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University, Higashihiroshima
739-8521, Japan, ** American Museum of Natural History, Central Park West at 79th Street, New York, 10024-5192, U.S.A.

Abstract: A unique specimen of middle Missourian (Late Pennsylvanian; Late Carboniferous)
orthoconic cephalopod was collected from the Lake Bridgeport Shale of the Graford Formation
in north-central Texas, southern Midcontinent, North America. On the basis of this specimen we
describe Grafordites mcleodi gen. et sp. nov., whose important diagnostic features are imbricated
surface bands, very deep and conical septum, and narrow siphuncle having a supracentral position.
The higher taxonomic placement of Grafordites is unclear.

Introduction

The Pennsylvanian Graford Formation (Plummer, 1919;
Plummer and Moore, 1921) is a shallow marine deposit
consisting mainly of shale and limestone with minor amounts
of sandstone. It is widely exposed in Palo Pinto, Jack and
Wise Counties, north-central Texas, southern Midcontinent,
North America. Scott and Armstrong (1932) subdivided the
formation into five units on the basis of lithologies; these
are the Lake Bridgeport Shale, the Rock Hill Limestone,
the Jasper Creek Shale, the Chico Ridge Limestone, and
the Devil’'s Den Limestone. The purpose of this paper is
to describe a unique specimen of orthoconic cephalopod
from the Lake Bridgeport Shale which represents the lowest
unit of the formation and belongs to the Preshumardites
Ammonoid Zone indicating middle Missourian (early
Kasimovian; Late Carboniferous) age (Boardman et al.,
1994). The new specimen was obtained from a low-water
outcrop of nodular reddish-brown shale exposed along
the southwest shore of Lake Bridgeport at Runaway Bay,
Wise County (Figure 1). Together with orthoconic nautiloid
cephalopods, this locality also yields a molluscan dominated
invertebrate fauna including gastropods (Worthenia,
Trepospira and Glabrocingulum), coiled nautiloids, and
goniatitid ammonoids (McLeod, personal communication).
This new cephalopod and the Graford fauna described by
previous workers (e.g., Petty, 1975; Hoare et al., 1996;
Rigby et al., 2008) represent a biotic community that lived
in the neritic zone along the southern margin of Laurentia
(Erxleben, 1973).

Systematic Paleontology

Class Cephalopoda Agassiz, 1847
Subclass and order uncertain
Family Dentoceratidae Ruzhentsev and Shimansky, 19547
Genus Grafordites gen. nov.

Type species.—Grafordites mcleodi sp. nov., by monotypy.

Diagnosis.—Orthoconic longicone having moderate
conch expansion, subcircular cross sections and very long
body chamber; transverse imbricated bands of surface
ornamentation indicate dorsolateral (= ocular) and ventral (=
hyponomic) sinuses; septum very deep, conical; siphuncle
narrow, supracentral located near midway between center of
conch and dorsal margin.

Etymology.—The generic name is derived from the Graford
Formation.

Discussion.—The living orientation of the present
specimen can be inferred by the sinuses on the exterior
surface of the conch. The specimen has subcircular cross
sections which bear two kinds of sinuses; one is at the anti-
siphuncular side of the conch and the other is on the lateral
side of the conch. The counterpart of the lateral sinus is
not observable because the bilaterally symmetrical part of
shell is embedded in concretionary matrix. We determined
that the former is the ventral hyponomic sinus and the latter
forms an ocular sinus.

Very deep and conical septum with bluntly pointed apex
of Grafordites gen. nov. excludes it from almost all known
Late Palaeozoic genera of longiconic cephalopods. The
only known exception is the Permian genus Dentoceras
Ruzhentsev and Shimansky, 1954, which has similar septal
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Figure 1. Location map showing fossil locality (asterisk) on the southwest shore of Lake Bridgeport in Wise County,
north-central Texas. Inset maps indicate the general position of the area.

character as Grafordites. The higher taxonomic placement
of Dentoceras is currently uncertain. Ruzhentsev and
Shimansky (1954) originally assigned the genus to the
family Dentoceratidae of the Nautiloidea. Subsequently,
Kummel (1964) placed the genus in the Scyphoceratidae,
whose family also belongs to the Nautiloidea. On the other
hand, Flower (in Gordon, 1964) treated it as a genus of
the Oncocerida. Although Dentoceras is distinguished
from Grafordites at the generic (and familial?) level by
the possession of a gently cyrtoconic conch and a single
longitudinal groove on the ventral side of septum, they may
belong to an identical group (family?). Therefore, the higher
taxonomic placement of Grafordites is also unclear and
additional and more complete specimens of Dentoceras and
Grafordites are required to solve these questions.

Grafordites mcleodi sp. nov.
Figure 2

Diagnosis.—As for the genus.

Description.—An incomplete longiconic orthocone was
available for study; it is 45.5 mm in length, consisting of
the last septum and very long body chamber, the latter
of which indicates moderate expansion of approximately
5°; cross sections of conch are subcircular and may have
faintly angulate ventrolateral and dorsolateral corners;

dorsoventral diameter at the apical end is 7.0 mm; peristome
not preserved; ratios of preserved length of body chamber
per dorsoventral conch diameter at the adoral end are
approximately 5.5. Shell surface ornamented by imbricated
and relatively wide bands, 0.6—1.3 mm in width; the bands
are roughly transverse and with a very shallow to shallow
dorsolateral (= ocular) sinus and a very shallow ventral (=
hyponomic) sinus; each band has gentle adapical slope
and steep adoral one. Suture is not observable; septum
very deep, conical with bluntly pointed apex; ratio of septal
depth per maximum septal width is approximately 0.8;
weak adapical projection occurs on septum at siphuncular
foramen; siphuncle supracentral and located near midway
between center of conch and dorsal margin; diameter of
siphuncle is narrow, approximately 0.6 mm at foramen;
septal neck and connecting ring are not preserved; neither
endosiphuncular and cameral deposits are observable. Shell
ultrastructure not preserved.

Material examined.—Holotype, AMNH 6015, which is
reposited in the American Museum of Natural History in New
York.

Etymology.—The specific name honors Mr. John McLeod,
who discovered the holotype.

Age.—Middle Missourian (Late Pennsylvanian; Late
Carboniferous).
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Figure 2. Grafordites mcleodi gen. et sp. nov., holotype, AMNH 6015. A. Lateral view, venter on right. B. Septal view
of apical end, venter down, arrow indicates siphuncle. C. Details of apical shell, partial enlargement of A, arrow indicates
siphuncular position. D. Details of apical shell, dorsal view; arrow indicates siphuncle. E. Details of adoral shell, partial
enlargement of A, arrows indicate respectively ocular (left) and hyponomic (right) sinuses. F. Details of adoral shell, partial
enlargement of A, note surface ornamentation consisting of imbricated bands. Scale bar is 20 mm in A; 8 mm in B and E; 10
mm in C and D; 4 mmin F.
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Late Triassic ammonoid Arcestes from the Saragai Group
in the South Kitakami Belt, Northeast Japan

Masayuki Ehiro
The Tohoku University Museum, Sendai 980-8578, Japan

Abstract: Late Triassic ammonoid Arcestes sp. is described from the Chonomori Formation (Saragai
Group), crop out at Haizaka, Minamisanriku Town in the South Kitakami Belt, Northeast Japan. It
was collected from the Monotis scutiformis Zone, which occupies the lower part of the formation.
Although it is ill-preserved, based on the general shell morphologies, it can be compared with
some Arcestes species described from the lower Norian of Austria, being the Norian age of the

Chonomori Formation became more probable.

Introduction

Naumann (1881) reported the occurrence of Late Triassic
bivalve Monotis at Saragaizaka, Utatsu area, Minamisanriku
district in the South Kitakami Belt, Northeast Japan, which
was the first discovery of the Triassic fossils from Japan.
Subsequently, Mojsisovics (1888) described some Japanese
ammonoids (Middle Triassic ammonoids) for the first time
from Japan. Most of them were collected from Inai and its
environs, to the south of Utatsu. Yokoyama (1904) described
first Jurassic ammonoids of Japan from Hosoura, on the
south of Utatsu. Through these works, the Minamisanriku
district came to attract attention as a representative locality
of shallow marine Mesozoic strata, especially Triassic and
Jurassic ones.

The Monotis-bearing Saragai beds (Shimizu and Mabuti,
1932, 1941) were regarded as the type strata of the Upper
Triassic Saragian Stage (Ichikawa, 1950). Onuki and Bando
(1958) subdivided the beds (Saragai Group) into the lower
Shindate and the upper Chonomori formations. Molluscan
fossils from the Saragai Group are all from the Chonomori
Formation. The Saragai Group has been considered to be
correlated with the Carnian to Norian stages, but opinion
is divided on the precise correlation of it. It is partly due to
scarce number of age-diagnostic fossils, such as ammonoid.
Recently an ammonoid specimen collected from the
Chonomori Formation was brought to the present author.
This paper describes this ammonoid and discusses its
stratigraphic significance.

On the geological age of the Saragai Group

The Saragai Group is mainly distributed in the Motoyoshi
and Utatsu areas in the southern part of the Southern
Kitakami Massif, Northeast Japan (Figure 1), overlying the
Lower—Middle Triassic (Olenekian—Ladinian) Inai Group
and while underlying the Lower Jurassic Shizugawa Group
both with unconformity. Shimizu and Mabuti (1932, 1941)
correlated the Saragai beds (the Chonomori Formation)
with the Norian Stage based on the occurrence of two
ammonoids, Arcestes aff. oligosarcus Mojsisovics and
Placites aff. oxyphyllus Mojsisovics. Ichikawa (1951) also
considered that his Saragian Stage is roughly correlated
with the Norian. Onuki and Bando (1958) divided the
Chonomori Formation into four Monotis zones: C, to C,
in ascending order, and considered that two ammonoids
reported by Shimizu and Mabuti (1932, 1941) were come
from the C, zone (Entomonotis densistriata Zone = Monotis
ochotica densistriata Zone of Ando, 1983). They placed
the Carnian/Norian boundary between the C, (Entomonotis
scutiformis Zone = Monotis scutiformis Zone of Ando, 1983)
and C, zones, based on the Monotis fauna and the above-
mentioned ammonoids. These ammonoids, however, have
not yet been described and the whereabouts of them are
unknown. Nakazawa (1964a) established six molluscan
zones in the Chonomori Formation: the Tosapecten Zone,
Dictyoconites Zone, Monotis typica Zone, M. ochotica
densistriata Zone, M. ochotica Zone and M. zabaikalica
Zone, in ascending order, and considered that the horizon of
the above-mentioned ammonoids to be the M. typica Zone
or Dictyoconites Zone. Ando (1983) renamed the M. typica
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Figure 1. Index map (A) and generalized geologic map
of the Utatsu area and its environs in the South Kitakami
Belt, Northeast Japan (B).

Permian

Zone to the M. scutiformis Zone, but did not mention the
precise position of the Carnian/Norian boundary.
Nakazawa (1964a) described newly discovered
ammonoids, Rhacophyllites sp. (one specimen) and
Arcestes sp. (two specimens), from the M. typica Zone at
Haizaka, small pass between Hosoura and Niranohama
(Figure 2). According to Nakazawa (1964a), Rhacophyllites
from Haizaka somewhat resembles some Carnian species
known from Kyushu, Japan and New Zealand, and his
specimens of Arcestes are similar to. A. oligosarcus
Mojsisovics, 1875 from the Norian of Austria and A. trauthi
Diener, 1921 from Carnian-Norian mixed fauna of Austria.
He also discussed the age of the Dictyoconites Zone and
considered that it is probably Carnian in age, because
the zonal fossil Dictyoconites nipponicus Shimizu and
Mabuti, 1941 was considered to be similar to Carnian—
Norian D. multisulcatus Bulow from Timor and D. aff. haueri
Mojsisovics from the Carnian of Himalayas (Shimizu and
Mabuti, 1941). Based on these fossils, Nakazawa (1964a)
tentatively correlated the lower two zones (the Tosapecten
and Dictyoconites zones) and upper four zones (above the
M. typica zone) with the upper Carnian and lower Norian,
respectively, but later, he (Nakazawa, 1964b) considered the
age of the lower two zones to be lower Norian rather than
late Carnian, based on the correlation of the Monotis fauna.
Recently, new genus Miyagiteuthis was proposed (Niko and
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Figure 2. Locality map of Hosoura—Niranohama area
showing the fossil locality (Haizaka). The base map is the
Digital Map of Japan issued by Geospatial Information
Authority of Japan.

Ehiro, 2018) for D. nipponicus, and, therefore, the Carnian
age of the Dictyoconites Zone needs to be reconsidered.

The present specimen of Arcestes was collected
from the Monotis scutiformis Zone (M. typica zone of
Nakazawa, 1964a) at Haizaka (Figure 2). It is ill-preserved
and deformed by tectonic deformation, making it difficult
to identify at the specific level. However, as discussed in
the systematic section, based on the estimated shell form
and its characteristic rostrum, the present species can be
compared with some Arcestes species, such as Arcestes
oxycephalus Mojsisovics and A. dicerus Mojsisovics both
from the lower Norian of Austria. Therefore, the early Norian
age of M. scutiformis Zone became more probable.

Systematic description

Order Ceratitida Hyatt, 1884
Superfamily Arcestoidea Mojsisovics 1875
Family Arcestidae Mojsisovics 1875
Genus Arcestes Suess 1865

Arcestes sp.
Figures 3a—e

Material: One specimen; IGPS coll. cat. no. 112167,
collected by Yudai Torihata, 2018.

Description: A small, partly squashed specimen is
at hand. It is involute with completely closed umbilicus.
The shell shape is looks like extremely discoidal, but this
discoidal form is due in part to the tectonic deformation. It
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is squashed, and the lateral sides are dented irregularly
(Figure 3a) and the ventral part is collapsed in a narrow roof
shape (Figure 3b). The living chamber is long and occupies
about 1.25 volution. Near the apertural end the ventral part
is projected forward as forming a prominent rostrum. The
cross section of the rostrum is sub-rectangular, the ventral
side of which is flattened and become concave near the
nose, having sharp corners at both sides (Figures 3c, 3d).
The shell surface is smooth without any ornamentation. The
shell diameter (D) attains 42.3 mm, and its corresponding
height (H) is ca. 27 mm. The maximum width of shell in the
deformed state is near the peripheral end (frontal part of
the rostrum) and measures 12.5 mm (WR/D = ca. 0.3; WR:
width of the rostrum). Except for the rostrum, the apparent

maximum width (Wa) is near the middle part of the sides
and ca. 7.5 mm (Wa/D = 0.18).

The septa are partly destroyed and the suture lines are
only partly observable. The first lateral to the fourth lateral
saddles are preserved (Figure 3e). Although the second is
crashed, it is Arcestes-type, and lateral saddles are high
with sub-parallel, denticulate prongs.

Discussion: The specimen described is deformed by
severe tectonic deformation and lateral compaction, and its
shell width and ratio of Wa/D above are not original values.
It is estimated that the actual maximum width (W) is at the
umbilicus and is equal or larger than that of the peripheral
end (WR), and the original shell cross section is thought
to be thinly discoidal with slightly converging sides and

last septum
_(preceding

volution)

Figure 3. Arcestes sp. collected from the Monotis scutiformis Zone of the Chonomori Formation at Haizaka (IGPS coll.
cat. no. 112167). a. lateral view; b. ventral view; c. ventral view including the peripheral end (rostrum); d. frontal view of the
rostrum, white dotted line shows the lower margin of the rostrum; e. external suture line of the last septum. Open allows

show view line directions of figure b, ¢ and d.
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narrowly rounded venter.

In having discoidal shell, the genus Arcestes somewhat
resembles the genus Proarcestes Mojsisovics, 1893. These
two genera, however, easily distinguished by there shell
morphology: The periodic constrictions of the genus Arcestes
are confined to the phragmocone and the living chamber
shows some mature modifications, while the living chamber
of the genus Proarcestes possesses constrictions and shows
no modification (Diener, 1921; Spath, 1951). Because it
has a prominent rostrum at the peripheral end, the present
species is considered to belong to the genus Arcestes.

The shell widths (W) of already-known species of
Arcestes, having flattened to concave venter at the
peripheral end of the living chamber, described by
Mojsisovics (1875) and Diener (1921), are nearly the same
as those of flattened venter (WR) to ca. 1.3 times larger
than WR. Because the WR of the present specimen is very
narrow, with WR/D value of ca. 0.3, it original ratio of W/D
is estimated to be about or less than 0.4 (thinly discoidal).
Although the precise comparison with the known species
of Arcestes is difficult, | attempt to compare the present
species with known ones based on the estimated shell form
and a characteristic rostrum with sub-rectangular cross
section and concave ventral side.

In the shell shape having extremely discoidal to discoidal
shell cross section, closed umbilicus and narrow (WR/D = 0.4
or smaller) flattened venter at the apertural end with sharp
corners, it resembles Arcestes oxycephalus (Mojsisovics,
1875, P. 141, pl. 38, figs. 2a—c) and A. dicerus (Mojsisovics,
1875, p. 122, pl. 47, figs. 1a—c, pl. 53, fig. 20) from the lower
Norian of Austria. The apertural ends of latter two species,
however, do not form a rostrum and slightly wider than the
present species (WR/D = 0.37-0.40).

A. oxystomus (Mojsisovics, 1875, p. 130, pl. 48, figs. 2a—
c) from the lower Norian of Austria has a rostrum-shaped
peripheral end, but the rostrum has a tapered end. A.
piae (Diener, 1921, p. 352, pl. 1, figs. 4-6) from the mixed
Carnian-Norian fauna of Austria has a thinly discoidal shell
with prominent rostrum comparable to the present species,
but the living chamber of the former has a hook-shaped
bend. A. aff. frechi (Diener, 1921, p. 359, pl. 1, figs. 8a—
c) from the Carnian of Austria has a discoidal shell with
a strong rostrum, but differs from the present species by
having a small but distinct umbilicus. Arcestes sp. described
from the same locality and horizon at Haizaka (Nakazawa,
1964a) is distinguished from the present species by having
rather wide shell.

Occurrence: From the Monotis scutiformis Zone
(M. typica Zone) of the Chonomori Formation (Saragai
Group), distributed at Haizaka, Minamisanriku-cho, Miyagi
Prefecture.
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Introduction

The tropical forest environment sustained ancient
occupants in coastal Ecuador in South America. Called
“Las Vegas,” the first such culture has been thoroughly
studied based on archaeological artifacts, natural remains,
and features such as burials and shell mounds. Based on
radiocarbon dating from Las Vegas site OGSE-80 on the
Santa Elena Peninsula, the culture first developed around
10,800 BP (un-calibrated) and ended around 6,600 BP
(Stothert et al. 2003). The local subsistence system was
efficiently adapted to an ecologically complex environment
along the tropical coast after occupants transitioned to a
sedentary lifestyle. A nearby preceramic midden contained
shells, animal bones, artifacts, charcoal, phytoliths, and
pollen. This indicates that subsistence was generally based
on hunting, gathering, and fishing with later developments
exhibiting experimental plant domestication. Stothert (1985)
concluded that early Las Vegas inhabitants concentrated on
finding land animals such as deer before later integrating
fishing activities. Locals were also using bottle gourds
(Lagebaria siceraria) as early as 10,000 BP. The bony
remains of fish and mammals from the early and late Las
Vegas periods found at Site 80 indicate that occupants
consumed both large and small mammals (e.g., deer,
rodents, and opossum) in addition to fish during the early
phase, but later consumed more fish (Stothert et al. 2003).
Further, the composition of molluscan remains provides
evidence of an increase in the use rock-subsisting species
and a decrease in the gathering of estuarine and mangrove
species. These strategic changes were likely adaptations
based on environmental changes during the Terminal
Pleistocene and Early Holocene.

The earliest known ceramic culture, Valdivia, was
discovered at one of the most famous sites in Formative

Ecuador (Estrada 1956). B. J. Meggers and C. Evans
conducted extensive scientific investigations in this area.
They determined that the Valdivia culture existed from
approximately 5,000 to 3,500 BP. There thus appears to
be a period of inactivity in the archaeological sequence
between the Las Vegas and Valdivia settlements. The
Valdivian people have been interpreted as agriculturalists
that arranged a larger village with an open central plaza,
monumental architecture on a mound, and peripheral
domestic dwellings. Drastic village developments occurred
during phase Il of the Valdivia pottery chronology. We thus
posit that there were several epochs in the Early Formative
period in coastal Ecuador.

This paper precisely compares lithic tool functions from
the preceramic and early ceramic periods according to
changes in settlement and subsistence strategies at the
Real Alto site. The authors excavated many lithic materials
at Real Alto from 2014 to 2017. These were dated to the
preceramic and early ceramic periods. This collection was
therefore the most suitable for use in this study.

Background to the Preceramic and Early Ceramic
Periods in Coastal Ecuador

Practical investigations at the Valdivia, Loma Alta, and
Real Alto sites have revealed physical evidence about
the settlement and subsistence processes of the Valdivia
culture. Starch and phytolith analyses on stone grinding
tools and potteries at the Real Alto and Loma Alta sites
revealed a high relative frequency of plant foods (e.qg.,
maize, jack beans, and chili peppers), thus indicating the
common domestic use of cultivated plants during the early
Valdivia phase (Pearsall et al. 2004, Zarillo et al. 2008). This
is sufficient information for interpreting the functions of local
potteries and stone grinding tools.
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Although archaeological investigations have found
significant evidence of numerous fruits in prehistoric coastal
Ecuador, there are several problems concerning the related
settlement and subsistence strategies. The first is the gap
between the Las Vegas and Valdivia periods. The authors
also discovered an earlier settlement at the Real Alto
site in 2014 (Tabarev et al. 2016). Preceramic sediment
was recognized below the early Valdivia cultural layer
containing Valdivia I-1l potteries. Charcoal from this layer
was radiocarbon dated to 5800 +/-30 BP (Table 1). We must
therefore reconsider whether items older than 5,000 BP at
the Real Alto site can be attributed to preceramic sediments
or if pottery was introduced at Real Alto later than at other
sites.

The second problem is the lack of a precise date for the
emergence of pottery in Ecuador. Three radiocarbon dates
were determined based on charred ceramic residues at
Loma Alta from 4470 +/-40 to 4460 +/-40 BP (Zarillo et al.
2008), while three dates were determined from a charcoal
and two charred inner-ceramic residues at Real Alto from
4620 +/-30 to 4450 +/-30 BP (Tabarev et al. 2016). Thus,
there are no known dates from charred ceramic residue
older than 5,000 BP. This makes it necessary to determine a
precise date for the emergence of pottery in Ecuador.

The third problem is related to pottery function. That is,
starch analyses from potteries contradict stable isotope
measurements from food residues (the *C/*C ratios of
charred inner-ceramic residues containing maize starch at
Loma Alta range from -24.8 to -25.0). These values indicate
that residues were basically composed of C3 plants other
than maize and/or land animals (Hart et al. 2007). Any
evaluations must be based on starch and phytolith analyses
as well as stable isotopic measurements of pottery residues.

The fourth problem involves stone tool function. Starch/
phytolith analyses of stone grinding tools (i.e., metate and
mano) were conducted at the Valdivia, Real Alto, and Loma
Alta sites. Results indicated that the systematic cultivation
of maize emerged around 5300 — 4950 cal BP. However, the
functional analysis of local flake tools was insufficient. The

authors analyzed lithic function using a high power approach
(Keely 1980) and presented primary results (Kanomata et
al. 2014, Tabarev and Kanomata 2016). In this paper, we
provide new information based on a use-wear analysis of
flake tools excavated from the Real Alto site in 2015 and
2017 and summarize the functional tendencies of the early
ceramic period.

Archaeological Research from 2014 to 2017
at the Real Alto site

New excavations were conducted at the Real Alto site
by Russian, Ecuadorian, and Japanese archaeologists in
2014, 2015, and 2017. The first goal was to discover the
oldest cultural layer from the early ceramic period. New
trenches were thus established near trench C, where the
oldest radiocarbon dates were recorded and the earliest
potteries were unearthed (Figure 1). The investigations
involved a multidimensional approach that included GIS
mapping, paleogeography and landscape modeling, geo-
radar scanning, physical anthropology and DNA analyses,
lithic functional analyses, experimental archaeology, AMS
dating, and paleofaunal analyses. A preceramic cultural layer
was recognized for the first time at Real Alto in 2014. Two
elongated trenches were established in the north and east in
2015. Since there were no traces of preceramic sediments
(level 4), it was evident that the stratigraphy of the section
most distant to the central unit was quite different from
that of the central unit itself, which was enlarged in 2017.
Finally, more than 5,000 pottery fragments were unearthed
from a 104 square-meter section. Artifacts from Valdivia I-II
comprised more than 80% of the total (Popov et al. 2017).
However, pottery fragments from the fourth cultural level
comprised less than 5% of the total. This implies that the
fourth cultural level belonged to the preceramic period, but
was contaminated by pottery fragments. In addition, more
than 50% of the San Pedro pottery was found in the upper
part of the fourth cultural level, while only 0.5% of the total
pottery was found in the lower part. More than 16,000 lithic

Tab.1 Radiocarbon datermination of charcoal in preceramic layer at the Real Alto

Lab |Sample Sampke Provenance Material | Pre- Carbon 55C (%) (AMS Data with 313C Correction
Number | Code Type |treatment| recovery (%) (AMS) Libby Age pMC (%)
LAAA Real Alto site, Unit 1, N291-
15136i no.2 |W145 grid, Cleaning 3, Depth -| charcoal | AAA 69 -24.54 + 0.56 | 5,800 = 30 48.58 + 0.18

95cm 3rd layer

Lab Number Alf;?a (V;//rltgg;t 613(;|\/(|:grrtzc(:;|c))n Age fcz;;a;)bratlon Calibrated Age ( 1c) Calibrated Age (20)

(0]
6655calBP - 6563calBP | 6668calBP - 6504calBP
IAAA-151361| 5790 + 30 | 48.63 + 0.17 5798 + 29 (68.2%) (95.4%)




Flake Tool Functions in Early Ceramic Culture at the Real Alto Site in Coastal Ecuador 13

tools were also unearthed from these trenches (the
preceramic level contained more than 4,000).

Our excavations also found reamers made
of sand stone (Figure 2) next to the Valdivia I-1l
potteries. Such tools had previously been referred to
as “reamers for the manufacture of shell fishhooks”
in previous studies at the Valdivia site (Meggers
et al. 1965). Shell fishhooks were unearthed with
reamers at this site, and were thus assumed to
have a functional relationship. The reamers found
in our excavation pits ranged from 74.2 to 42.6 mm
in length and were between 25.6 and 25 mm wide.
Since the diameters of the areas that contacted
the worked material ranged from 24 to 31 mm,
the diameters of all worked material holes were
smaller. These items were manufactured by flaking/
knocking with a hummer stone before grinding was
performed with a sanding stone. They were likely
used with handles. There are now known items
with morphologically similar characteristics to the
reamers (i.e., stone rotary bearings from Neolithic
Asia) (Tang eds. 2015). Rotary bearings were used
to make nephrite rings beginning around 7,500 -
7,000 cal BP in northern China. Such tools spread
to the south between 7,000 - 5,000 cal BP. They
were then distributed more widely to the south and
east between 4,000 - 2,500 cal BP. Rotary bearings
are thought to have been used on the axes pipes of
turn-tables with liquid lubricant. Such morphological
similarities muse be examined from a functional
perspective.

The authors also found four stone figurines
that could be reconstructed to original size and
forms (Figure 3). These figures were made from
rectangular siltstone and mudstone before slits
were placed on their shorter sides. There was no
evidence of facial or female elements despite the
existence of elaborate surface polishing. Sizes
varied greatly, ranging from 72.5 to 15.5 mm in
length (as if to reflect family members). While the
morphological characteristics are known, precise
manufacturing techniques must be determined using
a microscope.

Although we found many important materials,
this paper focuses on use-wear analyses of the
flake tools excavated between 2015 and 2017
at the Real Alto site. This study was based on a
functional investigation conducted by Kanomata at
the Archaeological Museum of Real Alto (Museo
Arquelogico Real Alto) from October to November of
2017.
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Scale=2/3

Fig.2 “Reamer for the manufacture of shell fishhooks” at the Real Alto site.

Scale=2/3

Fig.3 Stone figurines at the Real Alto site .
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Use-Wear Analysis of Lithic Tools at Real Alto in 2017

1) Methods

Since all materials were excavated by the authors in
2014, 2015, and 2017, the items of study were carefully
selected just after discovery and cleaning (fig. 4, 5 and 6).
The lithic flake tools found at the Real Alto site were made of
chalcedony, chert, and quartzite. The authors examined these
lithic artifacts for evidence of retouching, micro-flaking, and
abrasion. The materials (N=46, Table 2) were then carefully
examined under a metallurgical microscope (OLYMPUS BH).
Smaller sections of the selected materials were excluded
from functional analyses because of unsuitable conditions.
Because most lithic artifacts showed no apparent traces
of wear, only seven flake tools with relatively distinct and
diagnostic signs of use-wear polish were found (Table 4). A
polished tool and two stone figurines were also subjected to
use-wear analyses. Micro-wear polishing was determined
based on a standard microscopic investigation using 100,
200 and 400X magnification power. Systematic analyses of
lithic function were then conducted using the Keely method
or the high power approach to identify worked materials and
operations (Keely 1980, Akoshima 1989).

2) Results

Morphological reamers for the manufacture of shell
fishhooks were made of rough sand stones except for
one instance of basalt (no.1). Since sand stone tools are
unsuitable for use-wear analysis, the basalt reamer was
observed under a microscope. Flat polishing marks with
parallel striations were identified on both sides of the
reamer. Although the parallel striations were detectable with
the naked eye, the polished zones were limited (Figure 8,
no.1). The polished areas were characterized by limited
distributions at higher elevations, flat/smooth reflections,
clear borders, and apparent striations (fig.8-1, 2, 3 and 4).
These characteristics indicate that these areas were worked
with harder materials such as shell, bone, antler, or wood. A
relatively curved and domed polish was present as seen in
Figure 8-3. In contrast, flatter surfaces were in areas such
as those seen in Figure 8-4. The material of the former is
assumed to have been wood, while the latter seems to have
been bone, antler, or shell. Shell polishing is typically flatter
than bone or antler polishing and produces many severe
striations and occasionally results in surface cracking. Such
cracking is absent from the polish seen on this tool. Harder
materials (e.g., stone) would have resulted in flatter and
wider polished areas. My experiments indicate that a very
similar type of polish can be produced using hard wood
in wet conditions. If these artifacts were used for wood
workings, then it is inaccurate to refer to them as “reamers
for the manufacture of shell fishhooks.” Rather, rotated tools

of this type would make continuous contact with wooden
objects in 20 mm diameter holes. However, it is impossible
to precisely classify this polish on unusual raw material
based on such experimentation.

The stone figurines exhibited abraded surfaces with linear
striations (Figure 8-5, 6, and 7). Although the striations were
observed in random formations, those on the inner legs of
the figurines were in parallel configurations because of the
carved slit (Figure 8-8).

Unretouched flake no. 23 exhibited traces of use such
as those seen in Figure 9-1 and 2. It contained a polish
characterized by a bright, smooth, curved, and domed
surface. We classified this as a B-type polish, which is
strongly connected with woodworking. A wider polishing was
distributed on the edge of the dorsal surface. The dorsal
face of this flake tool was thus in continuous contact with
wood during use. Vertical striations and polishing were
produced by whittling or scraping in a transverse motion.
Wear can easily be seen on this flake tool because a higher
quality of chert was used.

Flake no. 38 has extremely rounded and abrasive edges
on both sides (Figure 9-3, 4, 5, and 6). The used surface
is relatively rough due to micropitting that appears to have
resulted from sandstone/siltstone cutting/sawing activities in
longitudinal motions. This flake thus appears to have been
used to make the slit in the stone figurine shown in Figure 3.
The raw material is very hard chalcedony that was suitable
for cutting hard materials such as siltstone.

Typological end scraper no. 22 contains three independent
use zones on its distal end. Each polished area is situated
independently at the center of a concave edge formed by
a removal stroke. Three concave edges thus constitutes a
denticulate edge. Such polishing is characterized by bright/
smooth/flat/pitted surfaces and limited distributions on the
higher relative elevations (Figure 9-7 and 8). This typological
end scraper is thus regarded as denticulate from a functional
viewpoint.

Perforator no. 50 exhibits a bright, flat, and smoothly
polished tip. The manufacturer retouched the tool to form a
drilling tip, which was efficiently simplified using the original
flake form. A polished area is distributed along the ridges
between removal faces (Figure 10-1, 2, 3, and 4). The
polished surfaces were very flat and smooth except for
occasional cracking and intense striations. These elements
indicate that a hard working material was applied, such as
ivory, shell, or stone. The nature of the polishing implies that
it was conducted in wet conditions.

B-type wood polishing was recognized on two flake tools
(nos. 58 and 31) (Figure 10-5, 6, 7, and 8). Primitive use-
wear formations reflect a lower degree of usage. No. 31 was
likely used for cutting/sawing, while no. 58 was likely used
for scraping/whittling.
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Tab.2 Object of use-wear analysis

Trench | No. Grid Layer Tool type Length (mm) | Width (mm) | Thickness (mm) | Raw material
1 | N305/W146 1 reamer 5 2.5 2.24 basalt
8 [ N302/wW146 | 1 | retouched flake 4.25 2.6 1.32 chert
10 | N293/W146 1 drill 4.45 1.41 0.79| charcedony
14 | N294/W146 2 retouched flake 3.25 2.04 0.64| charcedony
15 | N308/W146 2 retouched flake 3.56 2.84 1.11| charcedony
16 | N308/W146 2 | retouched flake 1.81 1.85 0.85[ charcedony
17 | N308/W146 2 flake 3.38 1.9 0.98| charcedony
18 | N295/W146 | 2 flake 4.06 3.54 1| charcedony
North | 19 | N298/wW146 | 2 flake 4.14 3.04 1.58| charcedony
21 | N305/W146 2 core 411 3.73 2.87| charcedony
22 | N296/W146 2 end scraper 4.29 3.09 1.14| charcedony
23 | N298/W146 2 flake 5.88 2.99 1.47 chert
24 | N309/W146 2 flake 3.33 5.3 0.85| charcedony
25 | N299/W146 2 retouched flake 3.05 2.93 0.82| charcedony
27 | N307/W146 | 3 flake 3 2.33 1.33| charcedony
28 | W299/W146| 3 flake 3.06 2.43 0.98| charcedony
29 [ W309/W146| 3 flake 3.17 3.47 0.78 chert
30 | N288/wW127 1 | retouched flake 3.96 3.06 1.29| charcedony
31 | N288/wW127 1 flake 3.76 2.93 1.18| charcedony
32 | N288/W132 1 drill 4.67 2.43 0.97| charcedony
33 | N288/W132 1 flake 2.75 1.73 0.88 chert
34 | N288/W129 | bankl flake 2.39 2.87 0.56 chert
35 | N288/W124 1 drill 3.1 1.61 0.81| charcedony
36 | N288/wW124 1 piece esquie 4.73 4.01 1.93| charcedony
37 | N288/W134 1 hummer stone 4.65 2.54 1.8 charcedony
38 | N288/\W126 2 flake 4.53 3.32 0.86| charcedony
39 [ N288/W126 | 2 notch 2.22 2.38 1.69 chert
40 | N288/W126 2 piece esquie 2.63 1.33 0.53| charcedony
41 | N288/W133 2 drill 2.41 0.75 0.53| charcedony
42 | N289/W133 | 2 drill 2.28 0.78 0.45| charcedony
East 43 | N288/W135| 2 axe 4.83 4.26 1.45 diorite
44 | N288/W135 2 grinding stone 2.1 5.36 0.68| sand stone
45 | N288/W140 | 2 flake 2.17 2.26 0.77| charcedony
46 | N289/W132 2 drill 2.92 0.87 0.5| charcedony
47 | N289/W132 2 drill 2.44 0.75 0.37| charcedony
49 | N288/W140 | 2 denticulate 3.86 3.43 1.75| charcedony
50 | N288/W132 2 drill 4.03 2.54 1.15| charcedony
52 | N288/\W127 2 end scraper 2.17 2.24 0.79 chert
53 | N288/W125 | 2 scraper 3.13 2.27 1.25 chert
54 | N288/W132 2 piece esquie 3.17 1.36 0.46| charcedony
55 | N288/W133 | 2 flake 4.93 4.04 1.28| charcedony
56 | N288/W133 | 2 flake 3.87 3.1 1.38 chert
57 | N288/W137 2 hummer stone 6.4 5.91 2.86| charcedony
58 | N288/W138 2 drill 4.18 1.7 0.46| charcedony
59 [ N288/W140| 3 flake 4.39 4.15 0.95[ charcedony
2017unit| 60 | N294/W195 | bank3 flake 4.39 3.81 1.06| charcedony
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Tab.3 Other artifacts analyzed from technological aspect.

Trench | No Grid Layer Tool type Length (mm) [ Width (mm) | Thickness (mm) | Raw material
2 | N304/W146 | bank2 reamer 7.42 3.4 3.11| sand stone
3 | N289/wW132 1 flake 3.72 1.53 0.62| charcedony
4 | N300/W146 1 flake 2.87 4.94 0.72| charcedony
5 | N300/W146 1 piece esquie 1.95 1.39 0.68| charcedony
6 | N300/W146 1 drill 2.82 1.42 0.78] charcedony
North 7 | N294/W146 1 notch 2.75 1.81 1.03| charcedony
9 | N298/W146 1 flake 4.4 2.75 1.24| charcedony
11 | N308/W146 | 1 peble 2.77 2.36 1.56] sand stone
12 | N292/W146 2 flake 1.98 1.25 0.64| charcedony
13 | N310/W146 2 drill 2.26 1.22 0.45| charcedony
20 | N294/W146 2 flake 3 4.14 1.26 chert
26 | N299/W146 | bank2 reamer 6.53 3.56 1.89| sand stone
East 48 | N289/W132 2 piece esquie 2.25 0.75 0.5| charcedony
51 | N288/W132 | 2 | retouched flake 3.28 2 0.85| charcedony
2017unit [ 61 | N295/W195 | bank3 reamer 4.26 2.55 2.06| sand stone
Tab. 4 Use traces on lithic tools at the Real Alto site in 2015 and 2017.
Layer | No. I;yﬂSéc Mg:s:al position polish type r\;]vz?trekr?;jl Striation |identification (ljJeSgarg(:z
1 | reamer | fine stone both tips B (or D1) wood vertical | perforating | heavy
1 31 | flake |charcedony ventrlitvrlght, B wood parallel cutting middle
35 | drill |charcedony tip B or D1 bvg::/igrrn vertical | perforating | light
end notched areas . .- .
22 charcedony . D1 shell vertical | whittling light
scraper on distal end
dorsal, right . scraping/
23 | flake chert edge. middle B wood vertical whittling heavy
24 | flake | charcedony - not used
5 25 | flake | charcedony - not used
38 | flake |charcedony| both sides stone soft stone | parallel cutting heavy
. . ivory/shell . .
50 | drill |charcedony pit D1 or stone vertical | perforating | heavy
55 | flake | charcedony - not used
flat edge on wood or scraping/ .
58 | flake | charcedony distal end BorD1 bone/horn ? whittling light
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Scale=2/3

Fig.4 Lithic artifacts from the 1st layer at the Real Alto site in 2015. Trench E:1-10, trench N: 30-37
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Scale=2/3

Fig.5 Lithic artifacts from the 2nd layer at the Real Alto site in 2015. Trench N: 12-26
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Fig.6 Lithic artifacts from the 2nd layer at the Real Alto site in 2015. Trench E: 38-58



Flake Tool Functions in Early Ceramic Culture at the Real Alto Site in Coastal Ecuador

Fig.7 Lithic artifacts at the Real Alto site.
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1 wood polish and parallel striation
(x200)

2 wood polish and parallel striation
(x200)

3 wood polish and parallel striation
(x200)

4 wood polish and parallel striation
(x200)

5 abrasion and parallel striation
(x200)

6 abrasion and parallel striation
(x200)

Scale=50%
7 abrasion and vertical striation 8 abrasion and parallel striation
(x200) (x200)

Fig.8 Use-wear on lithic artifacts at the Real Alto site in 2015 and 2017.
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1 wood polish and vertical striation
(x200)

(x200)

Scale=50%

7 abrasion and vertical striation
(x200)

Fig.9 Use-wear on lithic artifacts at the Real Alto site in 2015.

4 abrasion and parallel striation
(x200)

6 abrasion and parallel striation
(x100)

8 abrasion and vertical striation
(x200)
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3 Polish and vertical striation (x200) 4 Polish and vertical striation (x200)

5 wood polish and parallel striation
(x200) (x200)

Scale=50%
7 wood polish and parallel striation 8 wood polish and parallel striation
(x200) (x200)

Fig.10 Use-wear on lithic artifacts at the Real Alto site in 2015.
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Summary and Further Prospects

The authors previously discussed functional analysis
results from the Las Vegas (Kanomata et al. 2014) and Real
Alto (Tabarev and Kanomata 2015) sites. The lithic materials
at the Las Vegas and fourth-level Real Alto sites can be
attributed to the preceramic period based on non-apparent
use-wear caused by light activities involving bone/antler,
hide, and shell. On the other hand, apparent wear patterns
were observed on the early ceramic period lithic tools at
the Real Alto site. Developed use-wear was observed on
50% of all utilized stone tools. Furthermore, worked material
diversity was formed due to the additions of wood and stone.

Since this timing is parallel to the emergence/actual
existence of pottery in coastal Ecuador, these aspects
likely indicate that many craftworks were simultaneously
developed according to changes in economic/social systems
during the formation of bigger settlement villages in the area.
We therefore reemphasize the efficient technology of the
“Tropical Package” (Tabarev and Kanomata 2016). Although
lithic manufacturing technology was not very developed
despite the social and economic changes seen during the
Las Vegas and Valdivia cultures, the produced lithic tools
were sufficient for coping with increasing applications and
use. They were manufactured for a short time using direct
percussion. This was due to a lack of complex flaking
strategies. Several tools without elaborate secondary
retouching were used to produce a variety of distinct
craftworks (e.g., wood, shell, bone, antler, and stone works)
over a long-term working cycle during the early ceramic
period at Real Alto. This evidence implies that a wide range
of materials were used as raw materials to create practical
tools in the early Valdivia culture.
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The study on technique of clay figurines based on
analysis of internal structure using X-ray CT

Shinsuke Sato
Hirosaki City Board of Education

DEELVEBINTVDIENMTHZ, BERBEAERERE

1997) THt LIcERHAD LBIE FRDERBPIARL G <
FRES L A E FER TEL LEBRETZLDTH SN B
LIRS IF 9 2 i DB H LK « 18I L TLE,
FRORWONREM G EELICHRETEZELCTL
(=k 2014),

Clay figurines were often made through Jomon period in Japan. Clay figurine in initial jomon
period is simple structure, and, from the middle of jomon period, molding and decoration of clay
figurines became complicated. We studied making technique of clay figurines of late jomon period
in northeast japan by analysis of internal structure of them using X-ray CT. X-ray CT is used in many
areas of archaeological studies recently. Materials to analyze are in Tohoku University, and they
were excavated from Numazu shell midden, located in Ishinomaki city, Miyagi Prefecture from 1909
to 1929 by Soshichiro Mori and Genshichi Endo.

We took the internal structure of clay figurines using X-ray CT. The apparatus is installed in Tohoku
university museum.

As a result of analysis, we found that clay figurines are made by binning some clay blocks. And,
focusing in molding of legs, two types of making techniques of clay figurines are found. One is a
method that clay block of leg is combined each other. The other way is to connect the clay block of
each leg to clay block of body.

Besides that, it is found that organic matter is included in a few clay figurines. One case of them
is assumued intentional contamination. Such a case seems to suggest a part of the role of clay
figurines in Jomon period.

Furthermore, making technique and decoration of clay figurines seem to be related each other. This
relation shows a kind of structure of making clay figurines in jomon period. There is a possibility
that clay figurines were made under a kind of rules.

It is demonstrated that X-ray CT is effective to analyze archaeological material like clay figurines to
study their making technique.
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Three-dimensional measurement of the Atagoyama

Tumulus in Miyagi prefecture

Atsushi Fujisawa", Tomoki Nagahara®, Ayana Imanishi®

Y The Tohoku University Museum
2 Graduate, Faculty of Arts and Letters, Tohoku University

% Graduate Student, Graduate School of Arts and Letters, Tohoku University

The Atagoyama Tumulus is a keyhole-shaped burial mound with the length of 90 meters, which
is dating to the fourth century A. D. and located in Murata Town, Miyagi Prefecture, Japan. Many
haniwa cylinders were collected at the surface of the tumulus.

The Tohoku University Museum, in cooperation with the Department of Archaeology of Okayama
University, scanned the Atagoyama Tumulus in December 2015, using three-dimensional scanning

technology with a terrestrial laser scanner (TLS).

Based on the three-dimensional data, we generated various figures, including contour plans,
sections, and projections. To examine the accuracy of our data and explore further applications, we
manufactured a 1/500 scale three-dimensional printed model of the tumulus. Our attempts described
detailed morphological features of the Atagoyama Tumulus.
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