189

Identification of the place of origin producing earthenware pottery based on

chemical analysis of volcanic glass contained in ceramic paste

— Example for Usulutan-type pottery in Chalchuapa,

El Salvador, Central America —

Shigeru Kitamura

1. Introduction

For the investigation to identify the origin of
pottery production, mineralogical and chemical analysis
techniques have been used in general. Mineralogical
component is demonstrated by identifying and
counting rock-forming minerals in ceramic paste under
polarized microscope and calculating their ratio from
the counts. X-ray diffraction analysis provides a good
approximation of the original clay mineral composition
that forms ceramic paste. Florescent X-ray analysis of
the chemical elements of pottery can detect the original
elements of the clay body regardless of whether the
firing temperature is low or high, because it is relatively
unaffected by the heat of firing.

These analyses are very helpful to identify
the origin of the pottery production if the place of
production is known because the earth of the place can
be compared with the paste of earthenware by these
analyses. However, if the place of production is not
known and the property of earth candidate is not so
unique, these analyses just point out similarity between
the earthenware and the candidate earth materials,
may not specify the place or area where the earth was
produced as the material of the earthenware.

Moreover, in the case of earthenware, the
ceramic is baked in lower temperature, so that the
internal structure of the earthenware paste would not
be homogenous, nor that sand-size material would
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not be melted or mixed together with clay material in
earthenware paste. Although florescent X-ray analysis
can detect “average” chemical composition and is
appropriate for analysis of homogenous ceramic by
melting, it may not be proper in cases for the ceramic
of earthenware, which is heterogenous in many cases,
and often added exogenous sandy grains to the main
clayey material in various proportion.

In volcanic area, volcanic ash is one of general
materials commonly used to produce pottery as sandy
material for adjusting the hardness of the clay to
make potteries, and then the ceramic paste commonly
contains volcanic ash which yield in the area. Volcanic
ash shows unique properties by each eruption,
especially in the chemical composition of volcanic
glass contained in volcanic ash. The areal distribution
of a volcanic ash is restricted with in a range from the
volcano of the origin. The unique chemical property
and restricted areal distribution are quite valuable to
identify the pottery production area and to consider the
transport of pottery or the propagation of ceramic style
from the place of production.

For this study, it is essential that the database or
the catalogue of pyroclastic layers called “tephras”
yielding in the area are previously obtained and that
their areal distributions and the chemical properties of
volcanic ash contained in them are also clarified.

Northern Central America is one of the area
suitable for the study, because many volcanoes range
along the pacific coast and the stratigraphy and the
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distribution of volcanic ash in the late Pleistocene
has been demonstrated by volcanological and
tephrochronological studies for more than fifty years.
Especially in El Salvador, chemical composition
of volcanic glass from each tephra was previously
analyzed quantitatively with a wave-length-dispersive
electron microprobe analyzer (WDS).

In the area from southern Mexico to Costa Rica,
a remarkable Pre-columbian pottery style, called
“Usulutan” (photo 1), has been discovered. It has
been believed to be derived from El Salvador because
it was first discovered in eastern El Salvador. It was
demonstrated to have been produced since the late
Preclassic period until the early Classic period (B.C.
400 to A.D. 600). The spatially broad distribution
and the temporally long continuity of the pottery
style are very helpful to understand the background
on production and transportation of potteries at that
time and to consider the social relationship among the
distant regions in the past. Therefore, identification
of the origin or the place of production of Usulutan-
style pottery, which is valuable for the mesoamerican
archaeology as described above, is possible in El
Salvador by the comparison of ceramic paste with
tephra in the analyses of chemical composition of
volcanic glass contained in them.

This study aims at identifying the production area
of two ceramic pieces of the Usulutan-style pottery
discovered in Chalchuapa, western El Salvador, by the
chemical analysis of volcanic glass contained in the
pottery paste using WDS, as the first step of the study.

Photo1 A typical piece of the Usulutan-style pottery
(photograph by M. Murano)
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2. Previous studies
1) Tephras in Northern Central America

A volcanic chain extends along the pacific coast of
Central America from the Tacana Volcano, Guatemala,
to Iraza Volcano, Costa Rica, through southern
Guatemala and El Salvador, on the E-W tensional
field between the Motagua-Polochic transform fault
and marine trench on the subduction zone of the
Cocos Plate. In the area, many silicic centers which
broadly dispersed pyroclastic material called “tephra”
are known. Well-known five large calderas, called
Atitlan, Amatitlan, Ayarza, Coatepeque and Ilopango
are situated in the northern part of Central America
(Fig. 1). A volcanic area, where various volcanoes are
concentrated, is located on the eastern El Salvador, and
is called Berlin-Pacayal volcanic area.

The largest eruption in the late Pleistocene
occurred at Atitlan Caldera, southern Guatemala in
84 ka (Drexler et al., 1980; Rose et al. (1981); Rose, et
al., 1999). Dispersed pumice and fine ash called Los
Chocoyos, or H tephra (Koch and McLean, 1975;
Hahn, et al., 1979; Rose, et al., 1979) broadly covers
Central America and southern Mexico and the sea
floors in the Pacific Ocean and Carribean sea (Fig. 2).
At the Coatepeaque Caldera in the western El Salvador,
huge silicic eruption occurred four times from 77 ka to
51 ka, and the products associated with the eruptions
are called Bellavista, Arce, Congo and Conacaste
from the lower to the upper (CEL, 1992). While the
Arce tephra consists of three pumice-fall units, the
others contain the pumice-flow component in addition
to the pumice-fall units. Four tephras from Ilopango
Caldera are called TB4, TB3, TB2 and TBJ, from the
lower to the upper (CEL, 1992; Hernandez, 2004). The
TB4 tephra is fall-out pumice, the TB3 and the TB2
tephra are ash-fall deposit, and the TBJ tephra consists
of multiple units of pumice fall, ash fall, ignimbrite
and co-ignimbrite ash produced by phreatomagmatic
and magmatic eruption (Hart and Mclntyre, 1987,
Hernandez, 2004). Three tephras except the TB3 tephra
are known to cover the western El Salvador (Kitamura,
2016). The eruptive ages of the TB4 and the TBJ tephra
were determined as 36 ka and the 4" to 6™ century,
respectively (Kutterolf, et al., 2008; Dull, 2001; Dull,
et al.,2010; Kitamura, 2010; Smith, ef al., 2019). Eleven
pumice-fall deposits are known in the Berlin-Pacayal
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Fig.1 Five Calderas in southern Guatemala and El Salvador, northern Central America
Contour was created using 7.5-arc-second DEM data from GMTED 2000 (Danielson &Gesch, 2011),
and GSHHG vector data (Ver.2.3.6; August 19, 2016) distributed by National Oceanic and Atmospheric
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interval is 200 m. AT: Atitlan, AM: Amatitlan, AY: Ayarza, CO: Coatepeque, IL: llopango, BP:Berlin-Pacayal, G:
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Fig.2 Stratigraphic relationship of tephras in southern Guatemala and El Salvador

(Deformed from Rose et a/., 1999)
Approximate extent of pyroclastic air-fall deposit is shown by horizontal solid line and the extent of

pyroclastic-flow deposit is shown by filled-pattern. Faint color shows pyroclastic deposit which is not discussed

in this paper.
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volcanic area as shown in figure 2. Eruptions producing
the Blanca Rosa tephra, Twin, Pacayal 1 and Pacayal 4
are assumed to be relatively larger, because they has
been discovered in boring core at the sea floor of the
Pacific Ocean (Kutterolf, et al. 2008). Although their
eruptive ages are not determined yet, according to the
stratigraphic relationship, the Jucuapa 1 tephra and the
Blanca Rosa tephra are older than the Los Chocoyos
tephra, and the Pacayal 1 tephra is younger than the
Congo tephra or the Conacaste tephra (Kitamura,
2018).

The chemical composition of volcanic glass of the
tephras mentioned above were previously illustrated by
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the analyses using a wave-length-dispersive electron
microprobe analyzer (WDS), as shown in tables from
1-a to 1-e (Kitamura, 2006; Kitamura, 2016; Kitamura,
2017; Kitamura, 2018; Kitamura, 2019), and most of
tephras are uniquely identifiable based on the chemical
properties. Tephras from large calderas occupy their
unique range in the FeO-CaO and the FeO-K:O
diagrams (Fig. 3-a).

The Los Chocoyos tephra from Atitlan Caldera in
Guatemala shows unique properties, and in FeO-CaO
and FeO-K-O diagrams its dots are concentrated in the
independent range from any other tephras discussed
in this article, showing a trend that the CaO is rather

Table 1-a Chemical composition of volcanic glass of the Los Chocoyos tephra from Atitlan Caldera in Southern Guatemala
The numbers with parentheses show the quantity of analyzed volcanic glass shards.

sampling " Sample SiO2 TiO2 Al203 FeO MnO MgO CaO K20 Na20 Total -
tephra site deposit No. (%) (%) (%) %) %) %) (%) %) (%) (%) Publication
Pumice fall Average  77.8 0.1 124 05 0.1 0.1 0.6 45 39  100.0 ]
; 1 Kitamura (2018,
deposit St. Dev. 0.4 0.1 0.2 0.1 0.0 0.0 0.1 0.2 0.4 (10) (2018)
Average  77.8 0.1 12,5 05 0.1 0.1 0.6 4.5 39  100.0 )
2 Kitamura (2018)
St. Dev. 0.3 0.1 0.2 0.1 0.1 0.0 0.1 0.3 0.2 (30)
pyroclastic- Average 776 0.1 125 0.5 0.1 0.1 0.6 45 39  100.0 )
flow 3 Kitamura (2018)
o Los southern deposit St. Dev. 0.4 0.1 0.2 0.1 0.1 0.0 0.1 0.2 0.2 (42)
I0COYOS
H .epﬁ',a) Guatemala . Average  77.7 0.1 124 0.6 0.1 0.1 0.6 45 40  100.0 it 2018)
Itamura
St. Dev. 0.2 0.1 0.2 0.1 0.1 0.0 0.1 0.2 0.2 (40)
Average  77.8 0.1 12.2 05 0.1 0.1 0.6 46 40 100.0 )
5 Kitamura (2018)
S St. Dev. 0.3 0.1 0.2 0.1 0.1 0.0 0.1 0.2 0.2 (29)
ignimbrite
o Average  77.8 0.1 12.2 05 0.1 0.1 0.6 45 40 100.0 ]
6 Kitamura (2018)
St. Dev. 0.3 0.0 0.2 0.1 0.1 0.0 0.1 0.2 0.2 (30)
Table 1-b Chemical composition of volcanic glass of the tephras from Coatepeque Caldera in Western El Salvador
i SiO: TiO2  AlO: FeO MnO MgO0 CaO KO NaO Total
tephra sam_s)llng deposit Sa,\r"nple 2 2 203 g 12 Publication
site ©- (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
) Average  77.3 0.1 122 1.1 0.1 0.0 05 53 35  100.0 )
pumice fall 7 Kitamura (2018)
) western St. Dev. 0.3 0.1 0.3 0.2 0.1 0.0 0.1 0.2 0.2 (29)
Bellavista El Salvad
alvador i Average  77.1 00 122 1.2 0.1 0.0 05 5.4 35 100.0 )
pyrodlastic 8 Kitamura (2018)
flow St. Dev. 0.4 0.0 0.3 0.2 0.1 0.0 0.1 0.2 0.2 (30)
Average  73.6 0.1 13.8 1.7 0.1 0.1 0.9 53 44 1000 )
9 unpublished
St. Dev. 24 0.1 15 0.5 0.1 0.1 03 1.0 05 (28)
Average  74.3 00 137 1.3 0.1 0.0 07 56 43 1000
Southern | vitric ash 10 9 Kitamura (2006)
uatemala St. Dev. 24 0.0 15 0.3 0.1 0.0 0.2 0.9 0.4 (26)
Average 734 0.1 14.6 12 0.1 0.1 0.8 5.7 42 1000 )
11 unpublished
St. Dev. 29 0.1 19 0.4 0.1 0.1 0.2 0.7 05 (28)
i 100.0
83&",1?% tﬁt") 12 Average  76.6 0.1 12.6 1.2 0.1 0.0 06 4.7 4.1 " Kitamura (2017)
Arce St. Dev. 1.0 0.1 0.5 0.2 0.0 0.0 0.2 0.2 0.3 (39)
pumice fall 100.0
(middle 13 Average  74.9 0.1 13.6 15 0.1 0.1 08 47 43 Kitamura (2017)
western unit) St. Dev. 1.5 0.1 0.8 0.3 0.1 0.1 0.2 0.2 0.3 (40)
EiSahador | oimicefall | ,, | Average 746 0.1 138 12 o1 00 09 50 43 1000 Kitamura (2017)
(uppen) StDev. ~ 30 00 22 03 00 00 09 08 08 (39
pumice fall 15 Average 742 0.1 135 14 0.1 0.0 0.8 5.7 43 1000 | added supplementing
St. Dev. 3.0 0.1 2.0 03 0.1 0.0 0.2 1.1 0.7 (30) | data to Kitamura (2006)
central oo fall 1 Average 727 0.1 14.3 1.8 0.1 0.1 1.0 53 46 1000 i 2017
umice Tal Itamura
El Salvador | P St. Dev. 15 0.1 0.8 03 0.1 0.1 0.2 0.2 0.3 (35)
100.0
purmice fall 17 Average  74.0 0.1 137 1.8 0.1 0.2 11 47 42 Kitamura (2006)
Congo western St. Dev. 0.7 0.1 05 0.2 0.1 0.1 0.2 04 0.4 (26)
9 El Salvador § 100.0
pyroclastic 18 Average 733 0.1 14.4 17 0.1 0.1 1.1 5.1 4.2 A Kitamura (2018)
flow St. Dev. 04 01 02 02 0.1 0.0 0.1 02 03 (13
100.0
purmice fall 19 Average  74.0 0.1 13.8 1.8 0.1 0.2 11 46 43 Kitamura (2006)
western St. Dev. 1.2 0.1 07 0.2 0.1 0.1 0.2 02 0.4 (23)
Conacaste El Salvador
pyroclastic 2 Average 735 0.2 14.1 1.9 0.1 0.2 12 49 39 1000 Kitamura (2018)
flow St. Dev. 04 01 03 02 01 0.0 0.1 02 02  (16)




Identification of the place of origin producing earthenware pottery based on chemical analysis of volcanic glass contained in ceramic paste 193

Table 1-c Chemical composition of volcanic glass of the tephras from llopango Caldera in Central El Salvador

i Si0;  Ti02 ALOs FeO MnO MgO CaO KO NaO  Total
tephra sampling deposit Sample Publication
P site P No. ) %) %) ) (R R (B (B (%K) (%)
cotal | 21 Average  77.1 02 128 11 0.1 0.2 12 28 46 1000 bished
umice ial unpublishe
Toa central | " StDe. 06 01 03 01 01 01 01 01 02 (32 P
El Salvador oo all 2 Average 773 0.1 12.8 1.0 0.1 0.2 1.1 27 46  100.0 blished
umice fal unpublishe:
P St. Dev. 06 0.1 0.4 0.1 0.1 0.0 0.2 0.1 0.2 (34) i
cotal | 23 Average 769 02 128 12 0.1 0.2 14 3.0 42 1000 i 2016)
umice fal Itamura
83 contral | " St. Dev. 05 0.1 0.3 0.2 0.0 0.1 0.2 0.1 0.2 (28)
El Salvador oo all M Average 772 0.2 12.8 11 0.1 0.2 13 3.0 42 100.0 it 2016)
umice fal Itamura
P St. Dev. 05 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.3 (@7)
! Average 763 03 130 14 0.1 03 15 29 41 1000 )
pumice fall 25 Kitamura (2016)
central St. Dev. 12 0.1 0.6 03 0.1 0.1 0.3 0.3 0.6 (26)
El Salvador ] Average 76.4 0.2 13.0 13 0.1 0.2 14 29 44 100.0 ]
TB2 pumice fall 26 Kitamura (2016)
St. Dev. 07 0.1 0.4 0.2 0.1 0.1 0.2 0.2 0.2 (20)
Average 765 02 130 13 0.1 0.3 14 29 44 1000
Elwsesl‘erg vitric ash 27 < Kitamura (2016)
alvador Std. dev. 0.9 0.1 0.7 0.2 0.0 0.1 0.3 0.4 0.2 (38)
~co- Average 772 02 129 12 0.1 0.2 12 3.1 39 100.0 )
ignimbrite 28 Kitamura (2016)
ash St. Dev. 15 0.1 12 0.2 0.1 0.1 0.4 0.3 0.5 (29)
i Average  77.0 02 129 11 0.1 0.2 12 3.0 43 1000
TBJ central | pyroclastic | oq Kitamura (2016,
El Salvador flow St. Dev. 14 0.1 10 0.2 0.1 0.1 0.4 0.3 04 (21) (2016)
Average  77.4 02 128 12 0.1 0.2 12 3.0 40 1000 )
ash fall 30 Kitamura (2016)
St. Dev. 0.3 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.3 (27)

Table 1-d Chemical composition of volcanic glass of the tephras from Berlin-Pacayal Volcanic Area in Eastern El Salvador

I SiO: TiO: Al20:; FeO MnO MgO Ca0 K20 Naz0 Total
tephra sam;tvllng deposit sa,(‘nple 2 2 203 g 2 12 Publication
site o ) R ) ) R R R %) (%)
) Average 69.2 05 153 33 0.2 0.7 24 2.9 55  100.0 )
pumice fall 31 Kitamura (2019)
Blanca eastern St. Dev. 0.8 0.1 0.3 0.3 0.1 0.1 0.3 0.2 03 (28)
Rosa | ElSalvador [ ey Average 69.4 04 154 3.1 0.1 0.7 26 3.0 52 100.0 )
U it 32 Kitamura (2019)
(Upper unit) St. Dev. 0.8 0.1 0.7 0.3 0.1 0.1 0.4 0.2 03 (34)
Jucuapa 1 | _eastem micetall | 33| Average 66.7 08 151 5.1 0.1 12 39 25 47 1000 Kitamura (2019)
Pal | Ersalvador | P St. Dev. 08 0.1 07 05 04 03 04 02 04 (33
Jucuana 2 | _easten micefal | 34| Average 65.6 06 165 4.5 0.1 12 4.4 19 52 100.0 Kitarura (2019)
P82 | Bl salvador | P St. Dev. 18 04 20 09 04 03 11 03 03 @7
Jucuapa 3 | _eastem micefall | 35 | Average 65.7 07 158 5.0 0.1 13 4.3 2.0 51 100.0 Kitamura (2019)
P83 | Bl salvador | P! St. Dev. 10 04 08 09 04 03 04 02 03 (3
Twins-Las | eastern | pumice fal Average 69.2 06 149 3.7 0.1 0.9 3.2 26 48 100.0 )
Gemelas | EI Salvador | (lowerunit) | %® | g pey, 0.4 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.3 (24) Kitamura (2015)
Jucuanad | _eastem micefall | 37| Average 69.2 05 153 33 0.1 0.7 26 3.0 53  100.0 Kitamura (2016)
pa® | ersalvador | P! St. Dev. 05 0.1 04 03 04 0.1 02 02 02 (30
pacaval 1 | _castern mcetal | g | Average 74.1 04 135 2.0 0.1 0.4 19 3. 45 100.0 Kitarura (2019)
umi 4 Ul
4 El Salvador | P! St. Dev. 0.3 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 (31)
! Average 65.7 08 155 5.3 0.2 13 4.1 21 50  100.0 ]
pumice fall 39 Kitamura (2019)
Pacayal 2/ | _eastern St. Dev. 0.7 0.1 08 0.6 0.1 0.2 0.4 0.2 03 (33)
volcan | El Salvador ] Average 66.8 0.8 15.0 5.1 0.1 12 4.0 2.1 49  100.0 ]
pumice fall 40 Kitamura (2019)
St. Dev. 0.8 0.2 12 0.8 0.1 0.4 0.4 0.3 02 (33
i Average 67.5 07 149 48 0.2 12 36 22 50  100.0
pumicefal | 41 s N Kitamura (2019)
Pacayal 3 | - astern t. Dev. 0.4 0.1 0.2 0.2 0.1 0.1 0.2 0.1 02  (33)
Bl Salvador [ ice fall Average 68.0 07 146 4.8 0.2 12 35 2.2 49 1000 )
(upper unit) 42 Kitamura (2019)
pp St. Dev. 0.7 0.1 0.6 0.3 0.1 0.2 0.4 0.2 03 (34)
pacaval4 | _eastern micefall | 43| Average 67.2 07 155 46 0.2 12 37 19 50  100.0 Kitamura (2015)
4 El Salvador | P St. Dev. 0.8 0.1 0.7 06 0.1 05 04 0.2 03 (31)

Table 1-e Chemical composition of volcanic glass of the tephras from unknown silicic centers in El Salvador

tephra sampling deposit Sample SiO2 TiO2 Al203 FeO MnO MgO Ca0O K20 Naz0 Total Publication
ste No. () %) %) R R %) A %) ()
§ western Average 70.5 0.3 15.0 29 0.1 0.4 1.8 3.5 55  100.0 .
Empalizada | g salvador | PUMice fall | 44 | o bey 20 04 08 07 04 0.1 04 03 04 (32 unpublished
i Average 753 02 134 1.6 0.1 03 17 29 45  100.0
pyr%glvz;stlc 45 9 unpublished
o central St. Dev. 03 0.1 02 0.1 0.1 0.1 0.1 0.1 03 (29)
P El Salvador [ clastic Average  75.1 02 135 1.6 0.1 0.3 16 3.0 46 100.0 )
! q 46 unpublished
low St. Dev. 03 0.1 02 0.2 0.1 0.1 0.1 01 02 (32)
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Fig.3-a Chemical composition of volcanic glass contained in tephras derived from five calderas and Berlin-
Pacayal volcanic area shown in FeO-CaO and FeO-K,O diagrams (Kitamura, 2018).

low and K,O is rather high and the FeO content is
uniquely low. Dots of four tephras as the Bellavista,
the Arce, the Congo and the Conacaste, which originate
from Coatepeque Caldera located near Chaluchuapa
in western El Salvador, are concentrated in a range
rather low CaO and high K,O, and the FeO content
obviously higher than that of the Los Chocoyos. Of
the four tephras, Bellavista is plotted in a range with
lower FeO, lower CaO, and higher K;O, by which it
can be distinguished from the Congo and the Conacaste
with relatively higher content of FeO and higher

content of CaO and lower content of K;O, while the
chemical properties of the Congo and the Conacate
are so similar that it is difficult to distinguish the one
from the other. The chemical component of the Arce is
plotted in a broad range overlapping the ranges of other
three tephras, and has also dispersal component. The
K:O content of the TB4, the TB3, the TB2 and the TBJ
tephras from Ilopango Caldera in Central El Salvador,
is obviously lower than that of the tephras derived
from Atitlan Caldera and Coatepeque Caldera, while
dots of the four tephras are concentrated in a range of
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higher CaO. 11 tephras in Berlin-Pacayal Volcanic area
were chemically classified to four groups (CEL, 1995;
Kitamura, 2019). All of them are lower in the KO
content than the tephras form Atitlan Caldera and the
Coatepeque Caldera, and they show a trend as higher
FeO and higher CaO than other tephras. Two tephras
from unknown origins called the Empalizada and pre-
TB tephras are added in this study. In the FeO-CaO
diagram, the pre-TB tephra occupies a range neighbor
to the range of the tephras from Ilopango, while the
chemistry of the Empalizada tephra is plotted in a
unique range.

2) Usulutan-style pottery
Usulutan-style pottery is one of the Pre-
Columbian ceramics distributed broadly in southern
Mexico and Central America. It is characterized
by its orange color, design of parallel, geometric
or wavy lines that can be observe on the surface of
earthenware (photo 1) . Its name is given in reference
to the Department of Usulutan, where the specimens of
its style were identified at the first time and its origin
has been considered to be in El Salvador. This style
appeared during the late Preclassic period and survived
until the early Classic period (B.C. 400 to A.D. 600).
Although examples of this ceramic style can be found
at the archaeological sites in Mexico, Guatemala,
Honduras, part of Nicaragua, even in Costa Rica, the
investigation at present records the largest deposits of

this ceramic in the actual territory of El Salvador. As a
result, it became to be considered that the influence of
decorative technique expanded in all Central America
during the Preclassic and the Classic periods and El
Salvador was one of the most important origins. Such
the temporally long continuity and spatially broad
distribution are very helpful to obtain background
information on production and transportation of this
ceramic and to consider the social relationship among
the distant regions (Murano, 2017).

3. Method of Analysis
1) Ceramic sample collection

The archaeological site of Chalchuapa is located
at Chalchuapa City, the Department of Santa Ana,
western El Salvador. It comprises 11 zones, called
Tazumal, Casa Blanca, Laguna Seca, Las Victorias,
Pefiate, Laguna Cuzcachapa, El Trapiche, Pampe, Los
Gavilanes, Nuevo Tazumal and La Cuchilla.

Several potteries and abundant earthenware pieces
were excavated by the archaeological investigation in
2003 to 2005 at the eastern entrance of Chalchuapa City
which belongs to La Cuchilla zone. Many earthenware
pieces of them were identified as Usulutén style.

From the Usulutan-style earthenware pieces
collected in the investigation, typical some pieces
were sampled and brought to Japan by legal legitimate

procedure for several analyses, and two pieces were
served for this study (photo 2).

Photo 2 Two samples of the Usulutan-style earthenware served for the analysis in this study
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Fig.3-b Chemical composition of volcanic glass contained in earthenware paste and comparison with tephras.

2)Chemical analysis of volcanic glass and
identification of original tephra

The thin section was made from the ceramic piece
by cutting earthenware along the vertical direction to
the surface, polishing one side of the cross section,
supporting and mounting the polished side on slide
glass by epoxy resin, and polishing the cut section
of the other side in mirror finish. After that, it was
served for polarizing microscopic observation and
chemical analysis by a wave-length-dispersive electron
microprobe analyzer (WDS). For the latter analysis, the
randomly selected glass shards found in the thin section
were analyzed quantitatively with WDS (JEOL JXA-
8800RL) in the Department of Earth and Environmental
Science, Hirosaki University. Beam currents of 3 x 10
A and beam diameters of 10 micrometers were used
at an accelerating voltage of 15 kV. Oxide percentages
were renormalized to 100% for data comparison. These
analytical device and analytical condition are the same
as that in previous analysis for volcanic glass contained
in tephras mentioned above.

4. Results

The result of chemical analysis for the two
samples is shown in table 2-a and 2-b, and it is also
plotted in FeO-CaO, FeO-K;O diagrams and Harker
diagram with the plots of the candidate tephras (figs.
3-b, 4-a and 4-b).

In the FeO-CaO diagram, almost all the chemical
plots of volcanic glass shards contained in the
Usulutan pottery paste are distributed within and
around the range of tephras from Coatepeque Caldera
(Fig. 3-b) except one exceptional dot (N0.26 in table
2-a) located in the range of tephras from Ilopango
Caldera. In the FeO-K:O diagram, the chemical plots
of the earthenware samples seem to be shifted to higher
value by approximately 1%, although they are mostly
concentrated in and around the range of tephras from
Coatepeque Caldera (Fig. 3-b). The exceptional dot is
also located in the higher margin of the range of tephra
from Ilopango Caldera.

In Harker diagram, the proportion of SiO; of the
volcanic glass shards from the ceramic paste shows a
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Table 2-a Chemical composition of volcanic glass grain contained in

the Usulutan ceramic sample-1

Analysis  SiOz  TiOz ALO; FeO MnO MgO CaO KO NaO  Total
No. % % % % % % % % % %
1 71.09 0.03 15.44 187 0.17 0.17 122 593 4.06 100.00
2 71.16 0.12 14.88 2.01 0.09 0.12 143 5.41 4.79  100.00
3 7141 0.10 15.27 182 0.10 0.15 1.20 5.49 4.47  100.00
4 7150 0.15 15.30 2.14 0.15 0.11 1.19 5.29 4.18 100.00
5 7151 0.00 1521 213 0.1 0.3 123 524 445 100.00
6 71.53  0.07 15.03 2.12 0.12 0.11 1.10 5.18 4.74  100.00
7 7157 0.11 15.24 214 0.12 0.12 123 534 4.13  100.00
8 71.60 001 1531 207 0.00 0.7 1.04 587 393 100.00
9 71.74  0.19 14.70 2.06 0.24 0.18 136 5.42 4.11 100.00
10 71.80 0.11 15.07 2.26 0.23 0.19 132 5.45 3.56 100.00
11 71.94 0.08 15.01 2.24 0.03 0.10 1.27 5.58 3.75  100.00
12 7195 0.09 14.85 1.77  0.18 0.20 1.22 559 4.14  100.00
13 72.08 0.14 14.62 181 0.05 0.07 1.14 5.72 4.37 100.00
14 72.16 0.03 14.75 2.02 0.15 0.16 146 5.10 4.18 100.00
15 7334 005 1394 177 0.5 0.6 087 570 4.02 100.00
16 74.61 0.03 13.59 1.76 0.10 0.07 1.02 5.67 3.15  100.00
17 75.24  0.07 13.24 130 0.14 0.00 0.55 5.47 3.98 100.00
18 7529 0.3 12.88 144 0.0 004 064 566 3.82 100.00
19 75.32  0.07 12.89 143 0.14 0.02 057 5.98 3.59 100.00
20 75.82 0.12 13.04 1.37 0.28 0.00 057 5.71 3.09 100.00
21 76.26 0.12 12.41 1.37 0.09 0.00 0.73 5.55 3.46  100.00
22 76.30  0.03 13.50 1.71 0.00 0.19 098 4.29 3.00 100.00
23 76.34  0.00 12.66 1.29 0.04 0.02 0.69 6.09 2.87 100.00
24 76.56 0.03 1246 136 0.19 0.04 043 492 4.01 100.00
25 7659 0.4 13.03 154 010 025 161 345 328 100.00
26 77.19  0.03 12.07 130 0.13 0.00 048 5.43 3.38 100.00
average  73.53 0.08 14.09 177 012 011 1.02 541 387 100.00
std. dev. 2.21  0.05 1.13 0.33 0.07 0.07 0.34 0.54 0.52 (26)

Table 2-b Chemical composition of volcanic glass grain contained in
the Usulutan ceramic sample-2

Analysis  SiO2  TiO: ALO; FeO MnO MgO CaO KO Na:O Total
No. % % % % % % % % % %
1 7085 0.1 1699 1.89 017 0.7 132 524 326 100.00
2 71.41 0.00 15.49 2.18 0.11 0.17 1.27 5.43 3.94 100.00
3 71.50 0.08 15.77 248 0.00 0.24 1.02 5.79 3.13  100.00
4 7243 0.03 1482 1.80 0.16 0.0 113 577 375 100.00
5 72.72  0.13 14.46 185 0.26 0.08 1.01 5.54 3.95 100.00
6 75.94  0.00 12.47 135 0.08 0.00 054 5.70 3.92  100.00
7 76.14 0.03 12.42  1.27 0.00 0.04 055 5.47 4.09  100.00
8 76.39 0.01 12.19 128 0.10 0.06 057 5.54 3.86 100.00
9 76.61 0.08 1256 1.19 0.01 0.01 0.69 5.40 3.45 100.00
10 7671 005 1257 1.00 0.00 003 064 527 372 100.00
average 74.07 0.05 13.97 1.63 0.09 0.09 088 5.51 3.71 100.00
std. dev. 2.47  0.05 1.74 0.48 0.09 0.08 0.31 0.19 0.32 (10)
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Fig.4-a Chemical composition of volcanic glass contained in earthenware paste shown in Harker diagram and
comparison with tephras from Coatepeque Caldera.
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relatively broad extent (Fig. 4-a). It is broader than the
range of the Bellavista, while it is less consistent with
the range of the Congo and the Conacaste, especially in
the Si0.-CaO diagram, in spite of partially overlapping.
On the other hand, it is in good agreement with the
range of the Arce, so that there is not inconsistent
if almost all analyzed grains of volcanic glass are
considered to be derived from the Arce tephra. While it
is known that the Arce tephra comprise three fall units
and their chemical properties are slightly different from
one another, the chemical property of the volcanic glass
contained in the earthenware samples seems in the best
agreement with the that of the middle unit of the Arce
tephra, because it does not have dispersal component
as the upper unit, nor concentrated in narrow range of
higher SiO as the lower unit (Fig. 4-a).

In the FeO-K,O diagram (Fig. 3-a), potassium
content of samples seems to be shifted to the higher
value by approximately 1%, as mentioned above. In
Harker diagram, the sodium content seems to be shifted
to the lower value, on the contrary to the potassium
(Fig. 4-a). Such the chemical change in the potassium
and sodium content appear in general at the ceramic
production, the chemical shifts in volcanic glass shards
in this study are considered to originate the alteration
by heat when the ceramic was baked.

In the Harker diagram, the exceptional plot,
mentioned above, is situated inside the ranges of the
TB3, the TB2 tephras (Fig. 4-b), in spite that it is not
consistent within the range of the TB4 tephra. Because
most of the Usulutan pottery is considered to have
been produced during a period preceded to the TBJ
eruption, the Usulutan-style earthenware would not
contain the volcanic glass from the TBJ tephra. The
TB2 tephra is known to be distributed in the western
El Salvador (Kitamura, 2016), so that it is possible that
the exceptional volcanic glass may be derived from the
TB2 tephra.

In the SiO:-K;O and the SiO;-Na,O diagrams,
the exceptional plot is not located within the range
of the TB2. However, it can be considered to be also
consistent if the potassium value was shifted to the
higher and the sodium value was shifted to the lower
by approximately 1 %, under the effect of heat when
the ceramic was baked.
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5. Consideration

By the analysis of the study, most of the volcanic
glass contained in the ceramic paste from the two pieces
of the Usulutan pottery was identified to originate from
the Arce tephra, while exceptional one grain would be
derived from the TB2 tephra. These data suggest that
the Usulutan pottery discovered by the excavation in
La Cuchilla, Chalchuapa, was not moved for so long
distance, because the volcanic glass contained in the
ceramic paste was correlated to the tephras that are
generally found out in and near Chalchuapa. At least,
the two pieces of the pottery were possible to be
produced in and around the area between Coatepeque
Caldera and Ilopango Caldera, and it is unlikely that
they are derived from the eastern El Salvador where
both of the Arce tephra and the TB2 tephra are not
distributed.

The chemical composition of the volcanic

glass contained in the earthenware paste shows a
best accordance to the middle unit of the Arce tephra
among the fall units, and the middle unit is found,
in Chalchuapa and its surroundings, as well-sorted
and coarse-sand-sized fine pumice, which is much
finer than the upper and the lower units composed of
pumice lappili. This fact suggests the possibility that
naturally sorted sand-size material of the middle unit
of the Arce tephra would be useful for adjusting the
clay hardness of the earthenware paste and could be
utilized arbitrarily and selectively for production of the
Usulutan pottery in the area around Chalchuapa.

6. Further investigation

This study is the first step of the investigation to
identify the place of origin of the Usulutan-style pottery
and to provide the information on the transport of the
pottery or the propagation of the style. In this study,
only two pieces of Usulutan pottery were analyzed,
only one thin section was made for each analysis, and
only ten grains were analyzed for the second piece, so
that the quantity of the WDS analysis is not enough
to prove the place of pottery production. Therefore,
it is necessary to increase the amount of earthenware
samples for analysis as well as to increase the amount
of volcanic glass to be analyzed for each earthenware
piece.
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