K 4 Wijepala Mudiyanselage Tikiri Bandara Wijepala

EZNAQY | it (B)

FhLRLE TS 157 75

ARG H T4 9H16H

PR G OB TN 4 55511

CERFEREE T FHE 761 &

gl 4 AP TSI

PR SUE H Early Iron Production in Sri Lanka: An Archaeological and Geochemical

Approach to the Yodhawewa Metallurgical Settlement
(AU Z BT DMOBOELE © 327 = UineEE I3
D HEHY - HERILZERT 7 n —5)

A SR AR B THE EBRRPER HEH EHIR
RARR - 38% AR #EH
RARREUERSR AR TR
FARR 2% FH O H
ERRTFLZFHE H Y

MR OEE

Sri Lanka is a South Asian country where ancient metalwork was done using unique methods adapting to
the prevailing natural conditions. Very few scientific studies of metallurgy have been conducted in Sri Lanka,
and until 2018, no such research was carried out in the northern part of the country. The Yodhawewa site is
located in the Mannar District of Northern Province and the northern plains of Sri Lanka. Physically, the
artifacts pool reflected that it was a historic metallurgical site. This thesis aims to provide multi-disciplinary
interpretations of this newly discovered metallurgical site based on the artifacts and nature-facts collected
from the Yodhawewa research in 2018.

The Yodhawewa metallurgical site is close to Mannar (12 km), the main port city of Anuradhapura, the first
and foremost kingdom of Sri Lanka, for over 1500 years. After the historical and geomorphological overview
of the study area, research was conducted on a field survey, and vertical excavation at two localities was
carried out in March — April 2018. The total survey area was 201,600 m? based on the canal and the right
bank starting from the Yodhawewa reservoir. The collected artifacts (n=14,017) were classified based on the
source material, and selected artifacts and nature-facts were used for multi-disciplinary analysis.

The research analyses were mainly based on archaeology and geochemistry disciplines. The constant relative
probability was considered in interpreting the archaeological context based on slag, crucible fragments, and
furnace factors. The slag had the highest artifact density (n=6,814 of 48.5 kg) on the premises, significantly
contributing to the definition of a metallurgical site. Slags represented several production conditions through
physical factors such as color configuration, high or low vascularity, oxidation, and glassy or non-glassy



texture. According to the archaeological analysis, two types of crucibles were identified; elongated tube-
shaped crucibles from the second excavation (Ex-2) area were used to make crucible steel through the
carburization process, and the other crucibles (found in the first excavation area) were used for copper works.
The crucible-shaped (lower half-spherical typed) furnace (activated by the ‘Bellow method’) discovered in
the Yodhawewa excavations was used for ancient crucible steel production.

Selected soil (n=33) and slag (n=46) samples were analyzed by X-ray fluorescence spectroscopy (XRF) in
the Earth Science laboratory of Shimane University. Through soil chemistry, the vertical soil distribution of
the study area revealed that copper residues were abundantly mixed with the soil in the first excavation area
(Profiles 1 and 2). The iron (Fe2O3) average abundance of cultural layers (6.97 wt%) and natural layers (6.55
wt%) of the soil gives clues that the ore was not procured from the premises. However, analyzing the
elements of cultural and natural layers through vertical soil profiles and correlations (against TiO) evidence
that metalworking affected Earth's soil chemistry. With the geochemical analysis of slags, heavy slags
converted to HIS (High Iron Slag, content of 10-50 wt%), and light slags became LIS (Low Iron Slag, 1-10
wt%). The discrepancies in the elemental correlations between HIS and LIS against TiO- suggest that they
are not the result of the same metallurgical activities.

Significantly LIS shows luster and is transparent by observation of thin section through EPMA analysis. The
colors of these samples are highly variable, ranging from light green to dark gray, some with hues of red.
Further, some glassy slags have a flowing texture. Noteworthy is an occurrence of olivine in the slags with
higher iron contents. Olivine crystals show various morphologies, namely, almost euhedral (0.5-1.0 mm in
size), fletching, and acicular, which might be related to cooling mode. Electron probe microanalysis of
olivine demonstrates that they are fayalite in composition. Fayalite in the slags is associated with glass,
leucite and wiistite. The phase equilibrium examination of olivine and glass in the crystal showed that the
crystallization temperature of olivine was estimated to be over 1100 °C. Leucite forms fine-scale intergrowth
with fayalite, suggesting its crystallization at the fayalite-leucite eutectic temperature of ~1128 °C.
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