Supplemental Text 1: Archival Evidence for the Centrada-Style Furnace
[bookmark: _GoBack]Data from two documents written in the copper-producing area of Michoacán at the end of the 18th century describe the process employed by the smelters to extract copper from its ores. In the first, written in 1783 by the chemist Joseph Coquette (Archivo General de la Nación [AGN], Ramo de Minería, Volumen 132, Expediente 1), he describes the local copper smelting furnaces as “holes dug in the soil capable of receiving a load of twelve arroba [136.09 kg] of mineral, and two imperfect circular bellows which moving vertically over its axis smelt by force of arms.” A few years later, in 1789, the German mining engineer Francisco Fischer described these furnaces as “holes dug in the ground, the surface opening measured three forths [63 cm] to one vara [83.59 cm] in diameter” (Archivo Histórico Municipal de Morelia [AHMM], Fondo Colonial, Ramo Justicia, c.116, Expediente 4, 1789). These furnaces produced a copper ingot weighing between 27.22 and 34.02 kg. Fischer asserts that the bellows used in this process are “the same as those used by the blacksmiths of this country but larger.”
The 1789 document written by Fischer describes a sequential smelting and refining process that takes place over a period of time. The document states that the cendrada is charged with roasted copper ore and “crudíos” from previous smeltings. The Spanish term crudío is equivalent to the English word matte.
The process of matte smelting is typical (but not exclusive) to copper sulfide ores such as chalcopyrite. It normally includes a sequence that begins with a partial roast of the ore during which most of the sulfur is eliminated. The roasted ore is then smelted in the furnace, producing three layers of material that stack, one upon the other, in a sequence that separates them by density: a top layer of slag that concentrates most of the iron and silica (for example, in the form of fayalite, or iron silicate) floats above the layer of matte. The layer of matte, composed primarily of the remaining copper and iron sulfides, is not absorbed by either the slag or the smelted metal. It remains sandwiched between the slag layer above and the heavy copper metal produced during the smelt that collects below, at the bottom of the furnace.  All three materials solidify within the furnace. The slag is removed. Subsequently the matte is roasted a second time. During the second roast, the matte releases residual copper, adding to the total volume of copper produced during the entire sequence of operations.
The 1789 document mentions that these operations are repeated several times. This repetitive process smelts the ore and refines the copper. The concentration of copper retained in the slag analyzed from El Manchón is low, about 2 wt% (Sharp 2003:75) suggesting that refining methods were also carried out at El Manchón. Given the dates for Sector 2 at El Manchón and the slag chemistry we document here, it is likely that these same smelting practices were followed at El Manchón.

1.a. Origin of the Term Cendrada
[bookmark: _Hlk21007262]Cendrada comes from the Spanish term acendrar, which means to purify or refine a metal by fire. In fact, the name derives from the Latin cinerare (to make ash), alluding to the cendra, a paste made with ashes of bones that is used to make cupels for refining silver and gold. It appears that the term and the design were (at least partially) borrowed from the silver production industry. In this regard, Francisco Xavier Gamboa mentions in his Comentarios a las ordenanzas de minas (1761) that the cendrada is “the bottom of the smelting or refining furnace made with fine dirt or with the ashes of plants”.

1.b. Gaspar de Zúñiga’s Observations
[bookmark: _Hlk21007336]A document written in 1599 by captain García Rodríguez de Valdés suggests that the process of matte smelting was already in use at this time. The viceroy Gaspar de Zúñiga sent captain Valdés (Garcia Zaldúa 2019:243-258) to assess and determine how to increase the volume of copper production in Michoacán. In his report of the visit he describes the process followed by the native smelters of the town of Satzeo where the most important smelting facilities were located at that time. In the description of the smelting the captain mentions that the furnace is charged with a material called ninir, on top of which ore and charcoal are placed. Smelting this charge produced metallic copper. The copper and the remaining ninir were retrieved separately. Apparently the Captain took great care to weigh everything before and after the smelt. His measurements indicate that the ninir lost almost exactly the quantity of metallic copper that was produced. This observation is similar to those in Fischer’s report, in which he says that “he believes that the crudíos release the copper while the ore turns into new crudíos”. It appears that the term ninir is of Tarascan origin, and according to the 16th century dictionaries of this language the term has its roots in the action of cooking. In this context García Zaldúa (2019:249, 250), citing the Diccionario de la Lengua Tarasca o de Michoacán written by Maturino Gilberti in 1559, mentions that niniri means something cooked or ripe, while ça no niniti something that is half raw (Gilberti 1901 [1559]:74, 427).
1.c. Empress Isabella’s Requests
In 1532 the Empress Isabella of Portugal was already making arrangements to establish an artillery foundry in New Spain for which she had summoned different specialists and expressed that “…she has been told that in the New Spain there are the wherewithal for making artillery” (Archivo General de Indias [AGI], Ramo Indiferente General, 422, Libro 15, Foja.111V). The crown came to an agreement with Rodrigo Martinez, an artillery specialist and former resident of Mexico, who had agreed to travel there and start the works (AGI,INDIFERENTE,422,L.15,f.22).
The crown requested a detailed report on the availability of copper ore deposits and the state of copper production in the province of Michoacán. Shortly before Martinez’s arrival, in the fall of 1533, Vasco de Quiroga produced the report. He gathered information by interrogating two groups of informants: local Spanish residents of Michoacán (encomenderos, authorities, and at least one miner), and indigenous metalworkers and authorities (Warren 1968).
This document contains vital information locating deposits and indigenous procedures used in the extraction of copper from its ores. In addition, the document provides suggestions made by both indigenous and Spanish informants on how to increase the quantity of copper that was then in production.
References
Gamboa, Francisco Xavier
1761	Comentarios a Las Ordenanzas de Minas. Joaquín Ibarra, Madrid.

García Zaldúa, Johan. 
2019	When Worlds Collide: European-Indigenous Copper Production during the Contact and Early Colonial Period of Michoacán, Mexico (1521-1607). PhD. Dissertation, Faculty of Arts/Faculdade de Letras, University of Kent - Universidade do Porto.

Gilberti, Maturino
1901 [1559]	Diccionario de La Lengua Tarasca o de Mechoacán. Edited by Antonio Peñafiel. Tipografía de la Oficina Impresora de Estampillas, Mexico, D.F.

Sharp, Rachel.
2003	Analysis of Copper Slags from the Archaeological Site of El Manchon, Guerrero, Mexico. Bachelor’s Thesis. Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge.

Warren, J. Benedict 
1968	Minas de Cobre de Michoacán 1533. Anales Del Museo Michoacano No. 6:35–52.


