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Abstract
Hydraulic mills were introduced in the early colonial period in the Americas to grind wheat into flour.
During the nineteenth and twentieth centuries, the rise of the agro-export model in Latin America shaped
the development of a flour industry in which water-powered mills played a central role. Over time, these tech-
nologies were used not only to increase production for the export market but also to meet the needs of
domestic consumption, both local and regional. In this context, in 2017 we began to investigate the charac-
teristics of a hydraulic mill, currently in disuse, in the town of Payogasta in the province of Salta (Argentina),
to determine its chronology and functionality. In addition to surveying the structure, we conducted excavations
in the nearby rooms that were part of the site. We found that this mill was in operation between the end of the
nineteenth and the end of the twentieth centuries, grinding wheat, corn, carob, and red bell pepper, and that the
adjoining rooms were used to house the people who were waiting their turn to grind their raw materials.

Resumen
La introducción de molinos hidráulicos en el territorio americano se produjo tempranamente durante el
periodo colonial, como consecuencia de la necesidad de disponer de una estructura para moler el trigo.
Durante los siglos diecinueve y veinte, el auge del modelo agroexportador en Latinoamérica condicionó el
desarrollo de una incipiente industria harinera, donde los molinos movidos por la fuerza del agua jugaron
un rol central. Con el tiempo, estas tecnologías se utilizaron no sólo para aumentar la producción destinada
al mercado de exportación, sino también para satisfacer las necesidades de consumo interno, tanto local
como regional. En este contexto, en 2017 comenzamos a investigar las características de un molino
hidráulico, actualmente en desuso, ubicado en la localidad de Payogasta, en la provincia de Salta
(Argentina), a partir de la determinación de su cronología y funcionalidad. Además de relevar la estructura,
se realizaron excavaciones en las habitaciones cercanas que formaban parte del yacimiento. Los primeros
resultados indican que este molino estuvo en funcionamiento entre fines del siglo diecinueve y fines del
siglo veinte, destinado a la molienda de trigo, maíz, algarroba y pimiento rojo, y que las habitaciones
contiguas se utilizaban para alojar a las personas que esperaban su turno para moler.
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Spanish conquerors arrived in America with a highly developed hydraulic technology, built on the suc-
cessive contributions of the Roman Empire in the Classical Age and the Arab caliphates in the Middle
Ages. During the Renaissance, the Spanish achieved remarkable skill in building hydraulic structures
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that fit the topographic conditions of each territory and that used hydraulic energy, which was easily
accessible and economical in comparison to animal traction and human effort (Turriano 1996).

Mills with horizontal hydraulic wheels efficiently use the scarce flows of water in mountainous
areas. Their simple mechanisms require little maintenance compared to vertical hydraulic wheel
mills (azuda or aceña; Cara Barrionuevo et al. 1996). As the architecture of the horizontal hydraulic
mills became more sophisticated, they were able to divert watercourses through channels, making it
possible for mills to be located farther from riverbeds and thereby avoiding the destructive conse-
quences of floods (Escalante Fernández and García Saavedra 2018).

The introduction of hydraulic flour mills in America in the sixteenth century, and their heyday dur-
ing the eighteenth and nineteenth centuries, played an essential role in the flourishing of the Spanish
colonies, where they coexisted with local grinding technologies, such as manual mortars (Rojas Rabiela
et al. 2014). The first hydraulic mills were in Mexico, where more than 300 structures can be traced
(Morales 2006). They were built in lower numbers in Central America (Solórzano 1986), as well as
in Colombia (Satizábal Villegas 2004), the viceroyalty of Peru (Bell 2016), Uruguay (Sanmartín
2011), Chile (Lacoste 2018), and in the central west, northwest (Sica 2005), and Cuyo regions
(Figueroa 2006) of Argentina. They fell into disuse after the incorporation of turbines and steam
power in the second half of the nineteenth century (Lacoste 2018).

Wheat was one of the fundamental elements in the diet of the colonizers but was absent in the
Americas. The development of the mills was a logical consequence of the cultivation of this cereal
to produce flour, with which to make bread and other foods (Morales Moreno 2008). The rise of
the agro-export model during the nineteenth and twentieth centuries in most Latin American coun-
tries brought about the development of an emerging flour industry in the most fertile territories. In
Argentina, the most fertile land was in the Pampean region, an extensive and wet plain located in
the center of the country (Artuso 1917; Djenderedjian et al. 2010; Fernández 2000; Martirén and
Moyano 2019; Martirén and Rayes 2016).

The Industrial Revolution that began in England in the eighteenth century generated a reorganiza-
tion of the world economy, which led to growing industrialization in different countries of Western
Europe and the United States toward the end of the nineteenth century and the beginning of the twen-
tieth century (Hognogi et al. 2021; Ostafin et al. 2021). This modernization led to major investments in
technologies and the installation of large industries in the most important cities. Most of the rural
agro-industrial spaces—flour mills, pasta factories, oil mills, wineries, among others—engaging in fam-
ily and regional production no longer met the technological requirements of the modern economy
(Dal Sasso and Caliandro 2010). Those mills with simpler technologies and lower productivity,
such as the horizontal hydraulic mills located in rural regions of the interior provinces, were progres-
sively abandoned in the face of growing competition from steam mills that were more technologically
advanced and had greater productive capacity; these steam mills were located in provinces of the
Pampas region, such as Buenos Aires, Santa Fe, Córdoba, and Entre Ríos (Lera 2005; Martirén and
Rayes 2016).

Modernization processes favored population growth with subsequent urbanization, yielding a
strong demand for supplies, mainly raw materials related to food. Newly developed nations such as
New Zealand, Australia, and Canada and Latin American countries such as Argentina significantly
increased their meat and cereal exports (Bandieri and Blanco 1996). Argentina became one of the larg-
est suppliers of corn, wheat, and oats to the world, as well as the main exporter of chilled, canned, and
frozen meats (Gilberti 1970). To meet these export needs, mills progressively introduced technologies
that increased their grinding and production capacities (Fernández 2000). The mills also faced increas-
ing local and regional demands for products made from wheat.

Although no survey indicates the exact number of mills in Argentina, historical, archaeological, and
patrimonial research suggests their widespread and continuing activity throughout these centuries
(Bugallo 2014; Bugallo and Mamaní 2014; Bugallo et al. 2014; Caggiano 2009; Caggiano and
Dubarbier 2013; Cieza 2010; Conti 2007; Figueroa 2008; Hocsman 2003; Manzini Marchesi 2019;
Mata de López 2005; País 2011; Quintian 2012). Their operating technology was comparable through-
out the country, even though there were differences in the size of the structures and the volumes
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milled. In those mills located outside the Pampean region, such as the mill we present here, production
was more related to local or regional economies; there was less activity around them than with mills in
the Pampean region (Caggiano 2009; Caggiano and Dubarbier 2013).

In this context, in 2017 we began to investigate the characteristics and functionality of a hydraulic
mill, currently in disuse, in the town of Payogasta (Salta Province in Northwest Argentina), which
would have supplied flour to the local market (Figure 1). The first questions that arose had to do
with the type of production that was carried out and the chronology of operation of this structure.
In this article, we address these questions based on data from the survey of the mill and the excavation
of a sector of the site.

Hydraulic Mills in the Argentine Northwest

The previous investigations of hydraulic mills in the Argentine Northwest were limited, particularly
from an archaeological perspective. The closest data in comparative and geographic terms come
from a flour mill located in the Quebrada de Humahuaca (province of Jujuy) that operated during
the nineteenth and twentieth centuries.

The hydraulic mills in this area had a horizontal roller and operated similarly. They were built
against a hillside or sloping landscape, on whose slope was a ditch used for irrigation of agricultural
crops. Generally, the mill was part of the residential unit or linked to it. In some cases, it was placed on
a plot of land directly related to production, outside the residential unit of its owners. The mill was
usually associated with other buildings, such as corrals, warehouses, restrooms, storage rooms, and
places where fires were built and used as shelters (Bugallo et al. 2014). Its grinding room had an
upper part and an underground part where the wheel (rodezno) was located, which rotated using
water provided by the canal or irrigation ditch.

Most mills had an anteroom emplaced before the grinding room; this anteroom was used to store
the grains, flour, and tools and provided space for people to spend the night while waiting for their
turn to grind their wheat. People were engaged in a variety of activities such as caring for animals,
eating, resting, or socializing while they were waiting. The busiest time for milling was between the
winter months, from May to August; milling activity decreased when river flow lessened before the
rainy season. The heavy summer rainfall made milling more difficult because the increased flow of riv-
ers and creeks would cause the canals to deteriorate (Bugallo and Mamaní 2014).

In the area near our investigation, the Calchaquí Valley of Salta, we identified several mills with
similar characteristics in Palermo, Bella Vista, Payogasta, Cachi, Cachi Adentro, Escalchi, Laxi,
Seclantás, Molinos, Colomé, Luracatao, Angastaco, and Piul. Some of those other mills have been sur-
veyed and photographed: all used the same type of technology and were located in the vicinity of the
Calchaquí River, the main watercourse that crosses the valley. We identified two mills less than 20 km
from Payogasta: one belonged to the Ruiz de Los Llanos family on the road to Cachi town, and the
other was part of the Laxi family ranch. In both the grinding machinery is preserved, although the

Figure 1. Overview of the study area (from Marinangeli and colleagues [2022]). (Color online)
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mills show a gradual deterioration due to a lack of maintenance on their walls and ceilings. Another
mill is located in the Department of Molinos, 58 km from Payogasta. It is close to both the river of the
same name and National Route 40 and is maintained well because it is a tourist attraction (Figure 2;
Pifano and Dabadié 2016).

Study Area

The Historic Mill is located in the town of Payogasta (Department of Cachi, Salta Province) at 2,410 m
asl in the northern sector of the Calchaquí Valley (Figure 3). This valley is defined by several

Figure 2. Distribution map of the hydraulic mills in the Calchaquí Valley. (Color online)

Figure 3. Location of the site in reference to the urban area of the town of Payogasta, National Route 40, and the course of
the Calchaquí River. (Color online)

598 Pablo José Pifano et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2023.22
Downloaded from https://www.cambridge.org/core. IP address: 3.144.104.199, on 11 Jan 2025 at 01:44:13, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/laq.2023.22
https://www.cambridge.org/core


snow-capped mountains ranges that form a north–south strip of approximately 200 km along the
western foothills of the sub-Andean mountains, where the Calchaquí River flows.

Large extensions of rocky mantles, piedmont deposits, alluvial cones, slopes, and several levels of
terraces carved by the Calchaquí River and its tributaries are the most outstanding geomorphological
features of the area (Paoli 2002). The climate is dry (semidesert zones) and temperate in the south,
whereas in the north it is cold. Several factors such as the Andean winds that are devoid of moisture,
the atmospheric dryness, and the oxygenation of the air, determine a stressed amplitude between day
and night temperatures. The rainy period is from November to March, when rainfall varies between 80
and 150 mm. Generally, the rain is torrential, with a high evaporation rate caused by high tempera-
tures, which reduces the amount of water available for use. This results in soils with poor pedologic
development and low fertility (Hongn and Seggiaro 2001). From the town of Payogasta to the
north, the flora is typical of the pre-Puna regions: it is mainly xerophytic, with hardy grasses and
dwarf plants standing out. In the lowlands where irrigation depends on the rivers, the soil is fertile,
favoring agriculture and grazing. It is important to note that only between 2% and 3% of the surface
is usable for agricultural purposes, with mountainous topography predominating. The region’s fauna
includes camelids Lama guanicoe (guanaco), Vicugna vicugna (vicuña), Lama glama (llama), and
other mammals and birds (Paoli 2002).

Methodology

The first archaeological studies—a planialtimetric and architectural survey of the structures and the
excavation of specific sectors—at the Historic Mill were carried out in 2017 as part of the doctoral
research of the first author. Six rooms were identified: one contained the mill itself, and the other
five were related to it (Figure 4). All the rooms had significant deterioration of the walls and lacked
ceilings. The room containing the machinery showed evidence of maintenance: new layers of adobe
on the ceiling; cement on the lintels, doors, and windows; and a lining of cement of the canal or
ditch from where the water entered to activate the grinding wheels (Pifano and Páez 2020).

In 2019, a 1 × 1 m grid was made in Enclosure 2; it was excavated by artificial levels of 0.05 m,
identifying 14 strata until reaching the sterile soil at a depth of 0.735 m. Seeds, corncobs, ceramic frag-
ments, earthenware, faunal bone remains, charcoal, wood, paper, coins, and leather and metal

Figure 4. Planimetry of the Historic Mill of Payogasta showing the room containing the milling machinery and the other five
rooms that make up the site. (Color online)
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fragments were recovered. No remains could be dated by 14C. The finds were treated in the laboratory,
where they were cleaned, labeled, and preserved. This article focuses on the results of archaeofaunistic,
archaeobotanical, and ceramic analyses, as well as data from coins and paper remains.

The analysis of the archaeofaunistic remains was carried out at three levels: (1) macroscopically,
(2) using a 10× hand lens, and (3) with a Leica A60 stereomicroscope through a zoom system of up
to 40×. Reference bone collections from the Grupo de Estudios en Arqueometría (GEarq-FIUBA)
were used for anatomical and taxonomic identification and quantification. For the Mammalia group,
several body weight categories were stipulated: small-medium (S-M; 1–15 kg), medium-large (M-L;
15–50 kg), and large (L; > 50 kg) mammals. The following measures of taxonomic and anatomical abun-
dance were used: number of specimens identified per taxon (NISP), minimum number of individuals
(MNI), and minimum number of elements (MNE). From a taphonomic standpoint, the action of natural
agents was evaluated, and these features of anthropic bone modifications were analyzed (Binford 1981;
Fernández Jalvo and Andrews 2016; Lyman 1994; Mondini 2002): the types of bone fractures, edge
shape, state of the bone at the time of fracture (Mengoni Goñalons 1999; Shipman and Rose 1983),
and thermal alteration (Álvarez et al. 2017; De Nigris 2004).

The observation and analysis of plant remains were carried out under a stereomicroscope, which
enabled separation of the remains according to the part of the plant (cobs, seeds, endocarps).
Subsequently, identification was carried out using texts on diagnostic characteristics (Winton and
Winton 1935) and identification keys. Density and ubiquity were used as quantification methods
(Miller 1988; Pearsall 1989; Popper 1988). Density was calculated as the absolute number of recovered
remains (n) per liter of excavated sediment (L). The ubiquity or presence analysis considered the num-
ber of samples or levels at which a taxon appeared within the set.

Analysis of the ceramic fragments began with a macroscopic approach and then observation with a
low-magnification binocular loupe (20×–40×). The characterization of the pastes took into account
nonplastic inclusions, textural relationships, and semi-quantification of the observed components
(Bishop et al. 1982; Cremonte 1986, 1988; Matson 1963; Shepard 1968). Features such as the degree
of compaction, the characteristics of the fracture, and the type of firing made it possible to determine
the way in which the vessels were produced and used. Likewise, the agents of postdepositional affection
and the degree of integrity of the assemblage provided information about the taphonomic processes
that occurred after the vessels were discarded. A morphological analysis was also carried out identify-
ing the general shape of the piece and the section of the vessel to which the fragment belonged.
Regarding their decoration, the treatment of both surfaces (internal and external), the type of decora-
tion (painted, engraved, etc.), the structure of the design, and the characteristics of the motifs—
whether they were geometric or figurative—were analyzed (Orton et al. 1997; Shepard 1968).

Analysis of the recovered coins and paper was carried out after treating the corrosive processes
(coins) and cleaning them (paper). Descriptions and identifications were made by consulting relevant
catalogs and reviewing documentary records.

Results

The mill’s structure is similar to those of its nineteenth- and twentieth-century contemporaries with a
horizontal wheel (rodezno). It has two floors: the lower one or gully, where the mechanism in charge of
activating the machinery was located, and the upper one or grinding room where the flour elaboration
process took place (Bugallo and Mamaní 2014; Sánchez Jimenez 2015).

At the back of the grinding room, the ditch or canal enters with a 45° inclination. This slope causes
the water to gain speed so that it hits with greater force the sponn or blades (álabes) attached radially to
a piece of wood of the horizontal impeller; this transforms water energy into mechanical energy. The
impeller is coupled to a shaft or metal axle, which directly activates the upper wheel or mobile mill-
stone (volandera), without the need to use gears.

The upper circular stone of the machinery, located in the upper part of the building or room, rotates
on the sill or sleeper (solera), which is fixed to the spindle by a peg. This peg (lavija) has two functions:
the rotation and the calibrated separation of the millstones. We identified the inscription 5-1908 on the
upper stone, which could correspond to the date of its installation. The lower stone has the same
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design of grooves as the upper stone but is inverted, so that it can work without rubbing and be
arranged horizontally. There is another millstone at the entrance to the site, which has more wear
than the other ones, which could mean that it was placed there after falling into disuse (Figure 5).

Once the hydraulic mechanism is operating, the raw material to be ground is slowly introduced into
a grain regulation system located above the mobile grinding wheel. The hopper (tolva) is a wooden
container, with an inverted pyramidal shape and openings at both ends. From there the raw material
moves to the millstones where, due to centrifugal force, it migrates from the eye outward, passing
from groove to groove and being crushed on the flat parts of the millstones (scissors effect), which
must be perfectly level. The incised lines are generally deeper in the center than in the periphery.
Both the rotation speed and the distance between the millstones are adjusted to create a suitable
grinding process for the type of flour produced. Finally, the ground product, which is generally coarse
to medium-grain flour, falls into the wooden drawer or container (harinal) and from there is measured
and stored. The presence of a manual metal-and-wood shovel and a wooden container suggests
that the unit of measurement used in this mill was the almud, with a capacity corresponding to 5 L
of water.

Figure 5. The Historic Mill of Payogasta: (a) the mill room and its enclosures; (b) the entrance arches (in front) and the mill
room (at the bottom); (c) milling machinery; (d) detail of the flywheel of the previous figure, where the inscription of the date
is engraved (photographs by Andres Jäkel and Pablo Pifano). (Color online)
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Analysis of the Millstones

Plant microtraces were obtained from scrapings from the mobile grinding wheel, the hopper, the chan-
nel through which the grain is conveyed from the hopper to the millstones (canaleja), and the wooden
drawer or container (harinal): they showed a higher frequency of wheat starches (Triticum sp.) than
corn starches (Zea mays). The former starches are generally circular, variable in size, and smaller
than 10 microns. Alterations, such as cracks and perforations, were observed in the starch membranes
that were directly associated with mechanical breakage caused by grinding. Corn starches have circular
and polyhedral morphologies, varying in size between small (<10 microns) and medium (10–25
microns). A carob starch and a set of red-colored plant cells (chromoplasts) were also identified, cor-
responding to the presence of Capsicum annuum, which is evidence of red bell pepper milling (Pifano
et al. 2022).

Analysis of the Materials Recovered from the Excavation

For safety reasons the excavation was carried out in an enclosure next to the one containing the
milling machinery. This room is built of adobe with stone foundations. The roof is made of cardon
wood (Pachycereus pringlei) and straw and is mostly destroyed. A door connected it to an
open space from which the grinding room was accessed. The excavated grid yielded the following
results.

Archaeofaunal Record. Seventy-one archaeofaunal remains were obtained, with a total NISP of 20
(l#1 = 2; l#2 = 6; l#3 = 5; l#4 = 2; l#5 = 1; l#7 = 1; l#8 = 1; l#9 = 1), an MNE of 3 (l#1 = 1; n3 = 1;
l#8 = 1), and an MNI of 3 (l#1 = 1; l#3 = 1; l#8 = 1; Table 1). Fifty-one specimens were grouped as
NID (not determined).

Due to the high degree of fragmentation, few bones could be identified to the species level. An adult
individual and a juvenile one referred to Ovis orientalis aries (sheep) and Capra aegagrus hircus (goat)
were determined through a maxilla with teeth and a radius. Most of the bony remains were identified
to the class level (Mammalia) and were referred to large (L) and medium-large (M-L) taxa; they were

Table 1. Values of NISP, MNI, and MNE for Each Stratigraphic Level.

Level Taxon NISP MNI MNE

#1 Mammalia indet. L 1 1 1

Mammalia indet. M-L 2

#2 Mammalia indet. L 3

Mammalia indet. M-L 3

#3 Mammalia indet. L 2

Mammalia indet. M-L 1

Artiodactyla

cf. Ovis/Capra 2 1 1

#4 Mammalia indet. L 1

Mammalia indet. M-L 1

#5 Mammalia indet. L 1

#7 Artiodactyla

cf. Ovis/Capra 1 1 1

#8 Mammalia indet. L 1

#9 Mammalia indet. M-L 1

Total 20 3 3
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probably introduced domestic ungulates, such as Bos primigenius taurus (cow), Equus ferus caballus
(horse), O. o. aries, and C. a. hircus. In the first case (Mammalia L), remains of a mandible, vertebrae,
ribs, and a proximal epiphysis of the humerus were recognized, whereas in the second case (Mammalia
M-L), remains of tibia diaphysis were identified.

Different proportions of remains affected by natural agents were recorded (l#2 NISP% = 10; l#4
NISP% = 20; Table 2). In l#2 (NISP% = 5) and l#4 (NISP% = 5), there was evidence of carnivore chew-
ing in the form of grooves (scoring) and edges (crenulated) in rib remains from Mammalia L and in the
thoracic vertebrae from Mammalia M-L (Figure 6a). Trampling marks were also determined in the
remains of diaphyses of long bones from Mammalia M-L of l#4 (Figure 6b; NISP% = 10) and in a
rib fragment of Mammalia L of l#2 (NISP% = 5). Likewise, manganese oxide precipitation was
observed in a rib from Mammalia L and in a long bone fragment from Mammalia M-L (Figure 6b;
NISP% = 10), both from l#4.

Anthropic modifications varied in the assemblage of MP (l#2 NISP% = 50; l#3 NISP% = 20; l#4
NISP% = 5; l#5 NISP% = 5; l#8 NISP% = 15; l#9 NISP% =5; Table 2). Three bone chips (NID) from
l#6 showed thermal alteration in an advanced burned state (NID% = 2) and were calcined (NID% =
4; Figure 6c). In addition, one scratch mark (NISP% = 5) was observed on a rib fragment of
Mammalia L. Traces of cuts made with a metallic instrument were observed (NISP% = 35) on the
ribs (Figure 6d) and the proximal epiphysis of the humerus of Mammalia L and on rib fragments
and the diaphysis of the tibia of Mammalia M-L (Figure 6e). Long bone specimens of Mammalia L,
Mammalia M-L, and Ovis/Capra with green-bone fractures were also found (Figure 6f; NISP% = 35);
71.42% of these fractures were associated with impact negatives.

Plant Macro-Remains. All the archaeobotanical remains belong to carpo-remains (n = 32) and include
fruits, seeds, or parts of them (Table 3; Figure 7). Of these, 13 were complete, and 19 were fragmented
or broken. Except for one specimen that showed evidence of thermal alteration, the remaining were
preserved in a dry state.

The highest density of remains was observed in excavation units 2 and 3. This value may be over-
estimated because there was a greater proportion of fragmented remains, but other lines of evidence
indicate the highest density are in these levels (Figure 8).

Given that the remains with the highest absolute frequency were peach endocarps, which were also
the most fragmented, ubiquity was used to analyze the importance of each taxon (Figure 9). Peach

Table 2. Details of NISP with Natural and Anthropic Modifications Identified.

Natural Modifications Anthropic Modifications

Level Taxon Cm T Mn C SM GB IN

#2 Mammalia indet. L 3 1 2

Mammalia indet. M-L 1 1 2 1 1

#3 Mammalia indet. M-L 1 1

Artiodactyla

cf. Ovis/Capra 1 1

#4 Mammalia indet. L 1 1 1

Mammalia indet. M-L 1 1 1

#5 Mammalia indet. L 1

#8 Mammalia indet. L 1 1 1

#9 Mammalia indet. M-L 1

Total 2 3 2 7 1 7 5

Notes: Cm: carnivore tooth mark; T: trampling; Mn: manganese oxide coatings; C: cut mark; SM: scratch mark; GB: green breakage; IN: impact
negative.
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Figure 6. Details of natural and anthropic modifications for the Historic Mill of Payogasta: (a) spinous process of thoracic ver-
tebra from M-L Mammalia indet. with carnivore marks (n4); (b) diaphysis of tibia of M-L Mammalia indet. with trampling marks
and diagenesis (n2); (c) bone chips with “advanced burnt” degree of thermal alteration (right) and calcined (left; n6); (d) rib of
L Mammalia indet. with traces of cutting and scraping (n2); (e) diaphysis of tibia from M-L Mammalia indet. with fresh fracture
and negative impact (n3); (f) distal radius of Ovis/Capra with fresh fracture and negative impact (n3). Scale = 1 cm. (Color
online)

Table 3. Species, Plant Part, and Absolute Amounts of Carpo-Remains.

Species Common Name Plant Part Absolute Amount

Prunus persica Peach Endocarp 27

Prunus armeniaca Apricot Endocarp 1

Zea mays Corn Cob 2

Cucurbita maxima Pumpkin Seed 2

Total 32

604 Pablo José Pifano et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2023.22
Downloaded from https://www.cambridge.org/core. IP address: 3.144.104.199, on 11 Jan 2025 at 01:44:13, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/laq.2023.22
https://www.cambridge.org/core


endocarps (Figure 7a) were found to be the most ubiquitous; that is, they were present in the greatest
number of samples or levels. They were followed by pumpkin seeds (Figure 7d), which were recovered
from the superficial levels. Apricots had the least ubiquity (Figure 7b). Concerning the corn cobs, one
of the remains had the base of the grain, and the other one had clean domes (Figure 7c): both are of the

Figure 7. Plant carpo-remains recovered in the excavation: (a) peach endocarp; (b) apricot endocarp; (c) corn cob without
grain remains and corn cob with grain remains in domes; (d) pumpkin seed. Scale: 0.5 = cm. (Color online)

Figure 8. Density of carpo-remains recovered in the different levels of the excavation of the archaeological site.
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pisingallo variety that is no longer cultivated today because of its high water requirements (Martínez
Zabala et al. 2022).

Analysis of the Pottery Fragments. The 12 fragments recovered correspond to a small number of ves-
sels (open and closed shapes). A bowl ( puco) of Santa Maria style (a local ceramic style developed
between AD 900–1430), a vessel or jar with a polished external surface from the Santa Maria or
Inca style, and other vessels without decoration were identified (Figure 10). The fragments of the
same style could not be assembled, but it can be inferred that they correspond to the same piece
because of their morphological and technological characteristics.

In this assemblage, there are two outstanding features. Because the fragments are not rolled, it is
suggested that they were fractured inside the enclosure, probably by trampling after their use and dis-
card. Yet, a large number are burned on both surfaces or in the fracture area (42% of the total), indi-
cating that they were exposed to direct fire, probably after the pieces were broken. Only two fragments
may be modern, and all the rest are from precontact times.

Analysis of Coins and Paper Remains. The three recovered coins correspond to 20 cents of Peso
Moneda Nacional (M$N), which was the official Argentine currency between 1881 and 1970. One
has the inscription of the year 1924, another one has the inscription of 1942, and the third one cor-
responds to the 1890s but its deterioration prevents identification of the last digit in the date
(Figure 10). Another coin was found in surface collections and has the inscription of the year 1954.
The recovered paper has the year 1973 printed on it, which corresponds to an electoral ballot on
which the name of Solano Lima can be read (Figure 10); he was the candidate for vice president on
the ticket with Héctor José Campora (Pifano and Páez 2020).

Discussion

Our research uncovered finds in the milling room and related to the mill itself, as well as evidence from
the associated enclosures, one of which was excavated. The mill’s hydraulic characteristics are similar
to most mills installed in the Americas during the nineteenth and twentieth centuries; it needed water
energy for its operation, using simple mechanisms that required little maintenance (Cara Barrionuevo
et al. 1996). Its location on the banks of the Calchaquí River, a permanent watercourse, ensured that its
activity did not depend on the availability of water.

The archaeobotanical analysis carried out on the grinding wheels indicates that the main grains
from which the flours were produced were wheat, followed by corn: both were grown locally to supply

Figure 9. Ubiquity of each botanical taxon identified from the excavation of the archaeological site.
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the needs of the local population. The presence of carob and plant cells associated with red pepper
chromoplasts indicates that they were also processed in the mill but to a much lesser extent. Red pep-
pers were incorporated late into the Calchaquí Valley, approximately around 1930–1940, so its grind-
ing was probably later than that of the other products. Furthermore, the water content of the red
pepper causes it to be absorbed into the surface of the millstones, so if the grains and these fruits
had been ground at the same time, the latter would have affected the purity sought for the former.
This suggests that both grindings were not contemporary and that the grinding of the pepper occurred
later (Pifano et al. 2022).

The inscription engraved on the upper grinding wheel of the mill provides significant chronological
data; it allows us to infer that by 1908 the mill was already fully operational. The other millstone, found
at the entrance to the site, is very worn out, which suggests that it was used previously and was put
there when it was replaced by the one with the later date. Therefore, the mill would have been in oper-
ation for a long time before 1908, which corresponds to the late nineteenth-century date of the oldest

Figure 10. Ceramic fragments, coins, and fragments of the ballot recovered in the excavation of Room 2 of the site. (Color
online)
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coin recovered from the excavation. The other coins, as well as the paper that is part of an electoral
ballot, indicate that the mill was also used during much of the twentieth century, although not always
to grind the same materials (Pifano and Páez 2020).

The excavation data from Room 2 show that it was intended for transitory overnight stays for people
who were waiting to grind their plant materials. As in the mills in the province of Jujuy, it is likely that
these rooms provided an area for the people waiting for their turn to grind to eat, rest, and socialize.
Although most of the users were residents of the valley, ethnographic data from Payogasta (Pifano et al.
2022) indicate that the mill was also used by inhabitants of the Puna region, who exchanged animal
products for vegetables or grains, which they then took back to their places of origin after being milled.
This supports the evidence that plant and animal products were cooked and consumed in the perim-
eter of the enclosures.

The presence of skeletal parts of exotic domestic ungulates with cut marks and thermal alteration
(some of them were partially carbonized; see Figure 5c, right) suggests that those who occupied Room
2 consumed them, probably after being roasted, (Binford 1981; De Nigris 2004; Fernández Jalvo and
Andrews 2016; Lyman 1994; Mengoni Goñalons 1999; Shipman and Rose 1983). Because of the high
level of fragmentation (by trampling and by the action of carnivores and humans) and the type of
exhumed elements of a low diagnostic level, the taxonomic assignments are still open (Ovis/Capra
and Bos/Equus). Today, Capra livestock is important in the region both for consumption of meat
that is roasted on a grill and for their secondary dairy products. The consumption of bone marrow
is indicated by the evidence of negative impacts associated with green-bone fractures (Binford 1981;
Fernández Jalvo and Andrews 2016; Lyman 1994; Mengoni Goñalons 1999).

Few plants were found, probably due to the size of the excavated surface, the type and part of the
plant used, the cleanliness of the space, or the differential preservation of the remains. The recovered
peach and apricot endocarps (Figure 7a–b) suggest the consumption of fresh fruits. There are records
of consumption in different preparations, both canned and dehydrated (Pochettino 2015), although in
most cases, the endocarps are discarded. The dehydrated ones, commonly called orejones, preserve the
endocarps, which could have possibly been consumed, in addition to fresh fruit. The corn cobs may
have been part of the diet of the people who spent the night in the enclosure, although they could also
correspond to the cobs brought to the place to obtain flour. In any case, the identification of the pisin-
gallo variety, which is no longer cultivated today because it requires higher humidity conditions, may
be an environmental indicator. It is likely that when the mill was operating the climatic conditions
were more favorable for agricultural production than today.

Domestic activities related to consumption, however, would not have required much crockery, given
the absence of earthenware. The high proportion of heat-altered fragments, mostly on both surfaces
and in the fracture, suggests that these materials were already fractured when they were deposited
in the sediment that formed the floor of the room and were not part of vessels in use. This suggestion
is also supported by the characteristics of the decorative styles, which are mostly from precontact times,
several centuries before the mill was operational. Only two of the fragments analyzed could belong to
modern vessels, although their characteristics do not allow further inferences.

Conclusions

In summary, the analysis of the mill and the materials from the excavation of one of the enclosures
provides important evidence about the chronology of the site and the activities that took place
there. The absolute dates and the relative indications suggest that the mill would have been in full oper-
ation toward the end of the nineteenth century and at least until the 1970s, as indicated by the date
printed on the ballot recovered from the excavation. During most of this time, grains were ground:
mainly wheat and corn, and occasionally carob and red pepper. Red peppers would have been ground
in the last stage of use of the structure.

The results of the excavation of Room 2 suggest that activities related to the consumption of food,
mainly of domestic exotic animals and vegetables, took place there. Some bone remains show evidence
of subsequent chewing by carnivorous mammals; these probably were domesticated, such as dogs
(Canis lupus familiaris) and cats (Felis sylvestris catus) that were frequently found in human
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settlements. Other mills in the Argentine Northwest had rooms associated with the grinding machin-
ery, where people who came to the site could wait for their grains to be ground. Varied activities took
place there, including leisure activities, eating, and resting food. The evidence from Room 2 is consis-
tent with this information. It can be inferred that the mill was used not only by the immediate neigh-
bors of the town but also by people from more distant places, including the Puna, with which social
and commercial ties are currently maintained.

Finally, the analysis indicates that the influence of this mill, like most of those found in the valley,
was restricted to the local or regional level; its operation was oriented to supplying the domestic mar-
ket. In contrast, those found in the Pampean area were fundamental to the functioning of the agro-
export model in Argentina.
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