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BEDROCK MORTARS IN THE SEMIARID NORTH OF CHILE (30° S.):
TIME, SPACE, AND SOCIAL PROCESSES AMONG LATE HOLOCENE
HUNTER-GATHERERS

Mariela Pino, Andrés Troncoso, Carolina Belmar and Daniel Pascual

Bedrock mortars recur in the record of many prehispanic communities. However, few studies discuss their relationship with
social processes. In the present work, we discuss a regional study of bedrock mortars in the semiarid north of Chile, specifically
the Limari River basin (30° S). Using a combination of formal, spatial, contextual, archaeobotanical, and absolute dating ana-
lyses, we assess the chronology of bedrock mortars and how they related to social processes of hunter-gatherer populations of
the region (2000 BC to AD 1000). In particular, we suggest that an increase in production of bedrock mortars among pottery-
using hunter-gatherer groups (AD 1-1000) can be observed, associated with a greater intensity of plant collection and use, and
a diminution in the importance of hunting. This situation led to a set of new social relationships structured on the practice of
collective grinding and shared use of bedrock mortars. These results show the importance of this material record as a means of
approaching aspects of prehispanic social life, and demonstrates a methodological framework within which to interrogate this
materiality by combining different analytical levels of bedrock mortars’ variability.

Las piedras tacitas, también llamadas morteros comunitarios, ocurren con frecuencia en muchas comunidades prehispdnicas;
sin embargo, son pocos los trabajos orientados a su estudio y a discutir su relacion con los procesos sociales. En este trabajo
desarrollamos un estudio regional de las piedras tacitas del norte semidrido de Chile, especificamente en la cuenca hidrogrdfica
del Rio Limari (30° S). Combinando andlisis formales, espaciales, contextuales, arqueobotdnicos y de dataciones absolutas,
evaluamos su cronologia y relacion con los procesos sociales de los cazadores-recolectores de la region entre 2000 aC y
1000 dC. En particular, proponemos un aumento en la produccion de piedras tacitas entre los grupos cazadores-recolectores
con cerdmica (entre 1'y 1000 dC), en asociacion con una intensificacion de las prdcticas de recoleccion y uso de recursos
vegetales y una reduccion en la relevancia de la caza. Esta situacion genero entre los miembros de la unidad social un conjunto
de relaciones sociales estructuradas a partir de la prdctica de la molienda colectiva y el compartir en las piedras tacitas. Estos
resultados muestran la relevancia de este registro material para aproximarse a aspectos de la vida social prehispdnica 'y proveen
un marco metodologico para interrogar esta materialidad combinando sus distintos niveles de variabilidad.

edrock mortars are a recurrent phenom- contrasts with the recognized relationship

enon worldwide, generally associated between this record and the grinding of plant

with hunter-gatherer groups (e.g., Babot  resources, and thus with the economic and social
2006; Bednarik 2008; David 1998; Latcham dynamics of human groups.
1929; Menghin 1957). Nevertheless, bedrock In the southern cone of South America, some
mortars have received scant attention in the arch-  bedrock mortars have been recognized for the
aeological literature, which has focused mainly Inka period (Giovannetti 2008), but the majority
on formal and technological characterizations, of studies refer to hunter-gatherers, concentrating
and to a lesser degree, on residue studies (Rosen- on formal and chronological characterization
berg and Nadel 2017). This scant attention (e.g., Gajardo-Tobar 1958-1959; Niemeyer 1958;

Mariela Pino ® Independent researcher, FONDECYT Grant 1150776, Santiago, Chile (marielitapino @ gmail.com,
corresponding author)

Andrés Troncoso B Department of Anthropology, Universidad de Chile, Santiago, Chile (atroncos @gmail.com)
Carolina Belmar ® Department of Anthropology, Universidad de Chile, Santiago, Chile (carolina_belmar @hotmail.com)
Daniel Pascual B Department of Anthropology, Universidad Alberto Hurtado, Santiago, Chile (dpascual @uahurtado.cl)

Latin American Antiquity 29(4), 2018, pp. 793-812
Copyright © 2018 by the Society for American Archaeology
doi:10.1017/1aq.2018.52

793


mailto:marielitapino@gmail.com
mailto:atroncos@gmail.com
mailto:carolina_belmar@hotmail.com
mailto:dpascual@uahurtado.cl
http://crossmark.crossref.org/dialog/?doi=10.1017/laq.2018.52&domain=pdf

794

Methfessel and Methsfessel 1998), and to a
lesser extent on identifying the ground products
and how they fit into the productive aspects of
ancient societies (e.g., Babot 2004, 2006; Belmar
and Carrasco 2017; Planella et al. 2018). Some
researchers have stressed the importance of
bedrock mortars in these populations’ constitu-
tion of the social and spatial relations beyond
mere economics, especially during moments
of transition to agriculture (e.g., Babot 2007a;
Giovannetti 2015; Pastor 2007, 2015; Pino 2014;
Troncoso et al. 2017).

Bedrock mortars are a recurrence in the arch-
aeological record in the semiarid north of
Chile (SAN), especially between 30° and 31°S.
They have been ascribed to the Late Archaic
period (ca. 2000 BC—AD 1) due to their spatial
association with Late Archaic shell middens
(Schiappacasse and Niemeyer 1965-1966).
Their appearance is thought to coincide with the
transformation of the hunter-gatherer communi-
ties of the region, which during the Late Archaic
switched from a maritime-based economy to one
based more on plant resources, culminating
in the appearance of pottery and the adoption
of a sedentary, agricultural way of life during
the Early Ceramic period (ECP; AD 1-1000;
Schiappacasse and Niemeyer 1964, 1965-1966).

Notwithstanding the importance of these
proposals, more recent research has reassessed
the ECP in the region, recognizing that despite
the appearance of pottery, a mobile life was
maintained, and settled communities reliant
on agriculture did not appear until the Late
Intermediate Period (AD 1000-1450; Méndez
et al. 2009; Troncoso et al. 2016). It is there-
fore necessary to reassess both the chronology
of bedrock mortars and the ways in which they
articulated social processes of hunter-gatherers
during the late Holocene in the SAN. In the pre-
sent work, therefore, we study bedrock mortars
from a regional viewpoint, combining formal
and spatial analysis based on systematic excava-
tions, analysis of microfossils, and absolute dat-
ing from the Limar{ River basin (30°S; Figure 1).
We then discuss the historical development of
bedrock mortars among hunter-gatherer groups
of the region, how they related to their economic
practices, and how production intensification
was associated with the increasing relevance of
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grinding in the constitution of social relations
between these groups. Our analysis integrates
the different levels of variation in bedrock mor-
tars, an approach which might be useful in stud-
ies in other regions.

The Study Area and its Bedrock Mortars

The Limari River basin (30°S) lies in the central
sector of the SAN, a transition region between
the Atacama Desert and the mediterranean val-
leys of central Chile. It is oriented east-west
and consists of several snow-fed watercourses,
principally the Hurtado, Rapel and Grande rivers
which meet near the town of Ovalle to form the
Limari River. The basin contains two large-scale
formations. The first is mountainous and is asso-
ciated with narrow east-west river valleys,
hemmed in by spurs of the Andes Mountains
that rise to heights of 3,000 to 5,000 m asl.
These valleys are drained by tributary ravines
with seasonal waterflow dependent on rain and
snow precipitation. The second is coastal and is
characterized by a more open landscape. The nar-
row valleys of the mountains give way to coastal
mesetas that are not well suited for crops; only
the fluvial terraces associated with the Limar{
River and other, smaller streams are farmed.
The coastal mesetas are intersected by small
ravines that run down to the coastline.

Human inhabitation of the basin has been
intense from an early date, with evidence going
back to the early Holocene (Troncoso et al.
2016). Bedrock mortars are ubiquitous, and
their distribution is concentrated in the central
sector of the SAN (Limari and Elqui basins;
Niemeyer 1960). In the Limari basin, they are
mainly reported in littoral contexts and coastal
valleys (Iribarren 1956), although a few exam-
ples are known further inland in the Elqui valley
(Iribarren 1962).

Despite the wide distribution of bedrock mor-
tars, there are few studies of them in this region,
which mainly concentrate on chronological
issues based on spatial associations. Schiappa-
casse and Niemeyer (1964) ascribed the bedrock
mortars at the shell midden of Guanaqueros to
the Archaic IV period (around 3500 years BP,
which today we call the Late Archaic), but with-
out discounting the possibility that they may date
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1. Valle del sol 1

2. Valle del sol 11

3. Quebrada la Placa 1
4. Quebrada la Placa 8
5. Tamaya A

6. Tamaya B

7. Tamaya F

8. Pinturas de Rumay
9. Tamaya 1

. |10. Tamaya 2

11. Valle El Encanto
12. Angostura 1

13. Alarido

14. Melina

15. Agua Estancada
16. El Tranque

17. Altos La Rinconada
18. Rocas de Francisca
19. El Molinoe

20. Maitencillo 1

21. Casa Don Mario
22. Maitencillo 7

23. El Ruco

| | 24. Rocas de Quiles
25. Las Tunas 3

26. Las Tunas 1

27. Don Wilson

28. Porvenir de Quiles
29, Pintadas de Quiles
~ |30. Talhuenal de Quiles
31. Cutana 1

Figure 1. Sites with bedrock mortars in the Limari River basin (Map by Andrés Troncoso). (Color online)

from the ECP. At the same time, based on the
results of the excavations carried out in the mid-
dle basin of the Elqui River, Iribarren (1962) pro-
posed that the bedrock mortars were associated
with the El Molle Cultural Complex, a group
from the ECP. Ampuero and Rivera (1971a), in
their works on Valle El Encanto, developed a
systematic record of the bedrock mortars based
on the shape of the ground depressions (ellips-
oid, cupuliform, and rectangular) but proposed
no specific period for any of them. Ampuero
(1992) subsequently suggested a possible link
with the El Molle Cultural Complex.

When attempting to interpret bedrock mortars,
most authors recognize their association with
grinding grains and other elements (Ampuero
and Rivera 1971a; Schiappacasse and Niemeyer
1964, 1965-1966). Ampuero and Rivera (1971a)
add to this hypothesis a possible ritual function
due to the spatial relationship with rock art at
the Valle El Encanto site. In this context, the
strongest interpretation of bedrock mortars is by
Schiappacasse and Niemeyer (1964), who con-
sider the mortars’ appearance and proliferation
to be indicators of transformation from a marine
to a more diversified economy during the Late
Archaic, with strong emphasis on plant resource

collection and exploitation (Schiappacasse and
Niemeyer 1964, 1986). The authors tentatively
suggest exploring the idea of a “loss of the import-
ance of a hunting economy in favor of other food
sources, including crop production on a limited
scale” [Schiappacasse and Niemeyer 1964:260;
our translation]. Appearance of bedrock mortars
would have been accompanied by a series of
other changes observed in the archaeological
record of the Late Archaic, such as the appearance
of large cemeteries and rock art (Quevedo 1998;
Schiappacasse and Niemeyer 1964, 1986; Tron-
coso et al. 2016), which would be a prelude to
the later introduction of agriculture and a seden-
tary way of life in this region during the ECP
(Ampuero 2010; Niemeyer et al. 1989; Schiappa-
casse and Niemeyer 1986).

These proposals have been reassessed during
the last decade. On the one hand, studies of settle-
ment and mobility patterns show significant con-
tinuities between the Late Archaic and the ECP
(Méndez et al. 2009; Troncoso et al. 2016). The
appearance of pottery in this context would not
have caused a break in pre existing spatial dynam-
ics. In fact, ECP groups had a relatively small
quantity of pottery, characterized by pieces of rela-
tively small size and mechanical strength, suitable
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for amobile way of life. On the other hand, isotopic
studies of ECP skeletons show a reliance on C3
resources; an increase in consumption of C4
plants—in this case maize—is only observed in
the Late Intermediate Period (Alfonso et al.
2017). At this time a change also occurs in settle-
ment patterns, accompanied by increased popular-
ity of pottery, which is consistent with a sedentary,
agricultural way of life (Troncoso et al. 2016). At
the same time, isotopic evidence indicates a reduc-
tion in the consumption of animal protein and an
increase in plant resources during the ECP
(G6mez and Pacheco 2016), and this is corrobo-
rated by the archaeological record, in which a dras-
tic reduction of zooarchaeological remains is
observed. In this context, the chronology of bed-
rock mortars and their relationship with social pro-
cesses involving the use of plant resources in the
region and the dynamics of hunter-gatherer groups
in the late Holocene must be reassessed.

Materials and Methods

Our systematic surveys in the Limar{ basin have
covered an area of 120 km?, including different
types of topography, geoforms, and altitude
floors (Troncoso et al. 2016). We have recorded
31 archaeological sites with bedrock mortars
(Figure 1), comprising 217 rock supports and
811 depressions (Table 1; see also Supplemental
Table 1 that includes more detailed information).
As we have indicated in another work (Troncoso
et al. 2017), we have taken a multiscale approach
to bedrock mortars, with an integrated recording
strategy that combines formal, spatial, and pro-
ductive dimensions.

We first made a formal description of the
supports (the bedrock) and the depressions
(mortars). In the case of the bedrock, we consid-
ered their dimensions and the type of rock, and
counted the number of depressions. We consid-
ered the shape and dimensions of the depres-
sions following Babot (2004), and ascribed
each to one of the types proposed by Ampuero
and Rivera (1971a)—cupuliform, rectangular,
and ellipsoid—and we added a fourth category,
mixed, to cover those that present an oval-
circular mouth, frequently with polished
surface and a section tending to the elliptical,
which combines cupuliform and ellipsoid
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manufacturing techniques (Figure 2). We paid
special attention to stratigraphic relations with
other mortars (superimpositions), which are
valuable temporal indicators (Pino 2014).

For each rock we calculated the volume of stone
ground out per depression, allowing us to estimate
the work involved in production. For this, we
adapted the methodology used for measuring cer-
amic vessels, which consists of filling the depres-
sion and then transferring the contents into a
measuring cup (Pino 2014; Troncoso et al. 2017).

We sampled 98 depressions at 10 sites to carry
out a microfossil study of use residues, applying a
multiple microfossil analysis, which involves
recovering and studying all the microfossils of a
sample (Coil et al. 2003). The most appropriate
method for extracting microfossil samples in
this case was direct scraping (Loy 1994). A simi-
lar technique was used on some active grinding
implements, which were recovered in the excava-
tions and the areas surrounding the bedrocks. We
also obtained control samples from uncleaned
surfaces to determine the natural contamination
of the sites. We took the precaution of using a
protocol that would reduce the possibility of con-
tamination and degradation of the samples while
they were being obtained and prepared (Belmar
et al. 2014), such as using synthetic fibers for
cleaning the laboratory implements.

The samples were observed under a petro-
graphic microscope with magnification of 200x
and 400x. To describe the morphology and
attributes of the microfossils, we used the Inter-
national Code for Phytolith Nomenclature 1.0
(Madella et al. 2005), International Code for
Starch Nomenclature ([ICSN] 2011), and Fran-
ceschi and Horner’s (1980) description of crystals.
We consulted some reference collections (Albornoz
2015; Gili et al. 2016; Giovannetti et al. 2008;
Korstanje and Babot 2007; Patterer 2014). All
microfossils were measured and recorded photo-
graphically. We also made a reference collection
of some local taxa, such as Acacia visco Lorentz
ex Griseb, Jubaea chilensis (Molina) Baill,
and Prosopis chilensis (Mol.) Stunz, following
the protocol for direct extraction of elements
(Babot 2007b).

Finally, we carried out excavations immedi-
ately around the bedrock blocks. Samples obtained
from these excavations were radiocarbon dated.



Table 1. General Features of the Limari River Basin Bedrock Mortars.

Depressions in each rock

Bedrock Total Minimum / Percuted
Area N/S Site Mortars (N) Depressions (N) Maximum Volume (cc.) Chronology Absolute Dates Reference
N Valle del Sol-1 5 10 1-2 1890 No Dates
Valle del Sol-11 5 6 14 1245 No Dates
Tamaya-1 18 41 1-6 7455 Late Archaic — ECP  1608-1432 BC Troncoso et al. 2016
1497-1320 BC
Tamaya-2 1 10 10-10 3890 ECP No Dates
Q. La Placa-8 3 4 1-2 160 No Dates
Q. La Placa-1 1 10 10-10 1432 No Dates
Tamaya-A 1 1 1-1 155 ECP No Dates
Tamaya-B 1 1 1-1 220 ECP No Dates
Pinturas de Rumay 6 10 1-4 3610 No Dates
Tamaya-F 1 2 2-2 45 ECP No Dates
S Altos La Rinconada 2 6 2-4 820 Late Archaic — ECP  No Dates
El Molino 5 12 1-4 16975 ECP No Dates
Valle El Encanto 101 423 1-45 34170 Late Archaic — ECP  2127-1892 BC*  Troncoso et al. 2016
799-514 BC*
36 BC-129 AD*
86-248 AD
783-1015 AD *
Melina 5 17 1-5 6607 ECP 325-537 AD Troncoso et al. 2016
Casa Don Mario 2 4 2-2 775 ECP No Dates
Rocas de Francisca 1 4 4-4 7715 ECP 999-1145 AD Troncoso et al. 2016
Pintada de Quiles 5 30 1-13 16270 ECP 1035+-1163 AD
896-1038 AD
Talhuenal de Quiles 7 28 1-7 27075 ECP 994-1149 AD Troncoso et al. 2016
Don Wilson 5 17 1-10 6943.5 ECP No Dates
Agua Estancada 2 25 2-23 11890 Late Archaic — ECP  No Dates
Alarido 1 3 3-3 1045 Late Archaic — ECP  No Dates
Maitencillo-1 5 11 1-6 8395 ECP No Dates
Maitencillo-7 5 21 1-9 5160 ECP No Dates
El Tranque 3 6 1-3 275 No Dates
Angostura-1 1 3 3-3 160 No Dates
Cutana-1 6 13 1-7 11030 ECP No Dates
Porvenir de Quiles 2 4 2-2 2985 ECP No Dates

(Continued)
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Table 1. Continued.

Depressions in each rock

Percuted
Volume (cc.)

Minimum /
Maximum

Total
Depressions (N)

Bedrock
Mortars (N)

Absolute Dates Reference

Chronology

Site

Area N/S

Troncoso et al. 2016

1025-1150 AD

No Dates
No Dates
No Dates

ECP
ECP
ECP

53580

1-23
1-5
2-5

59

Rocas de Quiles

Las Tunas-1

540
4630

Las Tunas-3
El Ruco

7235

1-5

16
811

240419

217

TOTAL

LATIN AMERICAN ANTIQUITY

*Data obtained from excavation units not close to any bedrock mortar.
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The absolute dates obtained were calibrated using
the Oxcal 4.2 program (Bronk Ramsey 2009) and
the ShCal3 curve, considering a 95.4% confidence
level (2 3; Hogg et al. 2013). All the data obtained
were integrated at site and regional scale to inform
the discussion of our research problem.

Results

Before we present our results, we must stress that
the study sample shows that the Valle El Encanto
(VEE) site is a particular record that stands apart
from regional trends. Not only does the site have
a large number of bedrock mortars, but it is also a
rich repository of rock art—paintings and
carvings—associated with hunter-gatherers and
farming communities of the late Holocene, and
it presents an important stratigraphic occupation
by hunter-gatherer groups. Based on the high
intensity of the manufacture of bedrock mortars
and rock paintings, and the exceptional nature
of the motifs of the paintings, we have come to
understand this as an aggregation site (Troncoso
et al. 2017). For this reason, the results will be
assessed both including and excluding this site
in the analysis, for greater clarity and explanatory
value.

Shape Variations

The most recurrent shape of depressions in the
region is cupuliform (81%), followed by ellips-
oid (13%), and rectangular and mixed (3%;
Figure 3). No particular intrasite distribution is
observed of the two less-frequent types of mortar,
which coexist with cupuliform examples.

As Table 1 shows, the number of bedrock
mortars varies between 1 and 101 blocks per
site (mean = 6.9 blocks). Nevertheless, the great
majority of sites (93.75%) had fewer than 10
blocks, most frequently between 1 and 5. As men-
tioned above, VEE is an exceptional site, with
five times as many blocks as the site with the
next largest number (Table 1). If we eliminate
this site from the calculation, we see that the
mean falls to 3.8 bedrock supports per site.

The number of depressions can be assessed
two ways, by the number per rock, and by the
number per site. The maximum number per
rock (Figure 4) tends not to exceed 10 in 95%
of cases, and is generally between 1 and 5
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Figure 2. Types of mortars: a) cupuliform, b) ellipsoid, ¢) rectangular, and d) mixed (Illustrations by Mariela Pino).

(Color online)

(83.56%). Again, the exception is VEE, which
has rocks with up to 45 mortars, followed by
Rocas de Quiles and Agua Estancada, both
with a maximum of 23 depressions per rock. In
general terms, no direct relation was observed
between the size of the rock, its usable surface
and the number of depressions. Thus, the number
of depressions in a support is not dictated by rock
size but is instead related to a cultural choice
associated with the dynamics of the practices
established at the site (Pino 2014; Troncoso
et al. 2017).

If, on the other hand, we consider the number
of depressions per site, again excluding VEE,
which contains 423 mortars, we see that more
than half the sites (54%) contain no more than
10 mortars (Figure 5). Those with the most

depressions are Rocas de Quiles (n=59),
Tamaya-1 (n=41), Agua Estancada (n=25)
and Maitencillo-7 (n=21; Table 1).

If we compare the north and south banks of
the Limari River, we see that both contexts and
bedrock mortars are more frequent on the south
side (Table 2), resulting logically in a larger
number of mortars, even excluding VEE. The
number of depressions per rock north of the
river varies from 1 to 10, whereas south of the
river, it varies much more widely, from 1 to 23.
If we look at the number of depressions per site
(again excluding VEE), we find that sites to the
south present more and a greater variability in
shapes (Table 1).

In typological terms, only cupuliform mortars
are recorded in the north of the river, while to the
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mcup mellip mrect ®mixed

Figure 3. Regional distribution of the types of mortars. (Color online)

south, the whole range of types can be found, of depressions in a single rock (Pino 2014; Tron-
showing juxtapositions of different types of mor-  coso et al. 2017).

tars. This greater complexity is reflected in the In most of the rocks with only one depression,
presence of different types of depressions in the the mortar is placed on one side, as if to allow the
same rock, and in the existence of ordered groups incorporation of another person onto the block.

200
180
160
140
120

100

N° of bedrock mortars

40

20

1to5 6to 10 11to15 16to20 21to25 26to30 31to35 36to40 41tods

N° of depressions per bedrock mortar

Figure 4. Regional distribution of the number of mortars per bedrock support. (Color online)
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S,

N° of mortars per site

Figure 5. Regional distribution of mortars per site. (Color online)

The same is apparent in the ordering and execu-
tion of depressions around the edges of the rock,
with greater wear on the sides closest to the
edges. This characteristic suggests postures for
the participating subjects, which would facilitate
the incorporation of others into grinding activ-
ities at the same block for collective activity
(sensu Pastor 2015).

Turning to the volume of ground-out rock,
ellipsoid mortars present the highest volume, fol-
lowed by the rectangular, cupuliform, and mixed
types, in that order of representation. The deepest
cupuliform mortars are found at Pintadas de
Quiles (support 1, mortar 5: 17.3 cm — 850 cc)
and Talhuenal de Quiles (support 3, mortar 6:
18 cm — 1330 cc); the largest ellipsoid depres-
sions are at Talhuenal de Quiles (support 6, mor-
tar 3: 16cm — 4460 cc); and the largest
rectangular mortars at Rocas de Quiles (support
1, mortar 19: 8.7 cm depth — 2380 cc).

VEE also breaks all the regional trends for
total volume of depressions per site (Pino
2014; Troncoso et al. 2017). With only 6% of
the depressions measured, the total had already
reached 34,170 cc; if we project the total to

100% of the site, this would give 495,217 cc,
more than twice the combined total of all the
other sites in the region (Table 1). If VEE is
excluded, we find that 80.64% of the sites present
a total mortar volume of less than 10,000 cc, and
the site with the highest investment of effort
was Rocas de Quiles (53,580 cc), followed by
Talhuenal de Quiles (27,075 cc) and Pintadas
de Quiles (16,270 cc), all located to the south of
the Limarf River, and with greater complexity of
typology, as noted above (Figure 6).

Stratigraphic Contexts and Spatial Relations

As we have said, all the sites with bedrock mor-
tars are located in the lower part of the Limar{
basin, never more than 47 km from the coast,
and with different patterns of aggregation (Figure 1).
Spatially, the bedrock mortars are not found in
isolation but are associated with residential
sites with abundant surface cultural material.
Stratigraphic excavations provide evidence of
contexts interpretable as residential camps of
hunter-gatherer groups (Troncoso et al. 2016,
2017). They are all associated with secondary
water courses such as ravines and streams.
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Table 2. Trend Comparison of Bedrock Mortars from the Northern and Southern Sectors of the Limari Basin.

N Mixed

NCup NEllip N Rect

Percuted Volume

N of Depressions

N of Bedrock Mortars

N of Sites

Area

Excluding VEE Including VEE ~ Excluding VEE  Including VEE*

Including VEE

Excluding VEE

95
553

20102

224275

20102
190105

95
716

95
293

42
175

10 42
21

North
South

22

24

111

74

Valle El Encanto; * includes only 6% of the bedrock mortars at the site.

VEE =

LATIN AMERICAN ANTIQUITY
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Finally, bedrock mortars tend not to be found
scattered around the sites, but form intervisible
groupings (Pino 2014; Troncoso at al. 2017).

The excavations carried out at 11 sites showed
that bedrock mortars are associated with residen-
tial camps of both the Late Archaic and the ECP.
In particular, the dates of the contexts obtained in
the immediate vicinity of the bedrock mortars
show a clear trend towards greater use of these
spaces during the ECP; sites associated with
the Archaic are scarce (Table 1). At the same
time, the sites with a greater variety of shapes
coincide with later dates within the ECP, and
also present a larger knapped volume (excluding
VEE) and deeper depressions (e.g., Rocas de
Quiles, Talhuenal de Quiles, Pintada de Quiles).
The deposits with earlier dates and/or contexts
generally present mortars of the cupuliform
type, fewer depressions per support, and a
lower mortar volume per site (Table 1).

Plant Microfossil Analysis

Evidence of microfossils was found in 83% (n =
81) of the depressions (Table 3, Figure 7). Phyto-
liths (n = 808) were the most abundant microfos-
sils. The next most frequent were calciphytoliths
(n=260), followed by starch grains (n=97),
plant tissue (n=73), pollen (n=49), diatoms
(n=54) and microcarbons (n = 8; Table 3).

As Table 3 shows, we identified the pres-
ence of various wild and domesticated plants
(Figure 7). Among wild plants, there is a remark-
able recurrence of Prosopis sp. and cf. Prosopis
sp. starch grains (algarrobo; Giovannetti et al.
2008) in five sites (Maitencillo-7, VEE, Pintados
de Quiles, Talhuenal de Quiles, and Roca de
Quiles), which were also found in residues adher-
ing to a polished stone from the Tamaya-1 site. A
globular echinate morphotype, found in leaves of
the Chilean palm (Jubaea chilensis; Patterer 2014),
was identified at two sites (VEE and Don Wilson);
phytoliths from Cyperaceae were also found at
two sites (Don Wilson and Cutana). Isolated
microfossils of Amaranthaceae-Chenopodiaceae
and Tropeolaceae (VEE), Festucoideae (Rocas de
Quiles), and a starch grain from an undetermined
tuber (Talhuenal de Quiles) were also found.

Among the wild plants, we recognized a fiber
structure with starch grains of cf. Anadenanthera
colubrina (cebil; Korstanje and Babot 2007) in
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Range of knapped volume per site (cc.)

Figure 6. Range of knapped volume of depressions by site on a regional scale. (Colour online)

VEE; we also recorded a subspherical phytolith
with central depression described for the same
plant (Korstanje and Babot 2007) on a grinding
stone recovered close to the same bedrock mor-
tar. The suggested identification of these micro-
fossils as cf. Anadenanthera colubrina 1is
supported by multiple analyses of microfossils
(Coil et al. 2003), their similarity to the two mor-
photypes described for the species (Korstanje
and Babot 2007), and the fact that they were
found in a single limited area of the site.
Among domesticated plants, remains of Zea
mays were found at three sites (VEE, Pintadas
de Quiles, and Rocas de Quiles). A silicophyto-
lith of Cucurbitaceae and another from a trich-
ome cf. Phaseolus sp. were found in VEE.

All the taxa identified are plants of economic
value. The majority were used as food (maize,
algarrobo, bean, Amaranthaceae, tuber, Cucur-
bitaceae) from which by-products such as flour
and fermented or unfermented beverages can
be obtained (Pardo and Pizarro 2013). Others
provide fibers that could be used as raw material
(Chilean palm leaves, Festuca, and Cyperaceae;
Pardo and Pizarro 2013).

The finding of microfossils of Anadenanthera
colubrina (cebil) in a mortar depression and on a
grinding stone at VEE is of particular note,
because this species is not indigenous to the
region and is traditionally associated with ritual

practices, because of its hallucinogenic proper-
ties (Torres and Repke 2012). Considering that
VEE has been defined as a large aggregation
site associated with rock art and bed rocks, the
psychoactive plant could have played a part in
the intense social dynamics that took place
there (Troncoso et al. 2017).

Although the set of taxonomically identified
microfossils was small, it is significant that
63% of all the microremains recovered presented
marks that could be related to plant processing
and/or damage caused by weathering due to
exposure; the mortars are exposed and not buried
(Figure 8; Babot 2007b; Haslam 2004). This fact,
in conjunction with the recovery of residues from
active pieces associated with grinding, allow us
to maintain that these plants were processed in
these bedrock mortars.

Discussion

The manufacture and use of bedrock mortars was a
recurrent practice by hunter-gatherer communities
of the late Holocene in the Limari River basin.
Regional trends can be identified, and also some
changes that occurred over time, which can be eval-
uated to assess the importance of grinding and the
use of plant resources among these populations.
Although this evidence indicates that bedrock
mortars were a recurrent, intense, and uniform



Table 3. Absolute Frequency of Types of Microfossils Recovered from Mortar Depressions, Specifying Taxonomic Affinity.

Taxonomic affinity

Type of
Site Rock n° Depression n°  depression/depth Damage Starch grain Phytolith Reference
Maitencillo-7 5 1 Cup/3.5 cm cf. Prosopis chilensis Giovannetti et al. 2008
Tamaya-1 polished - - cf. Prosopis sp. Giovannetti et al. 2008
stone
Valle El Encanto 18 5 Cup/14 cm Prosopis sp. Cucurbitaceae Giovannetti et al. 2008; Korstanje and
Babot 2007
25 4 Ellip/2 cm cf. Anadenanthera Korstanje and Babot 2007
colubrina
25 3 Cup/13 cm cf. Zea mays Pagan-Jiménez 2015
43 22 Quad/7 cm Cucurbitaceae Korstanje and Babot 2007
50 2 Cup/6 cm Jubaea chilensis Patterer 2014
53 2 Elip/8 cm cf. Phaseolus sp., Babot et al. 2007; Carrasco et al. 2017
Chenopodiaceae-Amaranthaceae
87 (TN) 4 Cup/13 cm cf. Prosopis sp. Giovannetti et al. 2008
91 1 Elip/1.5 cm Tropeolaceae Korstanje and Babot 2007
Grinding — - Anadenanthera colubrina-peregrina Korstanje and Babot 2007
mano la
Don Wilson 1 9 Cup/10 cm Cyperaceae
5 1 Ellip/5 cm Jubaea chilensis Patterer 2014
Pintada de 2 1 Cup/11 cm Prosopis sp. Giovannetti et al. 2008
Quiles
3 10 Mix/< 1 cm Zea mays Pagan-Jiménez 2015
4 1 Cup/2 cm Prosopis sp. Giovannetti et al. 2008
Talhuenal de 1 2 Ellip/8.5 cm Prosopis sp. Giovannetti et al. 2008
Quiles
2 1 Cup/11 cm Undetermined tuber
Rocas de Quiles 2 3 Cup/15 cm cf. Prosopis sp. Giovannetti et al. 2008
2 4 Cup/14.5 cm Zea mays, Amaranthaceae Zea mays Carrasco et al. 2017; Korstanje and Babot
2007; Pagan-Jiménez 2015
3 5 Ellip/9 cm Festucoide
Cutana 3 1 Cup/13.2 cm Cyperaceae
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Figure 7. Microfossils recovered from bedrock mortars: a—b) Amaranthaceae-Chenopodiaceae starch aggregates; c—d)
Prosopis sp. starch grain; e—f) Jubaea chilensis or Chilean palm globular echinate phytolith; g-h) Zea mays starch grain;
i) Zea mays wavy-top phytolith; j) Cyperaceae phytolith, k) globular phytolith; 1) unidentified tuber starch grain; m)
Anadenanthera colubrina pack of starch grains. Scale 20 pum. (Color online)

phenomenon, they were restricted exclusively to
the coast and coastal valleys. The bedrock mor-
tars distributed in the lower Limari River basin
present little variation in type and number. The
best example of this homogeneity is the high
recurrence of cupuliform mortars as compared
to other shapes. The overrepresentation of this
type and the scarce presence of superimpositions
do not necessarily reflect a “typological evolu-
tion” in the depressions, and this is supported
by the fact that the few superimpositions found
are of cupuliform mortars on ellipsoid types.

The spatial restriction of bedrock mortars to
the lower course of the Limari, from the Late
Archaic at least, is the result of different historical
dynamics between the upper and lower course of
the basin. This difference is also supported by
differentiated rock art of the hunter-gatherer
groups, and the presence of large cemeteries on
the coast and their absence from the interior
(Troncoso et al. 2016).

Within the recognized general homogeneity,
there are two variations that we consider signifi-
cant. First is the exceptional nature of the VEE
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Figure 8. Damaged microfossils. a) gelatinized starch grain; b-d) damaged starch grain with dark central area on
the extinction cross; e) damaged starch grain of Prosopis sp. with dark central area on the extinction cross; f)
birefringence damage; g) fractured starch grain; h) fractured long cell phytolith; i—j) plant tissue exposed to heat

and fire. (Color online)

site, where the evidence suggests an intensity of
social practices that has not been recognized in
any other space in the region and leads us to
understand it as a social aggregation site for the
hunter-gatherer communities (Troncoso et al.
2017). Second is the difference between the
north and south banks of the basin in the inten-
sity and diversity of bedrock mortar manufactur-
ing practices. These variations appear to be
related to the dynamics and intensity of the occu-
pation of the two spaces. The northern zone has
more topographic relief, while the southern zone
is flatter and more suitable for residential camps
typical of the settlement patterns of hunter-
gatherers during the late Holocene.

The combination of the spatial associations of
the mortars and the absolute dates obtained in
adjacent excavations suggest that they were not
restricted to a specific historical-cultural moment
but were manufactured by hunter-gatherer popu-
lations of the Late Archaic and the ECP (Schiap-
pacasse and Niemeyer 1965-1966). This is not
surprising, because other lines of evidence have
shown that there is a series of continuities linking
the two periods (Troncoso et al. 2016). If we
consider the dates of the contexts immediately
surrounding the bedrock mortars, we find a dis-
tribution from 1608—1432 BC to AD 999-1145
(Table 1). This range goes further back, to

2127-1892 BC, if we use the earliest dates
obtained from any of these sites but from an
excavation that was not close to any bedrock
mortars. The homogeneity referred to above
therefore indicates that during a period of at
least 2,500 years when bedrock mortars were
being manufactured, we cannot discern with
any certainty an evolution in the shape of the
depressions; it is highly probable that cupuli-
form mortars were being made over the whole
of this period.

Nevertheless, we think it is of greater interest to
discuss whether or not any variation can be
observed in grinding practices over these 2,500
years, and if so, how they related to social pro-
cesses. The evidence, taken together, leads us to
suggest that variation over time can be detected,
associated with an increase in the intensity of
grinding practices in the region.

Considering the absolute dates, we observe
that they tend to be concentrated in the ECP
rather than the Late Archaic. If we exclude
VEE, the sites presenting the largest number of
supports and depressions, the greatest typological
diversity and the deepest mortars are usually dated
to the ECP, generally towards the end of the
period (especially those presenting ellipsoid
and/or rectangular examples). In contrast, the
sites with smaller numbers of supports and
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depressions, presenting only the cupuliform type
and with smaller total mortar volumes, would be
associated with the Late Archaic. The same pat-
tern is repeated at the coastal sites studied by
Schiappacasse and Niemeyer (1964, 1965—
1966), with small numbers of support rocks and
depressions in Guanaqueros, El Pimiento, and
Punta Teatinos, all Late Archaic sites.

This pattern indicates that the practice of
grinding in bedrock mortars started at the begin-
ning of the Late Archaic and increased during the
ECP, to reach a peak at the end of the period. We
think that this increase in grinding practices
occurred on two distinct but complementary
levels. First, an increase in the practice would
explain the increasing total volume of bedrock
mortars; these may have been used to grind var-
ied materials because many of the mortars with
larger volumes are ellipsoid in shape. Second,
grinding practices can be seen as collective activ-
ities, because increasing the number of mortars
per rock allowed more people to be involved in
the same task together. This indicates that not
only did grinding practices intensify, but that
their materiality served to promote a greater inter-
action of subjects around the rock when engaged
in grinding plant resources, converting it into a
space for interaction and active participation in
the formation of subjects and communities
(sensu Pastor 2015).

‘We would like to draw attention to some chrono-
logical aspects of our findings. First, although it is
not impossible that a single depression may have
been reused over a period of many years (with
alternating stages of use/disuse), the evidence
does not support such a pattern: that maximum
depths do not exceed a specific value (17 cm),
and that diameters of the mouths present no
major variations or irregularities suggests rather
that when reuse occurred, it was through the
manufacture of new depressions in the same sup-
port and/or other supports that were also used for
grinding purposes. Second, although it cannot be
determined whether all the depressions in a single
rock were manufactured at the same moment or
not, this is unlikely to have been the case, and
each support probably results from the accumula-
tion of multiple practices over time. This accumu-
lation, which allows more people to work at the
same rock (and without superimposing one
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mortar on another), together with the increase in
the volumes of the mortars and sites containing
bedrock mortars at the end of the ECP, reflects
the centrality of this practice and its function as
a space for the constitution of social relations
between groups. Likewise, the exceptional nature
of the contexts at VEE reaffirms the significance
of grinding plant resources in the construction of
social relations in these communities. Finally,
because we were only able to establish a taxo-
nomic affinity for 24 morphotypes of micro-
fossils, we cannot discuss whether or not the
morphological changes described in the depres-
sions can be attributed to the processing of differ-
ent plant resources.

This process of increasing centrality and inten-
sity of grinding activity appears to be consistent
with the dynamics of other social practices in
the region. The study of settlement patterns and
lithic technologies (Troncoso et al. 2016) suggests
a reduction in mobility from the Late Archaic to
the ECP; however, occupation of the coastal
region diminished notably during the ECP com-
pared to previous periods (Ampuero 2010; Nie-
meyer et al. 1989). At the same time, the
archaeological contexts of the ECP show a
marked absence of zooarchaeological remains
in both this and neighboring regions, indicating
areduction in hunting and exploitation of terres-
trial mammals, as suggested by isotopic studies
that show low intake of animal protein (Gémez
and Pacheco 2016; Lopez et al. 2015; Troncoso
et al. 2016). In neighboring areas, this process is
associated with a demographic decrease due to
overexploitation of ungulates in earlier times
prior to the appearance of pottery (Neme et al.
2012). We believe that all this evidence points
to a specific process, namely the increased cen-
trality of plant grinding in the ECP as opposed
to other practices such as camelid hunting.
This would be associated with greater use of
interior spaces away from the coastline and an
increasingly less-mobile settlement dynamic
using smaller streams, which offered a rich
sclerophyllous plant community. Today this
type of plant association is defined by high
diversity and is represented by varied life
forms such as high sclerophyte shrubs, spiny
xerophilous shrubs, succulents, and sclerophyl-
lous and laurifolious trees (Gajardo 1993).
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Collective grinding practices would promote
and intensify social relations between the various
subjects making up the mobile group, thanks to
the distribution of the bedrock mortars in the
site (intervisibility) and the spatial layout of the
depressions on the rocks (communal work).
The centrality of this practice, finally, would
mean that the space would experience increasing
intervention in the form of bedrock mortars, cre-
ating a landscape marked by the practice of
grinding, which in turn structured the social rela-
tions and practices of community members.

For several decades, maize has been proposed
as the most important plant resource ground in
these ECP contexts. Although there was little
evidence, restricted to just a few examples at
the San Pedro Viejo de Pichasca site (Ampuero
and Rivera 1971b), this hypothesis was based
on an evolutionary vision that associated the
appearance of pottery with sedentism and agri-
culture (Ampuero and Hidalgo 1975; Niemeyer
et al. 1989). This concept has been reassessed
in recent years (Méndez et al. 2009; Troncoso
et al. 2016). Our data show that maize microfos-
sils are scarce in these contexts and associated
principally with sites dated to around AD 1000,
with the exception of VEE. The presence of
algarrobo, in contrast, is notable. Although dis-
cussion in many studies of this region and neigh-
boring territories has stressed the importance of
maize, the fact remains that cases such as this
oblige us to reassess the role of algarrobo in the
diet and the economy of hunter-gatherer groups
of the late Holocene. The fruits and subproducts
of algarrobo contributed a large quantity of car-
bohydrates to the diet of the population (363
kcal, Prosopis flexuosa; Llanos et al. 2012), and
algarrobo trees would have been very frequent
in the landscape of the region (Camus 2004),
making it a readily available resource.

In this context, the evidence does not suggest
that the appearance of pottery triggered farming
and sedentarism. On the contrary, the incorpor-
ation of pottery would have been a technological
innovation occurring in the framework of a wider
process associated with increased importance of
plant resources for the economic and social life
of these communities, and a reorientation of
settlement patterns inland, away from coastal
spaces. Consistent with the above patterns, the
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greatest frequency and variety of forms of pottery
are observed in the final moments of the ECP,
when an increase in plant processing can be
observed (Troncoso et al. 2016). The incorpor-
ation of pottery offered new possibilities for stor-
ing, processing, and transporting these plant
resources, a concept which has not yet been
explored for this region.

Identification of other plants used in the area
such as Chilean palm, algarrobo, Tropeolaceae,
Festucoideae, and Cyperaceae, and their relative
frequency of occurrence, reflect the greater
importance of wild rather than domesticated
resources. Maize would have been complemen-
tary to the other plant resources collected from
the environment. This relative unimportance of
maize is consistent with the isotopic studies per-
formed in the region, which suggest that the
enrichment of diets with C4 belongs to the Dia-
guita contexts of the Late Intermediate Period,
which is when other evidence indicates the intro-
duction of a sedentary, agricultural way of life
(Alfonso et al. 2017; Troncoso et al. 2016). Iso-
tope studies in the neighboring Choapa valley
show a similar situation, in which individuals
associated with ECP contexts present little or
no C4 enrichment (Gémez and Pacheco 2016).
At the same time, we have obtained two direct
dates close to AD 1000 for maize recovered from
contexts with Molle pottery (Beta 450752: 670 +
30 "C yr BP, 1296-1396 cal AD; Beta 463226:
1070 30 "*C yr BP, 9091138 cal AD).

This accumulation of evidence enables us to
infer that bedrock mortars must have appeared
towards the beginning of the Late Archaic, reflect-
ing the implementation of a new materiality asso-
ciated with grinding and processing plants. Their
appearance is associated with the start of the
process in which spaces were demarcated, contem-
poraneous with the development of the first mani-
festations of rock art in the region (Troncoso et al.
2016). In fact, bedrock mortars seem to form part of
a package of new material elements that appear and
start to structure and promote new types of social
relations between subjects, and also a different
form of articulation with space, now defined by
the effective transformation of rock elements for
the demarcation of the landscape.

During the Late Archaic, however, there was a
strong tendency by these populations to exploit
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the coastal zone, and this—combined with the
low intensity of bedrock mortar manufacture—
suggests a secondary role for plant collection,
corroborated by the isotopic data (Alfonso et al.
2017). Towards AD 1, for reasons as yet unclear,
there seems to have been a reduction in the
exploitation of coastal resources and an increase
in plant collection, leading to reduced occupation
of the coastline and greater occupation of the
coastal valleys. This process intensified over
the next millennium, in parallel with reduced
mobility patterns and greater use of the inland
spaces of the lower Limari basin. This increased
centrality of plant resources complements the
greater importance of grinding practices and the
formation of social relations through more col-
lective activities. At the same time there was a
greater investment of practices and energy in
the manufacture of bedrock mortars, and pos-
sibly new forms of grinding were developed, as
suggested by the later dates attributed to ellipsoid
depressions. This activity would have reached its
maximum intensity around AD 1000, after the
constitution of a completely agricultural, seden-
tary way of life by the Diaguita communities.

This situation would imply that the period over
which activities switched from a maritime econ-
omy to one focused on exploitation of plant
resources would have been longer than proposed
by Schiappacasse and Niemeyer (1964, 1965—
1966), extending to almost 3,000 years. This pro-
cess involves three situations that should be
explored in greater depth. First is a historical
dynamic in which, after the adoption of pottery,
the communities increasingly exploited plant
resources in preference to hunting. Second is
late adoption of an agricultural way of life,
based on cultivation and consumption of maize,
which is clearly observed in the region after AD
1000. Finally, and notwithstanding the above, is
the presence of maize in hunter-gatherer contexts,
coexisting with exploitation of other predominant
plant species such as algarrobo.

Conclusions

Rosenberg and Nadel (2017) recognize that bed-
rock mortars were deeply connected with social
life, reflecting a plethora of human behaviors.
Burton and others (2017) stress the relation
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between this material record and the construction
of the landscape. Nevertheless, the fact remains
that work on bedrock mortars has focused mainly
on their productive aspects, although few studies
have sought to integrate bedrock mortars with the
social processes of the past (e.g., Babot 2006;
Giovannetti 2008, 2017; Pastor 2007, 2015).
This is largely because studies of bedrock mor-
tars have focused on discussion of one or two
aspects of their variation, without taking a multi-
scale regional view to understand the phenom-
enon. Limitations associated with dating and
chronological location of bedrock mortars are
another explanation for marginalization of the
record (Rosenberg and Nadel 2017).

Here, we have tried to integrate bedrock mortars
into the social and historical processes of late
Holocene hunter-gatherers in the SAN of Chile.
We have combined different lines of evidence
and levels of analysis in order to understand bed-
rock mortars as “entangled with embedded social
data” (Rosenberg and Nadel 2017). Our results
suggest a process of economic transformation
from communities with a coastal orientation to
the procurement of inland resources. This trans-
formation occurred over a broad time scale and
brought new forms of articulation between the
members of the mobile community and their
landscape. It is part of the process of transition
towards agriculture in the region, when plant
resources were acquiring greater importance
within the economic practices of these communi-
ties. The same situation occurred in other spaces
in the southern Andes (Babot 2006; Pastor 2007,
2015), suggesting that bedrock mortars played an
important role in these historical processes.

Nonetheless, the production and proliferation
of bedrock mortars also implied a transformation
in the ways social relations were articulated
between subjects, creating performative spaces
of interaction between members of a community,
based on grinding practices. The capacity of this
material record to generate social relations has
already been discussed by other authors (Giovan-
netti 2015; Pastor 2015). The immovable charac-
ter of the rocks implies bedrock mortars
conditioned the space where they are located, at
both intrasite (promoting a proxemic between
subjects) and regional levels, structuring the
practices of social subjects consistent with their
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historical processes (Pastor 2015; Troncoso et al.
2017). In line with the above, bedrock mortars
not only promoted a type of social relation
from collective plant grinding, but created,
through their spatial distribution, a particular his-
torical landscape marked by the relationship
between humans, plant resources, and grinding
practices (Burton et al. 2017).

Through this multiscale, multidimensional
focus, we have explored how the appearance
and intensification of bedrock mortars were asso-
ciated with the complex historical transformation
of the hunter-gatherers of the SAN of Chile. This
process was not only productive and economic,
but also involved changes in social relations and
the construction of the landscape, reflecting the
close interconnection of the production and use
of bedrock mortars with the historical processes
of prehispanic communities.
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