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14  Abstract

15  Lithic artifacts from late Pleistocene manufactured in silcrete are used to understand
16  Fishtail behaviors linked to mobility, land use and raw material acquisition during early
17  prehistory in Uruguay. The data analyzed here include three categories of silcrete
18  evidence: 1) a database of Fishtail points, 2) regional outcrops of these lithic resource, 3)
19  debitage and unifacial tools from campsites. We calculated the cumulative cost of
20  movement between campsites and the nearest lithic resources in space, located within the
21 silcrete area, the distances involved in such movements, and the possible connection
22 routes between campsites and silcrete resources. We analyzed the raw materials, density
23 and spatial distribution of Fishtail points, and generated a Predictive Model of Transit
24  Pathways. The results obtained indicate that silcretes were transported over long distances
25 in mobility networks by an extensive Paleoamerican social landscape from outcrops
26 located in the western and southwestern to campsites in northwestern Uruguay at
27  distances ranging between 179 and 482 km. This new data confirms long distance
28  displacements, the high social value, and the preference of this lithic resource for the
29  production of tool assemblages by the Fishtail peoples of Uruguay.

30

31 Keywords: Peopling of America, Fishtail points, Hunter-gatherers mobility, Long

32 distance lithic resource procurement, Silcrete, GIS

33

34 1. Introduction

35

36 Fishtail points are a classic artifact that indicate early occupations, have a wide

37  distribution that includes different regions of Central America (Bird and Cooke, 1978;
38 Lohse, 2021) and South America (Politis 1991; Flegenheimer et al. 2013). Their
39  distribution includes an important diversity of environments ranging from north to south
40 in the highlands of the Andes (Rademaker et al. 2014), northern, central and southern
41  Chile (Bird 1938; Nufiez et al. 1994; Loyola et al. 2018) through the low plains of
42 Uruguay and Pampa (Suarez 2015, Weitzel et al., 2018), Patagonia (Miotti and Terranova
43 2015) and Tierra del Fuego (Massone 2004, Martin et al. 2019). Its distribution also
44  includes the East-West axis, from the Pacific coast to the Atlantic coast, with a greater
45  presence of this point design in the Southern Cone of the continent (Suarez et al. 2023).

46 Research on hunter-gatherers of the late Pleistocene-early Holocene has been
47  steadily and continuously advancing knowledge on different aspects of mineral resource
48  provisioning in South America (Flegenheimer et al. 2003, 2015; Magnin 2012; Méndez
49 et al. 2018; Herrera et. al. 2019; Skarbun et al. 2021). The transport of rocks over long
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distances was recognized early among hunter-gatherers in Uruguay by a pioneer of
Uruguayan archaeology, J.H. Figueira (1892), 111 years later Flegenheimer et al. (2003)
recognized the transport of silcrete from Uruguay to Pampa Argentina.

The Fishtail people in Uruguay used silcrete (commonly known in Uruguay as
silicified limestone or carneolita Fig. 2B) to make part of their tool-kit (see Suarez 2011a,
Suarez 2015, Suarez 2019; Suarez et al. 2018, Suérez et al. 2023), and there is a marked
preference for this rock to make Fishtail points (Suarez 2000, 2011a, 2015; Nami 2007,
2017; Lopez Mazz 2017). Silcrete outcrops are concentrated in a wide area of western
and southwestern Uruguay (Fig. 1), in primary deposits of the Queguay, Mercedes, and
Asencio Formations (Bossi 1966; Preciozzi et al. 1985; Tofalo et al. 2001; Veroslavsky
and de Santa Ana 2009; Martinez et al. 2015). Primary silcrete outcrops are located in the
Queguay limestone area (Fig. 2A, video link), where potential sources of supply are easily
identifiable because they are located in specific places in the environment.

The choice to establish seasonal or campsites is closely related to the accessibility
to different resources, whether sources of raw materials, proximity to watercourses,
sources of food resources (animal - plant), and/or symbolic aspects, among others
(Binford 1980, 1990; Kelly 1983, 1988; Bamforth 1986; Andrefsky 1994; Amick 1996;
Erlandson 2001; Flegenheimer 2004; Bayon et al. 2006; Dillehay 2008; Miotti 2010;
Flegenheimer et al. 2013; Politis et al. 2004; Suérez 2011a, Suérez et al. 2018). The study
and identification of the raw materials present in the archaeological record, together with
research aimed at identifying the location of these resources, contributes to understanding
aspects related to group mobility by the early hunter-gatherers who produced Fishtail
points (Suérez and Pifieiro 2002; Flegenheimer et al. 2003; Miotti and Salemme 2004;
Suérez 2010, 2011b; Lopez Mazz 2017; Nami 2017; Hermo et al. 2022). In addition, the
study of lithic sources allows an approximation of understanding the past relationships
between humans and their social landscape.

This paper establishes potential access routes to the silcrete resource and evaluates
its transport to Fishtail campsites in the middle Uruguay River region. At the Pay Paso 1
and Tigre sites finished tools and debitage of silcrete have been recovered in stratigraphic
contexts dated between ~12,900-12,250 cal BP (Fig. 3 E-I). Additionally, in the middle
Uruguay River region (Los Pinos and Laguna de Canosa sites) there are also Fishtail
points of silcrete (Fig. 3 A, B, C). These localities indicate the transport of this resource
during the Fishtail times from the southwestern silcrete outcrops to the northwestern
campsites. To establish the access routes to the silcrete, we used Geographic Information
Systems (GIS) because they are a useful tool for spatial analysis at different scales
(Anderson and Gillam 2000; Anderson et al. 2010; Skarbun and Frank 2011; Magnin
2012; Figuerero Torres and Izeta 2013; Gianotti 2014, among others).
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@ Fishtail points in silcrete found on surface in the middle Uruguay River (see Fig. 3: A-B - C).

@ Debitage flakes recovered in the Fishtail component of the Tigre site dated at 12,831 - 12,243 cal BP (see Fig. 3: F-G-H - I).
@ Unifacial artifact found in component 1 of Pay Paso 1 site dated at 12,795 - 12,542 cal BP (see Fig. 3: E).

Fig. 1. Map showing distribution of main silcrete outcrops (triangles) in the western and
southwestern of Uruguay Queguay, Mercedes and Asencio Formations and Fishtail campsites of
Pay Paso 1 and Tigre (orange and blue dots) where artifacts and debitage in silcrete dated between
~12,900-12,250 cal BP have been recovered.
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Fig. 2. (A) View of the landscape of the Queguay Formation (limestones) in the western of
Uruguay. In white on the top of the hills silcrete outcrops SIL, p Basalt (Arapey Formation). (B)
Different variants of silcrete from Uruguay, note red, pink, gray colors and inclusions (black and
white dots) and translucent variant (bottom right).

2. Archaeological and Geological background

2.1. Fishtail occupations

Fishtail points in the southern cone mark one of the most successful early human
adaptations at the continental level for the period ~12,900-12,200 cal BP (Flegenheimer
et al. 2003; Politis et al. 2004; Hermo and Terranova 2012; Flegenheimer et al. 2013;
Miotti and Terranova 2015; Waters et al. 2015; Nami 2017; Suarez 2011a, 2018, 2019;
Suérez and Cardillo 2019; Prates et al. 2022; Hermo et al. 2022).
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In northwest Uruguay there are sites where Fishtail points and preforms in silcrete
have been recovered (Los Pinos, Laguna Canosa and Pay Paso sites) (Fig. 3 A, B, C, D),
and stratigraphic sites where debitage flakes and unifacial artifacts in silcrete have been
found in situ (Pay Paso 1 and Tigre sites) (Fig. 3 E and F-1). The Fishtail component of
the Tigre site has 9 radiocarbon ages (AMS) that allow us to chronologically place the
Fishtail occupations in the region between ~12,831 - 12,243 cal BP (Suarez 2019) (Table
1). At this site, a Fishtail point made of translucent quartz was recovered at the base of
stratigraphic unit 2 (SU2, Level 12) (Suarez et al. 2018, Suarez 2019). In association with
this find, bifaces, preforms, and debitage flakes were also identified, which allow
reconstruction of the different processes involved in the operational chain of the
manufacture of this type of point (Suarez 2019). Among the debitage, 15 silcrete flakes
were identified; their low representation (3%) and their spatial association indicate the
occurrence of tool rejuvenation events in the Fishtail level of Tigre site (Fig 3 F-1).

Fig. 3. Silcrete artifacts from Fishtail campsites of northwestern Uruguay (Uruguay river). (A)
Translucent variant of silcrete from Laguna Canosa site (see supplementary Fig. S5 for a photo
showing the translucence of this point). (B) Fluted Fishtail points recovered at the Laguna Canosa.
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(C) Fishtail fragment from Los Pinos site. (D) Fishtail preform with end thinning flake scare,
abrasion and nipple isolation for fluting on the base from Pay Paso 4. Detail of base preform with
nipple isolation (white dots indicate abrasion). (E) Reddish silcrete unifacial artifact recovered in
U2a of the Pay Paso 1 site dated at 12,795-12,542 cal BP (Fishtail component). (F— G — H and
). Examples of silcrete debitage flakes recovered in the Fishtail component of the Tigre site dated
at 12,831-12,243 cal BP.

On the other hand, at the Pay Paso 1 site, the Fishtail component is located within
stratigraphic unit 2a (SU2a), a 24 cm sediment layer composed of abundant
archaeological material and bone remains of current (Myocastor coypus, Rhea
Americana, Megaleporinus sp.) and Pleistocene fauna (Equus sp., Glyptodon sp.) (Suérez
and Rinderknech 2003, Suarez 2011a). The 12 radiocarbon ages obtained by the AMS
method place this occupation between 12,795 and 12,542 cal BP, a chronological range
similar to that obtained at the Tigre site (Table 1). At Pay Paso 1 silcrete is also
represented in a smaller number of debitage flakes (0.30%), and somewhat more
represented in the unifacial artifacts recovered (5.64%). A total of 5 flakes derived from
a small resharpening event and 7 silcrete formal artifacts, among which scrapers (n=1),
end-scrapers (n=3), and a blade with a retouched edge stand out, are evidence of the use
of this lithic resource at the Pay Paso 1 site. These data suggest the transport of unifacial
formal artifacts (Fig. 3 E) over long distances, because there are no silcrete outcrops
within a radius of hundreds of km at the Pay Paso 1 and Tigre sites.

The study area, located in the department of Paysandu, is important because it is
the northern limit of the silcrete outcrops of the Queguay Formation (Fig. 2A), and
therefore the closest to the sites of Tigre and Pay Paso 1 located in the middle Uruguay
River valley, where we have identified this raw material in early stratified archaeological
contexts dated during Fishtail times, ca. 12,900 - 12,250 years cal BP. Approximately 20
km north of the Queguay Chico river there are no outcrops of silcrete. Towards the south,
the secondary deposits of silcrete have the best quality, totally homogeneous, with
translucent variants (see supplementary material Fig. S5 and Fig. S6 for photos of this
rock type) without gaps, fissures or holes in the Soriano and Flores departments (Fig. 2
B).

Table 1. AMS radiocarbon dates from Fishtail components of the Pay Paso 1 and Tigre sites
(northwestern Uruguay).

Site Radiocarbon 20Calibrated Median Laboratory Stratigraphic
dating («C BP) age (cal BP) Probability Number Unit
Tigre 10.955 + 50 12.968 — 12.746 12.831 UCIAMS 125383 U2 (base)
Tigre 10.930 + 20 12.888 — 12.752 12.795 UCIAMS 125384 U2 (base)
Tigre 10.905 + 20 12.833-12.744 12.766 UCIAMS 125381 U2 (base)
Tigre 10.595 + 25 12.688 — 12.485 12.529 UCIAMS 125379 U2 (base)
Tigre 10.580 + 50 12.696 — 12.209 12.555 UCIAMS 125393 U2 (base)
Tigre 10.510 + 45 12.618 — 12.098 12.480 UCIAMS 145434 U2 (base)
Tigre 10.425 + 20 12.469 —12.092 12.283 UCIAMS 125380 U2 (base)

Tigre 10.410 £ 60 12.576 — 11.960 12.243 UCIAMS 145433 U2 (base)
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Pay Paso 1 10.930 + 20 12.888 — 12.752 12.795 UCIAMS 21631 U2a (base)

Pay Paso 1 10.910 + 30 12.888 —12.743 12.778 UCIAMS 27738 U2a (base)

Pay Paso 1 10.895 + 30 12.837 -12.740 12.766 UCIAMS 27744 U2a (base)

Pay Paso 1 10.880 + 25 12.827 -12.738 12.758 UCIAMS 27745 U2a (base)

Pay Paso 1 10.680 + 20 12.707 - 12.620 12.662 UCIAMS 21637 U2a (middle)
Pay Paso 1 10.630 + 25 12.692 - 12.496 12.630 UCIAMS 21636 U2a (middle)
Pay Paso 1 10.595 + 30 12.689 - 12.484 12534 UCIAMS 27746 U2a (middle)
Pay Paso 1 10.580 + 20 12.623 - 12.484 12.530 UCIAMS 21644 U2a (middle
Pay Paso 1 10.555+ 20 12.617 - 12.480 12.552 UCIAMS 21645 U2a (upper)
Pay Paso 1 10.540 + 35 12.621 -12.203 12.552 UCIAMS 27747 U2a (upper)
Pay Paso 1 10.520 + 20 12.609 - 12.335 12.560 UCIAMS 21643 U2a (upper)
Pay Paso 1 10.500 + 25 12.607 - 12.191 12.542 UCIAMS 27740 U2a (upper)

Calibration with Calib 8.20 SHCal20 *C, (two sigma rates). Hogg et al. (2020)
2.2. Geological context: Silcrete outcrops

Our research team has been making progress in the identification of silicified lithic
resources used by early hunter-gatherer groups, including silicified sandstone, agate,
jasper, and chalcedony, among others (Suarez 2010, 2011a, 2011b). Prospecting carried
out in the last 4 years has identified extensive silcrete outcrops within the area informally
known as Queguay limestones formation (Fig. 4 and Fig. 5).

The following is a synthesis of the geological context in which the silcrete outcrop.
The lithostratigraphic assignment of the Cretaceous-Paleogene limestones and silcretes
in Uruguay is a controversial issue. According to some authors, they belong to the
Mercedes Formation (Bossi et al. 1975) and others to the Queguay Formation (Goso 1965
in Bossi 1966, Goso Aguilar and Perea 2003), with outcrops mainly in the West littoral
basin (Goso 1999) and Santa Lucia basin (Veroslavsky et al. 1997). These units extend
discontinuously through south-central and western Uruguay, with the highest density of
outcrops and best exposures in the hills located in the proximities of the middle and lower
course of the Queguay River, and in the lower part of the Negro River, where it was
defined in the subsurface (Martinez and Veroslavsky 2004; Veroslavsky and de Santa
Ana 2009; Martinez et al. 2015).

The Queguay limestones were first defined by Lambert (1939, 1940). They were
later interpreted as rocks generated by energetic calcretization and silcretization
processes, mainly under warm and arid to semi-arid conditions (Veroslavsky et al. 1997;
Tdéfalo and Morrés 2009; Téfalo and Pazos 2010). Different thin sections of calcretes and
silcretes are presented in the supplementary material (Fig. S1).

Their age and origin has been a matter of debate throughout the last decades, due
to the different stratigraphic relationships and their fossiliferous content. Several authors
have proposed different names and lithostratigraphic assignments for these deposits, such
as the Queguay Formation assigned to the Lower Tertiary (Goso 1965; Bossi 1966; Goso
Aguilar and Perea 2003), the Algorta Member within the Asencio Formation assigned to
the Late Cretaceous (Preciozzi et al. 1985), its inclusion in the Mercedes Formation also
of the same age (Campanian - Maastrichtian) (Bossi et al. 1975, Preciozzi et al. 1985), as
well as the Queguay Chemostratigraphic Unit (Goso and Perea 2003).
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In more recent works, the lacustrine origin initially proposed by Lambert (1940)
was discarded and the limestones were interpreted as calcretes of pedogenic and
subterranean origin (Goso Aguilar and Perea 2003; Martinez and Veroslavsky 2004).
Indicating that the calcretization process would have occurred during the Paleocene and
the associated fossils (gastropods, insect nests, seeds and roots) are linked to that time
(Veroslavsky and Martinez, 1996; Veroslavsky et al., 1997; Goso Aguilar and Perea
2003; Veroslavsky and de Santa Ana 2009).

These processes involved silica dissolution and mobilization, carbonate-rich water
circulation, carbonate precipitation and silica reprecipitation (Martinez and Veroslavsky
2004). Petrographically, the siliceous and CaCOs-siliceous facies associated with the
"Calizas del Queguay" are characterized by the presence of cherts that present a tabular
stratification, although lentiform bodies are also observed. They vary in color, including
intense shades of red, black, white and whitish, attributable to the presence of various
impurities in their internal composition (Téfalo and Pazos 2010). Under the microscope,
quartz, well-crystallized microquartz and sometimes even mega quartz crystals are
identified in them, together with the subordinate presence of chalcedony and opal
(Flegenheimer et al. 2003; Veroslavsky and de Santa Ana 2009; Téfalo and Pazos 2010;
Loponte et al. 2011).

At regional level, different correlations have been proposed for this geological
record with equivalent units in Argentina, such as the Puerto Yerud Formation (Téfalo
1986; Tofalo and Pazos 2002) and the Arroyo Castillo Formation (Garrasino 1989). No
outcrops of this type of silicified rock have been reported in southern Brazil.

o 7',1.?"'" ':f > 2 £ = <3 = E
Fig. 4. Example of extensive vertical outcrop of several meters of red silcrete identified in the
Queguay Formation (Department of Paysandu, western of Uruguay). General view and detail
showing the red high silicification of the silcrete.

In recent years, Argentine colleagues have petrographically characterized these
type of rocks found in the neighboring country, both on surface and in excavations, and
have compared them with rocks from Uruguay, in order to establish their provenance.
These studies have shown that both the rocks found on the right bank of the lower
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Uruguay River in Argentine territory (EI Palmar National Park), as well as those found
in pampas (Meseta EI Fresco); Cerro el Sombrero - Cima, at macro and microscopic level
present similar petrographic characteristics with those from Uruguay (Flegenheimer et al.
2003; Loponte et al. 2011).

3. Material and methods

The data analyzed here include three categories of evidence: 1) a database of Fishtail
points manufactured in silcrete, 2) regional silcrete lithic resources base and 3) debitage
and unifacial tools on silcrete from early campsites.

Considering that the sample is relatively large and includes several variables
capable of being subjected to different analyses, it was decided to use GIS as a
methodological tool for analysis. The volume of data implied analyzing different spatial
scales, ranging from a regional scale for the analyses applied to the Fishtail point sample,
to a local scale for the spatial analyses used to propose hypothetical transit
routes/corridors to access the lithic resources (silcrete) from the campsites in the
northwestern (Pay Paso 1, Tigre and Laguna Canosa / Los Pinos).

The sample of Fishtail points used as a database includes a total of 97 points,
belonging to various archaeological collections (public and private), from 4 different
geographic regions (supplementary Table S1). This sample was entered into the QGIS
software including data concerning the place, area, or site of discovery. Those specimens
for which such data is not available will not be taken into account at the time of spatial
analysis, because of this, the sample was reduced from 97 to 79 points, but will be
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considered all the sample for the purpose of noting other specific qualities, as well as the
type of raw materials used in their manufacture.

To determine the density of Fishtail points in Uruguay, heat maps were used due
to the unequal distribution of datasets in space (Bonnier et al., 2019; Wheatley and
Gillings, 2002). We used the heat map plug-in of QGIS, a raster analysis tool which
employs the Kernel Density Estimation algorithm to calculate the density of a layer of
input locations. For this, it calculated the density of each of the points present in a given
area and within a previously established radius where each point is assigned an influence
value for itself and for its close neighbors located in the rest of the layer; this radius is
known as Kernel Bandwidth, and determines the search zone for the heat map (Conolly
and Lake 2006, Baxter et. al 1997). Due to the fact that the working sample covers the
whole country, it was decided to establish a radius of 20 km? to calculate the density of
Fishtail points, to obtain a broad and representative view of the spatial distribution of
these points in the research area.

For the calculation of distance and time costs, as well as predictive models of
transit routes, we used ArcMap software, specifically its Spatial Analyst Tools functions.
We followed the proposals of Tobler (1993); Wheatley and Gillings (2002); Conolly and
Lake (2006), Fabrega Alvarez and Parcero Oubifia (2007); Magnin (2012) and Gianotti
(2014), adapted to our study area.

To carry out these spatial analyses, base maps were downloaded and created. The
Digital Terrain Model (DTM) of Uruguay provided by Renare (Direccion General de
Recursos Naturales Renovables, Ministerio de Ganaderia, Agricultura y Pesca), with a
resolution of 30 x 30 meters, was used. From the DTM, a terrain slope map was generated
and used as a friction surface in the calculations of movement cost and optimal transit
routes between campsites and raw material outcrops. Regarding hydrological mapping,
unfortunately there are no SHP (shape) files that simulate the composition of the
Uruguayan water system during Fishtail times. And although there are works about the
position of the oceanic coastline and the estuary of the La Plata River (Inda et al. 2011,
Beovide et al. 2017), there is no further information regarding the interior of the territory,
so we used current hydrological data.

The accumulated cost or cost distance was calculated taking into account the
friction surface of the terrain, this calculation indicates the amount of effort required to
move from a point of origin and the distance that must be traveled. However, it is
important to note that it is not the straight-line distance between two points (Euclidean
distance). In this calculation, the friction surface previously created, such as the map of
slopes or terrain inclinations classified in degrees, was used as a movement variable. This
IS because terrain heterogeneity influences the cost associated with displacement (Bell
and Lock, 2000; Wheatley and Gillings, 2002; Conolly and Lake, 2006; Magnin, 2012).
This allowed us to estimate the difficulty of travel between campsites and raw material
outcrops. The result of this analysis is a radial map showing, through a gradation of colors,
the amount of effort required to move over a surface. In order to have a more precise idea
of the distances involved in the journey, the resulting data were expressed in kilometers.
Subsequently, the lithic resource location layer (outcrops) in vector format was
superimposed on this map. This allowed us to estimate the cumulative cost of movement
in kilometers between outcrops and campsites.

To determine the times required to cover these distances, we chose to apply
Tobler's (1993) trekking or hiking function. This is an exponential function that calculates
the estimated time to traverse a given landscape and is based on the idea that the difficulty
of a hiking route is influenced by multiple topographic factors, such as slope, roughness
of the terrain and altitude. This function adjusts the walking speed according to the degree
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of slope to be traversed, proposing a base speed of 6 km/h in downhill terrain. In this
work it was applied as used by other authors ( Fabrega Alvarez and Parcero Oubifia, 2007,
Magnin 2012; Gianotti 2014).

Finally, to generate predictive model of transit pathways between campsites and
raw material outcrops, cost back link and cost path calculations were used in ArcMap
software. First, the calculation known as cost back link or least cost link was performed.
This calculation generated a map showing the type of movement required to move
between a cell and its neighboring cell. The value of each cell crossed varies and depends
on the slopes of the terrain as mentioned above, and the direction of travel (Conolly and
Lake, 2006; Magnin, 2012). The next step was to apply the calculation called cost path.
Unlike the previous maps, in this case we start from the place marked as the destination,
since we seek to calculate the route with the lowest cost to return to the site that was
established as the origin from the beginning (Conolly and Lake, 2006; Giannoti, 2014).
After entering the destination point, the previously generated cumulative movement cost
distance map and the cost back link map were entered. These calculations allowed us to
determine the least cost route from a destination point to the origin site. With this
information, we generated a network of roads or transit routes that connect the campsites
to the silcrete outcrops.

4. Results
4.1. Raw materials used in the manufacture of Fishtail points

The Fishtail point sample includes 97 pieces that were manufactured using 10
different lithic resources (Table 2). Silcrete was the most used raw material for Fishtail
knappers to make their points (53.7%); more than half of the sample of Fishtail points
from Uruguay were made from this raw material. Chert is the second raw material with
10.3% of the sample, followed by Jasper with 9.3%. Other resources such as opal and
quartzite (7.2% respectively), quartz (5.2%), silicified sandstone (4.2%) and others three
rocks with (1% each one) which together make up the remaining 46.3% of the sample
(Table 2). This distribution allows us to observe the important social value of silcrete for
Fishtail knappers.

4.2. Density and spatial distribution

The sample of Fishtail points includes a total of 79 pieces from various basins of
Uruguay. These type of points have a high representation, with findings reported in
practically all of the country. The sample analyzed in this study includes 4 geographic
regions (Fig. 6 and supplementary Table S1). The reduction from 97 to 76 points in the
total number of samples is due, as mentioned above, to the lack of data on the location or
area of discovery for some of the pieces analyzed.

Table 2. Raw materials used to manufacture Fishtail points in Uruguay.

Raw material N Percentage
Silcrete 52 53.7 %
Chert 10 10.3 %
Jasper 9 9.3%
Quartzite 7 7.2%
Opal 7 72%
Quartz 5 52%



Silicified sandstone 4 4.1%
Rhyolite 1 1%
Agate 1 1%
Chalcedony 1 1%
Total 97 100 %
360
361 Regarding the distribution by region of discovery, it is observed that the Rio

362  Negro basin has the highest values, with 36 Fishtail points (46%). It is followed by the
363 Rio de la Plata basin with 18 (23%) and Atlantic coast/Merin Lagoon basins with 13
364  (16%) pieces. Finally, the middle Uruguay River has a lower representation, with a total
365  of 12 points (15%) (Table 3). These new data confirm previous statements (Suérez and
366  LOpez 2003).

Fishtail Points
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369  Fig. 6. Spatial distribution and Kernel density estimation (KDE) of Fishtail points in Uruguay
370
371  Table 3. Frequency of Fishtail points by Region.

372
Region N Percentage
Negro River Basin 36 46 %
Rio de la Plata Basin 18 23 %
Atlantic coast and Merin Lagoon Basin 13 16 %
Middle Uruguay River Basin 12 15%
Total 79 100 %

373
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The heat map generated from the location of the pieces shows several
accumulations of values or "hot zones", which are divided into four ranges of values (Fig.
6). This distribution indicates the existence of multiple locations with a minimum density
of 1.75, while the highest concentrations (represented in shades of deep red) present
values between 5.26 and 7.02 Fishtail points within a radius of 20 km?, corresponding to
the Rio Negro basin and the southeast of the Rio de la Plata basin.

4.3. Analysis of terrain variables for the Tigre, Pay Paso, and Laguna Canosa / Los Pinos
sites.

The following presents the results of the spatial analyses applied to four
representative sites of the early archaeological record (Tigre, Pay Paso 1, and Laguna
Canosa/Los Pinos) in order to investigate the mobility of Fishtail peoples that were
inhabiting and moving in search of lithic resources of silcrete in the period between
12,900-12,250 cal yr BP.
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Fig. 7. Predictive Model of Transit Pathways between the Tigre site (northwestern) and silcrete
outcrops (triangles with number in the western and southwestern). The distance from the site to
the outcrops it is shown in supplementary Table S2.
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Regarding the cumulative cost of movement required to make the Tigre site —
silcrete connection, the distances obtained range between 160 and 480 km, while taking
the Pay Paso archaeological locality as the point of origin of the movement, the analysis
yields values between 166 and 499 km. For the Laguna Canosa/ Los Pinos sites, however,
the accumulated movement cost rises slightly; and ranges between 168 and 504 km (see
supplementary Figs. S2, S3 and S4).
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Fig. 8. Predictive Model of Transit Pathways between the Pay Paso 1 site (northwestern) and
silcrete outcrops (triangles with number in the western and southwestern). The distance from the
site to the outcrops it is shown in supplementary Table S2.

As a complement to the calculation of the cost of distances expressed in km, we
also decided to analyze the accessibility to the lithic resources by applying Tobler's
trekking function (Tobler, 1993), thus estimating the time it would take to travel such
distances. From the Tigre site, accessibility to the silcrete area concentration indicates a
travel interval of 27 to 83 hours, while for the Pay Paso 1 site the interval is 24 to 86
hours, and for the Laguna Canosa /Los Pinos sites it is in the range of 25 to 87 hours (see
supplementary Figs. S2, 3S and S4; Table S2).

The Predictive Model of Transit Pathways created with the purpose of exploring
the hypothetical connections, distances, and times existing between the Tigre site and the
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silcrete outcrops, generated connection routes that present values that oscillate in the
range of 179 km for the closest outcrops and 435 km for those farther away from the
origin, presenting an average distance that is around 298 km and a standard deviation of
89.23 km. In turn, the time involved in accessing the resources presents a minimum of 30
hours, a maximum of 74 hours, and an average of around 50 hours (Fig. 7, supplementary
Table S2). On the other hand, when taking the Pay Paso 1 site as the origin, the connection
routes generated between it and the silcrete sources present distances between 220 and
475 km, with a mean distance of around 341 km and a standard deviation of 90.08 km,
implying a travel time interval of 34 hours for the closest resource and 78 hours for the
source farthest from the origin, with a mean of around 56 hours (Fig. 8, supplementary
Table S2). Finally, the routes generated taking the Laguna Canosa / Los Pinos sites as the
point of origin are the ones that present the highest values both in distance and
accessibility time; in this case the distance values are located in the range of 227 and 482
km, with a mean of 345 km and a standard deviation of 89.27 km (Fig. 9, supplementary
Table S2); while the times involved in the proposed routes show a minimum of 38 hours,
a maximum of 80 hours, and a calculated average of 58 hours.

When comparisons were made between the connection routes obtained for each
of the early sites, it was found that there were several shared stretches that connect them
with the areas in question, so it could be proposed that they were the main transit routes.

5. Discussion
5.1 Raw materials used in the manufacture of Fishtail points

The results show and confirm that the different varieties of silcrete were used as
the preferred raw material by Fishtail point knappers in Uruguay (Suarez 2015). The high
percentage of silcrete (53.7%) indicates its importance in the production of these points.
As shown in Table 2, the remaining 46.3% of the Fishtail points from Uruguay were
manufactured in 9 different rock varieties (chert, jasper, opal, quartzite, quartz, sandstone,
agate, rhyolite and chalcedony), none of which exceeds 10.3% of the sample.

The preference and choice to use silcrete varieties of excellent quality may be
related to the physical and chemical properties and knapping techniques. This suggests
the social, cultural, technological and symbolic value of silcrete for fishtail knappers.

The preference for the silcrete is very clear, because the Fishtail knappers passed
up excellent rock resources as the highly silicified sandstones of the arroyos Catalanes
region that are located closer to campsites, in order to move long distances to search their
preferred resource. The low percentage of Fishtail points from silicified sandstone (4%)
is another indicator that Fishtail knappers practically ignored this lithic resource to made
points despite its high availability in the environment and relatively close proximity to
their campsites.

5.2 Density and spatial distribution

The results confirm that Fishtail points have a wide geographic distribution in
Uruguay (Suarez 2000, 2011a), with presence in the main river basins of Uruguay. The
Negro River basin stands out for having the largest number of specimens, followed by
the Rio de la Plata Basin.

The heat map reveals the existence of areas with a higher concentration of Fishtail
points. The areas with the highest density are in the central and southern sectors of
Uruguay. These patterns may be associated with various factors, such as the mobility
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routes of prehistoric groups, the proximity and availability of natural resources, the
human activities in each region and the exchange dynamics of the human groups in
question.

The analysis of the density and spatial distribution of Fishtail points provides
important information on past human occupation patterns and allows us to observe places
where these weapons can potentially be found in future investigations.
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Fig. 9. Predictive Model of Transit Pathways between Laguna Canosa / Los Pinos sites
(northwestern) and silcrete outcrops (triangles with number in the southwestern). The distance
from the site to the outcrops it is shown in supplementary Table S2.

5.3 Analysis of terrain variables for the Tigre, Pay Paso, and Laguna Canosa / Los Pinos
sites.

The results obtained indicate that silcrete was a raw material that circulated over
long distances, it was transported from outcrops in western and southwestern Uruguay to
Fishtail campsites in northwestern Uruguay at distances of ~ 180 to 480 km. This
indicates high travel costs that could have been made in circuits that included
displacements through different regions of Uruguay during the end of the Pleistocene.
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Accessibility to lithic resources, evaluated by estimated travel time, also reveals
the importance of silcrete as a lithic resource for Fishtail groups. The calculated travel
times suggest that many dozens of hours were required to reach the nearest outcrops, if
these were made to access the resource directly. In addition to the times proposed in the
results, it should also be taken into account that it would be necessary to add extra time
for sleeping, hunting, resting and other activities, which would result in a significant
increase in the total number of hours involved in these expeditions in search of resources.
On the other hand, if the access to the silcrete resource was carried out in circuits of
displacements that included visits to other regions and obtaining other resources, the
values obtained here should be reevaluated.

The presence of connection routes shared between the Tigre, Pay Paso 1 and
Laguna Canosa / Los Pinos sites could have facilitated the exchange of information,
goods and resources.

6. Conclusions

The data presented suggest and confirm that in Uruguay the Fishtail hunters
preferentially used silcrete to manufacture their points; 53.7% of the Fishtail points are
manufactured in this raw material. The remaining 46.3% of the Fishtail points from
Uruguay were made from 9 other rock variants including: chert (n=10, 10.3%), jasper
(n=9, 9.3%), quartzite (n=7, 7.2%), opal (n=7, 7.2%), quartz (n=5, 5.2%) silicified
sandstone (n=4, 4.1%), and agate, chalcedony, and rhyolite (1% each one).

Of the 9 rock types used less frequently, or 46.3 % of the sample, only the chert
exceeded 10%, which gives silcrete a greater importance and significance in terms of
preference for this rock to make the points. This preference is not due to the
overabundance of silcretes over other rocks, since in Uruguay there are primary and
secondary lithic resources of silicified sandstone and agate that outcrop in large quantities
in the landscape (Suarez 2010, Suérez 2011a, 2011b). A clear example is the case of the
highly silicified sandstone resource where Fishtail knappers practically ignored this
resource despite being several hundred kilometers relatively closer to their campsites.

The density and distribution analysis also provided interesting data that allow us
to advance our knowledge about the mobility and circulation of Fishtail people. For the
period corresponding to ~12,900 - 12,250 years cal. BP the Fishtail people formed a social
landscape through which they circulated between northwestern, central, southern and
eastern Uruguay, these data correspond to the previously established mobility model
(Suarez 2011a, 2019).

As was established at the beginning of this work, the analyses carried out were
approached from a regional scale (the entire territory) to a local scale, so that once the
spatial variables were analyzed with respect to the densities of the Fishtail points and their
percentages according to the raw materials used for their manufacture, we proceeded to
the application of even more specific analyses.

We chose to work with four of the representative archaeological sites of early
settlement (Tigre, Pay Paso 1, Laguna Canosa and Los Pinos) somes with very good
stratigraphic and chronological controls, where there are lithic artifacts manufactured in
silcrete (Fishtail points, unifacial artifacts and flakes). Seeking to establish mobility
circuits between early silcrete artifacts and its outcrops. The results obtained from the
applied spatial analyses have added new data on the distances between the campsites in
the northwestern zone and the outcrops existing in the western and southwestern zone. In
a previously published paper, it was proposed that the distances from the Tigre site to the
silcrete resources ranged between 190 and 350 km (Suarez 2019). Now new data confirm
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this proposal and establish a better-defined range for the existing distances between the
early campsites and the outcrops of silcrete found further to the south. In turn, the time
values involved in the access to lithic resources and the distances to those outcrops located
in the southwestern limit of the silcrete outcrops are also added here, so that the maximum
values increased significantly, improving the previously suggested estimates. The results
obtained indicate that silcretes were transported over long distances in mobility networks
(Suérez 2017) by an extensive Paleoamerican social landscape from outcrops located in
the western and southwestern to campsites in northwestern Uruguay at distances ranging
between 179 and 482 km.

Once the accumulated movement costs were defined according to the slopes for
each of the locations involved, the calculation of possible transit or connection routes
between them was carried out. The result was a series of movement corridors or transit
routes that represent, according to the software, the optimal or ideal paths connecting two
points previously taken as origin and destination, showing the distances and times
involved. When the values obtained for each of the possible routes were examined, it was
observed that the distances presented notable changes for each of the study cases.
Regarding the Tigre site — silcrete outcrops connection, the minimum values increased to
179 km, while the maximum was 435 km and the average was 298 km. For the Pay Paso
1 site - silcrete outcrops connection, the minimum distance was 220 km, with an average
of 341 km and a maximum of 475 km. Finally, for the movement corridor connecting the
Laguna Canosa/Los Pinos Fishtail point sites and the silcrete outcrops, the distances
obtained had a minimum value of 227 km, a maximum of 482 km, and a mean of 345 km.

For the reasons mentioned above, we suggests the predilection for silcrete to made
Fishtail Points is due to cultural, social, and/or symbolic preferences (Suarez et al. 2018).

The access times calculated for the lithic resources indicate that accessibility to
them would be given in a time span ranging from ~ 25 to ~ 85 hours, taking the three
residential campsites as a starting point. It should also be taken into account that these
routes would not be continuous through space, but would be long logistical expeditions
or seasonal mobilizations that would involve several days of travel (Binford 1980, 1982;
Kelly 1983), so that the time ranges would actually be increased because the group would
also spend time on other activities such as reconnaissance of the terrain and possible
threats, maintenance of their weapons and tools, the search for food, and rest. Considering
this, access from the Tigre, Pay Paso 1 and Laguna Canosa/Los Pinos site to the silcrete
outcrops could take between a minimum of 1.5 days and 5-6 days.

It is important to note here that the predictive models proposed for the transit
routes will act as inputs for new surveys in the future, but may not be entirely realistic.
They involve hypothetical cases where the software itself looks for the ideal movements
that involve traveling the smallest slopes and crossing the places where the rivers have
the shortest distances, or simply skirting the courses. Likewise, these data can be used as
guides to locate possible new archaeological sites, especially those frequently used paths
that have been marked as main routes; and those places where they cross, because they
may have been used as meeting or exchange places.

From the analysis of the accumulated cost of movement according to the slopes
and the transit corridors created, one can conclude that the supply of formal artifacts
would be long distance. Expeditions to areas with large outcrops involve mobilizations
greater than 100 km, so these could also be considered as extra-regional.

Finally, the data presented here allow us to have an overall view of the human
occupation during the Pleistocene - Holocene transition. An attempt was made to show
the importance and potential of archaeological materials, both those found in stratigraphic
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contexts and those on the surface, providing data on the mobility and circulation of
Fishtail people.
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