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Introduction1

The application of portable-XRF (pXRF) has allowed for 
wider accessibility and analysis of obsidian artifacts 
worldwide, as it is a rapid, non-destructive, and 
relatively inexpensive technique. This is especially true 
for Andean obsidian provenance studies conducted in 
museum and field settings over the last two decades 
(Bélisle et al. 2020; Craig et al. 2007; Giesso et al. 2020; 
Kellett et al. 2013; Matsumoto et al. 2018; Williams et al. 
2012). Portable handheld XRF instruments allow the 
researcher to analyze an entire obsidian assemblage 
from formal tools down to small debitage (i.e. the waste 
product of lithic tool production). This is especially 

1 Contact author: David A. Reid, Department of Anthropology, 
University of Illinois at Chicago, 1007 West Jackson Street, 2102 BSB 
Chicago, IL 60607. dreid5@uic.edu

pertinent as restrictions on the export of lithic tools 
and/or their destruction during geochemical analysis is 
commonplace. However, various analytical limitations 
and challenges are present in the use of pXRF. These 
include issues of precision, or the “repeatability 
and stability of measurement” and accuracy, or how 
measurements conform to “correct” values (Hughes 
1998: 108; see also Frahm 2013; Nazaroff et al. 2010; 
Speakman and Shackley 2013). 

As a result of comprehensive analyses of total 
obsidian assemblages through pXRF, archaeologists 
have a greater likelihood of encountering small, rare 
obsidian sources not commonly identified that may 
only comprise < 1% of the overall artifact assemblage 
(e.g., Bélisle et al. 2020). Obsidian attributes related to 
material quality, abundance, and distance to the source 
are key factors in lithic production and the geologic 
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provenance of lithic types (Andrefsky 1994). Following 
Eerkens et al. (2007), the provenance of formal tools 
and small flake debitage, produced from periodic tool 
maintenance, may best indicate source diversity and 
transport distance. 

Complete flaked stone tools are not always 
archaeologically deposited in the same area as their 
production or maintenance. Thus, debitage analyses 
are critical to reconstruct prehistoric lithic use and the 
entire operational chain from lithic source exploitation 
to finished tool (Andrefsky 2007; Sullivan and Rozen 
1985). This makes the geochemical characterization 

of small obsidian flakes an ideal material to trace 
long-distance regional interactions and patterns of 
exchange, especially those related to tool curation and 
late-stage production. However, accurate pXRF analysis 
of small obsidian debitage is greatly impacted by issues 
of specimen size, thickness, and surface irregularity 
(Davis et al. 2011), making conclusive identifications of 
rare sources especially problematic. 

In this chapter, we present results of a pXRF analysis of 
303 obsidian artifacts recovered from four archaeological 
sites located in the Department of Arequipa in southern 
Peru. Nearly 80% of this assemblage corresponds to 

Figure 9.1. Base map of south-central Peru showing major and minor obsidian sources and the study region. 
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debitage including specimens that would normally 
be overlooked or left unanalyzed by pXRF due to 
their small size. Here we document the specific 
methodological approach taken to characterize these 
materials including multivariate analyses (following 
Glascock 1998 and Frahm 2016) and comparisons to 
Andean geologic obsidians analyzed with the same 
instrument and settings. Our results demonstrate the 
utility of pXRF in the accurate characterization of small-
sized obsidian debitage and its broader significance to 
reconstructing prehistoric obsidian use and exchange. 
In comparison to formal tools, small-sized obsidian 
debitage show a greater diversity in geologic source 
and maximum distance from the study area. Using GIS 
cost-path analysis and regional studies of prehistoric 
roads, we also show how small-sized debitage allows 
us to reconstruct previously unknown caravan routes 
between Peru’s montane valleys and interior highland 
zones. 

Samples

Obsidian is a naturally occurring volcanic glass that was 
utilized by peoples worldwide to produce stone tools 
and decorative objects. In South America, obsidian 
occurs along the volcanic arc of the Nazca subduction 
zone of the central Andes and was utilized by prehistoric 
peoples beginning in the Terminal Pleistocene over 
12,000 years ago (Rademaker et al. 2014; Sandweiss 
et al. 1998; Yataco and Nami 2016). Andean obsidian 
deposits vary in respect to glassiness; inclusions; size 
of nodules and pyroclasts; color(s) ranging from black, 
red, brown, green, and multicolored banded or mottled; 
and opacity (Glascock et al. 2007). Such attributes can 
vary greatly even within the same geologic source area 
(e.g., Rademaker et al. 2013, 2021). Although Andean 
obsidian sources cannot be distinguished solely based 
on macroscopic qualities, geochemical analyses have 
demonstrated that ratios of trace elements are unique 
to each obsidian source and can be used to characterize 
obsidian artifacts (Burger and Asaro 1977, 1979; 
Glascock et al. 2007). Artifact provenance studies show 
that three major geologic sources were predominantly 
exploited in the central Andes corresponding to 
Quispisisa, Alca, and Chivay obsidians (Figure 9.1). Over 
the last four decades, exploration of highland zones in 
the central Andes have identified and mapped these 
major obsidian deposits (Brooks et al. 1997; Burger et al. 
1998a, 1998b; Burger and Glascock 2002; Jennings and 
Glascock 2002; Rademaker et al. 2013, 2021; Tripcevich 
2007; Tripcevich and Contreras 2011). 

Archaeological Context

This study examines a Middle Horizon (AD 600–1000) 
obsidian assemblage recovered from the upper Majes 
Valley in the department of Arequipa, Peru. During the 

Middle Horizon, obsidian was transported to its greatest 
extent across the Andes (Burger et al. 2000). This is in 
part due to the expansion of large-scale polities and 
states including the Wari empire, whose capital was 
located in Peru’s highland Ayacucho Valley (Figure 9.1); 
and Tiwanaku, whose ceremonial capital was founded 
in the Titicaca Basin of Bolivia. At this time, residents 
of what is now the department of Arequipa adopted 
foreign styles, prestige items, and practices linked to 
such foreign groups. The emergence of inter-valley 
roads and caravan waystations at major confluences 
between Arequipa’s coastal valleys provide evidence 
of the increasing scales of regional connectivity 
and economic exchange during the Middle Horizon 
(Cardona 2002; Jennings et al. 2015; Nigra et al. 2017; 
Tung 2012). As Arequipa was located at the crossroads 
of both Wari and Tiwanaku interests, provenance 
studies of obsidian allow us to investigate how local and 
exotic materials were utilized by communities located 
along coast-highland corridors.

In 2017, Reid (2020) conducted archaeological 
excavations at four Middle Horizon sites in the upper 
Majes Drainage and Chuquibamba Tributary under 
the auspices of the Proyecto Arqueológico Caminos 
Preincaicos Arequipa (PACPA). All four sites are located 
on the same prehistoric road artery that connects 
the Majes River Valley to the upper Chuquibamba 
drainage and adjacent highland zones (Figure 9.2). Two 
of these sites, Pakaytambo and El Tambo, correspond 
to an intrusive Wari occupation in the valley. Located 
at ⁓1700 masl, Pakaytambo is a small Wari enclave 
with orthogonal patio-groups organized around a 
monumental platform (35m × 60m) on top of which sits 
a D-shaped temple enclosure. Associated radiocarbon 
dates range from AD 770–990 (calibrated, SHCal20)2 
showing that this Wari temple center was first 
constructed in the latter half of the Middle Horizon 
during the apex of Wari expansionism. 

El Tambo is an adjacent state center located under 
one km to the south that was built at the same time, 
if not earlier, than Pakaytambo. The site contains large 
bounding walls that enclose a large plaza (45m × 50m) 
and adjoining rectilinear compounds. Surface ceramics 
indicate that the site was repurposed by the Inka state 
who likely replicated Wari state strategies in the valley. 
Both the Wari and Inka took control of the natural 
chokepoint and transit route in the upper drainage 
between population centers in the Chuquibamba basin 
and those in the Majes Valley below. 

Founded by local inhabitants of the Majes culture 
area, the waystations and ceremonial centers of Santa 
Rosa II (⁓1060 masl) and La Angostura (⁓1130 masl) are 
likely contemporaneous with the Wari occupation in 

2  All radiocarbon dates were calibrated using Hogg et al. 2020. 
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the upper valley. Santa Rosa II was first recorded by 
García and Bustamante (1990: 32–34) who noted the 
site’s function as a caravan waystation at the drainage’s 
major highland-coast confluence in the Majes. The 
site is organized around a large square plaza (67m × 
67m) with an adjoining complex abutting the northern 
wall composed of rectilinear rooms and open patio 
spaces. This site layout is replicated in smaller form 
at La Angostura, only four kilometers away (Reid 
2020). Both sites show local patterns of architecture, 
construction practices, and material culture that 
includes Wari-influenced ceramic forms and designs. 
In the surrounding vicinities of the formal plaza 
complexes, numerous corrals and the irregular stone 
footings of small structures are found, likely utilized 

by caravans and periodic residents. Materials also 
show long-distance connections including marine shell 
and petrified wood from the coast and obsidian from 
highland regions. Marking both sites are elaborate 
geoglyphs that include the forms of concentric circles, 
sun motifs, and other geometric designs, observable 
from nearby ridges and prehistoric trails. 

The establishment of road and waystation 
infrastructure by local communities may have been one 
strategy of local elites to coopt an increase in caravan 
activity linked to the Wari state presence in Arequipa. 
As practices of ideology are embedded within exchange 
systems, Santa Rosa II and La Angostura also served as 
central places for large-scale gatherings perhaps linked 

Figure 9.2. Map of study area with archaeological sites.



David A. Reid et al.

128

to periodic festivals, barter fairs, and/or religious 
activities. At all sites, obsidian is abundant and present 
across most excavation units. Obsidian was mapped in-
situ when observed during excavations and recovered 
through fine-screening of excavated sediments. The 
majority of obsidian specimens correspond to flaked 
stone tool debris and was recovered alongside other 
domestic refuse. 

Obsidian Assemblage and Attributes

A total of 303 obsidian artifacts were analyzed in Peru 
by pXRF that complemented a formal lithic analysis of 
materials (Reid 2020). Complete obsidian tools include 
a core (n=1), preform (n=1), biface (n=1), scraper (n=1), 
blades (n=2), drills (n=3), projectile points (n=16), and 
biface/uniface fragments (n=36) that include the tips, 
medial sections, and bases of broken points (Table 
9.1). Debitage large enough for pXRF analysis included 
complete and broken flakes (n=194) in addition to small 
bifacial thinning flakes (n=12) and shatter (n=36). This 
chapter focuses on these debitage materials, some 
of which show evidence of use wear likely related to 
expedient flake use. 

Specimen Size

Lithic artifact size is defined by several measurements 
including length, width, thickness, and weight. During 
the 2017 excavations, all soil was dry screened through 
fine mesh (1/16th inch or ∼1.7mm), allowing for the 
recovery of micro-debitage measuring < 0.1g in weight. 
For flakes, length (mm) was measured as the straight-
line distance perpendicular to the striking platform, 
otherwise from proximal to distal ends. Width (mm) 
and thickness (mm) were measured at their maximum 

dimensions. Weight (g) is also reported here as it is a key 
measurement related to the stage of lithic production. 
As a general practice, specimens that could fit over 
the instrument’s aperture window were analyzed 
regardless of thickness or weight. Of the total obsidian 
assemblage recovered by the PACPA investigation, 
65% was analyzed by pXRF. The remaining artifacts 
correspond to micro-debitage and were too small to fit 
over the instrument aperture. 

Specimen size can greatly impact pXRF measurement 
accuracy if the sample does not fully cover the X-ray 
beam. For example, Liritzis (2008) shows systematic 
differences in ppm concentrations based on the percent 
coverage of the sample over the aperture window and 
uses this ratio to correct for size. In the current study, 
the aperture window of the instrument has a diameter 
of 10mm. As per Figure 9.3, only a handful of specimens 
did not completely cover the window. However, surface 
irregularities of debitage also impact X-ray beam 
coverage as not all specimens contain planar surfaces 
that can be placed flush with the aperture window. This 
was especially true for obsidian shatter. 

Specimen Thickness

XRF analyses are also impacted by the thickness of a 
sample or specimen. This relates to the principle of 
“infinite thickness” or the sampling depth where all 
X-rays are absorbed and accurate readings are possible. 
Samples that are infinitely thick meet the critical point 
where increasing the thickness would not impact 
the measurement whether it be by 1mm or infinite 
mm. If X-ray penetration depth is greater than the 
thickness of the sample, the specimen cannot fully 

Type Count (N)

Biface 1

Projectile Point 16

Biface/Uniface Fragment 36

Blade 2

Core 1

Preform 1

Drill 3

Scraper 1

Flake 194

Bifacial thinning flake 12

Shatter 36

Total 303

Table 9.1. Number of obsidian artifacts characterized by 
pXRF by lithic type.

Figure 9.3. Size plots (minimum dimension of length or 
width) by artifact type analyzed by pXRF. Center line shows 

the mean with outlier indicated by individual points. 
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contain the X-ray beam or emit characteristic X-rays 
to accurately calculate an elemental quantity from a 
given (Frahm 2016: 450; Shackley 2011: 215). Various 
studies have attempted to determine the minimum 
thicknesses of obsidian samples needed for accurate 
source characterization. Infinite thickness differs 
per element. Davis et al. (2011: 61) observe that for 
mid-Z elements (Rb37 through Nb41 including elements 
of interest Rb, Sr, Y, Zr), minimum sample thickness 
ranges between 1.2 to 2.5mm. Other investigators 
suggest a cut-off at 2mm thickness (Shackley 2012). 

Of the analyzed obsidian artifacts in this study, only a 
handful of flakes fall short of a 2mm thickness. By 
artifact type, lithic shatter tended to have greater 
thicknesses than flakes and complete tools (Figure 
9.4). Specimens were placed over the aperture at their 
thickest points while also covering the entire beam 
window. However, it should be noted that only 
maximum thickness measurements were taken on 
artifact samples and thus do not account for the 
tapering thicknesses of most flakes, where the 
maximum thickness is associated with the bulb of 
force that forms below the striking platform. Various 
investigators have tested methods to correct for thin 
specimens such as the use of a small beam analyzer 
and normalization to the Compton peak (Ferguson 
2012) or by taking the ratios between spectral peaks 
(Hughes 2010) and ppm concentrations (Frahm 2016). 

Specimen Weight 

Weight is also a key measurement in lithic studies as 
it correlates to other linear dimensions and stage of 
lithic reduction (Shott 1994: 80). Of the analyzed 

Figure 9.4. Thickness (mm) plots by artifact type analyzed  
by pXRF.

obsidian artifacts, it is not surprising that the greatest 
weights are associated with complete tools followed 
by shatter, flakes, and then bifacial thinning flakes 
(Figure 9.5). Despite several outliers, the artifacts 
analyzed in this study are relatively small in size as 
reflected in minimum dimension, thickness, and 
weight. This is likely related to the precious nature of 
obsidian and distance from the source compared to 
more readily available local cherts and quartzes 
which show the greatest evidence of primary 
reduction at the study sites themselves (Reid 2020).

Methods

Analyses were conducted in Peru during the summers 
of 2017 and 2018 using a Thermo Scientific Niton 
XL3t Goldd+ portable X-ray Fluorescence (pXRF) 
instrument. The device is equipped with a 50kV silver 
anode tube with a Geometrically Optimized Large Area 
Drift Detector (GOLDD). Specimens were analyzed 
under “Test All Geo” mode using the settings of Main 
(40kV and 100μA), Low (25kV and 100μA), Light (15kV 
and 200μA), and High (50kV and 100μA) each set for 
30 seconds for a total analysis run time of 120s per 
sample. Samples were subsequently analyzed using 
the instrument’s “Soils” mode as it has been shown 
to provide more accurate results for concentrations 
of the element rubidium (Rb) above 150 parts-per-
million (ppm). Filters under Soils mode were set on 
Main, Low, Light, and High for 30s each for a total run 
time of 120s. Samples were placed on the instrument 
aperture along their thickest and most planar surface 
to fully cover the X-ray beam detector field. Surfaces 
with cortex and evidence of devitrification were 

Figure 9.5. Weight (g) plots by artifact type analyzed  
by pXRF.
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avoided. Trace element data are reported in ppm 
for a total of 13 elements, including: potassium (K), 
calcium (Ca), titanium (Ti), manganese (Mn), iron (Fe), 
zinc (Zn), rubidium (Rb), strontium (Sr), yttrium (Y), 
zirconium (Zr), niobium (Nb), lead (Pb), and thorium 
(Th), however only a subset of these prove useful to 
discriminate Andean obsidians.

Collected data were then calibrated using a specialized 
correction developed by Mark Golitko (University of 
Notre Dame) using 21 in-house and certified standards 
including NIST 610, NIST 612, and Glass Buttes and 
Sierra Pachuca obsidians (see Glascock 1999). During 
field analyses, two obsidian standards were run at the 
beginning and end of each day to track instrument 
precision and variation over time. The two obsidian 
samples correspond to the Cedar Butte #2 source 
located in the Snake River Valley, Idaho (CRB2005) and 
El Chayal in Guatamala (ELC001). As indicated by the 
relative standard deviation (RSD), there was a high 
instrument precision/reproducibility (< 10% RSD) 
throughout the analysis especially for the elements 
of interest rubidium (Rb) and strontium (Sr) (< 3.3% 
RSD) (Table 9.2).

Despite data calibration using international 
standards, inter-instrumental comparisons of 
pXRF data can prove problematic, making source 
assignments to previously published elemental 

values unreliable (Frahm 2013; Shackley 2010; 
Speakman and Shackley 2013). To assign artifacts to 
their respective character groups (related to known 
or unknown geologic sources), we followed a rigorous 
statistical approach following Glascock et al. (1998). 
In addition, geologic samples collected from central 
Andean obsidian sources were measured on the Niton 
XL3t Goldd+ pXRF under the same instrumental 
settings. Geologic obsidians were loaned or donated 
to the Field Museum’s Elemental Analysis Facility by 
Kurt Rademaker, Nicholas Tripcevich, and Michael 
Glascock for use in this study. After the calibration 
of raw artifact and geologic data, ppm values were 
log10 transformed for statistical analyses using the 
software JMP Pro v15.2.0. 

Results

Obsidian Group Characterization: Multivariate 
Analyses

Here we present the elemental ppm concentrations 
of the analyzed obsidian artifacts from the upper 
Majes Valley and Chuquibamba Tributary. Due to 
the overall small size of the measured artifacts, 
elemental concentrations are likely over-estimated 
for small specimens. This may initially seem counter-
intuitive, as when a sample is too small to fully cover 
the aperture or does not meet the infinite thickness 

Table 9.2. Relative standard deviation (RSD) over a two-year instrument operating period. 

ID n Ti Mn Fe Zn Rb Sr Y Zr Nb Ba Pb Th

CRB-2005 17 7.4 9.8 1.2 2.5 3.3 n.a. 3.5 3.5 2.9 n.a. 4 6.1

ELC-001 18 4.9 13.5 5.2 9.8 2.8 3.2 13.1 10.9 11.6 25.1 15.2 28.3

Figure 9.6. Bivariate plot of strontium (Sr) versus rubidium (Rb) concentrations measured by pXRF (ellipses drawn at 95% 
confidence around geologic source groups). A) Complete tools only; B) Debitage only. 
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for an element of interest, one might expect a relative 
deficit in X-rays bombarding the sample that would 
result in lower elemental intensities. However, our 
findings mirror those of Frahm (2016: 451), who also 
utilized a Niton XL3t Goldd+ analyzer and found that 
trace element concentrations tend to increase as 
specimen size decreases for samples measured with 
only air surrounding them. This is likely due to an 
underestimation of mass for small samples within the 
internal fundamental parameter (FP) algorithm used 
to calculate the ppm concentrations under the “Test-
all Geo” mode. 

Prior analyses using the Niton XL3t Goldd+ have 
shown that for samples with concentrations of Rb 
higher than 150ppm, “Soils” mode is ideal. In this 
mode, the internal software of the instrument uses 
the Compton peak for the determination of mass/
volume normalization. For small specimens, a smaller 
fraction of the higher energy X-rays will interact 
with the sample (i.e., volume or mass) exposed to 
the beam. But the lower energy X-rays which have a 
shorter range are more likely to interact and return a 
signal to the detector. Since the instrument’s software 
uses the Compton peak (higher energy X-rays) for 
the mass/volume normalization, this explains why 
lower Z elements (Fe, Zn, Rb) are more inflated 
than higher Z elements (Zr). The overestimation 
of Rb concentrations under “Soils” mode can prove 
problematic as this element (alongside Sr) is most 
commonly used to distinguish Andean obsidians 
using pXRF (Glascock et al. 2007). 

The relationship between size and an overestimation 
of ppm elemental concentrations within the Majes 
obsidian materials is clearly identified when 
comparing debitage versus complete obsidian tools. 
A scatterplot of Sr versus Rb ppm concentrations 
for complete obsidian tools fall within or close to 
geologic ellipses produced from measurements of 
geologic samples analyzed using the same Niton 
XL3t Goldd+ instrumentation and settings (Figure 
9.6A). However, for small-sized debitage, character 
groups display long tails at their extremes due to the 
overestimation of ppm values for Rb (Figure 9.6B). 
Complicating the picture, several assigned character 
groups overlap with more than one geologic source 
when considering only Sr versus Rb concentrations. 
Consequently, we cannot rely on the traditional Sr 
versus Rb scatterplot alone for geochemical group 
characterization of the Majes obsidian materials. This 
necessitated a more robust approach using several 
multivariate analyses to accurately characterize 
small-sized obsidian debitage.

Initial artifact character groups were created based 
on a Ward’s hierarchical cluster analysis using the 

Figure 9.7. Ternary plot of strontium (Sr), rubidium (Rb), and 
zirconium (Zr) for obsidian debitage. 

Figure 9.8. Principal component analysis (PCA) of elements 
Rb, Sr, Y, Zr, and Th. 

elements Sr, Rb, and Zr. These groups were then 
interrogated using various methods. One alternative 
to bivariate scatterplot visualizations is the use 
of ternary plots, or three-axis plots, where ppm 
concentrations are converted into proportions for 
each sample. Here a ternary plot between Sr, Rb, and Zr 
more clearly defines the character groups of the Majes 
debitage materials (Figure 9.7). Multivariate analyses 
have also been shown to reduce the skewing effects 
of sample size. For example in principal component 
analysis (PCA), multiple elemental concentrations 
can be reduced to their underlying covariances 
typically inspected through the first two principal 
components (Glascock et al. 1998). As an initial step, 
PCA is useful for identifying discriminating elements 
of interest for further multivariate comparisons. 
Here we present the results of a PCA using logged 
elemental ppm concentrations of Rb, Sr, Y, Zr, and 
Th which distinguishes the obsidian groups Alca-4, 
Lisahuacho, and Jampatilla (Figure 9.8). 

Previous investigations have illustrated the use of 
elemental ratios of ppm concentrations (Frahm 2016) 
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and peak intensities (Hughes 2010) in the analysis 
of small-sized obsidian debitage. The underlying 
premise is that if artifact size systematically impacts 
all mid-Z trace elements, then converting ppm 
concentrations or spectral peak values into elemental 
ratios will mitigate any disproportional skewing. 
Most notably, Frahm (2016) illustrates how very 
small obsidian fragments can be accurately sourced 
in a reexamination of historic pXRF and energy-
dispersive (ED)-XRF datasets as well as experimental 
materials of varying size. For one obsidian group, 
Frahm (2016: 458) was able to reduce the relative 
standard deviation (RSD) corresponding to Sr from 
14% down to 3–4% when ratioing Sr concentrations 
with Rb, Nb, and Zr. 

Due to the proximity of some Andean geologic groups 
when comparing only Sr versus Rb, we can use the 
ratios between various elements of interest to aid in 

group characterization. Ratios of Rb/Zr versus Sr best 
distinguishes Anillo from Alca-7 (Figure 9.9A), and 
Sr/Rb versus Zr/Y further distinguishes Alca-1 from 
Potreropampa (Figure 9.9B). Ratios also confirmed 
the presence of Lisahuacho and Jampatilla obsidian 
within the assemblage (Figure 9.9C-D). Both artifacts 
pertain to small flakes and represent the first evidence 
of these sources in the department of Arequipa. 
Discriminant analysis was also used in tandem with 
multivariate analyses to test these character groups 
(Figure 9.10).

Character Group Assignment

Our results indicate the presence of six discrete 
geologic obsidian sources utilized by occupants of the 
upper Majes Valley and Chuquibamba Tributary during 
the Middle Horizon. These correspond to the local 
Arequipa obsidian groups Alca-1, Alca-4, and Anillo as 

Figure 9.9. Bivariate plots of obsidian debitage element concentrations measured by pXRF (ellipses drawn at 95% confidence 
around geologic source groups). A) Anillo versus Alca-7 using Sr and ratio Rb/Zr; B) Alca-1 versus Potreropampa using ratio Sr/

Rb versus Zr/Y; C) Alca-4 versus Alca-3, Lisahuacho, and Jampatilla using ratio Th/Y and Y/Rb; and D) Y versus Zr. 
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well as exotic obsidians including Quispisisa, Jampatilla, 
and Lisahuacho from the south-central highlands of 
Ayacucho and Apurímac (Figure 9.1). In this chapter 
we present both the count (Table 9.3) and weight 
(Table 9.4) of analyzed specimens. This is an important 
practice as reporting only counts can over-emphasize 
the presence of an obsidian source. Hypothetically, by 

count, ten small retouch flakes of Source A outnumber 
one large biface of Source B, however by weight the 
reverse may be true. Following regional trends, Alca-1 
is the predominant obsidian comprising nearly half of 
analyzed debitage by count and weight. This is followed 
closely by Alca-4 (41%), whereas small amounts of Anillo 
(7%) and Quispisisa (3%) were also detected. Lisahuacho 
and Jampatilla represent < 1% of the assemblage by 
count and weight represented by a single flake from 
each source.

Discussion

The use of pXRF instrumentation in the field allows 
investigators to analyze entire obsidian assemblages 
in a relatively rapid, inexpensive, and non-destructive 
manner. For this study, specimens that could fit over 
the X-ray beam aperture (10mm diameter) of the 
Niton XL3t Goldd+ pXRF were measured. Variation 
in specimen size, thickness, and surface irregularity 
did impact the accuracy of pXRF results for small-
sized debitage where ppm concentrations are likely 
overestimated. However, following prior studies (e.g., 
Frahm 2016), the use of multivariate analyses and 
the ratioing of elemental concentrations allowed for 
accurate obsidian source characterization in direct 
comparison to geologic materials. Following these 
results, future studies may attempt to further push 
size limits to include microdebitage. For example, in 
this case study, microdebitage corresponded to roughly 
one third of the archaeological obsidian assemblage 
however these specimens were not analyzed. Especially 
difficult specimens to characterize could then be 
targeted for export for analysis by traditional XRF, 
INAA, or LA-ICP-MS (e.g., Kellett et al. 2013). 

The use of pXRF allows for wider detection of rare and 
exotic obsidian sources that may only comprise < 1% of 
the total assemblage. During the Middle Horizon, there 

Figure 9.10. Results of discriminant analysis using the 
elements: Ti, Mn, Fe, Zn, Rb, Sr, Y, Zr, Nb, and Th. 

Type by count (N) Alca-1 Alca-4 Anillo Lisahuacho Jampatilla Quispisisa Total

Flake 97 (47.1%) 85 (41.3%) 9 (4.4%) 1 (0.5%) 1 (0.5%) 13 (6.3%) 206 (85.1%)

Shatter 21 (58.3%) 14 (38.9%) 0 0 0 1 (2.8%) 36 (14.9%)

Total 118 (48.8%) 99 (40.9%) 9 (3.7%) 1 (0.4%) 1 (0.4%) 14 (5.8%) 242 (100%)

Type by weight (g) Alca-1 Alca-4 Anillo Lisahuacho Jampatilla Quispisisa Total

Flake 79.6 (48.0%) 63.2 (38.1%) 15.3 (9.2%) 0.3 (0.2%) 0.9 (0.5%) 6.6 (4.0%) 165.9 (79.1%)

Shatter 20.3 (46.2%) 23.4 (53.3%) 0 0 0 0.2 (0.5%) 43.9 (20.9%)

Total 99.9 (47.6%) 86.6 (41.3%) 15.3 (7.3%) 0.3 (0.1%) 0.9 (0.4%) 6.8 (3.2%) 209.8 (100%)

Table 9.3. Geologic source characterization of obsidian debitage by count (N).

Table 9.4. Geologic source characterization of obsidian debitage by weight (g).
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is strong evidence that obsidian bifaces and projectile 
points were transported and exchanged over great 
distances in completed form where initial production 
occurred off-site (Bencic 2000; Burger et al. 2000). Since 
formal tools are not always deposited at the place of 
their production, often only the smallest retouch flakes 
related to periodic maintenance and sharpening of a 
tool’s edge may be archaeologically recovered. In this 
case study, this is exemplified by the presence of a 
single bifacial thinning flake composed of Lisahuacho 
obsidian. It is therefore critical that studies include 
small obsidian debitage within geochemical provenance 
studies in order to best detect the diversity of obsidian 
usage in the past (e.g., Eerkens et al. 2007). 

PXRF analysis of obsidian debitage from the upper 
Majes Drainage provides greater insight into prehistoric 
regional economies and long-distance interactions 
related to the broader social transformations of the 
Andean Middle Horizon. The use of the local obsidians 
Alca-1, Alca-4, and Anillo show a well-integrated 
highland-montane valley network in the proximate 
region, whereas the presence of Quispisisa, Jampatilla, 
and Lisahuacho provide evidence of long-distance 
interaction with the south-central highlands of Peru. 
The heterogeneity of the Alca source region (Rademaker 
et al. 2013, 2021) also allows us to pin-point the 
locations of obsidian extraction on the local landscape. 
From the rim of the Chuquibamba basin, Alca-4 is the 
nearest high quality bedrock source accounting for its 
near equal presence alongside Alca-1 in total analyzed 
artifacts in this analysis (Figure 9.1). This study is also 
one of the first investigations to detect the prehistoric 
use of Anillo obsidian. The Anillo source is located 
on the western side of the Cotahuasi Valley in close 
proximity to a major caravan route that links Arequipa 
to Apurímac and Ayacucho (Tripcevich 2016).  

Minor amounts of Quispisisa obsidian are also present 
in the upper Majes Valley at the study sites Santa Rosa 
II and La Angostura. At other settlements in Arequipa 
and Moquegua, Quispisisa comprises ~10–20% of 
sourced obsidian assemblages (Glascock 2012; Rizzuto 
and Jennings 2021; Tung 2012; Williams et al. 2010, 
2012). Quispisisa is commonly associated with Wari 
exchange networks as it was the preferred obsidian 
source of the Wari state (Burger et al. 2000). Analysis of 
small-sized obsidian debitage further allowed for the 
characterization of the exotic sources Jampatilla and 
Lisahuacho originating in the departments of Ayacucho 
and Apurímac respectively. These sources are found 
enroute from the Wari heartland to the Majes Drainage, 
and this study is the first to detect their presence in 
Arequipa. In consideration of lithic tool type, 72.7% of 
exotic non-Arequipa obsidians analyzed in this study 
are debitage, the majority of which correspond to 
late-stage production or maintenance. For example, 

the only specimen assigned to Lisahuacho is a small 
bifacial thinning flake, suggesting exotic obsidians 
were transported into the region as already completed 
tools or near-finished products, perhaps as trade items.  

Obsidian is only one material good among many that 
would have been transported across caravan routes 
between highland and coastal zones. The minor 
presence of exotic obsidians, including single objective 
flakes, can be interpreted as one-off or random finds; 
however, they can play a critical role in reconstructing 
down-the-line exchange networks and serve as proxies 
to reconstruct broader social networks (e.g. Golitko et 
al. 2012). Obsidian provenance data, alongside other 
lines of material evidence such as prehistoric roads, 
suggest that a Middle Horizon caravan route once linked 
Wari Ayacucho to far southern Peru, likely connected 
by various waystation sites such as Santa Rosa II and 
La Angostura. This route would have extended from 
Ayacucho into Apurímac with travel southward, 
crossing the Cotahuasi Valley near the Anillo obsidian 
source, and entering the upper Majes Drainage near 
Chuquibamba.

Caravan activity was facilitated by both local populations 
in the Majes Drainage and an intrusive Wari state. State 
enclaves at the sites Pakaytambo and El Tambo were 
established at the natural chokepoint in the valley 
to perhaps control this major travel route. Obsidians 
local to Arequipa also flowed in the opposite direction, 
including small amounts of Alca-1 identified at the Wari 
administrative center Jincamocco, the Wari capital, and 
Espíritu Pampa on the eastern Andean slopes (Burger et 
al. 2000; Fonseca and Bauer 2020; Kaplan 2018; Schreiber 
1992). The obsidian data support initial models of Wari 
travel routes in southern Peru (Williams 2009) and the 
survey of Middle Horizon roads in Arequipa (Cardona 
2002). 

Conclusion

This study demonstrates the reliability of pXRF for 
the analysis of small sized obsidian debitage. Various 
multivariate methods are suggested to mitigate factors 
of debitage size, thickness, and surface irregularity 
that negatively impact measurement accuracy. These 
include hierarchical cluster analysis, ternary graphing, 
principal component analysis, ratioing elemental ppm 
concentrations, and discriminant analysis in direct 
comparison to representative geologic samples. Our 
results indicate an accurate characterization of Andean 
obsidian artifacts with minimum dimensions as small 
as 0.6mm in size, 0.5mm thickness, and 0.1g in weight.  

The characterization of rare and exotic obsidian sources 
that comprise < 1% of the overall artifact assemblage 
highlights the importance of including small debitage 
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within geochemical analyses. Obsidian was often 
exchanged and transported as completed tools and 
bifaces. Various archaeological processes may result in 
the final use or discard of such tools off-site at the end 
of their operational lifetime. Thus, small flaked debitage 
related to periodic tool maintenance may best indicate 
the range and presence of exotic obsidians. In this case 
study, such small sized debitage allows us to elucidate 
the provisioning of obsidian materials from both local 
and intrusive state contexts. The sourcing of obsidian 
artifacts from road waystations also highlights the role 
of long-distance llama caravans in the movement of this 
precious material from highland sources to the coastal 
valleys of the Andes during the Middle Horizon period. 
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