
 

ARCHAEOLOGY AND MATERIAL SCIENCE: Sacred Stones or Clever Fakes? 
Natalie Chen, Zachary Ciappa, Jack Ecklund, Abigail Frey, Lucas Horowitz-Kurtzberg, Darby 

Ko, Serena Lorenzo, Julianne Ma, Andie Park, Alexica Perez, Luke Shao  

Assistants: Ece Onatca and Katelyn Rohlf 

Advisor: Dr. Maria Masucci 

ABSTRACT 

Around the globe, greenstone beads have been found in burial and ritual contexts, 
suggesting their cultural significance as symbols of wealth and status. Our study analyzed the 
composition of greenstone beads from suspected production sites in Guangala and Manteño 
settlements in the southwestern coastal region of Ecuador. Understanding the origin and 
composition of these beads is essential to understanding the history of pre-Columbian societal 
structure and cross-cultural trade, as well as the value of greenstone beads in the coastal 
Guangala and Manteño cultures. In this study, we aim to determine the raw materials used to 
manufacture the greenstone beads, and determine the location and rarity of the minerals. We 
performed a multidisciplinary analysis including mineralogical analysis with optical petrography, 
chemical analyses through a hydrochloric acid test, and Fourier Transform Infrared Spectroscopy 
with Attenuated Total Reflectance (FT-IR-ATR) examined with Pearson’s and Spearman’s 
correlation rank order analysis of the spectra to identify and compare the samples. Through the 
analyses, we determined that the artifacts were composed of different minerals, predominantly 
present in local and common rock formations. Our results suggested that the greenstone beads 
served as an essential domestic export for societies in a greater coastal trade network. Our 
diverse methodology further provides a novel approach to archaeological research, 
demonstrating the utility of combining cultural, chemical, geological, and statistical analyses.  

INTRODUCTION 

Across cultures, the color green is revered and valued for its cultural and material 
significance. Particularly for the ancient societies of Latin America, greenstones represented 
power, fertility, and life (Delgado-Robles et al. 2015:3; Piperno 2003). Despite the cultural 
importance, recovered greenstone artifacts are often hastily classified without analysis by 
archaeologists as jadeite or nephrite, two minerals that are both commonly referred to as “jade” 
(Peterson 2010:3; Aguilar-Melo et al., 2019). Greenstone beads found throughout Latin America 
are often believed to be produced in Ecuador; however, neither jadeite nor nephrite is known to 
be present there (Shimada 2009). In cases where analyses have been conducted, the greenstone 
samples of similar phenotypes to “jade” are found to be composed of a wide variety of minerals 
(Delgado-Robles et al. 2015; Queffelec et al., 2018). Regardless, archaeologists continue to 
identify greenstone artifacts based on their color and appearance, even after this method was 
shown to be inaccurate (Peterson 2010). The Guangala and Manteño cultures of coastal Ecuador, 
spanning 200 B.C.E. to 1540 C.E., have left behind finely-made greenstone beads, which are 
often assumed to be “jade” (Juengst et al. 2025; Piperno 2003:354-359). As in many studies, this 
identification was made without any compositional testing (Carter and Helmer 2015:56).   
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Archaeologists have only recently begun to use modern analytical chemistry techniques 

to identify the minerals present within samples of greenstone artifacts (Knight et al. 2024; Zhao 
et al., 2014). Specifically, Fourier Transform Infrared Spectroscopy (FT-IR) has successfully 
been used as a method to examine the chemical composition of samples, and can help identify 
the type of greenstone used. Not only is FT-IR an efficient method for identifying chemical 
composition, but FT-IR using Attenuated Total Reflectance (FT-IR-ATR) is also a 
non-destructive method, which is essential to analyses of irreplaceable artifacts (Glavcheva et al. 
2014). Optical petrography and thin-section mineralogical analysis have become useful methods 
alongside studies of archaeological chemistry rather than just elemental analysis alone. 
Petrographic analysis is destructive; however, it remains the preferred method for understanding 
the nature and composition of geological resources in a region (Masucci and Macfarlane 1997). 
A holistic understanding of the local geology allows for further research into the production 
source of ancient artifacts. 

 
Given the success of the application of FT-IR in other regions where greenstone artifacts 

have been discovered, the current study aims to, for the first time, analyze the chemical and 
physical properties of greenstone artifacts from coastal Ecuador in order to identify their 
composition (Delago-Robles et al. 2015). The artifacts include pendants and beads, both 
complete and in progress, found from bead workshops and surrounding sites (Figure 1). We 
compared artifacts’ FT-IR-ATR spectra to databases of chemical FT-IR records. Petrographic 
analyses of rock and mineral types local to the region were also compared. This study aims to 
identify the chemical composition of the greenstone beads and determine which raw materials, 
local or imported, were used for production. This study also aims to correct and clarify the 
possible inaccurate assessment of greenstone artifacts as “jade.” Our project contributes to 
information on the Guangala and Manteño cultures, and also demonstrates the value of 
complementary methods typically used solely in the physical and chemical sciences to 
archaeological studies.  
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BACKGROUND 

Cultural 

In our study, we focused on the Guangala and the Manteño cultural phases in 
southwestern Ecuador. The Guangala were a population native to the modern Guayas and Santa 
Elena provinces of the southern coastal lowlands of Ecuador. They lived along the coast and the 
inland plains in numerous dispersed settlements that traded with each other and the surrounding 
populations (Reitz and Masucci 2004; Masucci 1995:72). Though there is little evidence to 
indicate the social complexity of Guangala society, the Guangala were skilled craftsmen, 
specializing in the production of small beads (Masucci 1995). The Manteño, who followed the 
Guangala, moved from dispersed settlements to more densely concentrated ports along the 
coastline south of the current-day province of Esmeraldas (Piperno 2008; Reitz and Masucci 
2004:11). The Manteño displayed evidence of a hierarchical society with community 
specialization surrounding occupation that facilitated the production and trade of various goods, 
including greenstone beads (Reitz and Masucci 2004:31; Cabera 2015; Staller 2001:67-68). 
Alongside greenstone beads, other artifacts associated with upper-class burials of surrounding 
cultures, such as obsidian and Spondylus shell ornaments, were found in various stages of 
production at Guangala sites. Quantities found far beyond local consumption suggest that these 
artifacts were being produced locally for export (Masucci 1995:72; Masucci 2008:500). 
Archaeologists working in adjacent regions of the Ecuadorian highlands and Peruvian coast cited 
the Guangala and later Manteño workshops as the source of shell and greenstone beads (Figure 
2). In excavated workshops, evidence of production using chert drills supports the hypothesis 
that the greenstone beads of other cultures originated in Ecuador (Gwinnett 1998). 
 
​ Despite evidence suggesting localized production of greenstone beads, Guangala and 
Manteño burials rarely contained more than one or two beads, as opposed to hundreds found in 
burials of the Moche culture in nearby Peru (Staller 2001:76; Shimada 2009:14). This indicates 
that these items were not as significant to local funerary customs compared to the massive 
greenstone production scale that the Guangala and Manteño sustained. If the greenstone beads 
were considered high-value personal items or held ritual significance within Guangala and 
Manteño society, the beads would have been found in burials at high frequency (Piperno 
2003:254). Instead, the scarcity of greenstone in this context supports the interpretation that this 
region of Ecuador served as a production center. This pattern aligns with broader Andean 
practices; certain goods functioned more as portable wealth or symbols of regional connectivity 
than personal items that needed to be kept through death. However, this is just one interpretation 
of the historical significance of greenstone beads in Ecuadorian society. It is also possible that 
the value of the greenstone in Ecuadorian society may have lied in its use by individuals rather 
than in its role within broader economic or political exchange systems (Manrique-Ortega et al. 
2014). 
 
​ Clues to the cultural value of greenstone for Ecuadorian coastal peoples may have also 
rested in Spondylus shells, which can only be obtained by specialist divers, therefore raising the 
exclusivity and value of the beads. However, there is evidence of Anadara tuberculosa, which 
was easier to collect than the Spondylus shell, being used to create imitation beads (Reitz and 
Masucci 2004; Carter and Helmer 2015). Similarly, in the excavations of royal tomb sites in 
Guatemala, there were ceramic beads that had been “painted to look like jade” as the “color and 
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symbolism of jade was so desirable that imitations were created and used,” which further support 
the potential of a similar approach to be used regarding the Ecuadorian greenstone beads (Knight 
et al. 2024:2). An imitation version of “jade” is one possible answer to the question of the 
composition of the greenstone beads. 
 

However, it is also important to acknowledge that it may not have been strictly material 
value that led to the prominence of greenstone beads. The symbolism of the color green itself 
may have been sufficient to give value to the beads both within Ecuador and in surrounding 
cultures (Kokaly et al. 2017). The color green held strong symbolism for fertility and health, and 
was believed to prevent snake bites, epilepsy, dysentery, and other ailments (Boomert 1987). 
Others have proposed that Manteño societies used greenstone beads as “a primitive form of 
currency” (Wilbert 1974) based on the presence of strings of beads on a Manteno balsa raft 
encountered by Spanish sailors off the coast of Ecuador in 1525 (Currie 1995). This 
cross-cultural “symbolically charged raw material” has created a long-lasting, global 
appreciation for the stone’s beauty and historical value, regardless of the production or reason 
(Kokaly et al. 2017). 

Geological 

To fully understand the significance of the greenstone used in the production of the 
beads, our study aims to understand their composition and, therefore, their source. Whether the 
greenstone used to produce the beads is readily available locally depends on their relation to the 
geographical location and geological history of Southwest Ecuador (Figure 3) (Aizprua et al. 
2020). Ecuador lies upon the subduction of the oceanic Nazca plate beneath the continental 
South American plate, spurring the formation and continual growth of the Andes. (Witt et al. 
2018). This area, concentrated primarily in the coastal lowlands of Southwest Ecuador, is 
primarily a semiarid region at sea level. The central coastal region primarily consists of rocks 
from the Basic Igneous Complex, especially volcanic and volcaniclastic. Further south, the 
region becomes more dominated by younger sedimentary deposits, including sandstones, shales, 
mudstones, and conglomerates (Masucci and Macfarlane 1997:774). 
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The Chongon-Colonche range, which stems out of the southwestern coastal lowlands, 

serves as a transition between this semiarid region and the more tropical climate further north 
(Masucci and Macfarlane 1997:773). Within the Chongon-Colonche range, there are various 
formations. The Piñon formation, which overlays the coastal regions of southwest Ecuador as an 
oceanic floor, consists of tholeiitic basaltic and basalt-andesitic lavas. Also within the range is 
the Cayo formation, a zeolitized deposit following an inactive volcanic arc where thin green tuffs 
called “lutita verde” are exploited by local communities. There is an indication that these tuffs 
have been reworked after the initial eruptive and depositional volcanic cycle. These tuffs mostly 
belong to the heulandite-clinoptilolite solid solution series with variable zeolite composition 
(Machiels et al. 2008). The Lower Cayo formation consists primarily of volcanic breccia, tuffs, 
and some basaltic lavas, while the Upper Cayo formation is “dominated by more sedimentary 
lithologies” (Masucci and Macfarlane 1997:770). 

 
​ Accounting for the distance between these formations and our study area, the presence of 
the seasonally flowing rivers stemming from the mountains results in the fluvial transport of 
some of the geologic material found in these mountain formations (Masucci and Macfarlane 
1997:773). In particular, variability between the movements of north-flowing and south-flowing 
ocean currents periodically results in a catastrophic rainy season, known as El Niño. This 
phenomenon can contribute to heavy erosion and movement of materials through river currents 
to the study area (Masucci and Macfarlane 1997:774; Reitz and Masucci 2004:41). The 
mineralogical makeup of the study area provides a baseline of locally and easily obtainable 
materials which may have been used to produce beads, and therefore can provide insight into the 
production and trade patterns of the Guangala and Manteño cultures. 

 
Artifacts 

Greenstone artifacts used for this study were found at a large Guangala site in El Azucar 
Valley, Ecuador, which is one of the largest concentrations of Guangala settlements (Masucci 
1992). Selected beads were excavated from Site 47, a small Guangala farmstead and workshop, 

[6-5] 



 

or from adjacent Guangala settlements with evidence of bead manufacture. The beads in Figure 
4A were selected for their green color, as well as a single blue bead. Other beads or greenstone 
fragments in stages of production were selected and included since our study aimed at 
investigating the use of greenstone in bead production. Shown in Figure 4B, a greenstone 
pendant and axe head were also selected due to the ability to create thin sections for petrographic 
analysis. 

METHODOLOGY 

Fourier Transform Infrared Spectroscopy with Attenuated Total Reflectance (FT-IR-ATR) 
coupled with optical petrography was used to identify the composition of the rock samples and 
selected artifacts. FT-IR-ATR generated a spectrum unique to each sample, which aided in 
determining their chemical compositions. Petrographic microscopy was used to identify minerals 
of the selected samples. 

Fourier Transform Infrared Spectroscopy with Attenuated Total Reflectance (FT-IR-ATR)  

A Thermo-Scientific Nicolet iS10 FT-IR attached with a Smart iTR™ Attenuated Total 
Reflectance Sampling accessory was used for the FT-IR analysis; a wavenumber range of 600 to 
4000 cm-1 was used for spectral analysis. The ATR attachment directs an infrared laser that 
propagates through a crystal to the sample. The infrared light vibrates the chemical bonds in the 
sample, causing them to vibrate, allowing for analysis via a wavenumber spectrum. FT-IR-ATR 
is a non-destructive technique for the identification of solid samples, and it is a valuable 
technique in archaeology because of the minimal sample pre-processing involved. However, 
several sections of the river rock samples were determined to be common and cut with a gem 
saw for FT-IR-ATR analysis. Powder samples of select artifacts and rock samples were then 
prepared with a clean mortar and pestle. Although a destructive technique, pulverization of the 
samples was done to provide a more homogenous sample for FT-IR-ATR analysis. Each solid 
sample was analyzed with an FT-IR-ATR instrument three times in different locations along the 
surface. Each powdered sample was tested once. Out of each set of spectra collected from each 
sample, the spectra with the least apparent noise were used to determine the chemical 
composition of the rock.  

 
Petrography 

A petrographic microscope was used to analyze the mineral components of the local raw 
material samples and artifact thin sections. A Leica DM2500 P microscope showed each sample 
under both plane-polarized and cross-polarized light. Plane-polarized light that enters 
birefringent crystals attains a phase difference between s and p polarized light (University of 
Cambridge n.d.). When viewed under the cross-polarized setting, a second polarizer that is 
perpendicular to the first polarizer is used. This allows the different waves to be recombined and 
shows certain optical properties of the mineral crystals, such as birefringence. Each thin section 
sample was prepared at a standard 30 μm and analyzed at 40x, 100x, and 200x magnifications.  

 
Hydrochloric Acid Test 

A hydrochloric acid (HCl) test was also used to determine whether carbonates were 
present in certain samples. Calcite, or calcium carbonate (CaCO3), if present, reacts with HCl 
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according to Reaction 1, shown in Figure 5. Also, malachite and dolomite are carbonate-based 
rocks that react similarly to calcite, shown in Reactions 2 and 3, respectively. One product of the 
reaction is gaseous carbon dioxide (CO2). If carbonate is present, effervescence of CO2 will be 
observed on the contact surface. If no carbonate is present, no reaction will occur with the 
hydrochloric acid. Due to unique bond strengths and chemical properties, each rock requires a 
different molar concentration of HCl to react. Therefore, by comparing the molar concentration 
that elicited a reaction on the samples, information can be gained regarding the composition of 
rocks.  

 
ANALYSES 

FT-IR-ATR 

Both solid samples and powder samples were analyzed. Solid samples were tested 
multiple times if a reading was unclear, and provided an analysis of a small region of the artifact. 
Powder samples were first cut with a gem saw and then ground with a mortar and pestle. After 
testing the powdered samples with FT-IR-ATR, the instrument was cleaned with acetone and a 
cotton pad. 
 
Correlational Analysis 

For effective visualization and interpretation of the FT-IR data, a custom Python-based 
graphical user interface (GUI) was developed using Anaconda Jupyter and Visual Studio Code. 
In addition to reference spectra sourced from the RRUFF Project and the National Institute of 
Standards and Technology (NIST) Chemistry WebBook, the tool was designed to directly 
process and store proprietary Thermo-Scientific spectra files into readable comma-separated 
values. This optimized workflow ensured a consistent and reproducible method of spectral 
comparison through data analysis and figure generation. 

Preliminary visual inspection focused on absorbance peak positions and shapes to 
identify mineral signatures. Quantitative comparisons were conducted using two statistical 
methods: Pearson’s correlation coefficient (r) and Spearman’s rank correlation coefficient (⍴). 
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1.​ Pearson correlation coefficient (r)  
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r = Pearson correlation coefficient 

xi, yi = individual values 
x̅, ȳ = mean values 

 
2.​ Spearman correlation coefficient (⍴) 

 

 ρ = 1 −
6Σ𝑑

𝑖
2

𝑛(𝑛2−1)
(2)

 
⍴ = Spearman rank correlation coefficient 

di = difference between the two ranks of each observation 
n = number of observations 

 
Pearson’s r captured overall similarity in spectral trends, emphasizing dominant features, 

while Spearman’s ⍴ evaluated the alignment of local absorbance peaks regardless of intensity. 
Used together, these methods provide a robust, complementary assessment of spectral 
compatibility (Henschel et al. 2019). Each sample was run against 13 different minerals 
identified through qualitative analysis of FT-IR spectra: actinolite, albite, calcite, dolomite, 
jadeite, malachite, microcline, muscovite, orthoclase, phlogopite, quartz, sanidine, and turquoise. 
The resulting r and the ⍴ values were then ranked to generate a ranked-order compatibility table 
(Table IA-ID), returning the most likely mineral matches for each sample. 

Petrography 

A petrographic microscope, equipped with both plane-polarized light and cross-polarized 
light settings, allowed for qualitative observations of selected samples in thin sections. Thin 
sections were prepared by encasing our samples in resin and subsequently cutting thin sections of 
30µm thickness. Specific qualities examined include birefringence through the Michel-Lévy 
interference chart, extinction angles, and the grains of thin sections. Photos of each sample were 
taken using an iPhone camera. Observations made through the petrographic microscope were 
compared to petrographic microscope photos of known rock samples, as well as to each other. 
Our identification of the samples relied on Longman Scientific & Technical atlases of 
metamorphic, igneous, and rock-forming minerals (Yardley et al. 1990; MacKenzie et al. 1982; 
Mackenzie et al. 1980). 

Hydrochloric Acid Test 

The hydrochloric acid test served as a final test for samples that were similar to the 
spectra or petrographic imaging for carbonates. Each sample suspected to contain a 
carbonate-based rock was tested with 0.1 M, 1.0 M, and 3.0 M hydrochloric acid, which would 
react from calcite, dolomite, and malachite, respectively. As a separate control, the 
carbonate-free granite was used as it would have no reaction. There was no evidence of released 
gas from the granite.  
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ArcGIS Pro Software 

The ArcGIS Pro software was used to analyze geographic and geologic features within 
and around our sampling locations. Maps of Ecuador’s waterways and geology, as well as maps 
of the sample locations, were overlayed on a basemap using a PWGS 1984 Web Mercator 
projection. Data from archaeological surveys of Manteño and Guangala settlements was also 
collected and visualized to understand their cultures as well as the overall importance of the 
region (Stothert, Masucci, and Carter 2008). In addition, a map of Ecuador was referenced within 
the software to provide an accurate way to identify nearby geological features. 

 
RESULTS 

Analysis of FT-IR-ATR spectra and petrographic images identified several samples 
related in composition. Rocks related to the Cayo formation likely have the same composition 
(Figure 6A). The spectra for these samples all had similar peaks around 1009, 796, 778, 695, and 
1163. The spectra for these samples were very similar to the FT-IR-ATR spectrum of microcline, 
suggesting microcline as a possible mineral present in the samples. The spectrum of the Cayo 
formation rock was similar to the spectrum of microcline (Figure 6B). Petrographic analysis of 
Cayo formation rock was similar to petrographic imaging of microcline, but also suggested the 
samples could be composed of a mixture of silicates (feldspar, micas) or carbonates (quartz, 
calcite). Spectra for the two greenstone pendants are related as well (Figure 6C). Both have 
similar peaks at 740, 821, 896, and 969, again proposing similar compositions. The overlaid 
spectroscopies of the blue and green beads showed that the beads that vary in color are most 
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likely made of the same mineral composition (Figure 6D). Even though the colors are different 
between the beads, it is not a determining factor for its composition. Before physically relating 
the peaks using the spectra, we made previous qualitative inferences by visibly identifying the 
minerals determining general classes and potential minerals.  

 

 
After finding peaks and potential minerals, correlation analysis was used to draw 

quantitative conclusions where separate methods helped cross-validate the results. Ranked order 
Pearson and Spearman correlation exhibited the highest correlated minerals and samples (Table 
IA, IB, IC, ID). Orthoclase, muscovite and quartz were the most frequent highest correlated 
minerals for artifacts. Rocks were more diversified in their correlated minerals with calcite and 
quartz with highest frequency as the highest ranked correlation, whose dissimilarity is attributed 
to the differences in each correlation method. Artifacts and rocks had multiple overlap in highly 
correlated minerals including muscovites, calcites, paragonites, quartz, calcites, and orthoclases 
(Table IA, IB, IC, ID).  
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Table II.  

 
The acid test helped determine the presence of carbonates such as calcite, dolomite, and 

malachite in any suspected rocks. The petrographic microscope displayed high interference 
colors in the cross-polarized light, but not in plane-polarized light for both pendants. We tested 
both of the greenstone pendants, 30-R6-2 and R18-43-0; and 3 beads, 38-T2-0, 47-H1–19, and 
R49-79-A5. After performing the acid test, three artifacts - two beads and one pendant - 
effervesced in HCl suggesting the presence of calcite (Table II). 

 
Through multimodal parallel analysis utilizing correlation analyses (Pearson and 

Spearman), petrographic thin sections, and FT-IR qualitative peak analysis, we were able to 
distinguish the most probable minerals and identity of the rock and artifact samples. In all 
samples, we determined the composition to consist of silicate or carbonate minerals. Of the 
silicates, 9 samples of 4 artifacts and 5 local rocks (Table IIIA and IIIB) contain minerals of the 
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mica family. Furthermore, analysis of the R09 petrographic thin section suggests a basaltic and 
siltstone composition for R12. 

 
An additional overlap in sample composition lied within orthoclase feldspars which was 

both present in an in-process bead artifact (47-H3-3) and two local rock samples (Table IIIA 
and IIIB). A majority of samples consist of the silica (O-Si-O) bond peak between 900-1100 
wavenumbers (cm-1). On the contrary, carbonate materials were found in a few beads with few in 
the form of calcite or carbon bonds in the FT-IR-ATR peaks 800-1400. For sample 47-H1-19, the 
FT-IR-ATR correlation analysis had a strong association with malachite; however, the sample’s 
identity as calcite was supported by the effervescing in HCl (Table IIIA). Furthermore, there 
were few varied correlations between alternate minerals such as the lizardite (serpentinite), 
actinolite (nephrite), jadeite, turquoise, and dolomite.  
 
DISCUSSION 

Geologic Background  

​ We determined that although most of the artifacts had varied compositions, many 
overlapped with local stones, specifically with micas, orthoclase feldspars, quartz, and 
carbonates (Tables IA-D, Tables IIIA&B). These minerals are commonly found in Ecuadorian 
geologic formations: the Santa Elena Olistostromic Complex in Ecuador borders archaeological 
villages near El Azucar which contain quartz, muscovite, and basalt; the Tosuagua formation 
with two members near sites with the Zapotal member containing quartz, plagioclase, and 
biotite; and the Dos Bocas consisting of plagioclase, muscovites, and siltstones (Figure 7). The 
presence of quartz and carbonates is compatible with the Guangala and Manteño coastal 
landscape surrounded by the Piñon and Cayo formation, which contain marine and 
sedimentary-based carbonate rocks. Actinolite (and in fewer quantities, nephrite) can be found in 
the Camilo Ponce Enríquez Canton from the Azuay Province in Ecuador, although in limited 
quantities as inclusions in rocks. Serpentinite and lizardite is often found in ultramafic 
formations throughout the Andes, while turquoise and jadeite are not known to be found in 
Ecuador in substantial quantities. Our results in the geologic context suggest that the greenstone 
beads could have been predominantly composed of local green-colored stone.  
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Guangala and Manteño Society  

This study offers insight on the culture and practices of the Guangala and Manteño. If the 
beads were composed of different materials, as suggested by the results, it would indicate that the 
materials were chosen due to similar visual properties rather than for the material itself. This 
provides insight into the value system of pre-Columbian cultures. In particular, it infers that 
value was not necessarily restricted to modern valued minerals, such as jadeite and gold. Instead, 
it suggests that the cultural significance of the color alone could elevate the value of these 
materials and artifacts. Accepting that the artifacts are composed of local materials, it is likely 
that the raw materials were collected rather than imported through trade. This also supports the 
understanding that the beads were produced locally. It aligns with the theory that the beads were 
used as an economic export, as production using local materials would allow for further margins 
of profit (Masucci 1995). 

Due to correlations with non-local materials such as jadeite and turquoise, one must take 
into account the possibility of the importation of the raw materials used for production. 
Accepting that the beads were produced in Ecuador, as the evidence suggests, raises questions 
about the theory that they were produced primarily for an export purpose. In particular, it raises 
questions about the motive behind the importations. What was keeping other Pre-Columbian 
cultures from producing the beads themselves? Did Guangala and Manteño have more advanced 
technology and production methods than surrounding cultures, which attracted other peoples to 
their work quality? These questions can be explored through future studies and would expand 
archaeologists' understanding of the unique role of Guangala society within the wider 
pre-Columbian network. It is also possible that the production was not as centralized in coastal 
Ecuador as currently thought, and further investigation may provide more insight. 
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Methodology 

​ In our study we utilized a novel multimodal approach which compared petrographical 
images in cross- and plane-polarized light, FT-IR-ATR spectra of powders and solids, HCl acid 
tests, and correlation analysis of relevant minerals. This allowed for a multifaceted analysis to 
determine the identity of our samples. There is also novelty in the utilization of Pearson and 
Spearman analysis on FT-IR-ATR spectroscopy in an archaeological context; these analyses 
showed similarities with qualitative observations, which helped confirm results. This method 
allowed for a more comprehensive cross-validation of each qualitative and quantitative strategy. 

In addition to having implications on the current understanding of Guangala and Manteño 
societies, this study contributes to the future of non-destructive research in archaeology. This 
study has shown that non-destructive analysis of samples is possible. FT-IR-ATR spectroscopy 
was effective with non-destroyed solid samples, although it sometimes required multiple 
readings to show a definitive spectra. These spectra had clear peaks and could easily be 
compared to the spectra of other minerals, which helped samples be identified. While 
FT-IR-ATR spectroscopy was useful, the acid test and petrography were necessary to provide a 
different perspective and validate results. In future studies, researchers should utilize FT-IR-ATR 
spectroscopy as well as other non-destructive methods of analysis; however, destructive methods 
may still be needed for definite conclusions. To lessen the impact of destructive methods, 
researchers should strive to preserve samples with historic and cultural significance and to 
destroy samples with less significance or those that are more common. 

 
Limitations 

​ In the duration of our study, there were variables and aspects that impacted the 
confidence and range of our research. Archaeological samples constantly undergo weathering 
and compositional changes due to their age and burial conditions, including the formation of a 
calcium carbonate outerlayer, impacting results of correlation, FT-IR, and acid test analysis 
(Merill 1896:717; Sáenz-Martínez 2019). Variation across each analytical method can be 
attributed to variations in each trial and subjectivity in qualitative analysis of petrography and 
FT-IR spectra. The correlation analysis was limited in its manualization and compatibility. The 
quantities of our samples and data were limited by time access and variation due to sampling 
chance must be taken into consideration, along with our lack of ability to produce thin sections 
of the greenstone beads for petrographic analysis comparison. 

CONCLUSION  

Around the globe, greenstone beads have been found in burial and ritual contexts, 
suggesting their cultural significance as symbols of wealth and status. Our study analyzed the 
composition of greenstone beads from production sites in Guangala and Manteño settlements in 
the southwestern coastal region of Ecuador. Understanding the origin and composition of these 
beads is essential to understanding the history of pre-Columbian societal structure and 
cross-cultural trade. ​  

​ Our study yielded a variety of mineral compositions in both the local greenstone raw 
materials and the artifacts that were mostly present in the geologic formations in the area of 
study. The differing mineral compositions suggest that the Guangala and Manteño people did not 
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focus on the material of their greenstone beads; instead, they focused on the green appearance. 
Consequently, our study provides a unique insight into the cultures and economic strategies of 
these groups. While the study yielded significant results, it would be beneficial to further pursue 
the study of greenstone beads. These beads have immense cultural significance, and given more 
time to broaden the scope of our research, greater findings could be made. This study had a 
limited timeframe, and future research could utilize more non-destructive methods of analysis as 
well as more in-depth comparisons between minerals and artifacts from surrounding areas. This 
could further uncover if the thousands of greenstone beads in burials at other sites were produced 
by Ecuadorian workshops. Further, it is now clear that archaeologists must exercise caution in 
identifying greenstone materials without actual mineralogical or chemical analyses. These tiny 
greenstone beads are an exciting window into the history of Guangala and Manteño cultures, and 
the larger geographical context of ancient Latin America. 
 
​ In the scope of archaeological research, our study provides a novel methodology in the 
analysis of artifacts. Both non-destructive and destructive techniques of analysis, including 
FT-IR-ATR analysis, petrographic analysis, and acid reaction tests, were utilized. The novel 
application of Pearson and Spearman’s correlation analysis for FT-IR spectra on artifact and rock 
samples revealed a potential for its effective utilization in archaeology. Extending beyond FT-IR, 
other chemical instruments, including Raman spectroscopy, X-ray fluorescence, and X-ray 
diffraction, could be utilized to increase understanding of historical objects. By cross-analyzing 
qualitative petrographic images, acid testing, and FT-IR spectra with quantitative computational 
analysis, our study highlights the value of similar multimodal approaches in an archaeological 
lens.  
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APPENDICES 

Appendix A - Code 

A custom Python program was developed to streamline the visualization and analysis of the 
collected FT-IR spectral data. 

 
Figure A: Custom GUI interface 

 

The source code for this project is available on GitHub at the following repository: 
https://github.com/jungkz/IR-Spectral-Analysis-GUI  
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Appendix B - Petrographic Photographs 
 

 

Appendix C - FT-IR-ATR Spectra 
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Appendix D - Visualizations of Statistical Analysis 
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