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Our story starts 
with a journey…
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Beads and tools being made

Urn discovered in an Ecuador farmArchaeological dig site for pre-columbian Ecuador society artifacts



3

Historical 
Context

Guangala
200 B.C.E. - 800 C.E.

Manteño 
800 C.E. - 1540 C.E.

GIS Geography
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The Green Stone

Lords of Sipan Tomb

Moche Culture, Peru, 400 B.C.E.

Shimada, 2009

Necklace made of greenstone beads Lords of Sipan Tomb Guangala Beads and Tools
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Our Samples

The archeological site used for our samples 
(Site 47)

Collection of rock samples

Created in ArcGIS



Our Artifacts
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Finished beads found in Ecuador Pendants, axe, and in-process beads found in Ecuador
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Our Rocks

Outcrop samples and transported materials obtained to sample the geology local to the region
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Petrographic Microscope 

● Geologic identity
● Thin sections
● Plane-polarized light (PPL)
● Cross-polarized light (XPL)
● Birefringence

Leica Microsystems
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Results

R46 (local rock)

Geological Digressions, 2021

R46 40x XPL Quartz Arenite

● R48 Axe matched the 
local rock of R23-2

● R23-1. Coll.2 is a welded 
tuff
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Fourier Transform Infrared Spectroscopy -
Attenuated Total Reflectance  (FT-IR-ATR)

The way FT-IR-ATR works (Ausili et al., 2015)



vs.
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Solid R48 Powder R48

Selecting Spectra

Samples being 
ground with a 
mortar and pestle

Sample R48, 
greenstone axe
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Statistical Analysis

Two correlation coefficients calculated in batch
Pearson’s (r) and Spearman’s (ρ)



13

Acid Test

Block of Calcite (CaCO3)Block of Granite 

Calcite - 0.1 M

Dolomite - 1.0 M

Malachite - 3.0 M
Cu2CO3(OH)2(s) + 4HCl(aq) → 2CuCl2(aq) + 4H2O(l) + 2CO2(g)

CaMg(CO3)2(s) + 4HCl(aq) → CaCl2(aq) + MgCl2(aq) + 2H2O(l) + 2CO2(g)

CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g)



Results

R46 40x XPL

Quartz Arenite
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Results
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Comparative Analysis

All Artifacts Pendants and Fragments



Acid Test Results
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R47-H1-19 R49-79-A5 30-R6-2



Artifact Local Rock
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Geology of Ecuador 47-H1-19
Malachite

47-V1-31
Turquoise

30-R6-2 510-0

R4638-T2-0

47-H3-3 R47

Map of Geologic Formations of Coastal Ecuador
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The Guangala and Manteño

● Values in Guangala 
and Manteño society

● Bead production
● Role in wider trade 

network & cultural 
implications

● Economic strategies
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Methodology

● Multifaceted approach
○ Cross-validation of 

results
● Non-destructive 

analysis
● Destructive analysis



Discussion - Limitations

● Mixtures
○ FTIR-ATR Spectra
○ Correlation Analyses

● Weathering
○ Carbonate Layers

● Time
○ Only 2 weeks!

Example of mixtures with 
combined peaks, leading to 
more complicated spectra  
(Versino & Garcia, 2018)

Weathering Rocks (Day, 2016)
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Conclusion

● Novel interdisciplinary approach
○ FTIR

● The origins of beads
○ Local materials 
○ Other places

● Future warnings for archeologists
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Questions?

24


