
Abstract
Chert artifacts are commonplace in Columbia River Plateau 

archaeological sites; however, establishing the provenance of 

cherts has traditionally proven difficult, limiting their utility in 

understanding prehistoric mobility and trade. To address this 

problem and study early chert use in the southeastern Plateau, 

portable x-ray fluorescence (PXRF) and multivariate statistical 

methods were used to characterize elemental properties of six 

chert sources from Idaho’s Salmon River basin.  PXRF study of 

over 700 chert artifacts from the Cooper’s Ferry site were 

compared against these sources, with results indicating the 

majority of artifacts came from a single but as yet unsampled 

chert source.
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Methods
To assess whether a chert sourcing project would be feasible in the 

study area, we needed a perspective on the relative levels of intra-

source homogeneity vs. inter-source heterogeneity for local cherts. 

To understand this variation, we performed several surveys over a 

three year period, resulting in the locating of six distinct geologic 

outcroppings of cherts.  Fifty samples were taken from each 

geologic source, cleaned, and analyzed via PXRF (see Data 

Acquisition and Statistical Treatment). Following this analysis, 

421 pieces of debitage as well as 293 formed tools were analyzed 

from the Cooper’s Ferry archaeological site (see Figure 2). 

Debitage, formed tools, and geologic samples were all examined 

using a Thermo Scientific Niton XL3t handheld analyzer in three 

beam configuration (20 kVp/100 uA, 40 kVp/50 uA, and 50 kVp/40 

uA) for 180 seconds per sample. Data were analyzed via Microsoft 

Excel 2010, JMP 9, and SPSS 19.
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Figure 7. Example of both linear and quadratic calibration curves using 

PXRF. Calibrations created in Microsoft Excel 2010. 
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Create boxplots and a scatterplot matrix of all 

elements coded by geologic source. Record any 

elements that separate known groups.

Perform principal component analysis on entire 

dataset (to remove multicollinearities). Retain 

all components. 

Create a scatterplot matrix of all principal 

components (coded by geologic source), 

examine and record any patterning.

Perform ward cluster analysis using principal 

components. Examine for, document, and 

remove outliers. Save cohesive cluster 

assignment. Examine for groupings between 

known groups and unknown artifacts

Perform second cluster analysis using a 

different clustering algorithm, e.g. complete or 

average. Examine for relative cluster stability. 

Save stable clusters.

Exploratory Data Analysis

Perform discriminant function analysis on 

principal components. Do separate analyses for 

known geologic groups as grouping variable as 

well as saved clusters from previous steps. Save 

results.

Create bivariate and trivariate scatter plots of 

saved discriminant functions from both 

analyses, coded by grouping variable. 

Perform second set of discriminant function 

analyses for any situations where groups were 

hard to resolve (with just those groups). Save 

results.

Calculate posterior and conditional 

probabilities of cases for group membership for 

each discriminant function analysis.

Perform ANOVA between groups defined in 

cluster and discriminant function analysis with 

any continuous variable metrics recorded with 

artifacts (e.g. artifact size, depth below 

surface). Save results.

Discriminant Function Analysis

Run χ² tests between groups defined in cluster 

and DFA analyses and categorical variables 

(e.g. formed tool, debitage). Pool or drop 

categories that have too few cases. Save results. 

Gather, interpret, and document results of 

analyses.

ANOVA / χ²

Gather geochemical data on certified reference 

standards. Select standards whose values will 

bracket expected sample values.

Using data from certified standards, examine 

spectra for any problems such as irregularly 

shaped peaks, excessive background noise, or 

peak misalignment on energy spectra

Create calibration curves of (measured / actual) 

values for each element tested using previously 

selected reference standards; examine curves 

for possible non-linearities across measured 

concentrations (see figure 7).

Instrument Testing and 

Configuration

Use literature as well as testing to determine 

minimum detectible concentrations of element 

for device, use similar matrix and suspected 

elemental ratios of samples

Data Acquisition and 

Statistical Treatment

Run samples, including standard constants at 

beginning, middle, and end of batch to test for 

detector drift or other issues

Examine data, remove variables (elements) 

that are mostly below detection limits.

Replace measurements that are below detection 

limits with random number between 1 and ½ of 

detection limit.

Apply calibration curves to collected data, 

check standard constants against known 

concentrations. 

Create ratios of major elements (e.g., Fe/K) to 

correct for possible constant sum issues

Apply base 10 logarithmic transformation to 

dataset 

Examine known chert source elemental 

histograms for skewness, kurtosis, and outliers, 

correct as necessary.

Data Preparation and Reduction

Questions
1. Can geologic samples of cherts from different sources be 

discriminated via PXRF?

2. Do distinct chemical groups of cherts exist within the 

archaeological artifacts tested?

3. If distinct chemical groups exist, are there any 

relationships between these groups and other metrics, such 

as type of artifact e.g. formed tool versus debitage) or host 

litho-stratigraphic unit?

4. Can any of the artifacts tested be linked to known chert 

sources based on their geochemistry? 

Figure 2. Example of chert artifacts from Cooper’s 

Ferry. Artifacts are not to scale

Map of Idaho from http://d-maps.com/m/idaho/idaho60.svg

Figure 8. First two principal components with both 

artifacts and geologic samples. Color coded by 

geologic source, artifacts are black. 

Figure 9. First two discriminant functions with both 

artifacts and geologic samples. Color coded by geologic 

source, artifacts are black. Ellipses represent a 90 

percent confidence interval.

Figure 10. Ward vs. average cluster analysis of artifacts from Cooper’s Ferry. Colors represent ward 

cluster assignment. Note that the red and yellow cases are grouped almost entirely together, 

indicating a high degree of stability in these groups. Dark blue, orange, and dark green clusters have 

been split into two or three separate groups using average clustering, however individual cases within 

these splits are also still grouped together. This indicates that artifacts within these clusters are indeed 

more similar to each other geochemically than to the artifacts within other clusters.

Relative Stability

Relative Stability

 Figure 1. Sampled chert sources in relation to 

Cooper’s Ferry.

Results (cont.)
Can any of the artifacts tested be linked to known chert 

sources based on their geochemistry?

Discriminant analysis was used to assign artifacts to known 

sources of cherts, with probabilities for group membership 

being calculated via Mahalanobis distances from the closest 

group centroid. Using this technique, approximately 20 

percent of artifacts examined were within one standard 

deviation of the Whitebird chert source (see figure 12), 

while approximately 80 percent of artifacts were from some 

unknown geologic source. No artifacts were within one 

standard deviation of multiple chert source group centroids. 
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Figure 11. Ward cluster solution by artifact classification. 
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Figure 12. Artifacts within one standard deviation of a known 

chert source using Mahalanobis distances based on 

discriminant analysis. 

Conclusions
This research set out to answer four questions. First, we 

determined that it is possible to resolve geologic sources of 

chert via PXRF. Second, while distinct groupings of chert 

are not readily apparent via bivariate plots, cluster analysis 

shows that there are several geochemical groups of chert 

within tested artifact assemblage. Third, a relationship 

exists between tool classes and assigned clusters, with two 

clusters being mainly comprised of debitage, and the third 

being mainly comprised of finished tools. Finally, we can 

link approximately twenty percent of artifacts tested to a 

geologic source of origin, while almost eighty percent of 

artifacts tested were from a source yet to be tested. 

Figure 3. Oneway analysis of principal component 1 vs. 

geologic source. Color coded by geologic source.

Figure 6. Multivariate scatterplot of first five principal 

components. Colors and markers designate geologic sources.

Figure 4. Ward cluster analysis of retained principal 

components. Color coded by geologic source. Note the 

large differences between the bottom two clusters (Pine 

Bar and Seven Devils) and the remaining clusters. This 

difference represents differing formation processes of these 

cherts, which formed in the Wallowa Island Arc accreted 

terrain, and the other four, which were formed in 

Columbia River Basalts.

Figure 5. Bivariate plot of first two discriminant functions, 

color coded by geologic source. Two sources, Seven Devils 

and Pine Bar were removed from this analysis to enhance 

the differences in the remaining four sources. Ellipses 

represent a 90% confidence interval.

Results
Can geologic samples of cherts from different sources be 

discriminated via PXRF?

Results of geologic source testing showed that using the 

statistical methodology outlined below (see Data 

Acquisition and Statistical Treatment), all six chert 

sources were able to be distinguished based on their 

elemental composition (see figures 3-6), with 98.3% of 

cases being correctly assigned via DFA.

Do distinct chemical groups of cherts exist within the 

archaeological artifacts tested?

Bivariate examination of both principal components as 

well as discriminant functions show most artifacts falling 

around a single centroid (see figure 8, figure 9), partially  

overlapping the White Bird chert source, with a few 

outliers present. Multivariate techniques however show 

some  structure that is not readily apparent using bivariate 

plots. Cluster analysis of principal components (see figure 

10) shows some stability between clusters, suggesting that 

chemical groups do exist within the artifact population.

If distinct chemical groups exist, are there any relationships 

between these groups and other metrics, such as type of 

artifact e.g. formed tool versus debitage) or host litho-

stratigraphic unit?

Using the clusters retained from ward cluster analysis, 

testing was performed on the following artifact metrics and 

categories: size, weight, host litho-stratigraphic unit, 

artifact position in three dimensional space, artifact 

classification (debitage, blade, uniface, biface, core), 

membership in geologic source, and chert folk taxonomy. 

Chi-square analysis shows that artifact classification 

versus ward cluster did vary by ward cluster assignment 

(χ2 (8df, N = 714) = 47.740, p <.0001), with the majority 

of the weighting coming from clusters one, three and seven 

(see figure 11.) Also of interest is that only four of the 120  

artifacts within cluster seven were within one standard 

deviation of any known chert sources.

Establishing Early Chert Use with PXRF:

A Case Study from the Cooper's Ferry Site
The cherts pictured above are examples from the six geologic sources tested during this analysis. 
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