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Figure 21. Photograph of acquiring the marine sediment samples at Chan B’i using a stainless 

steel knife and placing the sediment into Whirl-pak bags (photo by H. McKillop). 

  

 

were shipped to the University of South Florida for analysis, where they were dried in refractory 

porcelain crucibles in a laboratory oven at 100 °C for 2 hours to drive off extant moisture. 

 For this study, a 2.00 g portion was taken from each sample, pulverized with a Coors 

porcelain mortar, mixed with 10 ml of .60-molar hydrochloric acid (trace metal grade) with .16-

molar nitric acid (trace metal grade) in a polyethylene scintillation vial, and shaken vigorously 

on an electronic shaker at 220 rpm for 30 minutes.  For each sample, the solution was filtered 

using Whatman ashless filter paper and decanted into clean polyethylene vials.  The extracts 

were then diluted with ultrapure deionized water (type I reagent grade 18 Megaohm*cm-1 

resistance) to bring the concentrations of the elements of interest into the optimal measurement 

range of the instrument. 

 All samples were analyzed using a Perkin Elmer Elan II DRC quadrupole inductively 

coupled plasma-mass spectrometer (with background correction techniques facilitated by the 

WinLab 32 software providing detection limits close to 1 ppb for most elements; reported 
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detection limits for the ICP-MS range from 0.1 ppt [0.1 ng/L] to 1 ppb [ug/L] for most elements) 

at the Center for Geochemical Analysis at the University of South Florida.  For this analysis, 

each liquid sample was drawn into the ICP where a flow of argon gas converted it into a fine 

aerosol.  A portion of the sample aerosol was then directed through the center of an argon plasma 

torch, where the temperature is near 10,000 °K.  The energy of the plasma caused the sample 

ions to lose an electron and reach an “excited” state.  As the excited ions relaxed to their base 

states, they gave off energy in the form of light.  The spectrum of light frequencies emitted from 

each element is unique and can be used to identify the presence of that element in a sample.  This 

emitted light was separated by wavelength using a mass spectrometer equipped with a solid-state 

detector, which identified each wavelength and its relative intensity.  The intensity of the emitted 

light is analogous to the concentration of an element in the sample solution.  This information 

was then compared to calibration data for quantification. 

 For calibration, known solution standards containing the elements of interest in 

concentrations bracketing the expected concentrations of the sample were run during the 

analysis.  By running several standards of different concentrations, calibration “curves” were 

generated equilibrating instrument response with known concentration.  The unknown data were 

then plotted on these curves and the amount of each element of interest was calculated.  The 

calibrated concentrations of 20 elements were determined: barium (Ba), copper (Cu), lead (Pb), 

mercury (Hg), nickel (Ni), phosphorus (P), strontium (Sr), zinc (Zn), titanium (Ti), chromium 

(Cr), cobalt (Co), yttrium (Y), uranium (U), sodium (Na), magnesium (Mg), aluminum (Al), 

potassium (K), calcium (Ca), manganese (Mn), and iron (Fe).  The results were reported in parts 

per million (ppm) of the element. 
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Results 

 A total of 40 marine sediment samples were analyzed from Transects 1 and 2 at Chan 

B’i.  The samples are from separate locations at one meter intervals at the site.  Errors on the 

standards were generally better than 5% for high mass elements Ba through U and all replicates 

were good.  Four elements, especially Na, Mg, K, and Ca, were extremely concentrated.  

Undiluted concentrations were in the upper ppm, consistent with expectations for samples 

derived from brackish water.  These samples pushed the upper limits of the instrument at 10x 

dilution and, as a result, exhibited poor reproducibility on duplicates.  All samples were 

reanalyzed as 100x dilution, yielding good reproducibility.   

 For each element, the data were analyzed for any discernible fluctuations in relation to 

the wooden architecture and artifact distributions.  Out of the calibrated concentrations of 20 

elements, 11 elements exhibited no variations (eg. Ba, Cu, Pb, Hg, Ni, Zn, Ti, Cr, Co, Y, and U) 

these elements include the heavy metals and rare earth elements which all have low 

concentrations.  However, nine elements show variation in the data (eg. P, Sr, Na, Mg, Al, K, Ca, 

Mn, and Fe).  The elements that contained variation in the data set were then compared to the 

wooden architecture and the artifact assemblage recovered from excavations.   

 The marine sediment samples from Chan B’i derive from the bottom of a salt water body 

and could contain concentrated organic matter.  In fact, loss-on ignition indicates high organic 

matter accounting for approximately 60% of the sediment (McKillop et al. 2010a, 2010b; 

Rosado et al. n.d.).  The concentrations of phosphorus, strontium, and manganese at Chan B’i are 

relatively low (<100 mg/kg) but these elements so show variation (peaks and lows) in relation to 

the wooden architecture and artifact assemblage.  Strontium as well as barium can result from 

marine organisms and limestone substrate.  However, limestone is not present in the coastal 
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marine setting of Punta Ycacos Lagoon.  Freshwater drains from the pine savanna (not 

limestone) and the granite Maya mountains.  Both sodium and calcium can be associated with 

calcareous sediments from brackish and saline contexts.  As expected, the salinity of the water at 

Chan B’i resulted in high values of sodium throughout the data set.  However, there are 

variations in the sodium and calcium concentrations.  Magnesium, aluminum, potassium, and 

iron have constant values with discernible peaks and lows.  These elements can be linked to the 

mineral chemistry of marine sediment including aluminum from clays and sands including 

broken and disintegrated pieces of pottery, potassium from water, and iron from gleyed soils.  

Within each elements data set, there are variations that are higher or lower than the majority of 

results, which warrant discussion. 

Chemistry Associated with Wooden Architecture and Artifact Assemblage 

The variation in nine elemental signatures corroborates salt production activities 

associated with the wooden building and suggests other activities were occurring at Chan B’i.  

The wooden architecture at Chan B’i forms a rectangular building measuring 7.25 m by 5.75 m 

with 10 possible room divisions mone or more room divisions (Sills and McKillop n.d.).  There 

are two lines of palmetto palm posts (Acceloracea wightii) located to the southwest of the 

rectangular building.  Chan B’i dates to the Early Classic period (A.D. 300-600).  Excavations in 

2010 revealed an abundance of briquetage—ceramic vessels used to evaporate brine over fires to 

make salt—located inside and directly surrounding the wooden building.  Abundant charcoal that 

was mixed with the briquetage was found.  Artifact density is diminished between the two lines 

of palmetto palm posts.  The lines of palmetto palm posts found at the salt works in Paynes 

Creek have been interpreted as retaining walls (Sills and McKillop 2010).  The areas inside and 
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directly surrounding the wooden building is approximately 15 cm higher in elevation than the 

area surrounding the palmetto palm posts.   

 The chemical signatures associated with the building at Chan B’i can be interpreted in 

terms of the modern Maya salt production at Sacapulas, Guatemala as described by Reina and 

Monaghan (1981).  High values for phosphorus, strontium, magnesium, aluminum, potassium, 

and iron are recorded from the samples acquired within and directly surrounding the wooden 

building.  Peaks for phosphorus, magnesium, and potassium occur together in the central area of 

the building and next to the wooden posts (Figures 22, 23, and 24).  The values may indicate 

areas of refuse disposal from clearing or sweeping material to the walls and/or ash from fires 

used in the evaporation process to make salt.  The excavations through the building yielded 

abundant briquetage inside and surrounding the building.  For example, at Sacapulas, a dozen or 

more bowls are placed over a fire on a raised soil platform in the center of the salt building for 

the evaporation process (see Reina and Monaghan 1981:Figs 30-31).  The ash and charcoal from 

the evaporation process is eventually swept and placed in discard piles along the edges of the 

interior of the building.    

 There is a high potassium value to the west of the wooden building where dense amounts 

of briquetage were recovered similar to the densities inside the building (Figure 24).  This area is 

likely a continuation of the building activities.  Briquetage includes all ceramics associated with 

salt evaporation and typical of the assemblage at the Paynes Creek salt works (McKillop 1995, 

2002; Sills and McKillop 2010).  Most of the vessels the majority of which are Punta Ycacos 

Unslipped jars and bowls that are attached to vessel supports called cylinders with spacers, 

sockets, and bases.  The briquetage is friable with sand temper.  Amorphous clay lumps are the 

fragmentary bits of ceramic that account for the majority of the briquetage. 
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Figure 22. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for phosphorus are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 



67 
 

 

Figure 23. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for magnesium are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 
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Figure 24. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for potassium are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 
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 There is a peak in strontium and calcium outside of the wooden rectangular building, 

approximately 2 m east of the building near a living dwarf red mangrove stand (Figures 25 and 

26).  High values both strontium and calcium in this area are interpreted as a location for a shell 

midden or an area for fish processing due to the enrichment of calcium carbonate from shell 

and/or fish bones.  However, the concentration of these two elements at one location might be 

associated with mangrove oysters that attach themselves to red mangrove prop roots.  At the time 

of excavation and sediment collection no mangrove oysters were observed near Chan B’i or 

attached to the prop roots of the dwarf red mangrove.    

 The concentration of values between the two lines of palmetto palm posts shows a 

decrease in values for phosphorus, sodium, magnesium, aluminum, potassium, and iron 

compared to the interior of the wooden building and a high value for strontium and calcium.  The 

lower values for phosphorus compared to the values inside and around the building suggest that 

the palmetto palm post area is not a locale of salt production or habitation.  The area is bereft of 

briquetage and lower in elevation than the wooden building.  The sea floor has thick silt—20 cm 

and greater in depth—that overlays the red mangrove peat.  However, the area is demarcated by 

palmetto palm posts which suggest some function associated with the wooden architecture.  

Correspondingly, sodium values are lower than all the other tested marine sediment samples 

from Chan B’i (Figure 27).  The sodium values are less than 1,000 ppm whereas the average 

values elsewhere at Chan B’i average 1,800 ppm.   

 One interpretation of the function of space between the lines of the palmetto palm posts is 

that the area is a sediment extraction locale where peat was excavated and used to filter salty 

water to increase the salt content for evaporation.  The excavation of peat by the salt makers 

would result in lower elevation and the void would fill with the less salty silty sediment.  Similar  
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Figure 25. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for strontium are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 
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Figure 26. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for calcium are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 
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Figure 27. Map of Chan B’i showing the outline of wooden building including the lines of 

palmetto palm posts indicated by crosses.  Fluctuations for sodium are shown along the two 

transects (GIS by H. McKillop and modified by C. Sills). 

 

 

 

 



73 
 

types of leaching processes have been documented throughout Mesoamerica (Andrews 1983; 

Good 1995; MacKinnon and Kepecs 1989; McKillop 2002; Parsons 2001; Reina and Monaghan 

1981).  An analogous leaching process at Chan B’i might account for the low sodium values 

recorded between the two lines of palmetto palm posts.  The salty sediment for leaching was 

likely excavated in close proximity to the salt works demonstrated at the modern salt works at 

Nexquipayac and Sacapulas (Parsons 2001; Reina and Monaghan 1981).  As with the high 

strontium and calcium value outside the eastern end of the building, there is the same signature 

between the palmetto palm posts.  The high values of strontium and calcium may indicate an 

area of processing fish or shell, similar to the area outside of the eastern end of the building.  Or, 

due to the sediment removal the area would be a good place to discard fish or shell. 

Conclusion 

 Chemical sediment analysis of terrestrial soils in the Maya area has been successful in 

determining and locating various activities not evident in the artifactual material alone.  

However, no known analyses of marine sediments from archaeological deposits using acid 

extraction to prospect for anthropogenic disturbances has been undertaken until this study.  The 

organic artifacts—wood, botanicals, and charcoal—and ceramic materials are well preserved in a 

saline and mangrove peat environment.  However, the mangrove peat sediment does not preserve 

the ash from fires or refuse such as bone from preparation and consumption activities.  Chemical 

sediment analysis using ICP-OES and ICP-MS at Chan B’i an Early Classic Maya salt work was 

successful in defining activity areas associated with salt making along the southern coast of 

Belize.   

 The comparison of the chemical signatures and their association with the wooden 

architecture and artifact distribution show that the refuse from fires was swept to the corners of 
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the building and adds continuity between the past and the present.  Comparable activities of 

leaching salty sediment, placing the brine into a container, and evaporating the brine over fires to 

make salt have been documented in the historic, ethnographic, and archaeological record in the 

Maya area and Mesoamerica.  Moreover, chemical signatures suggest fish and shell processing 

as well as extraction of salty soil for leaching that were not deduced from the associated wooden 

architecture and artifact assemblage.  
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Chapter 5 

Chemical Analyses of Obsidian from Classic Maya Paynes Creek Salt Works, Belize 

Elizabeth C. Sills and Heather McKillop 

 

Introduction 

 

 Assigning Maya obsidian artifacts to their geological source locations by chemical and/or 

visual characterization has proved useful for reconstructing trade routes between the volcanic 

highland outcrops and lowland Maya consumers of obsidian (Andrews et al. 1989; Asaro et al. 

1978; Braswell et al. 1994; Braswell et al. 2000; Clark et al. 1989; Dreiss et al. 1993; Guderjan et 

al. 1989; Hammond 1972; Healy et al. 1984; McKillop et al. 1988; McKillop 1995; Moholy-

Nagy 1999; Moholy-Nagy and Nelson 1989; Nelson 1985; Rice et al. 1985; Sheets et al. 1990; 

Stross et al. 1978, 1983).  The geospatial variability in obsidian source use over time within the 

Maya lowlands has suggested spheres of communication and trade (Driess and Brown 1989; 

Nelson 1985).  During the Classic period, El Chayal obsidian was common at inland sites in the 

Maya lowlands whereas both Ixtepeque and El Chayal occur along the Caribbean coast 

(Hammond et al. 1984; McKillop et al. 1988).  Commencing in the Terminal Classic through the 

Postclassic, Ixtepeque dominated obsidian trade, which was focused along the Caribbean coast of 

Belize and Mexico (McKillop et al. 1988).   

 Underwater survey in a shallow, salt water lagoon in Paynes Creek National Park, along 

the southern coast of Belize, revealed extensive ancient Maya salt works (McKillop 2005a).  The 

earliest salt works date to the Early Classic, with expansion throughout the Late and Terminal 

Classic periods.  The rise of the Paynes Creek salt industry mirrored the growth of population at 

inland communities in southern Belize, where salt—a basic biological necessity—was scarce.  

Shared decorative motifs on “unit-stamped” pottery from Paynes Creek to inland sites in 

southern Belize and adjacent Guatemala suggest inland consumers of coastal salt (McKillop 
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2002).  In contrast to the recovery of abundant briquetage—pots used for the salt making 

process—a small quantity of obsidian was recovered from underwater survey.   

 The inland biological demand for salt produced at the Paynes Creek salt works, as well as 

shell, fish, and other marine resources underscores the coastal to inland movement of resources.  

Identifying the source locations of Paynes Creek obsidian is important for reconstructing patterns 

of coastal-inland trade and communication at the salt works.  A predominance of El Chayal 

obsidian would align the Paynes Creek salt works with inland communities in southern Belize 

where El Chayal is was found to dominate at Lubaantun (Stross et al. 1983) and Uxbenka 

(Nasaroff et al. 2010).  An alignment of the Paynes Creek salt works with the nearby coastal 

trading port of Wild Cane Cay would be supported by a predominance of Ixtepeque obsidian, 

found in quantities at Wild Cane Cay (McKillop 1987, 1989, 2005b).   

 Obsidian from the volcanic regions of Mesoamerica has been used to study trade and 

exchange routes.  Obsidian can be sourced to its original location due to the variance in trace 

elements such as rubidium, zirconium, and strontium.  Source studies are used to find the 

obsidian origins and establish trade routes.  Analysis such as X-ray fluorescence (XRF), 

abbreviated neutron activation analysis, and full neutron activation analysis (NAA) have been 

used to identify sources and reconstructing their diachronic and synchronic uses (Andrews et al. 

1989; Asaro et al. 1978; Braswell et al. 1994; Dreiss et al. 1993; Guderjan et al. 1989; Hammond 

1972; Healy et al. 1984; McKillop et al. 1988; Moholy-Nagy 1999; Moholy-Nagy and Nelson 

1989; Nelson 1985; Rice et al. 1985; Sheets et al. 1990; Stross et al. 1978, 1983).   

 Portable X-Ray Fluorescence (PXRF) can accurately and quickly chemically characterize 

obsidian samples, giving rise to the increasing use by archaeologists.  PXRF studies have been 

incorporated into research for Peru (Craig et al. 2007; Craig et al. 2010), China (Jia 2010), New 
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Zealand (Sheppard et al. 2011), the Near East (Forster and Grave 2012; Frahm 2013a), Polynesia 

(Burley et al. 2011), central Mexico (Millhauser et al. 2011), Guatemala (Cecil et al. 2007), and 

Belize (Drake et al. 2009; Nasaroff et al. 2010).  In this study, PXRF was useful to quickly and 

accurately assay a sample of obsidian from the ancient Maya Paynes Creek salt works.  PXRF is 

well suited for identifying the geochemical sources of obsidian, which varies among outcrops in 

trace elements.  Shackley (2010) has pointed out that increasing feasibility of PXRF does not 

equate to accuracy.  Instead, Shackley cautions archaeologists to seek training and produce 

comparison studies.  Therefore, the results of the Paynes Creek obsidian using PXRF will be 

presented along with their sourced designations.   

 We report the results of assaying 40 obsidian artifacts from the Paynes Creek salt works 

using an AXS Tracer-III portable wide range elemental analyzer.  The coastal setting of the salt 

works provides an opportunity to examine the interplay between coastal-inland trade by sourcing 

the obsidian.  Are the Paynes Creek salt makers predominately using El Chayal, Ixtepeque, or 

both? 

The Paynes Creek Salt Works 

The obsidian was collected from 18 salt works in Paynes Creek during systematic 

flotation survey between 2005 and 2008.  The field crew lined up parallel to each other, shoulder 

to shoulder, on research flotation devices, moving systematically across a site searching for 

wooden posts, artifacts, and other cultural material.  The obsidian was assigned to the Classic 

period based on the presence of Classic period ceramics and radiocarbon dates obtained from the 

preserved wooden architecture.   

The Paynes Creek sites are Classic Maya salt works located on the coast in southern 

Belize (Figure 28).  They are submerged in mangrove peat in a shallow salt water lagoon.  The 
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mangrove peat provides an anaerobic environment that has preserved wooden architecture.  

Relative sea-level rise occurred sometime after the Late Classic abandonment and inundated the 

salt works (McKillop et al. 2010a, 2010b).  The wooden architecture discovered in Paynes Creek 

forms rectangular buildings and other ancillary apparatuses associated with salt making 

(McKillop 2005a; Sills and McKillop 2010).  Due to the lack of disturbance, commonly found at 

terrestrial sites, large pieces of pottery are abundantly dispersed across the salt works.  The large 

fragments of pottery are part of the briquetage assemblage—broken pieces of pottery used to 

evaporate brine over fires to make salt.  

 

Figure 28. Map of the Maya area showing location of the Paynes Creek salt works (map by C. 

Sills). 

 

The current research in the lagoon is a continuation of previous projects conducted along 

the coast and cays in southern Belize to investigate the role of settlements and workshops in the 
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ancient Maya economy (McKillop 1987, 1995, 2002, 2005a, 2005b; McKillop and Healy 1989; 

Sills and McKillop 2010).  Salt, a biological necessity, was produced at the Paynes Creek salt 

works for distribution to inland southern cities such as Lubaantun, Nim li Punit, and Uxbenka 

where salt was scarce (McKillop 1995, 2002, 2005a; Sills and McKillop 2010).  Trade routes 

have been documented for salt from ethnohistoric accounts and archaeological evidence 

throughout the Maya area (Andrews 1983).  A mural on the exterior of a temple at Calakmul 

depicts a salt glyph accompanied by a depiction of a man with a basket and spoon (Vargas et al. 

2009).  The epigraphic evidence from Calakmul indicates that salt was an important trade good. 

 The nearest settlement to the Paynes Creek salt works—approximately 4 km—is Wild 

Cane Cay, a Classic to Postclassic trading port (McKillop 1996, 2005b).  The community at Wild 

Cane Cay was a major trading port integrated into inland and coastal trade and thrived with a 

rich obsidian trade (McKillop 1989).  However, with the decline of the southern inland sites such 

as Lubaantun, Wild Cane Cay reoriented its maritime trade to the northern Maya lowlands 

(McKillop 1987, 1989, 1996, 2005b).  Chemical characterization at the Lawrence Berkley Lab of 

a sample of 105 obsidian artifacts identified six different obsidian sources were used by the Wild 

Cane Cay Maya (McKillop et al. 1988).   

Materials and Methods 

The sample consisted of all obsidian recovered from the 2005 to 2008 systematic 

underwater survey.  The material was exported under permit from the Belize government 

Institute of Archaeology to Louisiana State University for study.  The sample includes obsidian 

blades and blade fragments from 18 different sites dating to the Late Classic (A.D. 600-900).  

The sample size of 40 is adequate to include the variability of obsidian sources used by the 

Classic Maya.  A previous study of sites with less than 10 obsidian items sourced per time period 
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show less variability in source use compared to sites with 10 or more obsidian items per time 

period that show greater representation of minor sources (McKillop 2005b).  The results were 

statistically significant.  

We assayed 40 obsidian artifacts with an AXS Tracer-III portable wide range elemental 

analyzer from Bruker Elemental.  The PXRF was supplied with a rhodium tube as the excitation 

source, and a peltier cooled, silicon PIN diode detector.  Analyses of the obsidian artifacts were 

conducted at 40keV, 17 ua, with a filter composed of .006” Cu, .001” Ti, and .012 Al. to 

optimize the Tracer for particular elemental groups found in obsidian such as rubidium, 

zirconium, strontium, yttrium, and niobium.  The obsidian was in contact with the X-ray path for 

180 live time seconds as suggested by Bruker and demonstrated as an efficient time for 

excitation of the x-ray path for obsidian (Jia et al. 2010; Sheppard et al. 2011).  Each obsidian 

artifact was x-rayed once, with the thickest and flattest part of the artifact placed over the 

detector window to insure consistency in readings from the instrument (Figure 29).   

The Tracer 3-V analyzer was attached to a laptop using S1PXRF software developed by 

Bruker.  As an obsidian artifact was assayed, the spectrum reading was recorded on a laptop and 

displayed as a graph showing the peaks of different heights for each element selected (Figure 

30).  The S1PXRF software is a qualitative tool that allows the user to compare and contrast 

different chemical elements of an obsidian artifact by visually overlaying spectra from known 

geochemical sources.      

In order to carry out statistical analysis of our data for sourcing and to make our data 

comparable with published archaeological data, the data were converted to parts per million 

(ppm).  To obtain parts per million for each obsidian artifact, the sum area under the peaks was 

calculated using the KTIS1CalProcess calibration process developed by Bruker.  The conversion  
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Figure 29. Roberto Rosado arraying an obsidian blade in the Coastal Archaeology Lab with the 

Bruker Tracer 3-V (photo by H. McKillop). 

 

 

Figure 30. The elements identified by the X-ray are shown on the computer attached to the 

PXRF machine (photo by H. McKillop). 
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file was developed from obsidian of known geochemical sources in Mesoamerica (Bruce Kaiser, 

personal communication, 2010).  The results of the conversion process were entered into a MS 

Excel spreadsheet.  The ppm data for five variables (Rb, Sr, Y, Zr, and Nb) were statistically 

grouped using descriptive statistics and data reduction.  Factor Analysis and Principal 

Component Analysis (PCA) were performed in the statistical program SPSS 15© for Windows 

to evaluate the geochemical source for each obsidian artifact.  The results of the PCA, known as 

factor scores, were graphed along a linear regression line with 95% confidence.   

Results 

 Forty obsidian blade and blade fragments were assayed, with the values converted to ppm 

(Table 2).  Groups were identified using PCA and graphed along a linear regression line to 

obtain a pattern of correlation within the data (Figure 31).  PCA was conducted to find 

geochemical patterns from 40 obsidian artifacts in the data set.  The values of five elements (Nb, 

Y, Sr, Rb, and Zr) were compared.  Principal component analysis with a varimax rotation was 

computed to determine patterning.  PCA of the ppm’s from the 40 obsidian artifacts resulted in 

two components explaining 80% of the total variance within the dataset. The first component 

(=50%) consists of Rb and Y and the second component (=30%) consisted of Sr and Zr.   

Commonalities represent the proportion of the variance in the original variable that is accounted 

for by the factor solution.  In this data set, all of the communalities were high (above .5); except 

for Niobium that was less than .5.  The low commonality score for Nb indicates that this variable 

does not account for a significant variance within the dataset.   

Trade at the Paynes Creek Salt Works 

 The dominant obsidian source used at the Paynes Creek salt works is Ixtepeque (n=23) 

followed by El Chayal (n=15).  The Ixtepeque source has been documented as the main source 
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Table 2. Concentrations of geochemical elemental data of Paynes Creek obsidian with assigned 

source.  Ppm concentrations acquired from PXRF of rubidium (Rb), strontium (Sr), yttrium (Y), 

zirconium (Zr), and niobium (Nb).   

Sample No. Rb Sr Y Zr Nb Source 

1 136.31 237.20 22.36 234.84 9.15 Ixtepeque 

2 196.19 207.70 30.88 145.56 8.63 El Chayal 

3 156.04 259.64 27.16 247.01 8.81 Ixtepeque 

4 130.49 229.45 24.18 234.91 9.18 Ixtepeque 

5 126.50 233.15 25.19 216.30 7.84 Ixtepeque 

6 131.74 230.54 25.66 234.17 7.70 Ixtepeque 

7 139.27 235.51 25.72 236.58 6.68 Ixtepeque 

8 119.95 211.04 26.97 221.77 9.30 Ixtepeque 

9 113.45 182.96 23.18 201.11 6.43 Ixtepeque 

10 137.60 239.95 25.38 238.52 9.45 Ixtepeque 

11 137.41 225.88 24.15 228.64 9.43 Ixtepeque 

12 136.11 238.22 25.68 239.32 7.78 Ixtepeque 

13 206.47 233.30 31.13 157.37 10.42 El Chayal 

14 135.31 238.19 27.25 241.63 11.15 Ixtepeque 

15 189.78 209.48 31.90 139.97 7.59 El Chayal 

16 90.42 115.40 19.94 182.87 12.94 Unknown 

17 94.66 146.67 21.48 192.82 10.75 Unknown 

18 192.43 213.78 32.34 144.38 8.86 El Chayal 

19 129.73 229.71 27.28 237.40 8.73 Ixtepeque 

20 138.49 253.62 27.20 236.28 8.61 Ixtepeque 

21 132.81 232.64 24.78 233.92 6.98 Ixtepeque 

22 132.43 246.38 25.96 239.39 9.05 Ixtepeque 

23 200.93 236.52 28.42 155.04 10.13 El Chayal 

24 131.35 226.39 27.75 238.77 9.65 Ixtepeque 

25 182.44 197.28 30.87 136.97 6.90 El Chayal 

26 196.23 233.43 31.22 153.48 9.04 El Chayal 

27 197.91 226.18 31.91 148.62 9.33 El Chayal 

28 199.38 200.65 26.70 152.56 10.02 El Chayal 

29 126.18 221.98 25.38 232.94 8.01 Ixtepeque 

30 192.31 203.12 32.25 142.99 8.25 El Chayal 

31 205.03 222.76 25.16 145.30 10.17 El Chayal 

32 193.53 221.52 32.47 153.07 10.22 El Chayal 

33 192.79 212.27 28.68 142.79 6.81 El Chayal 

34 130.41 223.26 25.45 219.59 6.60 Ixtepeque 

35 128.81 224.50 23.37 235.40 7.55 Ixtepeque 

36 105.72 187.68 22.81 203.40 8.40 Ixtepeque 

37 127.83 231.78 26.32 228.96 7.64 Ixtepeque 

38 182.19 200.38 30.54 141.36 9.87 El Chayal 

39 131.78 228.88 25.11 222.76 7.65 Ixtepeque 

40 204.19 215.75 30.14 155.93 12.07 El Chayal 
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Figure 31. Plot of the geochemistry of the geological sources against the principal components.  

The regression of the PCA confidence level is 95%.  

 

for the Late Classic at Wild Cane Cay whereas El Chayal is the dominant source at the inland 

sites of Lubaantun and Uxbenka in southern Belize (Stross et al. 1978; Nassaroff et al. 2010).  

The PXRF analysis of obsidian blades from the Paynes Creek salt works indicates the salt 

makers were using the two main Classic period source sites probably using both inland trade 

such as at Uxbenka and coastal trade with Wild Cane Cay.  Two of the obsidian artifacts could 

not be sourced to either El Chayal or Ixtepeque.  The unknown obsidian source (n=2) is likely 

from a minor source.   
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Conclusion 

 The portable XRF was successful in generating concentrations of elements that could be 

grouped together using PCA.  Sourcing was accomplished using a dataset of obsidian that was 

previously geochemically characterized by the LBL (McKillop et al. 1988).  However, PXRF has 

limitations in sourcing minor sources such as the two obsidian blades that are unidentifiable.  

These limitations are due to a lack of access to a database of results not readily available in the 

literature.   

 We are publishing the results showing the main trace elements ppm’s (rubidium, 

zirconium, strontium, yttrium, and niobium) as well as the source assignment.  By publishing the 

results from our study we hope to begin a methodological practice for comparison of PXRF 

results.  The accessibility of PXRF machines over more traditional laboratory XRF—both in cost 

and amount of obsidian analyzed—has led to increased use.  However, the increase in use has 

not lead to an increase in the accessibility for comparative data.  The ability to compare and 

contrast the results using various PXRF instruments will add to the growing body of literature 

concerning the reliability and validity of using PXRF (Frahm 2013a, 2013b; Speakman and 

Shackley 2013).   
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Chapter 6 

Summary 

 

 In my dissertation I bring together analytical techniques for studying ancient Maya 

activities at Chan B’i and Atz’aam Na.  The two salt works were evaluated to study the artifacts 

and their relationship to wooden architecture in order to (1), identify salt production and/or other 

activities; (2) identify if the sites were dedicated to the single activity of salt making, were 

household workshops, or were used in “multi-crafting”.  The preservation of wooden 

architecture, not typical of the Maya area, at salt works in Paynes Creek offered an opportunity 

to examine activity areas at the place of production.   

 Transect excavations conducted at both sites establish that the wooden architecture forms 

buildings where salt was produced to meet the demand of a massive salt industry for inland cities 

during the Classic Maya, where salt was scarce.  Excavations revealed an abundance of 

briquetage—ceramic vessels used to evaporate brine over fires to make salt—indicating the 

function of the wooden architecture is for workshop production of salt.  The evaluation of the 

spatial distribution of briquetage in relation to the interior and exterior of buildings and lines of 

palmetto palm posts supports an interpretation that salt production was occurring inside the 

buildings at the Paynes Creek salt works.  The wealth of briquetage and charcoal and the scarcity 

of domestic artifacts indicate that the sites were specialized salt works and not physically 

attached to households.  The salt pots were standardized in contrast to other ceramic vessels from 

nearby Wild Cane Cay.   

 The peat has preserved wood, botanical remains, and large ceramic vessels, but not bone.  

However, the results from inductively couple plasma-mass spectroscopy (ICP-OES) and 

inductively coupled plasma-mass spectroscopy (ICP-MS) chemical analysis at Chan B’i detected 

evidence not found by examining the artifact assemblage.  There are chemical patterns located 
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inside and outside of the wooden architecture.  Examination of artifact densities and chemical 

signature from the interior of the building at Chan B’i indicates that the refuse from fires was 

swept to the corners of the building as with the modern day salt works at Sacapulas in 

Guatemala.  The chemical signature values between the lines of palmetto palm posts suggest 

they were possibly posts for land retention where salty sediment was excavated for leaching.  

Other activities not represented in the artifact assemblage include chemical signatures suggesting 

fish and/or shell processing.   

 Portable X-ray fluorescence was successful in assigning obsidian to El Chayal and 

Ixtepeque—the two main obsidian sources. The results of the obsidian source study suggest the 

salt works were utilizing both inland and coastal trade.  The obsidian along with ‘unit stamped’ 

stamped pottery support an interpretation that the Paynes Creek salt makers interacted with the 

inland Maya at sites such as Lubaantun as well as the Maya living on Wild Cane Cay.   
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