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Abstract

Elemental analysis is a fundamental method of analysis on archaeological materials to address their overall composition or

identify the source of their geological components, yet having access to instrumentation, its often destructive nature, and

the time and cost of analyses have limited the number and/or size of archaeological artifacts tested. The development of

portable X-ray fluorescence (pXRF) instruments over the past decade, however, has allowed nondestructive analyses to be

conducted in museums around the world, on virtually any size artifact, producing data for up to several hundred samples

per day. Major issues have been raised, however, about the sensitivity, precision, and accuracy of these devices, and the

limitation of performing surface analysis on potentially heterogeneous objects. The advantages and limitations of pXRF are

discussed here regarding archaeological studies of obsidian, ceramics, metals, bone, and painted materials.
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Introduction

Many methods of elemental analysis have been successfully

used on archaeological materials to address their overall

composition or specific elements to identify the source of

their geological components. These include optical emis-

sion spectroscopy (OES), atomic absorption spectroscopy

(AAS), neutron activation analysis (INAA), electron micro-

probe (EPMA), scanning electron microscope (SEM), X-ray

fluorescence spectrometry (XRF; both energy- and wave-

length-dispersive), inductively coupled plasma–optical emis-

sion spectroscopy (ICP-OES), and laser ablation ICP mass

spectrometry.1–3

For many studies, having access to such instrumentation,

their often destructive nature, and the overall time and cost

of analysis have limited the number and/or size of archaeo-

logical artifacts tested. Over the last several years, however,

portable XRF (pXRF) instruments have become widely

popular, allowing nondestructive analyses to be conducted

in museums around the world, on virtually any size artifact,

producing data for up to several hundred samples per day.

Museums have increasingly not allowed artifacts of any kind

to be taken for analysis elsewhere, even within the same

country, while the transport of large artifact assemblages is

unwieldy. Major issues have been raised, however, about

the sensitivity, precision, and accuracy of these devices,

and how to compare pXRF data from different models as

well as with other analytical methods.4–9 As with other

analytical instruments, this involves the analytical settings

chosen, the use of standard reference materials, and the

calibration software utilized. One specific limitation of XRF

is performing surface analysis on potentially heterogeneous

materials like ceramics and, especially with some pXRF

models, not having the ability to focus on spots smaller

than a few millimeters in diameter.

Presented here are the advantages and limitations of

pXRF, based on my usage for many years on thousands of

obsidian, ceramic, metal, and other artifacts.10–22 Overall,

the use of pXRF has greatly expanded our archaeological
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data sets, in many cases where elemental analysis simply

was not previously possible.

X-ray Fluorescence and pXRF

X-ray fluorescence spectrometers measure the energy level

and intensity of secondary (fluorescent radiation) X-rays

produced by primary X-rays striking the sample and creating

vacancies in an inner shell of the atoms, which are then filled

by lower-energy electrons from an outer shell.1–3,23 The

energy difference between specific shells is fixed but varies

between elements, so that secondary X-rays have character-

istic transition energy and thus may be attributed to specific

elements. The strongest X-ray intensity is a result of an

L-shell electron replacing a K-shell vacancy, and is called

Ka, while an M-shell electron replacing a K-shell vacancy is

called Kb. The replacement of L-shell vacancies by M-shell

electrons is called La and by N-shell electrons, Lb. Since

there are also energy differences among the orbitals within

each shell, the X-ray spectra include Ka1 and Ka2 lines, but

they essentially overlap for elements Z< 35. There are more

L-lines than K-lines for elements Z> 20, and with greater

differences between La1, La2, Lb1, Lb2, and Lg.

For producing quantitative results, the intensity of the

primary X-rays must be high enough to produce sufficient

secondary X-rays for statistical measurement, and there-

fore is different between major and trace elements in the

sample. The energy of the primary X-rays must be higher

than that of the elements being measured. Always to con-

sider is the background signal from primary radiation that

reaches the detector. Filters designed for different materials

may be used to reduce this background signal and increase

detection limits and precision. For both portable XRF and

ED-XRF spectrometers, energy level and intensity is mea-

sured by a detector, while the raw data may then be cali-

brated using standards and appropriate software. The

standards must be of similar material to the objects being

analyzed, as the ability of the secondary X-rays to reach the

detector is affected by the composition of the matrix.

One fundamental difference between regular and pXRF

instruments is the location of the sample; while the pXRF

does not require sampling of larger objects, the sample is

not within a vacuum chamber that is necessary for the

detection of X-rays from lower Z elements which other-

wise are absorbed in air. This is partly resolved when a

vacuum is created within the pXRF (using a portable gen-

erator connected by a small tube) and the sample is flat so

that there is no air space in between the sample and the

instrument window. The precision of measurements on

elements such as Mg, Al, Si, and P, however, is not nearly

as good as for higher Z elements, and elements below Na

are not detectable at all. The other major difference with

pXRF is its detection limits, as much as an order of magni-

tude less than for ED-XRF, and therefore fewer trace elem-

ents which may be used in archaeological sourcing studies.

Issues About the Use of pXRF

Following its introduction to archaeological applications,

issues have been raised about the reliability and comparabil-

ity of different instruments, and the limitations of XRF in

general on potentially heterogeneous materials.4–9 While

calibration software has been developed for many mater-

ials, including obsidian and other rocks, ceramics, and

metals, there remain concerns about the nondestructive

analysis of ceramic and metal artifact surfaces in particular.

In addition to the depth of X-ray penetration increasing

with higher elements, pottery may be a combination of

clay and temper, as well as having slip or paint on the sur-

face, and copper-based metals may have pooling of lead and

other elements, as well as patination and/or contamination

on the surface. This will be discussed below with the par-

ticular studies carried out. At this point, the use of pXRF on

archaeological materials has become widespread, and its

regular users have a better understanding of both its poten-

tials and limitations.24–26

Bruker Models III-Vþ and III-SD

Two different models of the pXRF have been used for the

projects discussed in this paper;27 from 2007 to Spring

2012 it was the Bruker III-Vþ, and since then the III-SD.

The main differences are that the III-SD model uses a silicon

drift detector (SDD) which is much more sensitive and has

better resolution than the Si-PIN detector on the III-Vþ

model. This results in less analytical time necessary per

sample and better element identification from the calibra-

tion software. The beam size is 5� 7 mm, so that a sub-

stantial horizontal area is being measured. For trace

element analysis of lithics and ceramics, a filter of 12 mil

Alþ 1 mil Tiþ 6 mil Cu was used to enhance results for

these elements, and settings of 40 kV and 10 or 11 mA,

and 180 or 120 s; for major element analysis of copper-

based metals, the filter was just 12 mil Al and 1 mil Ti,

with settings of 40 kV, 1.5 or 4 mA, and 60 or 30 s.

Precision and Accuracy

Separate from issues of heterogeneity in archaeological

samples is the precision of the pXRF. To determine this,

25 separate analyses were conducted on the same spot,

on five different prehistoric pottery sherds from Italy. For

Fe, present in the 2–3% concentration range, the highest

standard deviation for the five samples was just 0.038%,

with that sd being a tiny percentage of the concentration

(100*sd/mean¼ 1.6%); for Rb, Sr, and Zr, present in the

80–400 ppm range, the % sd was 2–5%; for Y and Nb, pre-

sent in <25 ppm, the % sd was 5–15% (e.g., a range for Nb

of 7–11 ppm for the 25 analyses of one of the sherds). This

study shows that the precision of the measurements are

much better than the actual variation in ceramics as shown

by multiple analyses of different spots on a single sherd, and
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are only a tiny fraction of the differences observed between

ceramic source groups. The issues of precision and accur-

acy have been addressed in other studies9,25,28 while there

remains more work needed on calibration, especially when

necessary to compare results with other studies.

Case Studies

Obsidian

Given the homogeneity of obsidian, and insignificant wea-

thering or other changes between raw material and artifact,

it is perhaps the most appropriate and easiest material to

analyze by pXRF, with a number of studies around the

world published.29–39 More than 6000 obsidian artifacts

from sites in the western Mediterranean (Figure 1) have

been analyzed to determine their geological source and

reconstruct trade, doubling the total number of obsidian

artifacts tested since the first study in 1964,40,41 and com-

plementary studies done by others in the Aegean and Near

East.42–4 My research began with a detailed survey and

collection of geological source samples on the Italian islands

of Lipari, Palmarola, Pantelleria, and Sardinia, with analyses

by pXRF (and previously by INAA, LA-ICP-MS, and regular

XRF) demonstrating in Figure 2 that each may be distin-

guished from each other as well as from Melos in the

Aegean and the Carpathian sources in the Balkans by just

a few trace elements (Rb, Sr, Y, Zr, Nb).17,20,45

Significantly, the pXRF is even capable of distinguishing

subsources for each island (Figures 3 and 4), with studies

showing geographic and chronological differences in their

relative usage.13,17,20,46–48 It is the attribution of obsidian

artifacts to specific geological subsources that enables

better understanding and interpretation of material selec-

tion, trade routes, and the socioeconomic systems in which

they were embedded.49,50

Malta. The use of the pXRF was essential in the study of

obsidian from neolithic sites in Malta, since for a number of

years no artifacts could be taken out of the country and

there were no suitable analytical facilities within this small

island nation. The results were highly significant and

Figure 1. Mediterranean obsidian sources and archaeological site assemblages tested by pXRF.
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demonstrate specific selection practices, with the residen-

tial site of Skorba on Malta having obsidian mostly from

Lipari (79%; 21% Pantelleria) and the Brochtorff Circle

burial chamber complex on Gozo nearly the opposite

(28% Lipari, 72% Pantelleria). All of the Lipari obsidian arti-

facts on Malta were assigned specifically to the Gabellotto

Gorge subsource, while on Sicily, through which the Lipari

obsidian would have passed to reach Malta, a small percent-

age of Canneto Dentro obsidian was utilized.20 Both on

Malta and in Sicily, multiple subsources of the Pantelleria

obsidian were used (Lago di Venere; Balata dei Turchi).

Calabria. Unsurprisingly, obsidian found in Calabria is nearly

all from Lipari, but with only a few pieces from Canneto

Dentro; to date not a single piece of Canneto Dentro has

been found further north in Italy. Tentative interpretations

of this pattern support the hypothesis that cores were

produced by Lipari residents and then transported/traded

to mainland Italy for further distribution, rather than being

acquired by seafarers with occasional visits to this island.

Lipari obsidian continues to have been distributed in not-

able quantity as far north as southern France, northern

Italy, and to the islands and mainland of Croatia.19

Croatia. For the many sites now tested along the Dalmatian

coast, only a few pieces of obsidian are attributed to the

Carpathian sources, with almost all of the rest from Lipari–

Gabellotto. Notable, however, are several pieces on the

Figure 3. Graph of Lipari subsources and archaeological samples from Skorba, Malta.

Figure 2. Mediterranean obsidian source groups. Subsources for each may be determined with other elemental data.
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island of Palagruža, dating to the Late Neolithic/Chalcolithic

time period, coming from Melos. Obsidian from Palmarola

also made its way across the Apennines to the Tavoliere,

and to the Croatian island of Sušac.45

Sardinia and Corsica. Portable XRF analyses of obsidian arti-

facts from many sites in Sardinia and Corsica have been

conducted to chronologically and geographically expand

on earlier studies which indicated changes over time in

the usage of the Monte Arci subsources.21,46,47 These ana-

lyses have shown that at the Early Neolithic site of Santa

Caterina, major amounts of all three Monte Arci sub-

sources (SA, SB, and SC) were utilized, while at the Late

Neolithic sites of Contraguda, San Bartolomeo, and

Sant’Elia, SB is no longer used, and by the Bronze Age at

sites including Duos Nuraghes, SC dominates the obsidian

assemblages. It is argued that by the Late Neolithic, terri-

torial control around Monte Arci led to major production

centers, such as at Sennixeddu near the SC source.13,17

Ceramics

Unlike obsidian, pottery may be heterogeneous due to how

the clay is prepared, whether temper is added, and if the

surface has slip, paint, or glaze. This may cause an obstacle

in doing nondestructive pXRF analysis on ceramics.

Separately, there are far more potential clay sources that

may have been used, with potential access to many points

along rivers, and rarely a database to compare results on

sherds with. Instead, pottery ‘‘sources’’ are defined

archaeologically with finds of production sites (e.g., kilns,

wasters) and large assemblages of everyday wares. Using

the pXRF allows analyses of more than enough sherds to

establish a local group, even if coming from multiple out-

crops in the area and of different clay types. Conducting

such studies on multiple sites in a region provide informa-

tion on possible locations that outliers from one site come

from.

A number of ceramic studies using pXRF analyses have

been published, several directly focused on the method-

ology and comparison with other analytical instru-

ments,51–55 and others on particular research questions in

Cyprus, Egypt, the Near East, Mesoamerica, and the United

States.56–62 Research by myself and a number of graduate

students (3 PhD, 10 MA) have included pXRF analyses of

more than 4000 ceramic artifacts from Croatia, Ethiopia,

Italy, Kuwait, Malta, Mesoamerica, Peru, and the southeast

US, with some examples provided below.10,11,16,22,63–75

Most of these studies were on ceramics without painted

or glazed surfaces, with multiple analyses performed on

inside and outside surfaces, and on broken edges. The

pXRF analyses focused on the same trace elements as for

obsidian, and used the same analytical settings. The results

of each spot analysis were examined and when (rarely)

trace element concentrations were found to be inconsist-

ent, due to paint or slip on one surface, were removed

from calculation of averages.

Southeastern United States. More than 500 ceramic artifacts

from northwest Florida were tested to study production

Figure 4. Monte Arci (Sardinia) obsidian subsources. There are three chemical groups for SB1, which were rarely used for artifacts.
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and trade during the Late Archaic, Late Prehistoric, and

Protohistoric periods.22,63–65,72,73 Assemblages were

selected from eight sites along the Apalachicola River in

the Florida panhandle, mostly everyday ware although

many with decorations, as well as clay balls known as

Poverty Point Objects (PPO) from the Choctawhatchee

Bay area, Tick Island in northeastern Florida, and the site

of Poverty Point in Louisiana (Figure 5). Principal compo-

nents analysis using Rb, Sr, Y, Zr, and Nb for the PPO-style

objects from the Late Archaic sites in Choctawhatchee Bay,

at Clark Creek and Tick Island, shows that several fall well

outside the Apalachicola River group, and match with those

from Poverty Point (Figure 6). These results support the

hypothesis of small-scale, long-distance ceramic exchange

between northern Florida and Louisiana.

Variability in principal component analysis (PCA) values

for three later period Apalachicola River sites tested

(Curlee, Depot Creek, Otis Hare) suggests the use of mul-

tiple clay sources near each site, but still having trace elem-

ent differences in the sources typically used for each site.

Some clay sources probably were located in between arch-

aeological sites so there was movement over short dis-

tances and/or access to the same source by pottery

producing sites (Figure 7). Ideally, clay sources near the

Figure 6. Principal components graph of trace elements Rb, Sr, Y, Zr, Nb for Poverty Point Objects.

Sites Tested
1. Poverty Point
2. Claiborne
3. Chocktawhatchee Bay
4. Kolomoki
5. Curlee
6. Yon Mound
7. Otis Hare
8. Clark Creek
9. Richardson’s Hammock 
10. Depot Creek
11. Dove Point
12. Tick Island 
13. Crystal River 
14. Bayshore Homes
15. Jones Mound
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Figure 5. Map of archaeological sites in the south-east US with ceramic analyses by pXRF.
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Figure 8. Discriminant function analysis of trace elements Rb, Sr, Y, Zr, Nb produces some separate groups for ceramic production in

Mesoamerica. Adapted from Ref. 68. � McCormick 2013.

Figure 7. Principal components graph of trace elements Rb, Sr, Y, Zr, Nb for three Apalachicola River sites.
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sites of interest should be identified, and samples tested, for

much clearer interpretation of the archaeological ceramic

analytical data. Analysis of large numbers of selected cer-

amic artifacts could also be done to assess whether there

are patterns based on specific pottery types or decoration.

Southeast Mesoamerica. Pottery sherds from Classic period

sites in the Lower Montagua (LMV), Naco (NV), and

Cacaulapa (CV) Valleys of southeast Mesoamerica were

tested in order to construct profiles of local pottery pro-

duction areas.68,76 Multiple spots were analyzed, with

painted areas avoided, while many surfaces did have slip.

Discriminant function analysis was performed, with Rb, Sr,

Y, Zr, and Nb important trace elements in distinguishing

these groups (Figure 8). The results show that most sam-

ples from the Cacaulapa and Lower Montagua Valleys fall

into separate groups, while for the Naco Valley there are

two separate source groups, with one overlapping with

LMV. The geological complexity of this area provides a

likely explanation, with the LMV and western NV having

volcanic-based soils and the eastern NV having sedimentary

soils. Archaeologically significant is that likely imports from

Copán have different values, while Tipon type pottery was

locally produced in the LMV/NV and NV groups, and

Usulután type pottery was locally produced in both LMV

and CV. These include both utilitarian and fine wares.

Croatia. More than 200 pottery samples from Neolithic sites

in Croatia were tested, in part to complement the obsidian

studies also done there to address contact and trade both at

regional and long-distance levels. The sherds came from five

sites near the Dalmatian coast (Danilo, Pokrovnik, Cista Mala,

Smilcic, Krivace), along with some from the Slavonia area in

northeastern Croatia (Figure 9). Principal component analysis

was used on the trace elements, and distinguishes the Slavonia

group, while there is lots of overlap between the other sites

despite significant distances between these sites (Figure 10).

While samples from the Krivace site tightly cluster, those from

Danilo, Pokrovnic, and Smilcic vary. One unusual artifact from

Danilo, a phallus, is on the very edge of the Danilo group (and

near the center of Pokrovnic) and likely comes from some

distance. Overall, the variability in trace element values for

most of these sites suggests the use of clay from many

areas, with either the clay or fired pottery transported over

great distances. Ceramic studies in this region clearly need

further analyses, including thin sections and trace element

analysis by INAA or ICP-MS, to test this hypothesis.

Metals

The main use of elemental analysis on metal artifacts is for

determining bulk element composition. Nondestructive

analysis by pXRF has allowed many studies to be conducted

on valuable museum-quality metal objects, and providing as

precise and accurate results as other instruments.77–83

Figure 9. Archaeological sites in Croatia with ceramics analyzed

by pXRF.
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Figure 10. Principal components graph of trace elements for

Croatia ceramics.

Figure 11. Nondestructive analysis of ‘‘gold’’ mask from

Colombia, in Orlando Museum of Art display case.
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The results for large numbers of copper-based as well as

gold, silver, and lead objects may be used for assessing

changes in production technology, access to tin and other

metals, consistency in alloying different materials (e.g., tools,

weapons, jewelry), and practices of recycling. Even for small

numbers of objects, analyses provide proper identification

and description for both museum exhibits and publications.

Conducting nondestructive surface analysis, however, raises

two potential problems: degradation and/or contamination

of metal surfaces, and conservation practices that may have

altered the surface composition. Analysis of multiple spots

can quickly reveal significant variability in composition which

is not characteristic of a cast object, and perhaps a small area

may be cleaned for reanalysis. Such cleaning is necessary for

those artifacts previously treated with conservation chem-

icals that contain zinc or other metal elements, and should

be handled with appropriate caution.

For museums in the United States, most of the Greek,

Roman, South American, and other metal artifacts on dis-

play were acquired through purchase or donation, rather

than from excavations, and thus there often are questions

about authenticity. I have analyzed extensive collections at

the Orlando Museum of Art (South American, 125 objects)

(Figure 11) and the Tampa Museum of Art (mostly Greek

and Roman, 80 objects) (Figure 12), as well as Etruscan

mirrors (33) at several museums in the US (Figure 13).

Orlando and Tampa Museums of Art. For the Orlando

Museum, all of the objects labeled as ‘‘gold’’ are in fact

tumbaga alloys, with high percentages of silver and copper

as well. Concentrations vary considerably based on depth,

since depletion gilding using acid treatment and oxidation of

the surface was used to make the immediate surface mostly

gold. Other objects were simply labeled as ‘‘copper’’ or

‘‘metal’’, with analyses revealing many that are arsenical

copper and just a few that are bronze (with just 2–3%

Sn). One artifact, a knife, has far too much Zn to be authen-

tic. In the Tampa Museum, all of the objects were labelled as

‘‘bronze’’ or ‘‘silver’’. One Roman late first century AD

object was brass (CuþZn), while another object with Zn

had been thought to be Etruscan but brass was not pro-

duced at that time. Four of the ‘‘silver’’ coins in fact are

mostly nickel, therefore also fake.

Figure 13. Multi-spot testing of an Etruscan mirror in the Baltimore Museum of Art.

Figure 12. Analysis of separate pieces of Roman bronze chat-

elaine in the Tampa Museum. Lead concentration varies signifi-

cantly, while some have small amounts of silver.
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Etruscan mirrors in the collections of the

Smithsonian, Johns Hopkins University, Walters Art

Museum, Baltimore Museum of Art, Emory University,

and the Tampa Museum of Art are fairly well-preserved

objects, with at least some if not most of the detailed

images still showing. While most have been treated with

a preservative, only a few of the tested spots showed some

zinc. All were true bronzes, with at least 7% Sn, but ranging

up to nearly 30%. It appears that the use of very high tin

content was characteristic of the later Etruscan time period

(third to second centuries BC), and most of those mirrors

also included lead, which would have reduced the viscosity

and allowed better casting detail.

Roman site in Morocco. More than 80 copper-based artifacts

from the Roman site of Thamusida, Morocco, were ana-

lyzed. Some of these were military equipment, and the rare

preservation of such items as buckles, scabbard and horse

harness fittings, and military diplomas required nondestruc-

tive analyses.14,15 Dating to the early second to the third

century AD, there were a great variety of copper-based

alloys, with Sn and Zn in nearly all, many with Pb, and a

surprising number with As and/or Ag (Figure 14). The com-

positions do not appear to be related to the social or func-

tional purpose of the objects, but rather to the availability

of raw and scrap materials. There were also many artifacts

mostly of lead, along with Cu, Sn, Zn, and Ag, again with no

pattern for their use.

Other Materials

The portability and nondestructive nature of pXRF has also

led to analyses on many other materials and in many

locations.

Norway Paintings. While in a museum in Norway analyzing

some Viking bronzes, I was asked if I could use the pXRF to

determine what kind of paint was used on different figures

in two large paintings from the 17th century (Figure 15).

While XRF cannot directly detect carbon-based paints such

as charcoal and cannot distinguish some colors due to dif-

ferent oxidation states, it can identify the metals used in

many paints, as well as other compounds (e.g., murex which

has high Br).84,85 In this small project, it was quickly deter-

mined that most painted areas that appeared to be gold

really were, those in green had Cu peaks, and those in

red had Fe peaks. But a surprise was that the red dress

and accessories on one figure in the center of each painting

was also due to mercury (Hg). Some Hg also was detected

in areas not red at all, suggesting that cinnabar-based paint

was used in an earlier version of the painting and was now

Figure 14. Bar chart showing extensive variation in composition of Roman metal artifacts from Morocco.

Figure 15. Analysis of particular paint colors on painting in a

Norway museum.
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covered over. The analytical results are not quantitative

regarding the paint visible on the surface, given that the

paint thickness and depth of penetration of the X-rays

cannot be controlled, such nondestructive methods of ana-

lysis on museum paintings may be very informative and add

information for the description of those in display.

Genovese Cave. Use of the pXRF on actual archaeological

sites is also advantageous. It was brought by small boat to

the Genovese Cave on the island of Levanzo, west of Sicily,

to analyze Neolithic and potentially much earlier paintings

and determine their composition (Figure 16).

Unsurprisingly, the black figures had higher iron

concentrations, sometimes also manganese, and others

with no difference than the adjacent unpainted rock sur-

face, suggesting the use of charcoal. Red figures were always

of iron (ochre), while white paint was high in calcium.

Further study is under review for this cave, along with

the hope of sampling some of the charcoal-based paint

for radiocarbon dating.

Florida Bone Samples. Measuring elemental concentrations

in bone or teeth is well-established for studying dietary

practices (Ca, Sr, Ba) and potential consumption of poisons

(Pb, As), and can complement isotopic analyses.86 The

ratios Sr/Ca and Ba/Ca decrease with trophic level, so are

especially indicative of the consumption of aquatic

resources, while differences in values between teeth

formed at a young age and adult bone may be interpreted

as due to marital or other mobility, or status change. While

studies using AAS or ICP-S were done on interior samples

that were then ashed, nondestructive analysis by pXRF of a

well-cleaned surface also may be successful. Bones from 67

individuals from four sites in Florida were analyzed

(Figure 17). Those from the inland site of Belle Glade had

the highest ratios; Miami One on the Atlantic coast had

lower values; and the sites of Horr’s Island and Weeden

Island on the Gulf coast had the lowest (Figure 18). The

tight clustering of the Horr’s Island and Weeden Island indi-

viduals supports the premise that the results are reliable

Lake Okeechobee

Tampa Bay

Ten Thousand Islands

Everglades

Caloosahatchee

Weeden Island
Manasota period
550 BC – 800 AD
Estuarine

Horr’s Island
Archaic period
3100 BC – 250 AD
Coastal

Belle Glade
Glades I-II period
500 BC – 1100 AD
Inland/lacustrine

Miami One
Glades I-III
700 BC – 1000 AD
Coastal and riverine

Figure 17. Florida sites with skeletal remains tested by pXRF.

Figure 16. Analysis of prehistoric paintings in the Genovese

cave.
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and not significantly altered by contamination and/or decay.

The results also are consistent with greater and more regu-

lar accessibility of marine foods on the shallower Gulf side,

as shown by stable carbon and nitrogen isotope analyses of

bone collagen and apatite.87

Conclusion

At this point, pXRF is being used by archaeologists around

the world, on many different materials. It has been clearly

shown to be excellent for obsidian sourcing studies, given

the homogeneity of the material and the modest number of

geological sources to distinguish between. For ceramics,

care must be taken in dealing with potential heterogeneity,

and given the many potential clay sources used, results for

just five trace elements is limiting. Especially when no thin

sections are made and studied to identify the overall clay

type, knowledge (and ideally samples) of different clay

sources is necessary, while analysis of major elements is

also recommended. Follow-up analyses by INAA or ICP

on at least a subset of samples is needed since some com-

positional groups based on pXRF data may actually repre-

sent multiple subgroups identifiable with results for more

trace elements. For elemental results on metals, painted

material, and bones, the issues are not about the instru-

ment, but doing nondestructive surface analyses; as said in

TV ads for a clothing business, ‘‘an educated consumer is

the best customer’’. Using a pXRF is not just point-and-

shoot; as with many other scientific methods of analysis,

practitioners, collection managers, and data consumers

need to be educated as to the advantages and disadvantages

of pXRF for archaeological materials.
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