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Abstract 

Analytical chemistry has become a helpful partner to the field of archaeology. Chemical 

analysis and techniques have been used to provide supporting data for archaeological 

theories. Carbon dating can provide the accurate age of an object, which can be integral 

in identifying an objects culture and removing the flaws of relative dating. Developments 

with X-ray Fluorescence have allowed long worn away inscriptions to be brought to light. 

As analytical techniques have developed over the years, the applicability to archaeology 

has grown. I explain how archaeology and chemistry are connected and provide examples 

of applications of chemistry in the archaeology field. I highlight three categories of 

analytical instrumentation that are used often in the field: Chromatography, Atomic 

Absorption and Emission Spectroscopy, and X-ray Fluorescence spectroscopy. 
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Introduction 

With influences such as popular books and films, many people misconstrue 

archaeology as a dangerous field of grave robbing, jet setting, and treasure hunting. In 

reality, archaeology like its parent field anthropology is the study of humans. 

Archaeology just has the specificity of examining the past. While anthropologists can 

interview and observe their subjects, archaeologists must rely on remains. Archaeology 

doesn't focus solely on monumental and glamorous artifacts like pyramids or marble 

statues, it focuses on the lives of everyday people. Study often is based on the gathering 

of data; when there are no records to check or people to interview, every piece of 

information that can be recovered from an artifact can be significant. 

Archaeology is naturally an interdisciplinary field. When studying the entire 

range of past human life, questions related to every field of study will come up. At first 

glance it may be hard to make the connection between Chemistry and Archaeology, but 

the physical science often referred to as 'the building blocks oflife' is heavily integrated 

in the field of archaeology. Chemistry is the study of matter and the changes it undergoes 

which can apply to anything in the world. Analytical chemistry, which focuses on the 

detection and quantification of elements using instrumental methods, specifically has a 

niche in archaeology (7). Analytical chemistry can provide data that can bring the past to 

life. 

The relationship between modem chemistry and archaeology began with a task 

that to this day still has flaws: dating. Dating an object places it in a context that can 

radically alter interpretation. A specific style of pottery inaccurately dated may falsely 

suggest the presence of an entire civilization. In 1819, Danish archaeologist Christian 



Thomsen began to delineate artifacts into different ages: stone, stone and copper, bronze, 

early iron, and later iron. Developments in chemistry built on Thomsen's attempt and 

created absolute and relative dating techniques that more accurately place artifacts. 

Physical chemist Willard Libby developed radiocarbon dating in 1949, beginning the 

development of absolute dating techniques (8). Analytical chemistry has grown to include 

complex techniques and instrumentation. Several instruments are used in the field of 

archaeology to identify an artifact's components and respective concentrations. These 

seemingly simple pieces of data can serve to establish an artifact's origin, connect it with 

other recovered pieces, support theories of trade, unveil how it was made, and much 

more. 

Instruments 

Three techniques encountered during an undergraduate chemistry career at Ball 

State University are popular in the interdisciplinary field of archaeology and analytical 

chemistry. Gas chromatography, atomic absorption and emission spectroscopy, and X-ray 

fluorescence spectrometry capitalize on different atomic phenomena to identify a 

sample's components. 

Chromatography 

Chromatography can be defined as the separation of materials between two 

different phases (1). In the beginning, chromatography often referred to separating 

particles by eye, but it has developed into more complex procedures that are based on 

different "physiochemical" characteristics of the components (1). The origin of 

chromatography or "color writing" is credited to M.S. Tswett, a Russian botanist from the 

early 20th century. Tswett's work was closely tied to the "color writing" identity of 



chromatography. He used "calcium carbonate to separate green leaf pigments" each of 

which created distinguishable, colored, bands (I) . Though this is the origin of 

chromatography, the term currently has taken on another meaning; identification is not 

always done by color (1). 

Chromatography encompasses several techniques, the evolution of which brings 

us to the complex instrumentation used today. Several early processes were evaporation, 

filtration, distillation, and extraction (I). These simple procedures "led to many elegant 

chromatographic and nonchromatographic separation methods"(1). Color is no longer the 

distinguishing characteristic of separation. There are a multitude of procedures that utilize 

chemical characteristics such as polarity, size, and solubility. Development of more 

complex techniques came about because of the continual "search for more efficient and 

selective methods" (I). W. Ramsey is credited with creating a technique closer to the 

modem concept of chromatography. Though Ramsey's work was a year before Tswett, 

(1905) his work did not fall under the definition of separation by color so Tswett is 

recognized as the father of chromatography. However, Ramsey is closer to the title 

father of the modem definition chromatography. His work established concepts later used 

for gas chromatography by separating a "mixture of gases and vapors from a solid"(l) . 

All chromatography involves two phases, mobile and stationary. The mobile 

phase moves components over or through a stationary phase that retains (or slows down) 

components depending on a certain property. Gas chromatography is when the mobile 

phase is a gas. The technique of using gas as the mobile phase was first used by James 

and Martin in 1952 based on an idea Martin had over a decade earlier (1). There are two 

different types of gas chromatography (GC) that are grouped as GC; gas liquid 



chromatography (GLC) and gas solid chromatography (GSC). GLC uses gas as the 

mobile phase, and a liquid for the stationary phase. The stationary phase can be a liquid 

coated onto a solid support, or a solid that becomes liquid at operational temperature (1). 

GSC also uses gas as the mobile phase but the stationary phase is always a solid. 
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Figure 1. Basic Diagram of Gas Chromatograph. 
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GC's numerous advantages such as relative simplicity, short analysis time, small 

sample size and its ability to perform both quantitative and qualitative analyses make it a 

valuable technique. The length of time a component takes to leave the column is retention 

time. Retention time is a reliable - and reproducible - indicator of what a component is_ 

Quantitative analysis is related to the area of a component's peak that is proportional to 

the component's concentration (1) 

As previously mentioned the field of chromatography has grown in pursuit of 

greater levels of efficiency and accuracy. The development of multi-component 

techniques has been a part of that movement. The coupling of gas chromatography and 

mass spectrometry (GC-MS) was created to combine the efficacy of an established 

separation technique and a versatile detection system. For each component separated by 

the GC, the mass spectrometer produces a mass spectrum increasing the odds of structure 

identification (8). GC-MS has increasingly found applications in the field of archaeology. 

Resins are found on several artifact surfaces such as ceramic, bone, wood, and stone. 



Identifying the resins can provide evidence for use of the artifacts, use of the resins, and 

how they were prepared (8). Both GC and GCMS are valuable when trying to separate 

and identify certain molecular species. Often visual characteristics and examination are 

not enough to identify resins -- from the ancient or modern times (8). 

X-ray Spectrometry 

X-ray fluorescence spectrometry is a nondestructive analytical tool that studies 

the X-ray emission wavelength or energy of a sample after excitation (3). Each element 

has a characteristic emission. Henry Moseley's work in 1912 was the first instance of X

ray spectrometry (3). Moseley's radiation source was a cold cathode ray tube that uses 

the air in the tube as the source of electrons. The electron beam is aimed at the specimen 

to be analyzed. The sample produces radiation that passes through a thin gold window 

and onto an analyzing crystal (3). Moseley was credited with showing analytical potential 

ofthis technique. He connected the wavelength of the secondary radiation (produced by 

the sample) to the atomic number of an element (3). 

Using electrons to excite specimens to radiate had a couple of drawbacks. For 

one, the method was inefficient, "99% of the electrons are converted to heat energy" (3). 

This restricted the technique to nonvolatile materials that had high melting temperatures. 

Using electrons also required the sample to be placed inside the cathode tube, which 

causes issues with maintaining the high vacuum environment necessary for the electron 

beam. Swedish chemist George Charles von Heversey suggested using X-rays instead of 

electrons for excitation. Using X-rays, the sample could be outside of the tube, which 

allows for the vacuum environment to be maintained and low melting materials could be 



analyzed (3). "Use of X-rays rather than electrons represented the beginnings of the 

technique of X-ray fluorescence as it is known"(3). 

Widespread use of X-ray fluorescence was delayed until the 1940' s because x

ray excitation was inefficient compared to electron excitation and detectors were poor. 

Herbert Friedman and Laverne S. Birks used a diffractometer (an instrument that gives 

the structure of a sample) and a Geiger counter that can measure the intensity of the 

radiation produced by the sample. This technique greatly increased the sensitivity of X

ray fluorescence (3). In 1947, Friedman and Birks changed the diffractometer to a 

spectrometer; moving from studying the scattering of X-rays to studying the emission of 

the secondary X-rays from the sample. "Today nearly all commercially available X-ray 

spectrometers use the fluorescence excitation source" (3). 

There are two categories of X-ray fluorescence spectrometers: wavelength 

dispersive and energy dispersive (Figures 2 and 3). Wavelength dispersive diffracts the 

radiation coming from the sample using a crystal. This method was introduced in the 

early 1950s and allows for the detection of finite wavelengths. The energy dispersive 

method was available in the early 1970s. It takes the X-ray photon energies entering the 

detector and translates them to proportional voltage pulses (3). 



Sourc.e 

Figure 2. Wavelength Dispersive X-ray Fluorescence. The beam emitted from the 

specimen is first narrowed by a crystal before going to the detector. This allows for a 

specific wavelength to be selected for analysis. 
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Figure 3. Energy Dispersive X- Ray Fluorescence. The detector measures the energy 

released from the sample after excitation. This technique can therefore scan for multiple 

wavelengths at one time. 

The two techniques of X-ray fluorescence spectrometry are actually quite similar; 

they both display the relationship between wavelength and energy. The wavelength 

dispersive spectrometers are more commonly used because they are generally more 

sensitive than energy dispersive. The Energy dispersive technique finds its advantages in 

that it can display elements that an operator did not know was in the sample. Wavelength 

dispersive systems can only identify previously designated elements while energy 

dispersive analyzes a range (3). XRF is a very popular analytical tool for several reasons 



including its "speed, accuracy, and versatility"; the simplicity of interpreting the spectra, 

its nondestructive nature, and the relatively small sample needed (3). 

Atomic Absorption and Emission Spectroscopy 

19th century spectroscopy research defined phenomena that provided the basis for 

all modem spectroscopy. With adequate heating, monatomic species produce a spectrum 

of distinct emission lines and polyatomic species produce multiple lines that are close to 

one another. Radiation is absorbed into a cool gas at the same frequencies that it emits 

radiation. The wavelengths of spectrum lines are characteristic of an atom or molecule 

and the intensity of a line depends on the concentration. Niels Bohr's atomic theory work 

in 1913 asserts that anyone atom is associated with a "discrete and characteristic energy 

values" (4). Spectroscopy capitalizes on this behavior and uses it to perform both 

qualitative and quantitative analyses. The wavelengths of the lines can help identify the 

components of the sample and the intensity of the lines reveals the concentration of 

components (4). "The relative intensities of the spectral lines depend on the relative 

populations of the atomic states" (4). 

Spectrometric techniques include atomic absorption, plasma atomic emission, and 

atomic fluorescence spectrometry; all are capable of identifying elements in a sample. 

The method of atomic absorption "is based on the absorption of radiation energy by the 

free atoms"(4). As the name suggests, plasma atomic emission focuses on the emission of 

ions or free atoms when an external thermal or electric energy source excites the sample 

(4). Atomic fluorescence spectrometry studies the emission of free atoms after radiation 

energy excites a sample (4). 



The technique of atomic absorption is normally credited to Alan Walsh who 

produced the first AAS related patent in 1953 (4). Recent developments in the field of 

AAS are mainly happening in electronics; technology like auto samplers has made 

operating the instrument faster, safer, more precise and more accurate (4). Atomic 

absorbance is the most available spectrometric technique and has several advantages. 

AAS is highly specific and capable of identifying non-metals and even organics. Its 

popularity makes the methods for analyzing widely available and above all else it is easy 

to use and has low maintenance cost (4). The pitfalls of using AAS is that its operation 

requires gas mixtures that can be dangerous and only one element can be examined at a 

time. This makes using AAS as a qualitative tool unreasonable since the operator would 

have to take the time to use every element specific lamp available to be sure of the 

sample's components. 

"Atomic fluorescence in flames was first studied by Nichols and Howes. They 

reported the fluorescence ofCa, Sr, Ba, Li, and Na in a Bunsen flame in 1923" (4) The 

first spectrometer to utilize the fluorescence phenomenon for analytical purposes was 

made by Winefordner based on the plans of Bagder and Alkemade in 1964 (4). Atomic 

fluorescence provides "spectral simplicity, wide dynamic range, and simultaneous multi

element analysis"; issues arise though with the radiation source (4). Despite these 

advantages, atomic fluorescence has low popularity due to the lack of commercially 

available spectrometers (4). 

The use of plasma atomic emission (AES) was relatively behind the other 

techniques because spectrometers weren't available commercially until the mid-seventies 

(4). AES can analyze for several elements at once, which reduces the chemical 



interference of readings. The instrument uses safe, inert gases and has low running costs 

(4). Spectral interferences are a trade for being able to analyze several elements at a time; 

spectrum lines can overlap or broaden skewing element identification (4). Although AAS 

remains the most common spectrometry instrument, more developments are coming from 

AES like the integration of mass spectrometry (4). Experts say there are several 

advantages to combining the techniques of plasma emission and mass spectrometry. " ... 

Such as superior detection limits, spectral simplicity, possibility for simultaneous multi

element analysis, and isotope ratio determinations"( 4). 

Fortunately, spectrometry techniques do not replace one another; they 

complement each other's capabilities (4). For example, while AAS can only analyze for 

one element at a time and cannot reasonably serve as a qualitative analysis tool, AES can 

measure for multiple elements at a time. 

Instrument Conclusion 

I've noticed throughout my undergraduate career that instruments used for 

analytical chemistry have the same goals. An ideal instrument would be able to perform 

both quantitative and qualitative analysis concurrently. This simply means that an 

analysis is capable of determining the relative (or definitive) concentrations of 

components in a sample and the identity of the components in a sample. Based on my 

research, analytical instruments are all capable of performing some level of quantitative 

and qualitative analysis; the differences come from how an instrument interacts with a 

sample and how sensitive or efficient it is. 



For example, when comparing the techniques of atomic absorption spectroscopy 

and energy dispersive X-ray fluorescence spectrometry, there are some clear differences. 

AAS atomizes the sample usually by flame then irradiates the sample with an element 

specific wavelength from a lamp while energy dispersive X-ray fluorescence engages the 

sample by sending a beam of high energy X -rays at it. Both produce spectra oflines. 

While AAS can only analyze for one element at a time due to its need for a specific lamp, 

energy dispersive X-ray fluorescence produces spectra with a range that can include 

several elements. AAS provides greater sensitivity when determining the concentration of 

specific a component but it is wholly ineffective when determining components of a 

sample with no previous information. Energy dispersive X-ray fluorescence is somewhat 

the opposite, it can provide what elements are in a sample, but it sacrifices the accuracy 

of concentration determination. 

Analytical Chemistry Applications to Archaeology 

Analytical chemistry has several applications in the field of archaeology. Any 

sample or artifact can be tested on a number of analytical instruments; what is important 

is the information that can be gained. Analytical instruments have the ability to bring out 

the unknown. The recovery of an artifact can be an intensive, frustrating process for an 

archaeologist. Analytical chemistry can help make every recovery rampant with unseen 

information. Archaeologists utilize the instruments detailed above to provide greater 

pools of knowledge. Any information that can be extracted from an artifact is not an 

isolated fact; it connects to many other artifacts and theories. Knowing how something is 



made, when it was made, what materials were used, how it was used, who used it, all 

comes together to support larger theories about people from the past. 

The Classics department at Cornell University paired with the Physics department 

to analyze ancient inscriptions using a specific form of X-ray fluorescence where a 

synchrotron was used as the X-ray source. Three inscriptions were analyzed; one was a 

Latin inscription with an insignificant amount of wear (Figure 4). The inscription was 

easy to read with the naked eye and included an intentionally "erased" section that was 

chiseled out during antiquity. A Greek inscription that was analyzed had letters that 

weren't as defined as the first tablet (Figure 5). Though the text was generally legible 

there was more wear. The third inscription was another Latin text that had been eroded to 

the point of ineligibility; the inscription could not be read by the naked eye (Figure 6) . 

.. . ' Figure 4 

Figure 5 

Figure 6 

After analyzing the samples, scientists were able to discern that inscribed areas had 

higher levels of lead and iron and lower levels of calcium carbonate when compared to 



areas without inscription. The XRF was able to show the worn away inscription by 

displaying where the lead and iron fluoresce on the tablet. Not only does this uncover the 

previously lost information on the tablet, it can provide clues on what kind of technique 

was used to make the inscription. By observing the differences between the inscribed and 

non-inscribed sections, inferences can be made about what the chisel was made out of 

and at what angle it was forced on the tablet. Even with the easily legible inscription XRF 

was able to provide even more information about how the tablet was created (6). 

GC-MS (Gas Chromatography coupled with Mass Spectrometry) was used to 

analyze preserved resins in almost 100 Canaanite amphoras (vase shaped containers) 

from the Late Bronze Age. Components that were found were associated with the P 

atlantica Desf. tree that is found in the Near East, North Africa, and eastern 

Mediterranean. The resin could have possibly been used as incense. This identification 

sources the resin, and brings up the question of how it was able to travel from its native 

areas all the way to where Canaan was (modem day Pakistan, Lebanon, Israel etc.). 

Finding definitive proof of this movement supports the idea of trade - at least of 

resin - during the Late Bronze Age in the eastern Mediterranean (8). Provenance is a 

major subject in the interdisciplinary field of Archaeology and Chemistry. Chemistry 

techniques, such as GC-MS, are able to establish where an artifact was made by 

examining the elements of a sample and matching them to other artifacts of known 

origin. Provenance, like in the previous example, can establish what trade routes existed 

in the past. 

Conservation science is an integral part of archaeology that depends solely on the 

knowledge of chemistry. It is important not only to protect the artifacts in museums but 



also the larger than life standing monuments (7). Tourism around the globe is partly 

motivated by the remaining monuments of the past, it is important to protect these 

artifacts for the enjoyment and study of later generations. The materials recovered by 

archaeologists have been interacting with their surroundings for some time. Chemical 

reactions take place that lead to an object's degradation. Chemistry provides the 

knowledge to understand these chemical reactions and work to stabilize and reconstruct 

materials that have degraded. This can be helpful when attempting to understand what a 

degraded item was originally, what it could have been used for, and how it can be safely 

preserved (7). 

Conservation demands an understanding of chemistry in order to restore and 

protect artifacts. An example of this process can be seen with the 1992 conservation of 

Philadelphia's version of Rodin's The Thinker. The Thinker is an outdoor monument that 

has been in place for sixty years. The work was susceptible to all the hazards of an urban 

environment such as acid rain and particle deposition from smog. Several chemical 

reactions took place leading to particle build up and degradation. This affected the ability 

of visitors to come and appreciate the piece of work (2). 

The Thinker is a bronze so it had accumulated a fair amount of patina, which is a 

tarnish that forms as a result of oxidation of the surface. The Statue of Liberty has its 

green hue because of patination. Several treatments were considered for how to best 

remove the "corrosive weathering crust" on the piece. Knowing the chemical structure 

and reactivity of the corrosion was important for the conservers at Philadelphia Museum 

of Art in order to use the most effective reagent to remove it. The main corrosive 

compound was identified as copper sulfate (C14S04(OH)6) a brochanite. Options were 



tested on pennies to see what would be the best procedure to return the piece to its 

original structure. The "alkaline chelating agent (EDT A) was found to be the most 

effective at removing the brochanite and the black build up that had accumulated (Figure 

7). After six treatments of EDT A two layers of patination were induced, one based on 

copper nitrate and another, which returned the work to its brown/black coloring, was 

based on ammonium sulfide. These steps to return the work to its original state is not 

where work ended, more effective preservation measures were made. "A corrosion 

inhibitor (benzotriazole) was applied hot to a patined surface, followed by a protective 

coating of wax which was also applied using heat" (2). 
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Figure 7. Detailed view of The Thinker hands during treatment 

Breakthroughs in chemistry can have implications in the field of conservation 

because the two are so tightly bound. Conservation requires extensive chemical 

knowledge and must not destroy or alter artifacts. These techniques are not only required 

for monuments that are susceptible to outdoor climates, but also any artifact in a museum 

or private collection. Chemical interactions are inevitable and will occur, so it is 



important to understand and effectively stave off degradation that can be avoided. 

Figure 8. Before and after conservation of Rodin' s The Thinker. 

The relationship between archaeology and chemistry directs new research in both 

fields. The needs of archaeologists can motivate research goals in chemistry and 

developments in the field of chemistry can change how archaeologists work. Some 

artifacts are too large to fit into the sample compartment or transport to a laboratory is not 

possible. These obstacles helped fuel the need for a smaller, hand-held X-ray 

fluorescence spectrometer. In the reverse direction the infrared study of paintings can 

give insight on how the artist created the work and what restoration attempts were made. 

When in the field , archaeologist may not have the option to remove materials in 

order to test them at another location. For example, a building column cannot be taken to 

a laboratory for testing with ease. Sampling from the object is also not an option; it would 

be detrimental to the monument and involves destroying an artifact. Taking an artifact, 

especially from another country, would be considered stealing and would have negative 

effects on the relationship with that country. "Recent advances in x-ray tube and detector 



technology have allowed for the development of portable X-ray Fluorescence devices 

(PXRF), units about the size of a hair dryer that can be transported with ease" (9). 

The curator of the Chicago Field Museum Ryan Williams used the PXRF to 

analyze the soil in Cerro Baul, a province in southern Peru (Figure 9). The infonnation 

found using the PXRF gives insight on what different rooms could have been used for. 

Kitchens may have particles related to food or cooking vessels. "The PXRF is also a 

valuable tool for on site research at the museum, as it is rapid, nondestructive, and can in 

many cases be applied directly even to objects actively on display at the museum" (9). 

The Field museum used the instrument to define the origins of obsidian artifacts on 

display to the source in Guatemala and Mexico (Figure 10). 

Figure 9 Figure 10 

Research into the characteristics of the infrared spectrum has led to a new way of 

studying and understanding paintings. "As the photoreceptors of the human eye can "see" 

only in the "visible" spectrum, that is between 380 cm (blue) and 750 om (red), they are 

able to detect only the reflected and diffused radiations coming from the most superficial 

pictorial layers of a painting" (5). Using an infrared camera, it is possible to see beneath 

the pictorial surface. Upon studying an image, the "crackle and superficial deposits" can 

be clearly defined (5). Delving deeper into the painting provided hints on the technique 

used by the artist. It is possible to recognize when outline or shading was done, what type 



of brush strokes were used, and the order parts were painted. This uncovers an almost 

step-by-step guide to the life of the painting; how the artist created the painting, when it 

was restored, and what restoration techniques were used. 

Conclusion 

Chemistry has become integral to the field of archaeology. Chemistry provides 

the teclmiques to define the basic of information of an artifact: the date it was created and 

its origin. Absolute and relative techniques were one of the first contributions chemistry 

provided to archaeology. Elemental analysis using more sophisticated analytical 

instrumentation can provide the information necessary to source an artifact. Conservation 

is an important part of archaeology; museums and monuments fuel tourism in several 

countries. Preservation requires extensive knowledge of chemistry; effective restoration 

and protection cannot be accomplished without a deep understanding of the chemistry of 

the materials. These two fields have grown together and continue to push one another in 

greater directions. Development of such tools as the hand held X-ray spectrometer could 

be attributed to the need of field archaeologists. Archaeology seeks to explore and 

explain our past, and it seems necessary for an archaeologist to know a small amount 

about every field, but chemistry provides the foundation for archaeological theories to 

build on. 
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