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Abstract Elemental analysis of archaeological bone plays an important role in the study of the dietary habits

of ancient animals. The elemental characteristic of diagenetic skeletons depends on the surrounding circum-

stance. The study of environmental influence on the elemental concentration of ancient bone is significant. In

this paper, the diagenetic influence on archaeological skeletons is analyzed by microbeam X-ray fluorescence

(µ-XRF). The results show that the enamel is an excellent barrier to the diagenesis and the element Sr in bone

isn’t susceptible to contamination from the buried environment.
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1 Introduction

Elemental analysis of archaeological bone plays an

important role in the study of the dietary habits of an-

cient animals, but it still faces a number of problems

now. The scientists, who put criticism on the study

of trace elements in skeletons, took the contamina-

tion and nutrition into account [1, 2]. In any case,

the elemental investigation in teeth is still going on.

In fact, the tooth is an important object for osteoar-

chaeological science because it is of an apatite struc-

ture which is more steady and compact than a normal

bone [3, 4]. The relationship between the buried teeth

and the surrounding environment should be further

investigated [5, 6].

In recent years, the study of Sr stable isotope

in archaeological skeleton tissue has been booming.

Strontium isotopes serve as a signature that can be

used to “source” a prehistoric skeleton to its geologic

area, depending on how the individual migrated dur-

ing its life. The contamination intake of Sr from the

surrounding buried environment is a barrier for the

bone analysis [5]. Some authors had found that the

empirical data showed distinguishable levels of Zn in

bones of carnivorous and herbivorous animals. So it

has been used as a discriminator of meat [7].

Based on the mentioned situation, the measure-

ment of the elemental purity in the buried tooth was

carried out by many researchers. Elemental distribu-

tion in archaeological bone has been analyzed by AAS

[8], PIXE [1, 9, 10] and XRF for quantitative deter-

mination [11–14]. We collected tooth samples, two

pieces of long bone from the Jiangxi Province and

a piece of right thighbone from the Henan Province.

In order to compare the differences in contamination

between tooth and compact bone, the elemental dis-

tribution in ancient bone has been detected using mi-

crobeam X-ray fluorescence (µ-XRF).

2 Samples and experiments

2.1 Samples

Three pieces of teeth and two long bones were

collected from the site of 100000 years ago which
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is located at Jiangxi Province in South China. The

exact species of these samples were not identified.

A piece of the right thighbone of cattle was col-

lected from the site of the Shang Dynasty (B.C. 16–

11). This site is located at Henan Province in North

China. Small slices of 2 mm in thickness were cut

down from each bone sample. Three slice samples

were cut down from the crown and the cross section

with tooth enamel appeared. One tooth sample was

surrounded by the soil which was from the buried

environment. The slice samples were washed in ul-

trasonic cleaner with deionized water and then dried

naturally. We document the condition of samples in

Table 1.

Table 1. Initial condition of samples.

sample species origin age type

T1-1/T1-2/T1-3 pig Jiangxi 100000 tooth

T2 unknown Jiangxi 100000 tooth

T3 unknown Jiangxi 100000 tooth

B1 unknown Jiangxi 100000 bone

B2 cattle Henan 3000-4000 bone

B3 unknown Jiangxi 100000 bone

2.2 Experiments

The µ-XRF analytical experiments were carried

out by a PV8880/00 Eagle 3 XXL µ-Probe Elemental

Analyzer System produced by the EDAX Company.

The working voltage of X-ray tube was 40 kV and

current was 800 µA. The X-ray beam was focused to

φ100 µm by optic capillary focusing lens. The angle

of the incident µ-X-ray beam was 65◦ with respect to

the sample plane and Si(Li) Detector for eagle XXL

was set to gain the spectrum. The energy resolution

is 154 eV. The selection of the experimental points

on samples was performed manually. About 0.6 mm

distance between two measuring points was adopted.

Each point was irradiated up to 1000 s. The samples

were measured in the air. All the obtained spectra of

µ-XRF were analyzed with the VISION32 computer

software which has all the basic EDX functions.

One piece of the tooth was analyzed along three

different directions of radius. And we named them as

T1-1, T1-2 and T1-3. The other samples were enti-

tled T2, T3(tooth) and B1, B2, B3(bone).

3 Results and discussion

Net intensity in the µ-XRF experiment is mainly

determined by the elemental concentration in the

same matrix. In this paper, we use Net intensity

to express the degree of elemental concentration. In

our experiment, some elements like Mn, Cu and Pb

couldn’t be measured by µ-XRF because their con-

centration is too low to be detected. Both elements

of Zn and Sr, which are important elements in the

study of osteoarchaeological science, can be measured

by the µ-XRF and will be the emphasis in our dis-

cussion.

As some research presented [1, 3], the compact

bone is susceptible to Fe accumulation. The element

Fe serves as a reference of contamination. The strong

enrichment of Fe at the external surface was caused

by the exchange mechanism between the archaeolog-

ical bone and its neighborhood. Otherwise, the inner

surface had a little enrichment because the inner part

was exposed to the soil after marrow dissolving. The

elemental distribution curves from the inner to the

external surface, which are shown in Fig. 1, indicate

that the decline is obvious.

Fig. 1. Fe concentration for bone.

Fig. 2. Fe concentration for tooth.

The sample T1-3 whose enamel had worn off has a

little Fe enrichment in the external surface as shown

in Fig. 2. The element like Fe in the soil could easi-

ly penetrate the buried tissue, but their concentra-
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tion was much lower in the dentine surrounded by

the enamel which was emerged in the burial soil for

a long time. So the enamel was the barrier to the

Fe penetration and it protected the dentine against

diagenesis.

Figure 3 is about the zinc distribution profiles in

different teeth. It displays similar patterns. We can

see obviously that the Zn concentration decreased

from the central dentine and then reached a lower

level in enamel as observed in the contemporary tooth

before [12]. Further attention should be paid to this

concentration distribution when we make the research

regarding Zn element content [7], because the sam-

pling area may affect the measuring result regarding

elemental concentration. The concentration of Zn ex-

hibited a steady level in the bone from the external

surface to the inner part as shown in Fig. 4. It indi-

cated that Zn was hardly contaminated.

Fig. 3. Zn concentration for tooth.

Fig. 4. Zn concentration for bone.

An important phenomenon is shown in Fig. 5 and

Fig. 6. Although the samples were excavated on dif-

ferent sites, the concentration of Sr kept the corre-

sponding level steady in both the tooth and bone

samples. It didn’t show the high concentration level

of Sr at the bone external like Fe. It makes it clear

that Sr is a comparatively credible element in osteoar-

chaeological science. The concentration of Sr in teeth

was steadier than that in the bone.

Fig. 5. Sr concentration for tooth.

Fig. 6. Sr concentration for bone.

In Fig. 5, if we observe carefully, we could have an

impression that the Sr contents in the central dentine

and enamel were a little lower than the middle den-

tine. The distribution of Sr reminds us that its fluctu-

ation may reflect the accumulation condition of this

element during the growth of the tooth. It suggests

that the isotope fractionation may present different

values in different points of the tooth. It should be an

important factor in the Sr isotope application study

in osteoarchaeological science.

The concentrations of Zn and Sr showed some re-

semblance. They presented stabilization in the tooth

and small fluctuation in the bone. The fluctuation in

bone should owe to the individual diversity but not



420 Chinese Physics C (HEP & NP) Vol. 34

the environmental contamination, because their dis-

tribution profiles differ from those of Fe which is a

typical element that is susceptible to contamination

from the buried environment. We may conclude that

they are not susceptible to ion penetration from the

surrounding circumstance.

4 Conclusions

Although the concentration of element cannot be

quantified, the results show that µ-XRF is a good

technique for studying the elemental distribution pro-

file. The quantification of this technique is necessary

to be solved.

The results indicate that Fe could easily penetrate

from the soil into the bone, but the penetration is

difficult in the tooth because of the enamel’s protec-

tion. The dentine surrounded by the enamel can be

investigated without the consideration of contamina-

tion. Compared with Fe, they are able to be used in

the following osteoarchaeological study. The curves

of Zn and Sr vary in different teeth and bone samples.

We consider that this phenomenon is mostly due to

individual diversity, rather than the environmental

contamination.

The authors greatly appreciate professor Yuan

Jing who provided the ancient bone samples from

Henan Province.
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