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Abstract: For the application of chemical assessment standards by the extent of diagenetic alteration, we
investigated three archaeological animal bones and a modern animal bone using Fourier transform infrared-
attenuated total reflection (FTIR-ATR) spectroscopy and x-ray diffraction (XRD) analysis. The calculating results
of crystallinity index (CI), carbonate-to-phosphate (C/P) and carbonate-to-carbonate (C/C) using FTIR-ATR
spectra showed difterences CI and C/P according to the preservative condition of animal bones. By comparison
of the crystallinity contents using XRD patterns, the states of animal bones were distinguished to the range
of 30°-35°. As results of FTIR-ATR and XRD analysis, it is suggested that Mongolian large mammals bone
presents the best preservative condition, and cattle bone from Naju site, and Haman site followed. In addition,
those were correlated with the results of histological index. The results suggested that the chemical assessment
standards may contribute to application of predictions of the states of animal bones discovered from Korea.
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Fig. 1. Archaeological animal bone samples. (A) cattle bone from Haman site, (B) cattle bone from Naju site, (C) large

mammals bone from Ukhaa-khudag site.

Vol. 27, No. 6, 2014



302 Soyeong Kang, Eun Min Cho, Sue Hoon Kim, Yun-Ji Kim, Jeongwon Lee

A AYE For A 133} FAF Al BAY HE
AFT+ FHAA ZEFHJT 2E A BME A9
3 U] RRo] Joldd . sivE e doiElrr =
obA AATHFIg. 1A)2 U5 2m A FE 20114 99
1547E 12¢ 2084704 A Y5 B254 63
ZAF Al 78R A EFFA A ZEE AT e 2w
AlE e} A R wemrt 2 EFA] ke it
glo} ot zt shel BobA AATH(Fig. 1B).Y £41&
A% BEW AF JFe oF A Ao =&
H AHE I e, g sheE &2t o=
FeN7t 2213 dolgle FES Adste] AH Ak
B WIEHF A1FEE 20083 623 1045E 1€
7HA] B £-=32H] olo] 2 (Umnugobi aimag) & EA|
x| ¢ (Tsogttsetsii soum) 2.3}% ZH(Uhkaa-khudag) 2]
9] 575 FHoA 2EH WE 5 Hstolyiun] 2
VEATALZRE AFLgon, & e TR 4y
U Z3e F 54L& Brls st thFig 10). URT
o= o] &gt A = AT WME A (hitp://
www.jejucjh.com/)oll A - 3FATh.

FEHEE AAS] sl sem 2zte] O, bt
2% 4 3WE % |l mm A% Avpstgon] SAE
371 (Freezer Mill 6700, SPEX sampleprep)E ©]-8-3}F
of Y HHE A2 F A A7HA 220 °ColA
HAsF T}

gl

Table 1. Sample list of animal bones
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Sample no. Site Country Period Species Element
KMA004  Jeju Korea Modern age horse foreleg
KAA044  Seongsan mountain fortress, Haman Korea Joseon Dynasty cattle humerus
KAAO052  Bokam-ri, Naju Korea United Silla cattle femur
MAA004  Ukhaa-khudag, Umnugobi aimag Mongolia Mongol empire large mammals ?

Table 2. Histological index (HI) of archaeological bone assigned to the degree of diagenetic change'

Approximate %

HI of intact bone Description
0 <5 No original features identifiable, other than Haversian canals
1 <15 Small areas of .well preserved bone present, or some lamellar structure preserved by pattern of
destructive foci
2 <33 Clear lamellate structure preserved between destructive foci
3 >67 Clear preservation of some osteocyte lacunae
4 >85 Only minor amounts of destructive foci, otherwise generally well preserved
5 >95 Very well preserved, virtually indistinguishable from fresh bone
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Fig. 2. Stereo microscopic image of animal bone samples (x10). (A) modern horse bone, (B) cattle bone from Naju site,
(C) cattle bone from Haman site, (D) large mammals bone from Ukhaa-khudag site.

Fig. 3. Animal bones buried in the bokam-ri, Naju (A) and Seongsan mountain fortress, Haman (B). Yellow dashed lines represent

samples that used in this study.
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Fig. 4. FTIR-ATR spectra of animal bone samples (1700-525 cm™).
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Table 3. CI, C/P, and C/C values of animal bone samples, obtained from spectra produced by the FTIR-ATR

) CI C/P C/C
Sample no. Site
Mean SD Mean SD Mean SD
KMAO004 Jeju 2.587 0.216 0.216 0.008 0.851 0.003
KAA044  Seongsan mountain fortress, Haman 4481 0.370 0.061 0.002 1.070 0.017
KAAO052 Bokam-ri, Naju 3.169 0.145 0.096 0.003 0.824 0.009
MAAO004 Ukhaa-khudag, Umnugobi aimag 2.542 0.131 0.295 0.031 0.816 0.033
A 50 - B 035 - C1.1u 1
5 4 } 0.30 4 { 1.05 I
. 025 4 1.00
$ 40 3
i 0.20 4 095
E } 0.15 0.90 4
30
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20 . . . . 0.00 ; : : . 075 . r - :
Modern  Naju  Haman Mongolia Modem Naju Haman Mongolia Modem Naju Haman Mongolia
Animal bones Animal bones Animal bones

Fig. 5. Comparison of (A) CI, (B) C/P, and (C) C/C values of animal bone samples calculated for th FTIR-ATR (Error bars

represent standard deviation).
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