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This commentary reviews the multi-analytical study by Moon et al. (2023) on iron oxide-based red pigments from ancient Gaya,
focusing on their composition, crystallinity, magnetic properties, and color. The study shows that Gaya people intentionally produced and
used different types of pigments—such as natural ochre and heat-treated hematite for specific purposes. Mdssbauer spectroscopy proved
essential for detecting nanoscale and amorphous iron oxides, offering key insights into pigment thermal treatment and production
processes. This commentary also explores the broader archacometric applicability of these techniques. In particular, it proposes a novel
methodology for determining the thermal history of red pigments based on variations in magnetic hyperfine field, by comparing
Mossbauer spectra of ancient Gaya pigments with those of ochre-based pigments used in traditional Dancheong painting from the Joseon
dynasty, specifically before and after heat treatment of ochre from Ulleungdo. Finally, it outlines potential future applications of these
approaches in cultural heritage conservation, traditional pigment reproduction, and the analysis of iron-based archaeological materials.
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Fig. 1. (Color online) Location and tomb numbers of the pigment collection sites [1].
Table L. The collection site, period, compound, coloring position and reference.
Tomb Period Compound Coloring Position Reference
. H. S. Lee et al.
Goa-dong, Goryeong Mid 6C HgS Mural 2014 Ref. [23]
Tomb No. 36 of tumuli in s5C HeS Mural or E. K. Kim
Jukgokri, Gimhae & artifacts (textile) 2012 Ref. [3]
Tomb No. 11 of tumuli in . . E. H. Jung and B. C. An
Daeseoun-dong, Gimhae 2-6C Hes Artifacts (shield) 1999 Ref. [24]
Tomb No.6-7 of tumuli in GNRICH
Songhyeon-dong, Changyeong Late 5C Fe;0; Mural 2011 Ref. [3]
Tomb No.11 of tumuli in . . E. H. Jang and B. C. An
Gyo-dong, Changyeong 6C Fe:0 Artifacts (textile) 1999 Ref. [24]
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Fig. 2. SEM images for (al~a2) of sample #1, and (b1~b2) of sample #2.
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Fig. 3. SEM images for (al~a2) of sample #3, and (b1~b2) of sample #4.
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Table I11. Results of Mossbauer spectra for samples of #1, #2, #3, #4, #5, UT, UT-800 and Reference Material [1,32,34].

Sample Type Hyr (kOe) IS (mm/s) QS (mm/s) Area (%) Attributions
Dl - 0.35 0.80 21.40 Fe** (super-paramagnetic Fe,O5)
D2 - 0.35 045 28.60 Fe** (kaolin)
#lReAf'ra[g]a]ya D3 - 038 1.77 21.40 Fe** (clay mineral)
S1 500.0 0.31 —-0.07 14.30 Fe;04 (A site)
S2 456.4 0.50 0.10 14.30 Fe;04 (B site)
D1 - 0.31 0.81 10.50 Fe’" (super-paramagnetic Fe,O5)
D4 - 1.09 2.75 8.80 Fe?* (clinochlore)
#ZRﬁga[g{a]ya D5 - 1.13 225 8.80 Fe* (clinochlore)
D6 - 0.31 0.59 17.60 Fe** (clinochlore)
S3 5142 0.35 -0.22 54.30 o-Fe,05
#3 Garakguk D7 - 0.25 0.69 6.20 Fe** bearing silicate or goethite
Ref. [1] S3 5124 037 -0.20 93.80 o-Fe)O5
#4R6D:r?]g]“k $3 5182 037 -0.22 100.00 o-Fe,05
D7 - 0.23 0.62 53.05 Fe** bearing silicate or goethite
#5 Bihwagaya D8 - 1.20 2.40 3.35 Fe** (chlorite)
S3 502.2 0.32 —0.10 43.60 o-Fe,04
UT S3 503.5 0.36 0.02 13.61 o-Fe,04
Ref. [34] D9 - 0.21 0.69 86.39 ferrihydrite
UT-800 S3 516.1 0.26 —-0.10 60.37 o-Fe,O4
Ref. [34] D9 - 0.18 0.73 39.63 ferrihydrite
Reference [gg"]‘terial $3 515.4 025 ~0.10 100.00 Af_rg; O(;""

i

#59] 789 AEN] S0 A AksEE AE
TAFFolL FELO|E(goethite, a-FeOOH)Z FAEH = T
ol (D7) a8lal mYA IF FE(DS, clinochlore)]
A Fe?t 31O Z Table 1ol 23E 7251

hd, 55 AW "kl YXIg AFEET]) W9
Ho B3 H HAZF A8E A ez Agd oMt
ANFHT HEUTR} Blasith2,3,34]. sREESY Mxe
AAH o= A AlGolrt. AHS AZHUT)H 800°CE Ak}
238 AWEZ(UT 800) A= Hlwdty] Fig. 40 YERAATH
AES 800°CE A%k Ax}, 53519 ZrARZ I (Hy)
32 516.1 kOeZE a-Fe,050 dNFs= 7= YeERAAAL, ]
Ao 5 (isomer shift, IS) &> 0.26 mm/s, A7 XZ=AL
o] %5 Zk(electric quadrupole splitting, EQ)2 —0.10 mm/sZ
Fe™9] o] A2 A=t 49 olFF(D9)e] 1Sak
£ 0.18 mm/s, EQ 7 0.73 mm/sS =2 FHEslo|=lo|E
(ferrihydritey} BPH)AA Tl ER|ehs HEFEC = Fe**
o ofgt ¥ FAAE & & Uh34]. EAE A AR
2H@M 0] FFF4] WAHE 13.61%C]3L, 800°ColA 44

3 ABE 6037%E F 46.80% =713t 12y BiRd

H s E (ferrihydrite)?] ©]FF9] HAHIE 86.39%01 4

800°C 2738 3 39.63%= °F 46.80% A4St 5=

FEFE dIEZToE AT olfe U5 EXF ARE

Hukgo] B4 A9E G5 & F A=AE ERIs] Hal

Ak, w3k, AN gz B2 (Aldrich Co.)2l Fj2mmpg-o]

92}H|E}E Table 1o AAISATH32]. dH T2 S22 5

B AN MR e 5154 kOeZ AT Al

A= HEN gt fAs 7ok IR s sHY &5

T SEFTY] dAg] 159 Fznppo] £4 sErE gk

£S5 Table 119 25 YERAATH1,34].

A=A FBEE ks Ao 2R gk
512.0 kOe o] 3ks 7= WA, SA48E 3HA
A A HEA o] MR 7 500.0 kOe
#HE JHRE AS IR F k. AF #59] A

502.0 kOe®] ZPARP I gks 7HAIEH] o] 75 A

I Qitks 2 g 2 23} JAJoh35].

ES
= BMo] gkgnd ) AZE T GXYE K] &2 #1T #5

Ry

o rlo

o o
A e

o do g2 o



<34 E=> Journal of the Korean Magnetics Society Vol. 35, No. 4, August 2025

Absorption (%)

08 |-

UT-800

[ERPE TP SRR TP PR | TR TP | 1.l
12 .10 8 6 4 -2 0 2 4 6 8 10 12

Velocity (mm/s)

Fig. 4. (Color online) The Mdssbauer spectra for samples of UT from
the Taehari Hwangtogumi sedimentary layer and for UT-800 from
heated UT at 800°C [34].
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