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This study investigates a non-black roof tile excavated from the kiln site at Gwanbuk-ri (51-1, Guari), a central archaeological site
of the Baekje Sabi period, to examine the mineralogical and magnetic properties associated with color variations between the surface
and core, and to estimate its firing conditions. Based on chromatic characteristics of the cross-section, the tile was divided into three
distinct zones: Surface-YB (Yellowish Brown), Core-LYB (Light Yellowish Brown), and Core-BL (Black). Major mineral
compositions were identified as quartz, feldspars, and mica, suggesting that the roof tile was fired at temperatures below
approximately 850°C. In particular, the Core-LYB zone showed a significant reduction in carbon content and the formation of
hematite, as confirmed through Mossbauer spectroscopy, indicating exposure to relatively high heat in an oxidizing atmosphere. In
contrast, the Surface-YB and Core-BL zones retained residual carbon due to rapid heat dissipation and limited heat transfer, and no
hematite was detected. Magnetic properties further revealed that hematite acted as the primary magnetic mineral, supporting the
interpretation that the roof tile was fired under a non-uniform oxidizing condition. This study contributes to a deeper scientific
understanding of roof tile production technology and firing environments during the Sabi period of the Baekje Kingdom, and provides
foundational data for the restoration and preservation of ancient architectural materials.
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Fig. 1. (Color online) Photograph of the roof tile from the Sabi period
(Buyeo) of the Baekje Kingdom, along with an optical microscopy
cross-sectional image indicating the surface region (Surface-YB) and
core regions (Core-LYB and Core-BL).
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Fig. 2. (Color online) SEM images of the roof tile showing the Surface-YB, Core-LYB, and Core-BL regions.

Table 1. EDS results from the surface and core regions of the excavated roof tile.

Element (Atomic %)

Sample
Si Al Fe K Ca Mg Ti Na

Surface-YB 54.78 26.46 10.06 347 0.88 2.18 0.79 1.39

Core-LYB 55.67 27.86 8.61 3.06 0.69 1.59 0.75 1.77

Core-BL 61.88 22.78 7.94 2.81 0.53 1.40 0.67 1.99
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Fig. 3. (Color online) L*a*b* color values for the surface and core
regions of the roof tile.
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Fig. 4. (Color online) XRD patterns of the surface and core regions of
the roof tile.
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Fig. 5. (Color online) FT-IR spectra obtained from the surface and
core regions of the excavated roof tile.
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Table II. Peak positions of mineral groups detected by FT-IR

analysis.
Mineral Wavenumber (cm™)
Quartz 1,160, 1,090, 796, 777, 690
Na-feldspar 1,040, 743, 724
K-feldspar 1,090, 992, 725
Silicates 900~1,200

Table II1. CHN elemental analysis from the surface and core regions
of the roof tile.

Element Surface-YB Core-LYB Core-BL
C 0.7177 0.1857 0.5891
H 0.0365 0.0682 0.0341
N 0.7134 0.7977 0.7892
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Fig. 6. (Color online) Mdssbauer spectra of the surface and core
regions of the roof tile.
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Table IV. Mossbauer parameters of the roof tile.
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Fig. 7. (Color online) Magnetic hysteresis curves of the surface and
core regions of the roof tile.
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Sample Phase (kOe) (mm/s) (mmJs) (mm/s) %)
Fe’* - 0.82 022 0.66 88.62

Surface-YB Fe?* - 237 1.02 0.55 11.38
Fe** - 0.83 024 0.75 74.49
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Fe** - 0.83 024 0.75 83.96

Core-BL Fe?* y 235 1.02 0.54 16.04
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Table V. Hysteresis parameters of the roof tile.

Parameter Surface-YB Core-LYB Core-BL
My (emu/g) 0.4458 0.1950 0.2497
M, (emu/g) 0.0030 0.0180 0.0230
H, (Oe) 93.55 129.31 111.53
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