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Abstract

There are a variety of types in tafoni formed in Miocene tuff from Golgulsa, Gyeongju. Tuff bearing
tafoni was quite weathered, composed of quartz, feldspars, micas, vermiculite, chlorite, smectite, and
analcite. In the early stage of the tafoni development, tafoni preferentially formed from cavities where
volcanic breccias were removed or from microcavities where microcrystals were chemically altered.
Small tafoni grew into large one by merging each other. The orientation of tafoni is inversely arranged
to slopes, with slight inclination toward the inner cavity. Height, width, and depth of tafoni are closely
interrelated: the correlation coefficients are 0.839 (width-height), 0.900 (width-depth), and 0.856
(height-depth), respectively. Removal of walls between tafoni resulted in lenticular or crescent forms,
and small tafoni laterally combined to large tafoni. Large tafoni is weak because of high porosity and
low strength compared to normal slope. Therefore, systematic monitoring for slope strength, pore pro-
portion and volume, and growth of cavity needs to secure the slope stability where tafoni in Golgulsa

is widespread.
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Fig. 1. (a) Geologic map modified after KIGAM (1922). (b) Geographic map of investigated sites of the Golgulsa area. Kqf:
Felsic porphyry, Tewt: Waeumri andesitic tuff, Tacg: Andongri conglomerate, Tcyt: Yongdongri tuff, Tcpa: Beomgokri
andesite and tuff, temp: temple. MB arrowed indicates Golgulsa Maaeseokbul and numbers represent investigated sites.
Diagonal black line in the right represents a fault line.
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Fig. 2. A variety of tafoni patterns in the site 5. (a), (b) Lenticular tafoni groups facing the south. (c), (d) Merge of small
tafoni. (e) Honeycomb tafoni array. The arrangement of ribs and cavities in the tafoni indicates the dependence of
horizontal bedding planes in the tuff. (f) Crescent-shaped tafoni by merging small tafoni with walls between holes inside
still remained.
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Fig. 3. Golgulsa tafoni in the site 4. (a) Tafoni and weathering with Mn crust contamination under the Budda statue, Left
arrow indicates iron—-coating and right arrow is manganese coating. (b) Tafoni holes with angles open to sun illuminance.
(0), (d) Remained clasts (shown as arrows).
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Fig. 4. Photomicrographs of tuffaceous rocks in Golgulsa tafoni. (a) Site 1: host rocks (cross polarized light). (b) Site 1:

host rocks (cross polarized light). (c) Site 1: altered tuff (plane polarized light). (d) Site 2: altered tuff (plane polarized
light). Symbols: B: biotite, C: chlorite, O: orthoclase, Q: quartz, P: plagioclase, R: rock fragment. Scale: (a), (b), (d) 1,000
um; () 100 um.
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Table 1. XRD quantitative analysis data of tafoni rocks (unit: wt.%)

Sites Quartz Feldspars Analcite Calcite Chlorite Vermiculite Micas Smectite
1 36.2 54.8 4.0 10.9 5.1
2 18.8 424 3.6 6.0 18.2
3 30.9 61.4 4.9 29 2.9

Feldspars include albite, orthoclase, microcline, and anorthite feldspar species.
Micas include biotite and muscovite.

EtZL|2| DjA|=2] £

2 LHRITH(Fig. 5). o7t nlAlY G5l 552 944 42 shalek A= o] 2ot AR 5ol Y7 HSA

G1-2 20.0kV¥13.2mm x1.00k SE(U)

Fig. 5. SEM microphotographs of altered tuffaceous rocks in sites 1 and 2. (a) Hollows intafoni. (b) Enlarged image of the
box area in (a) shows alteration minerals in hollow. (c) Analcite formed in glassy tuff. (d) An enlarged image in the box
areain (c) showing euhedral analcite. An: Analcite.
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Fig. 6. SEM microphotographs of altered tuffaceous rocks in sites 1 and 2. (a) Hollow surrounded by plagioclase laths. (b)

Plagioclase laths dissolved. (c), (d) Quartz crystals with altered surface and chlorite supporting crystals. C: Chlorite, P:
Plagioclase, Q: Quartz.
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Fig. 7. SEM microphotographs of altered rocks in the site 1. (a) Array of calcite micro-needles by dissolution and altered
plagioclase. (b) Enlarged image of the box area in (a). Cc: Calcite, P: Plagioclase.
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Fig. 8. SEM microphotographs of altered rocks in association with pollen particles in the site 1. (a) Euhedral quartz crystal
(upper left) and altered quartz crystal (upper rright) and pollen (lower right as arrowed). (b) Pollen (arrowed parts) and
altered calcite and plagioclase. (c) and (d) pollen (arrowed parts) in contact with altered plagioclase. Cc: Calcite, P:
Plagioclase, Q: Quartz.
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Fig. 9. Dip angles of Golgulsa tafoni showing the long axis orientations and slopes. (a) site 1. (b) sites 3and 4.

Table 2. Sizes of representative tafoni measured in Golgulsa tafoni (unit: cm)

Width  Height  Depth Site Width  Height  Depth Site Width  Height  Depth Site
140 95 60 1-1 107 30 52 1-6 400 130 200 3
55 29 19 57 40 31 200 60 70
86 43 37 43 34 25 16 11 17
33 28 20 32 20 23 150 40 65
36 32 19 42 23 15 108 18 40
37 36 27 90 40 37 70 32 65
115 44 42 1-2 55 20 28 2 16 10 13 4
28 19 13 160 76 60 29 10 18
62 45 29 87 30 17 11 7 7
49 50 31 205 36 63 14 13
34 26 19 70 45 31 20 12 6
36 24 19 36 30 25 20 10 13
14 12 11 300 65 63 29 12 19
27 17 23 115 40 45 9 6 7
37 24 24 23 13 11 20 9 11
35 30 28 31 18 35 14 12 11
83 23 21 70 12 12 19 14 9
37 23 19 30 20 25 15 9 9
30 16 7 75 30 30 15 16 11
51 30 18 30 16 17 18 8 15
15 12 12 24 13 13 15 13 16
26 18 24 16 11 9 20 13 12
39 41 33 45 24 22 25 10 19
26 18 14 38 23 18 33 20
17 17 19 16 15
39 22 18 19 28
34 26 17
136 44 44
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Table 3. Pearson correlation coefficients of width, height, and depth in tannin from Golgotha temple (N = 78)

Width Height Depth
Width 1.000
Height 0.839 1.000
Depth 0.900 0.856 1.000
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