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ABSTRACT: The Hapcheon impact crater, characterized by its distinct rims and impact-induced subsurface lacustrine sedimentary features,
is the only confirmed meteorite impact crater on the Korean Peninsula. However, the mineralogical indicators of ultra-high-pressure (UHP)
metamorphism resulting from the impact have not been previously identified. In this study, we investigated the mineralogical composition
of two distinctive pebbles retrieved from a depth of around 65.65 m in the sedimentary core 20HCL04, drilled within the impact crater. The
gray to dark gray pebble specimen, which identified as bedrock fragments, is mainly composed of a clayey matrix with some sand-sized
mineral particles. Its mineral assemblage consists of quartz, plagioclase, magnetite, and various clay minerals, including illite-mica, kaolinite,
smectite, and chlorite. In contrast, the light grayish pebble specimen features a smooth surface with heterogeneous pores, and is mainly
composed of aggregates of cryptocrystalline particles. X-ray diffraction analysis of the light gray pebble revealed a dominant presence of
amorphous materials along with a crystalline phase of coesite, an ultra-high-pressure (UHP) polymorph of silica (SiO,). The identification
of coesite provides the first direct mineralogical evidence of UHP metamorphism at the Hapcheon impact crater, confirming that the structure
undersent extreme pressure conditions associated with a meteorite impact.
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Fig. 1. Location and geological map of the Hapcheon meteorite impact crater study area. a) Location of the study area. b) Geology
of the Hapcheon Basin and the location of drilling core 20HCL04. The Dongmyeong Formation (DMF), Chilgog Formation (CGF),
and Silla Conglomerate Formation (SCF) belong to the Cretaceous and Mesozoic non-marine formations (Chang, 1968; Kim

and Lee, 1969; Lim et al., 2024).
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Fig. 2. Photographs of pebbles observed at a depth of around 65.65 m in the Hapcheon drilling sediments. The yellow circles
indicate the samples used for analysis, and the diameter of each circle is 3 cm.
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Fig. 3. Scanning Electron Microscope (SEM) image showing
the microstructure of sediment pebble sample N14 taken from
the Hapcheon drilling core. The image shows irregularly ar-
ranged layered particles of various sizes. The magnification is
2.74 kx, and the scale bar represents 20 pm.

MO
10k

e AFERS Holt AlYA YAt BaHch

4 F 5l oJse] WAH BN A e 34y
22wt v 7iel e EY W7 7HIR], SEM Bl
R FFo| th BAAKIY 2. 5). BFAnF 5
oI N2 A dgo] o) g 2143 RS
o $AAZ THE 78R GRES o3 Gt RO
= BAENY 6) BH 33 FAsAL AANE B
dhshe EAshe 24 YE SAAS 4F WA Bl
4 um W9 QAR 2o BHEHIY 6). ST U
e QA2 Aste] o 50] FEES AET 4 Yt
ot 724 B4 S oz gol Yrk

4.2, X-M Q|H2M J|Ht AEXY

Ay w2 Aot vlwEd U ARH B8
23S opobspr] st 3%t XRD #4235 19 7
7} 1213 89 A ATk

N14] 39 APA, 4o, e, A8 4 HESE(Y
Fo|E-n T B, FMLUT FE, AU EL FE, =
YA 3E) 59 Fdugo] HEH ] d+AY 7]Het
o] ol A THarE e F AR AchY 7).

AJHE N219] XRD H &2 15-35° 2-theta GG oA 735t
H3 A0 e 7|12k Aol SR Ao} Ed 3431
A,3.094 A 92699 Ao] AuZIAL el 3E7E

Fig. 4. Photomicrographs of rock thin sections under a polarizing microscope. (a) and (c) are images of sample N14 taken under
crossed nicols. (b) and (d) are also images of sample N14 taken under open nicols. The scale bar represents 200 micrometers.
Cal: calcite, Mc: clayey matrix, Mgt: magnetite, Ms: siliceous matrix, P1: plagioclase, Ser: sericite.
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Fig. 5. Scanning Electron Microscope (SEM) image showing
the microstructure of a sediment pebble sample N21 from the
Hapcheon drilling core. The image shows a porous texture with
a complex network of interconnected voids and their walls. The
magnification is 4.08 kx, and the scale bar represents 20 pm.
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Fig. 6. Photomicrographs of rock thin sections under a polarizing microscope. (a) and (b) are images of sample N21 taken under
crossed nicol and open nicol, respectively. The scale bar represents 100 micrometers.
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Fig. 7. X-ray diffraction (XRD) pattern of a sediment sample
N14 showing the mineral composition and relative abundance.
The peaks in the diffraction pattern correspond to different
minerals identified in the sample, including illite-mica (M),
plagioclase (P), calcite (Ca), quartz (Q), chlorite (Ch), kaolin
(K), magnetite (Mt), and smectite (Sm).

N21

Coe (040)
=3.094 A

Coe (130)
=3.431A

Coe (131)
PCa =2.699 A

2-Theta degree (Cu-Ka)

Fig. 8. X-ray diffraction (XRD) pattern of sample N21, show-
ing the mineralogical composition and their relative abundances.
The predominant phase is an unidentified amorphous material.
The identified crystalline mineral components were consid-
ered as derived from the sediments, such as illite-mica (M), pla-
gioclase (P), calcite (Ca), quartz (Q), chlorite (Ch), and kaolin
(K). In addition, the remarkable XRD peaks were scanned that
assigned to the crystalline phase of coesite (Coe; an ultra-high
pressure metamorphic polymorph of SiO;).
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