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ABSTRACT: Jeju geoheritage data are dispersed across field survey records, borehole logs, museum specimens, literature, and interpretive
resources, making integrated retrieval of surface, subsurface, and specimen-based evidence difficult. This study proposes J-GHO, an
information structure that connects and organizes these resources around GeologicUnit as a common geological framework, and applies it
to the cases of Suwolbong, Seongsan Ilchulbong, and Manjanggul. At Suwolbong, 13 public boreholes and a total of 122 borehole intervals
within a 2 km radius were structured, enabling comparison of upper tuff deposits, underlying basalt-clinker alternations, sandstone-bearing
intervals, and exceptional lithologies. At Seongsan Ilchulbong, the terrestrial tuff cone was linked with offshore borehole and submarine
crater data through multiple GeologicUnits. At Manjanggul, lava-tube geomorphology, conservation-management records, and specimen
data were connected within a common interpretive framework. The results demonstrate that J-GHO makes correspondences and evidence
gaps among dispersed resources more explicit and can serve as a foundation for integrated querying and data linkage to support research,
conservation, interpretation, and museum applications.

Key words: Jeju geoheritage, GeologicUnit, integrated interpretation, information structuring, museum specimens
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Table 1. Definition of key terms used in this study.

Term Definition
Ontology Formal representation of concepts and relations
J-GHO Jeju Geoheritage Ontology proposed in this study
GeologicUnit Geglogical unit concept used as an operational interpretive anchor for linking heterogeneous geo-
heritage data
Boreholelnterval Depth-defined interval within a borehole log
NarrativeResource Interpretive or contextual resource associated with geoheritage

Table 2. Relationship levels between GeologicUnit and resource types in J-GHO.

Resource type

Relation to GeologicUnit

Evidence level

SurfaceFeature exposesUnit Relatively direct
GeoArtifact derivedFromUnit Semi-direct
Boreholelnterval isPartOfBorehole; correlatesWithUnit (when assigned) Interpretive
NarrativeResource contextual association Indirect
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Table 3. International standards and tools selectively aligned with J-GHO and their scope of application.

Standard/Tool J-GHO element Purpose in this study Scope
GeoSciML GeologicUnit, lithology Geological semantics Selective concepts only
GWML2.2 Borehole, Boreholelnterval Borehole structure Borehole and interval model only
GeoSPARQL Geosite and borehole location Spatial representation Coordinates and spatial queries
CIDOC CRM NarrativeResource, provenance context ~ Contextual linkage Narrative and provenance context
OWL 2 / Protégé Classes and properties Ontology implementation  Full implementation environment
HermiT Class hierarchy Consistency validation Logical verification
SPARQL/JenaFuseki Query instances Query testing Retrieval validation
OOPS! Ontology report Pitfall screening Supplementary quality check

B Aol 4 A S ol E 17} 20] A A5}
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SurfaceFeature, GeoArtifact, NarrativeResource'= J& &

718 A3tk

Q%I

o
[ ey |

3. J-GHOYJ

J-GHOE= Al A2t #d A B4R, A|5AtR,
FEAR 9 HEARE st s AA ol ddst
7] Asf AAE JEF2oH, HYL2 o5 ARE ALY
HE TH2Z A8k o JHZH D).

I 1A A2 AL LA FAF 24, A BAF R
AT, AFFE2-A Dot o] A B e
A SEYEA ZAT BAE vEbdth vhE HA2 Al
FRb AATE Y] SAH oS BA|, 1A Akl
ARt A FEA P84 Atolo] Wizt AAE YEHAL: o)E

Al &1

Feature inclusion

Geosite

Place & management unit

SurfaceFeature

hasFeature Outcrop, crater, lava tube .
N
~
~
~
~
~

Observed exposure
exposesUnit

GeologicUnit

Operational interpretive anchor

-
-
-
-

-
-

Boreholelnterval L

-

Depth interval / borehole log record Interpretive correlation

Stratigraphic correlation evidence correlatesWithUnit

Geosite and SurfaceFeature layer

—— Direct or provenance-based relation

Primary interpretive anchor

53] 1-GHO: Aol 7|1 4e 7|83} & AFA] 2of
3 723} 4 BAS TFE] BT

3.1, IZEQ S4 20 K2 YH
J-GHO®] 3 WA} 47 952 AWT<IE A2 F3h)
N F0= AR, AR K FA SEY 42 7
She Aol AWHIE AR BE AR §9S FU
At We ofe) AR 918 7120 R BgE, of
B9l AR 7 the BASH 3 $29) ol T2H 0
2 BAY 4 YrhE ).

AQAY4TL B2 BRI B ATULE, AW
S A wF, N2 BES T 94 & ok a4
She 71202 715 eh 2 AR 8T AT 7] B
AL FUW FA £202 AFEA gon, 4= 43

ML o

il

=v 0 TEE
g 22 720 AXE AR =T mES 747t
exposesUnit @ derivedFromUnit #AE &3l v F 2|

Contextual association
isAssociatedWithNarrative

NarrativeResource

Legend / document /
local interpretation

Specimen provenance
derivedFromUnit

N

Investigation evidence

GeoArtifact

Museum specimen
provenance-based linkage

Contextual information
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Fig. 1. Conceptual structure of J-GHO showing GeologicUnit as the primary interpretive anchor. Colors indicate resource layers,
and line styles indicate the evidential status of relations. Solid arrows indicate direct or provenance-based relations, including
geological site-feature inclusion, surface exposure, and specimen provenance. Dashed arrows indicate interpretive or contextual
relations, including stratigraphic correlation between borehole intervals and GeologicUnit, and contextual association between
NarrativeResources and SurfaceFeatures. Property names shown below the relationship labels indicate the ontology relations

used in J-GHO.
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Protége
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Common ontology pitfalls screened

Stage

v
Implemented and tested J-GHO ontology

Integrated retrieval across heterogeneous resources
Example-query execution confirmed

Fig. 2. Ontology implementation, consistency checking, query
execution, and supplementary pitfall screening of J-GHO.
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Table 4. Criteria for case selection, source-data use, and GeologicUnit linkage for three Jeju geoheritage sites.

Case Selection rationale Core data used GeologicUnit linkage
Representative Surface survey, public boreholes,  SurfaceFeature-exposesUnit;
Suwolbon phreatomagmatic site with ~ museum specimens, literature and ~ GeoArtifact-derivedFromUnit;
g diverse evidence sources interpretive materials Boreholelnterval as stratigraphic
comparison data
Seonesan Representative tuff cone Onshore landforms, offshore Multiple GeologicUnits representing
Ilchulgbon linking onshore and borehole, submarine volcanic data, terrestrial and submarine volcanic
& submarine volcanic records literature and interpretive materials components
Representative lava tube with Lava tube geomorphology, Lava tube features linked to
Manjanggul  conservation-management  conservation records, subsurface =~ ManjanggulBasaltUnit; conservation

data

survey data, specimens

records as contextual resources

Note: One public borehole within 2 km of Seongsan Ilchulbong and 11 public boreholes within 2 km of Manjanggul were reviewed
as regional subsurface data, but were treated as background data because they were limited as direct evidence for interpreting the composite

volcanic body or lava-tube structure.
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A5}, IAIF AR E T A2l oF st & 23 AL
glojot. =S 3 AFEY AW HuE 89EE
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SuwolbongTuffUnit

Seongsan lichulbong
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Manjanggul

Application-centered integration caze

ManjanggulBasaltUnit

Surface features
- Tuff cliff

Subsurface evidence

- 13 public boreholes
- 122 borehole intervals

Specimens / age data

- Museum specimens (2}

Narrative resources

- Nokgo's Tears
(Mythological)

Surface features

- Tuff cone / Crater

- Shinyang outcrop

- Submarine crater remnant

Subsurface evidence
- Offshore BH-1 to BH-4
1 public borehale (background)

Specimens / age data
- Museum specimens (1)

- Radiometric ages

Narrative resources

- Seolmundae narrative
(Mythological)

Surface features

- Lava tube

Subsurface evidence
- Conservation BH-1 to BH-2

- Geophysical / monitoring surveys
- Public borehole set (11, background)

Specimens / age data

- Museum specimens (2)

Narrative resources

- Discovery narrative of Bu Jong-

hyu (historical)

Narrative resources

GeologicUnit / Surface feature

— Direct or provenance-based relation

Subsurface evidence / Specimens

P Interpretive or contextual relation

Fig. 3. Comparative integration profiles of Suwolbong, Seongsan Ilchulbong, and Manjanggul under the GeologicUnit-centered
framework. Solid arrows indicate direct or provenance-based linkages (SurfaceFeature and GeoArtifact connections); dashed
arrows indicate interpretive or contextual linkages (BoreholeInterval stratigraphic correlation and NarrativeResource contextual
association). Public borehole sets treated as background data are noted within the Subsurface evidence boxes.
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Table 5. Specifications of the 13 public boreholes in the Suwolbong area (2 km radius) used in this study.

No. Well ID Elev. D GWL  #Int.  Upper tuff B-C Base lith. Exceptional

(m) (m) (m) (m) pairs lithology

1 Y 199330074 17 80 16.9 9 4.9 3 SS -

2 Y 199330075 19.452 82 17.6 10 3.0 3 SS -

3 Y 199330076 16.084 80 12.7 7 0.8 2 SS —

4 Y 199330077 20 70 19 11 absent 5 CL -

5 Y 199330078 16.507 87 13.3 8 3.5 1 SS PFB

6 Y 199330080 16.9 85 13 10 10.2 3 SS -

7 Y 199330084 19.745 85 16.6 9 absent 3 SS -

8 Y 199330086 17 70 16.6 5.8 1 GS GS

9 Y 199330090 16 80 12 15 5.4 6 SS -

10 Y 199330091 16.8 90 12 15 4.0 4 M -

11 Y 199330174 10 80 13 9 absent 2 M -

12 W200710004 8 150 n/a 8 absent 2 sSS ApB, sSS

13 D200040038 18 99 18 5 absent 1 SS sSS

Note: Elev. = elevation above sea level; TD = total drilling depth; GWL = static groundwater level; # Int. = number of BoreholeInterval
instances; Upper tuff = thickness of the uppermost tuff where present; B-C pairs = number of basalt-to-clinker transitions; Base lith.
= lithology of the deepest logged interval. Abbreviations: SS = sandstone; M = mud; GS = conglomerate; CL = clinker; sSS = shelly
sandstone; PFB = porphyritic feldspar basalt; ApB = aphyric basalt; n/a=not available. Exceptional lithology refers to lithologies consid-
ered unusual within the study area regardless of stratigraphic position; a lithology may appear in both Base lith. and Exceptional lithology

columns when it meets both criteria.
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Table 6. Example SPARQL queries, returned results, and their interpretive significance in J-GHO.

Query Retrieval target Returned results Interpretation
@ Resources associated with SurfaceFeature: 1; GeoArtifact:  Links surface, specimen, borehole, and
SuwolbongTuffUnit 2; NarrativeResource: 1; narrative data in one query
Boreholelnterval: 122
Sandstone-series intervals 15 intervals Shows sandstone-bearing intervals by depth and
borehole
Exceptional lithologies 5 intervals Identifies lithological variation in the
Suwolbong area
Resources linked to SurfaceFeature: 4; GeoArtifact:  Links onshore and offshore volcanic evidence
SeongsanTuffUnit and 1; MarineBorehole: 4 (BH-1 to
SubmarineCraterUnit BH-4); NarrativeResource: 2
® Resources linked to SurfaceFeature: 1; GeoArtifact:  Links lava-tube, specimen, and conservation
ManjanggulBasaltUnit 2; Boreholelnterval: 6; data

NarrativeResource: 2

A AFARE SH2Z st AdEs V1€

B34 (Jeju Special Self-Governing Province, 2022)2}

AR A AL} sHAFeE HAH(Sohn and Chough, 1992;
Jeju Special Self-Governing Province, 2022; Ki et al.,
2024) = At EEo] Y S S Rt A
BHE 9 A7t ofd e, siA ARt siA 23t
T A7E A Lsfof sk Ho S Y-S HolEth
wEbA QAL S Al st AT 2 SlE=
Z7} ok e}, SeongsanTuffUnita} A E3- o &5
A aEsfjof sk EFSIEA] L2 (multi-unit interpretive
structure) 2 FEAFE Zo] HAStc B AL A
2o 3 AR U AR AaE TR )
SubmarineCraterUnitg HZ XAGZ HAsIgom,
ol TMARARAL AN ARAL D 714] g A48

Ki et al. (2024)9] 3] SPAHA| a4 o]l ZAZITE J-GHOCIA
B0 A 7 BAE FABHES A A o]t
Aa 2A& WgE) Y Ao, Jardasol A 84
A2 4 WAL A AR Sk 5 ER
71s3th o5 B3l &4 83 AR} S A 2ARET &
5o LGS il A AdZE o S-S FRlstrh
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WPE A §UFE A3k, HEUE 2R,
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Fig. 4. Comparison between public database retrieval and J-GHO-based integrated querying for Jeju geoheritage data.
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Table 7. Comparison of data integration patterns in the three case studies.

Comparison item Suwolbong Seongsan Ilchulbong Manjanggul
GeologicUnit(s) SuwolbongTuftUnit (1) SeongsanTuffUnit, ManjanggulBasaltUnit (1)
SubmarineCraterUnit (2)
Main data types Surface, borehole, specimens, Onshore, offshore, specimens, Lava-tube, conservation,
narrative/interpretive resources ~ narrative/interpretive specimens,
resources narrative/interpretive
resources
Data count SurfaceFeature: 1; GeoArtifact:  SurfaceFeature: 4; SurfaceFeature: 1;
2; Boreholelnterval: 122 (13 GeoArtifact: 1; GeoArtifact: 2;
boreholes); NarrativeResource: 1 ~ MarineBorehole: 4 (BH-1 to Boreholelnterval: 6 (BH-1 and
BH-4); NarrativeResource: 2 BH-2); NarrativeResource: 2
Interpretively linked Boreholelnterval (spatially MarineBorehole (structured at  Boreholelnterval,
resources selected; correlatesWithUnit not  borehole level); correlatesWithUnit =
assigned); NarrativeResource NarrativeResource ManjanggulBasaltUnit;
NarrativeResource

Main evidence gap ~ No direct stratigraphic
correspondence between surface
tuff exposure and individual

borehole intervals

Limited public borehole data
around the terrestrial geosite;
high interpretive dependency
for onshore-offshore linkage

Limited subsurface evidence
directly corresponding to
lava-tube geometry

Note: Data counts represent ontology instances structured in the J-GHO prototype. For Seongsan Ilchulbong, BH-1 to BH-4 were struc-
tured as MarineBorehole instances. For Manjanggul, BH-1 and BH-2 correspond to conservation boreholes associated with the lava-tube system.
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