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ABSTRACT: Preliminary assessment of the potential for structural domain and suitable reservoir/seal assemblages
was performed in the Early Miocene Janggi Basin to evaluate an onshore site of geological CO; storage (10,000-ton
class). The basin is divided into five structural domains, i.e. Guryongpo, Ocheon, Noeseongsan, and Yeongamri
blocks and Yangpo Subbasin, based on relative chronology and bedding attitude of the basin fills. On the basis
of the structural and stratigraphic features of each domain, it is estimated that southern part of the Noeseongsan
Block is the most suitable area. Evidences of northwestward block-tilting and volcanogenic collapse are well
observed in this area, and thus the depth of basin floor meets the requirements of CO, storage. Basin fills are classified
into three conformable stratigraphic units, i.e. Janggi Conglomerate, Seongdongri Formation, and Noeseongsan
Basaltic rocks in ascending order, based on the lithological and compositional characteristics of volcanogenic
materials. Janggi Conglomerate is mainly composed of conglomerates intercalated with dacitic tuffaceous
sandstones, and this may imply that the layer has relatively high porosity and permeability. The overlying
Seongdongri Formation includes at least four dacitic lapilli tuff layers that have a large amount of poorly-sorted
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lapilli-sized pumices and lithic fragments in crystal- and glass-rich matrix. The tuffs are intercalated with relatively
well-sorted and fine-grained tuffaceous sediments. The topmost Noeseongsan Basaltic rocks consist of a variety
of extrusive and intrusive volcanic rocks. Two upper strata are expected to have a lower permeability than the Janggi
Conglomerate. The results of an exploratory drilling hole (JG-1), which are acquired in the Noeseongsan Block,
show that basin depth of 1,003.5 m and existing stratigraphic trap are sufficient for CO, storage. The results of
drilling log reveal that the Janggi Conglomerate (129.7 m in apparent thickness) unconformably overlying the
basements is overlain by the thick Seongdongri Formation (753.7 m in apparent thickness). All the results indicate
that the Janggi Basin can be one of the promising onshore sedimentary basins for the CO, storage in Korea.

Key words: Janggi Basin, geological CO, storage, Noeseongsan Block, Janggi Conglomerates (reservoir),
Seongdongri Formation (seal)
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Table 1. Properties of operations injecting CO; into saline aquifers (modified from Michael et al., 2010).

Project Aquifer unit Litholo Porosity Permeability Depth Thickness Salinity =~ Seal = Thickness Temperature Pressure

name &Y (%) (mD) ~ (m) (m) (mgl) lithology (m) (C)  (kPa)

Sleipner _ Y™ andstone 37 5000 1,000 250 35,000 Shale 75 37 10,300
Formation

Snohvit FTu"aS‘?“ Sandstone 13 450 2,550 60 - Shale 30 - 28,500
ormation

In Salah FKrecm?a Sandstone 17 5 1850 29 - Mud 950 9 17,900
ormation
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Fig. 1. Tectonic and geological maps around the study area. (a) Simplified tectonic map of the East Sea (after Jolivet

etal., 1991). (b) Landsat TM satellite image of the southeastern Korean Peninsula showing the distribution of the
Miocene sedimentary basins and major faults (from Son et al., 2013). (c) Simplified geological map of the Early
Miocene Janggi Basin with five structural domains classified based on stratal attitudes and relative chronology of
the basin fills.
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Fig. 2. Detailed geological map and representative cross sections of the study area with the locality of drilling hole

(JG-1) (modified and improved from Kim ez al., 2011).
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Fig. 3. Outcrop photographs of the Janggi Conglomerates. (a) Disorganized, massive, poorly-sorted, clast-supported,
angular to subrounded pebble- to cobble-grade conglomerate beds intercalated with crudely stratified, moderately
sorted, dacitic tuffaceous sandstone beds. (b, ¢) Poorly-sorted, angular to subangular, pebble- to cobble-sized clasts
mostly consisting of the Paleogene rhyodacitic and andesitic volcanic rocks derived from the adjacent basement
rocks. The pencil for scale is 15 cm long, the coin is 2 cm in diameter.
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Table 2. Characteristics of the depositional units in the representative columnar sections of the basin fills in the
figures 4 and 10.

Unit Code Lithofacies Description
0.1 to 15 m thick; greyish (organic-poor) or dark grey (organic-rich) in
M  Mudstone/siltstone color; generally massive; rich in plant debris; commonly intercalated
with massive (volcaniclastic) sandstones or normally graded sandstones

0.1 to 0.3 m thick; very fine to very coarse sand or ash; normal grading

Normally graded . . Do . )
Sn ’ - or coarse-tail normal grading; planar laminations in upper part; very
(volcaniclastic) . s .
Sn (v) coarse to granule sized, angular to subrounded lithic clasts in lower part;
sandstone .
sharp or erosional boundary
S Massive 0.1 to 0.3 m thick; very fine to massive sand or ash; sometimes planar
Dacitic ) (volcaniclastic) and/or wavy stratifications in the uppermost part; commonly
tuffaceous sandstone interbedded with mudstones; sharp lower boundary
sediments . 0.5 to 2 m thick; pebble to cobble, subangular to subrounded clasts; clast-
Stratified gravelly . ]
GS sandstone or matrix-supported; coarse to very coarse sandstone crude planar or
low-angle cross stratification defined by alignment of elongated clasts
. 0.2 to 1 m thick; pebble to small cobble, subangular to rounded clasts
Cross-stratified . .
GSx with very coarse sand; concave-upward geometry with planar to trough
gravelly sandstone - .
cross-stratifications
. . 0.4 to 3 m thick; pebble to cobble (rarely boulder); clast- or matrix-supported;
Disorganized : N . .
Gm poorly-sorted silt to very coarse sandy matrix; disorganized clasts fabric
conglomerate . L
or a(p)a(i) fabric in lowermost part
6 to 60 m thick; generally massive; angular to subrounded, medium ash to lapilli-sized lithic
Dacitic DmLT fragments with subrounded to rounded fine ash to lapilli-sized pumices supported by a fine to
lapilli tuff very fine ash matrix; coarse-tail normal grading of both lithic fragments and pumices; dominance
in scattered charcoal and coal fragments; vertical to subvertical gas segregation pipes
. 4 to 110 m thick, massive and poorly-sorted; clast- or matrix-supported; angular to subangular,
Basaltic . A L .
tuff BmLT coarse ash to bomb-sized basaltic lithic fragments (monomictic); irregular or angular margin
of the lithic clasts; ash pellets; diffuse stratifications
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Fig. 4. Representative columnar sections of the Janggi Conglomerate and the Seongdongri Formation in the
Yeongamri Block. See Table 1 for the detailed description of each unit.
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Fig. 5. Photographs showing the Seongdongri Formation. (a) Pumiceous dacitic lapilli tuffs alternated with dacitic
tuffaceous sediments (modified from Fig. 5a of Kim et al., 2011) and its closer view (b) showing conformable boun-
dary between the tuff and tuffaceous sediments dipping northwestward. Photograph of slab (c) and photomicrograph
(d) of the dacitic lapilli tuff in the Seongdongri Formation. Subangular to subrounded pumices (P), lithic fragments
(An: andesite, Rd: rhyodacite), and crystal fragments (Bt: biotite, P1: plagioclase) are supported by very fine to fine
grained ash- and glass-rich (GI) matrix. (e) Stratified dacitic volcaniclastic sandstone beds intercalated with a thin
lignite bed. (f) Dark coloured, stratified, plant-debris rich lignite bed (ca. 40 cm thick).
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Fig. 6. Outcrop photographs showing major features of the Noeseongsan Basaltic rocks. (a, b) Conformable extrusive

contact between the basaltic rocks and the underlying dacitic tuffaceous sediments. (c) Basaltic dike intruding into
the dacitic tuff.
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Fig. 7. Structural map of the study area showing bedding
traces of the basin fills with various structural data
(modified and improved from Kim ez al., 2011).
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Noeseongsan Block (b).
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Fig. 9. (a) Simplified columnar section of the Janggi-1 (JG-1) borehole showing depth of the basin floor and vertical

thicknesses of the basin fill units. Photographs of the core (b, d, f, h) and its closer views (c, e, g, 1). (b, ¢) Unconformable
contact between the basement (Rd: rhyodacitic volcanic rocks) and basal conglomerate of the Janggi Conglomerate.
Conformable contacts between the Seongdongri Formation and the underlying Janggi Conglomerate (d, ¢) and the
overlying Noeseongsan Basaltic rock (f, g). (h, 1) Basaltic dike intruding the Seongdongri Formation. (j) Rose dia-
grams showing vertical variation of dip angles of the basin fills.
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Table 3. Stratigraphic thicknesses of the basin fill units calculated from the descriptive geometries with vertical

thicknesses measured from cores.

Formation Janggi Conglomerate Seongdongri Formation Noeseongsan Basaltic rock
Applied equation (1) (1) 2)
Horizontal width (h) 276 m 2734 m 523 m
Vertical distance (v) - - 132 m
Average dip angle (6) 24° 18° 32°
Calc“ﬁﬁ;‘zﬂ;g;t‘(%)mphlc 1123 m ca. 844.9 m ca. 389.0 m
Apparent thickness from core 129.7m 753.7m 120.1 m

Table 4. Porosity and permeability data of selected rock samples from the Janggi Conglomerate of the JG-1 core.

Top Base

Porosity  Permeability

Sample ID (m) (m) Lithology Code (%) (mD)
1 - 71530  Normally graded volcaniclastic sandstone ~ 27.61 >1300
2 798.60 798.74  Normally graded volcaniclastic sandstone 12.58 0.0401
3 886.60 886.71 Normally graded sandstone 27.82 89.037
4 - 895.00 Massive conglomerate 13.79 3.1476
5 966.80 966.93 Massive conglomerate 14.38 0.0139
6 982.85 983.00 Normally graded sandstone - 0.495
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Fig. 10. Columnar logs from the Janggi-1 (JG-1) core measurement. See Table 1 for the detailed description of each unit.
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