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Abstract

Regional geologic conditions of Korea were summarized with emphasis on rock mass and fracture system
as a part of the research program for high level radioactive wastes disposal. The eastern margin of the Korea-
China platform has been regarded as stable cratonic nature. The Mesozoic tectonic activities followed by igneous
intrusion were the most vigorous crustal movement in the entire Korean peninsula. During the Jurassic-
Cretaceous orogeny(180-130 Ma BP), igneous activity resulted in forming a large batholith of Daebo granitic
rock (Jurassic granite). Rejuvenized igneous activities during the Cretaceous period formed the Bulguksa granite
which are associated with felsic volcanic rocks and NE-SW/NNE-SSW geologic structures. The primary host
rock is considered to be Daebo granite batholiths intruded in the geologic age of late Triassic to early Jurassic
(205+15 Ma). The emplacement depths are in the range of 10-20 km and the crystallization occurs under the
geopressure of 3~7 kb.

1. INTRODUCTION

The geological formation has an important role of barrier system in a deep repository for
radioactive wastes. The strategy for the selection of suitable host rock(s) for the repository should be
based on the geologic conditions of Korea. The long-term objective of the geological research work
as a part of the HLW disposal program in Korea is to develop the evaluation technology of deep
geologic environment. The short-term objective aims to select a suitable rock mass based on the siting
criteria. The common geological parameters suitable for the repository would be assessed by a staged
and scale dependent approach. At present, the regional geologic conditions of the nation were
critically reviewed with emphasis on rock mass and fracture system in the Korean peninsula. This
paper summarizes the lithological variety and the regional fracture system in the Korean peninsula.
Most of the information is based on Geology of Korea [1, 2, 3].

2. OUTLINE OF GEOLOGICAL SETTING

The Korean peninsula is located in the area where the Eurasian continent is contacted with the
west Pacific mobile belt. Whereas the Japan archipelago is characterized by active mobile belt, the
Korean peninsula has a close affinity with the Asian continent in geology and tectonic setting.
However global tectonics in this area are not studied enough to understand the evolution of platforms
forming China continent, Korean peninsula, Japan archipelago, the extent of Quilins suture zone, and
so on. The geology of Korea is a very complex system with various rock types from Precambrian to
Quaternary. The basement rocks exposed in more than half the area of the peninsula consist of
Precambrian metamorphic rocks and Paleozoic-Mesozoic plutonic rocks, which were subjected to
several up-lifts and erosion stages after the Cretaceous time. Sedimentary and volcanic rocks of
Paleozoic and Mesozoic era were distributed on those basements accompanied with tectonic
movements.

2. 1. Geology of Korean Peninsula

In the peninsula, Precambrian rock types are quite different from Postcambrian rock types. The
former was subjected to severe regional metamorphisms, in turn to form a gneiss complex system



roughly grouped into gneisses, crystalline schists, and granites. However, the latter was only subjected
to contact metamorphism related to plutonic intrusions without any evidences of regional
metamorphism. The isotope age dating of Precambrian metamorphic rocks indicates that the oldest
rock has an age of 3,110Ma. In a broad category, the peninsula occupying the eastern margin of the
Korea-China platform belongs to a part of the shield area, but has some differences from the stable
platform. The tectonic characteristics are considered as the marginal geosyncline phenomena of
platform with superimposed tectonic elements during the Meso-Cenozoic era. The tectonic evolution
of the peninsula can be divided into three stages:

- Ancient geosyncline stage: Archean(2.6Ga)-Proterozoic( 1.8Ga);
- Stable platform stage: Middle Proterozoic( 1.76Ga)-Late Paleozoic(260Ma);
- Stage influenced by the movement of west Pacific plate: Mesozoic(230Ma)-Holocene(Present).

The Korea-China platform was converted into a stable massif after the crustal movement in the
late lower Proterozoic era (1.8Ga ago). For the geotectonic history in the peninsula, the Mesozoic
orogeny is most important. The tectonic movement in this era is explained as a transitional
development of platform into geosyncline stage. The Mesozoic tectonic activities were accompanied
by folding, fault block movement, and igneous intrusion. The tectonic movement in the peninsula can
be divided into three stages, one after the other from the middle Triassic period to Paleocene. After the
Mesozoic tectonic movements, the whole of the peninsula had been uplifted. The Cenozoic tectonic
activity was not intensive and is generally represented by mafic to intermediate volcanic activities in
limited areas. The present coastal lines were considered to be formed about 7,000 years ago.

2. 2. Topography

The topographic characteristic of the Korean peninsula is a rugged country, having about 70%
as a mountainous terrain. Higher mountains of 2,000 to 2,300m above sea level are concentrated in
the northern region and 1,400 to 1,600m in the east coast area. The dissected depth of mountains is
500 to 1,500m in the medium mountain areas, but 200 to 500m in the low mountain areas. The
arrangement of mountain ranges and other topographic features were primarily influenced by the
Mesozoic tectonic movements. During this period, intensive folding, faulting, plutonic intrusion, and
volcanism became active in East Asia including the Korean peninsula. In the early Mesozoic era, large
folds and nappe-thrusts with E-W trend were formed and then the tectonic movements in the Jurassic
period resulted in the mountains and valleys with NE-SW trends. In the Cretaceous period, the Korean
direction on NNW-SSE trend was formed.

The present geomorphologic formations were also influenced by lithological types. The
metamorphic rocks in the western region were formed as a lower land due to intensive weathering and
a prolonged denudation. The land surface of westward slope of the East mountain range is
characterized by an old age terrain with a gentle slope traversed by sinuous meandering rivers. On the
other hand, eastward slope dives steeply into the East Sea and most streams are of less than 50km
long. The coastal plains in the East Sea are poorly developed. However, the western and southern
coasts of the peninsula show extremely irregular shorelines involving peninsulas and bays. An
exceptionally high tidal fluctuation (up to 9m) on the West Sea plays a major role to develop broad
tidal mudflats.

2. 3. Tectonic division

The tectonic framework of the peninsula is based on the topographic features that are closely
related to the direction of tectonic structural elements and the formation age on lithological variety.
General principal to classify the tectonic units in Korea is based on geological provinces and geologic
time rather than tectonic distinction. Thus the division of tectonic provinces was emphasized on
lithological characteristics, formation stage and continuity of geological history.
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I. HAMBUK FOLD BELT

II. NANGNIM MASSIF

III. PYONGNAM BASIN

IV. KYONGGI MASSIF

V. OKCHON FOLD BELT

VI. SOBAEKSAN MASSIF

VII. KYONGSAN BASIN

VIII. CIRCUM-PACIFIC
VOLCANIC ZONE

FIG 1. Tectonic provinces in Korea [3].

Since the tectonic province was described in 1953 [1], several revisions have been made. More
recently the divisions on tectonic units were proposed on the basis of the stabilization time of the
original crust [2] and the characteristics of geological province [3]. In both systems, main tectonic
provinces grouped into fold belt, massif, and basin could be divided into 6-8 main systems
accompanying with several subsystems (Fig 1). With reference to radioactive waste disposal, massif
and fold belt are main interest among the tectonic units proposed:

(1) Archean-Early Proterozoic massif:
- Nangnim massif (North Korea),
- Kwanmo massif (North Korea),
- Kyonggi massif (South Korea),
- Sobaeksan massif (South Korea);



TABLE I. GEOLOGIC CHARACTERISTICS OF PLUTONIC ROCKS IN PRE-MESOZOIC ERA
(MODIFIED FROM [3]).

Rock
Series

Granitic
Rocks

Ultmbasic
To

Basic
Rnrkv

Name of Igneous
Rock Body

Buncheon
Granite Gneiss

Seocheon
Granite Gneiss

Seosan
Granite Gneiss

Leucocratic
Granites

Jungbongsan
Granites

Hongjesa
Granites

Nonggeori
Granites

Taebaegsan
Pegmatites

Wangpiri
Pegmatites

Cheongsan
Granites

Yeongdeog
Granites

Hadong
Sancheong

Anorthosites

Occurrence

batholith

batholith

batholith

batholith
stock

batholith

batholith

batholith,
dike

dike,
lenticular

dike

batholith
stock

batholith

batholith
stock

Constituents

Granites

Granites

Granites

Leucocratic
Granites

Two mica granite

Biotite granite
Two mica granite

Two mica granite
Tourmaline granite

Pegmatite

Sn bearing
Tourmaline
pegmatite

Sn bearing
Tourmaline
pegmatite

Diorite,
Granodiorite,

Granite

Diorite,
Granodiorite,

Granite

Anorthosites
Gabbroids

Age (Ma)

> 2,100

> 2,400

> 2,000

> 2,200

> 1,800

> 1,800

> 1,800

> 1,500

> 1,500

>270

Permian(?)

> 1,700

Petrogenesis

Crustal origin

Mantle
origin(?)

Crustal origin

Crustal origin

Crustal origin

Crustal origin

Crustal origin

Crustal origin

Crustal origin

Crustal origin

Crustal
origin(?)

Mantle origin

Tectonic
Environments

syn-collision

syn-collision

syn-collision

syn-collision

syn-collision

syn-collision

syn-collision

syn-collision

Late or Post
collisional in

continental arc

Late or Post
collisional in

continental arc

Intra-continental

Imgye sheet, dike Amphibolites 1,800 > age Mantle origin Continental volcanic
> 500 arc or island arc

Ogcheon Fold sheet, dike, Amphibolites M. Proterozoic Mantle origin Rift valley in the
Belt sill To continent

L. Proterozoic

Alkaline Sagju
Rocks Alkaline

Complex

stock, syenite, pyroxenite, Early Crustal origin Ultrametamorphism
vein alaklipegmatite Proterozoic at depth in the

continental crust

(2) Upper Proterozoic-Upper Paleozoic fold belt:
- Okchon fold belt (Upper Proterozoic; South Korea);



- Imjingang fold belt (Middle Paleozoic; North Korea);
- Hambuk fold belt (Upper Paleozoic; North Korea).

At present, we are considering only Kyonggi massif, Sobaeksan massif and Okchon fold belt
which are located in the southern part of the peninsula. The Kyonggi massif is located in the central
part of the Korean peninsula and bounded by Imjingang fold belt and Okchon fold belt in the north
and south, respectively. In the oldest folded basement of Kyonggi massif, metasomatic granites are
widely developed. Highly metamorphosed schists and migmatites in the metasomatic outliers exhibit
mostly amphibolite to granulite facies. Also, the metasedimentary rocks consisting of quartzite and
quartz schist are extensively exposed in the southwestern part of the Kyonggi massif. The fault
structure has largely two directions. One is parallel to the tectonic direction of NE distributed in the
south of the massif, the other has a NNE direction in the north of the massif.

The Sobaeksan massif, distributed in the southern part of the peninsula, is bounded by the
Okchon fold belt on the north. On the southeast, it contacts to the Cretaceous sedimentary basin
(Kyongsang basin). The massif consists of gneiss and schist in early Proterozoic metamorphic group
and is characterized by a ploymetamorphic region due to orogenies in many times. The crystalline
basement is exposed mainly on the northeastern part (Sobaeksan block) and various kinds of gneiss,
migmatite and crystalline schist are developed in the southwestern part (Jirisan block). Fault systems
developed are in NE-NNE, NWW and EW-NEE directions. Faults with NE direction predominate on
the southwestern part of the peninsula and faults with a NNE direction increase gradually towards the
southeast. Faults with a EN-NNE direction are characterized as thrusts inclined to the south.

The Okchon fold belt is extended over 450km in length and 50~80km in width, between the
Kyonggi and Sobaeksan massifs. The fold belt is divided into two regions on the basis of
metamorphic facies, metamorphic zone in the southwestern region and nonmetamorphic zone in the
northeastern region.

2. 4. Plutonic intrusion

The intrusive and effusive rocks in the Korean peninsula were formed from the Archean to the
Quaternary. The majority of plutonic rocks in Korea are granites and their varieties. Intermediate
plutonic rocks of mainly diorite are exposed as small stocks in the southern part of the inland and
along the east coast of the northern part. The distribution of mafic and ultramafic plutonics is almost
limited to the tectonic regions. Among these plutonic rocks, the rock mass suitable for a host rock of
repository based on the areal extent and tectonic environment is summarized in Table I.

3. MAJOR ROCK TYPES FOR A REPOSITORY

3. 1. Criteria for the host rock

The multibarrier system of geological disposal is considered to be the most favorable system to
isolate radioactive waste and to ensure the protection of environment. The geologic media in this
system are expected to provide high protection from natural and man made disturbance and to retain
the dissolved radionuclides for a long time. The research on geological environment in KAERI has
been performed to provide generic information for the host rocks for a repository and their long-term
stability in a nation-wide scale. The properties of the bedrock for a repository should provide a
suitable environment comprising the following technical requirements:

- Mechanical protection from erosion and human intrusion;
- Chemically stable conditions;
- Slow groundwater flow regime;
- Retardation properties for nuclide transport.



However, at this stage of the disposal concept development, the following are the general
criteria for identifying the rock types for further detailed study on bedrock properties of the host rock:

- The bed rock should have a large extent to provide a flexible site selection;
- The formation should be free from neotectonic region or geologically unstable region;
- The formation is relatively homogeneous and should be easy to evaluate and to predict.

3. 2. Major rock types for potential host rock

The lithology of the Korean peninsula consists of a complex structure of 29 rock types from
Archen to Quaternary. The preliminary screening among those rock types will be based on the
geological properties which are important for the barrier function of the far field such as
geohydrogical properties, geochemical characteristics, and lithological uniformity. In the present
stage, the criterion is mainly concerned on a large areal extent of rock types allowing flexibility of
siting. The major rock types distributed in the southern part of Korea can be grouped into 7 types.
Based on the distribution area of each unit the primary host rock for HLW repository will be
Mesozoic Plutonic rocks which are occupied by nearly one-third of the area. The second choice will
be gneissic rocks among Precambrian basement.

3.2.1. Crystalline metamorphic rocks

The majority of plutonic rocks in Korea are granites and their varieties formed from late
Archaeozoic to Paleogene. Igneous activities in Korea could be grouped into four periods in
chronological order:

- Late Archeozoic to early Proterozoic: The regional intensive igneous activities occurred in this
period correspond to the pre-Chiningian movements. Most of rocks were metamorphosed after
intrusion.

- Late Proterozoic to late Paleozoic: This period corresponds to the Chiningian, Caledonian and
Variscan movements. Igneous activity was not noticeable except for intrusions of small mafic to
ultramafic stocks and dikes.

- Triassic to Paleogene : From the Triassic an intensive orogenic movement accompanied by igneous
activity started from the north. The plutonic activity ceased and transformed into volcanic activity.

- Neogene to Holocene : Volcanic activities are related to the Himalayan movement.

All of the pre-Mesozoic plutonic rocks were metamorphosed and formed as a part of
unclassified metamorphic complex in the Kyonggi and Sobaeksan massifs. Majority of the
metamorphic rocks consists of schist, phyllite and quartzite with less amount of gneiss. The areal
distribution of those rocks is up to 30% of the peninsula. Three stages of regional metamorphism are
recognized in the pre-Mesozoic era. The metamorphism is accompanied with migmatization and the
final phase of deformation. Each metamorphism is overprinted on the previous metamorphic rocks.
Among this complex, Puchon granite gneiss in the northeastern area of Sobaeksan massif is exposed
as an irregular batholith of 250km2. It displays augen, banded and porphyroblastic textures and
intruded the older metasediments. The modal composition indicates to be granite of 2,100 Ma old.

Hongjesa granite gneiss which intruded the Punchon granite is distributed in the area of 30x30
km. It shows inhomogeneous composition by varying degree of pegmatitic/porphyroblastic textures
and characteristically gray in color due to gray quartz and microcline. The modal composition falls
within the range of granite to granodiorite. The major components are quartz, microcline, muscovite,
and oligoclase with a minor amount of biotite, muscovite, chlorite. The Rb-Sr age of the rock ranges
from 1,824 to 1,752 Ma. Other plutonic rocks in pre-Mesozoic era occur in limited areas as small
stocks and batholiths.



TABLE II. GEOLOGIC CHARACTERISTICS OF JURASSIC GRANITES (FROM [3]).

Characteristic Granodiorites Biotite Granites
1) Distribution

and
Occurrence

2) Shape

3) Depth of
Emplacement

4) Cooling History

5) Age of

Emplacement

6) Rock Phases,

and
Structures

7) Textures

8) Mineral
Assemblage

9) Geochemical
Characteristics

In the Gyeonggi Massif;
as a discrete pluton and a long batholith.

In the Ogcheon Fold Belt;
as a discrete pluton and a long batholith.

In the Sobaegsan Massif;
as separated plutons and a long batholith

Mainly long bands of batholiths or small stocks

Mesozone to katazone (load pressure 3-7Kb);

based on hornblende geobarometry

Slow cooling below 3OO±5OjE

In the Gyeonggi Massif; as a discrete
pluton, and a long batholith
In the Ogcheon Fold Belt; as a discrete
pluton

In the Sobaegsan Massif; as a discrete
pluton

Mainly small batholith or stock

Mesozone (load pressure 3.8Kb);

based on hornblende geobarometry

Not defined yet.

Mostly 205± 15Ma (Late Triassic to Early Jurassic) Mostly 180± 1 OMa (Middle Jurassic)

It evolved as Gabbro—>Diorite—»Granodiorite
—>Granite—>Two mica granite—^Muscovite granite—>
Pegmatite etc.

Granodiorites>Granites>Diorite>Gabbro etc.
Strong foliations resulted from strong shearings
can be seen along the tectonic boundary zones.
Sheeting or horizontal joints are common.

Equigranular, fine to medium grained rocks are

common, except fine grained ones in two mica

granites.
Surfacial characteristic is mostly grey.
Megacrystic textures of microcline in some places
can be seen.

Qtz+Mic+Pl+Bt±Hb±Mu in major minerals.

Zircon+Apatite|%Sphene+opaque minerals in

accessory minerals.

Calc-alkalic, SiO2: 67-75% common.
Metaluminus common, partly peraluminus in two
mica granites.

LREE is more enriched than that of the biotite
granites

Weak Eu(-) anomaly common,
Eu/Eu*=0.6-0.8, <Z2REE=120-200,
(La/Yb)CN=40-180, Zr/Hf=30-44

Various phase of granitic rocks are rare.
No foliation can be seen,
Sheeting or horizontal joints are
common

Mostly biotite granites with aplitic dike
are common

Occasionally pegmatite veins carry REE

mineralizations
Equigranular, coarse grained rocks are
common, except medium grained in
marginal phases,

Surfacial characteristics is mostly light
pinkish to pink

Qtz+Mic+Pl+Bt±Hb±Mu in major

minerals.

Zircon+Apatite±Garnet+Ilmenites in

accessory minerals.

Calc-alkalic, SiO2: 72-78% common.
Metaluminus common, partly
peraluminus HREE is more enriched
than that of the granodiorites. Moderate
to strong Eu(-) anomaly common,
Eu/Eu*=0.2-0.6, 02REEjAlOO,
(La/Yb)CN=0.3-30, Zr/Hf=10-30

10) Sr initial

ratios

11) Petrogenesis
(I/S/A-type)
(Mt/¥±series)
(Tectonism)

12) Mineralization

> 0.708

Mostly S-type or mixed type(?)
Partly Ilmenite-series, and partly magnetite-series.
Mostly syn-tectonic granites, and partly late-
tectonic granites

Mostly vein-type Au, Ag, Cu, Pb, Zn and
CaF2 mineralizations are associated with
quartz vein.

> 0.708

Mostly S-type or Mixed type(?)
Mostly Ilmenite-series
Mostly Post-tectonic granites

Mostly W and REE mineralization is
associated with felsic pegmatites(?)



3.3.2. Plutonic rocks

From the end of middle Proterozoic (1,300 Ma) to Triassic (200 Ma), the igneous activity was
moderate in some local regions or at a complete pause, keeping the land stable. An intensive orogenic
movement from late Triassic was accompanied with plutonic activities which are classified into three
categories in relationship to tectonic movement, orientation, lithology and age: activities related to
Songnim disturbance, Daebo orogeny and Bulguksa disturbance. The Songnim movement designated
to early Mesozoic was considered to be the prelude of the Daebo orogeny in the period of Jurassic-
Cretaceous. Jurassic granites(Daebo granite) formed by plutonic intrusion are distributed in one-
fourth area in the southern part of the peninsula(Fig 2). Whereas Triassic granites occur in very
limited area parallel to the structural direction of Okchon fold belt (NE-SW ~ NNE-SSW). The rocks
of the Jurassic pluton are dominantly granodiorite and subordinately granite.

Grandogranites show weak foliation, indicating syntectonic granites and have a well developed
sheeting joints. The detailed lithological characteristics of the Jurassic granites are summarized in
Table II. The Jurassic granites intruded in the geologic age of late Triassic to early Jurassic (205+15
Ma). The emplacement depths are in the range of 10-20 km and the crystallization occurs under the
geopressure of 3~7 kb. Rejuvenized igneous activities during Cretaceous occurred intensively in
fractures, troughs or some sedimentary subbasins. Volcanic activities were outstanding at the
beginning of the Bulguksa disturbance and then successive intrusion of granite (Bulguksa granite)
occurred. As the tectonic movement continued, the igneous activities were generally changed from
volcanic to the hypabyssal stage through plutonic.

Bulguksa Granites

X-H-l Daebo Granites

FIG. 2. Distribution of the Daebo (Jurassic) and Bulguksa (Cretaceous) granites in Korea [2].



TABLE m. GEOLOGIC CHARACTERISTICS OF CRETACEOUS GRANITES (FROM [3]).

Characteristics Other Area Gyeongsang Basin

1) Shape Round scattered plutons

2) Depth of Epizone (load pressure 0.5-2Kb), based on
Emplacement amphibole geobarometer data

3) Cooling History Rapid cooling after emplacement, based on
geothermal histories for each pluton

4) Age of Mostly 120±10, 85-70, 70-50Ma
Emplacement Early Cretaceous-Early Tertiary

5) Occurrence, Round batholiths in older granites, but small
Structure, stocks are common in others.
Rock phase Sheeting joints are common in older granites.

GranodioritesjiAlkali-Granites and
Granophyres

Round scattered plutons

Epizone (load pressure 0.5-1.5Kb),
based on amphibole geobarometer data

Rapid cooling after emplacement based on
geothermal histories for each pluton

Mostly 120-90, 90-70, 70-50Ma
Early Cretaceous-Early Tertiary

Round batholith and small stock are common.
Vertical joints are common.
Gabbro-Diorite-Quartzdiorite-Tonalite-
Granodiorite-Granites-AIkali-feldspar
Granite associated

6) Volcanic Basaltic-andesitic-dacitic-rhyolitic rocks not
Association much associated

7) Texture Equigranular, medium to coarse grained rocks
are common, except fine to medium grained in
leucocraticic granites or granophyres.
Granophyric texture and miarolitic cavities are
common in small stocks of alkali-feldspar
granites or granophyres
No foliation

B asaltic-andesitic-dacitic-rhyolitic rocks
associated

Equigranular, medium to coarse grained in
large batholiths.
Gradually change fine to medium grained
inward in many stocks.
Granophyric texture and miarolitic cavities are
common in small stocks of alkali-feldspar
granites or granophyres.
No foliation.

8) Mineral
Assemblage

Qtz+Pert.±Pl+Bt±Hb
zircon+apatite+magnetite

Qtz+Pert.±Pl+Bt±Hb
Zircon+apatite±allanite±magnetite+sphene
+sulfide

9) Geochemical
Characteristics

Calc-Alkaline Calc-Alkaline
SiO2: 62-78% in range, but 75-78% is common. SiO2: 55-77% in range, but 67-74% is common
Mostly metaluminous is common.
LREE is more enriched than that of the
Gyeongsang Basin
Strong Eu(-) anomaly is common

Mostly metaluminous is common.
HREE is more enriched than that of outside of
the Gyeongsang Basin
Weak Eu(-) anomaly is common, except strong
ones in alkali-feldspar granites and granophyres

10) Sr Initial
Ratios

11) Petrogenesis
(I/S/A-type)
(Mt/¥± series)
(Tectonism)

0.7092 - 0.7165

Mostly S-type and Mixed type
Mostly magnetite-series
Late or Post tectonic granites

12) Mineralization Mostly barren granites except Geodo,
Muamsa and Wolagsan(?) plutons

0.7040 - 0.7070

I-type, partly A-type granites
Mostly magnetite series granites
Late or Post-tectonic granites

Au, Ag, Cu, Pb, Zn, Mo, W, Bi, Sb, Fe etc
mineralizations were related

Volcanic rocks of Cretaceous-Paleogene are widely distributed along the major structural
lineament of NE-SW and NNE-SSW direction. All of the plutonic rocks within the Kyongsan basin
are associated felsic volcanic rocks and are closely related with the development of the sedimentary
basin and NE-SW/NNE-SSW geologic structures. The Cretaceous igneous rocks can be classified into



diorite, quartz monozonite, granodiorite, and biotite granite. The detailed characteristics of Cretaceous
granite are summarized in Table HI.

4. REGIONAL FRACTURE SYSTEM

The characteristics of regional fracture system are based on lineaments analyzed from the data
of geologic maps and computerized-shaded relief images from Digital Elevation Model (Fig 3).

4. 1. Analysis of Regional Fracture System

Large-scale fractures are chiefly developed in the Kyonggi-Kangwon areas in the northwestern
part and Kyongsang basin in the southeastern part. In contrast, small-scale fractures are evenly
distributed throughout the southern peninsula. Three dominant sets of NNE (N10°Wj-N50°E), NW
(N30°Wj-N50°W) and WNW (N60°Wj-EW) are defined through the rose diagram of fracture
orientation. But most of the fractures are grouped in a NNE set. According to the areal distribution of
fracture orientations, the southwestern and northwestern parts of the southern peninsula are
characterized with random orientation. The high density areas of fractures are placed in the Kyonggi
massif including the Taebaegsan mineralized area with extremely high density [4].

I. Kyonggi Massif
II. Chungnam Trough
III. Gonju Trough
IV. Okchon Fold Belt

IVa. Paleogeosyncline Zone
IVb. Neogeosyncline Zone

V. Yongdong-Kwangju Trough
Vl.Soaeksan Massif

Via. Sobaeksan Block
VIb. Jirisan Block

VII. Kyongsang Basin

FIG. 3. Fracture map superimposed on tectonic provinces in Korea [4].
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4. 2. Classification of regional fractures

Regional fractures in southern Korea could be classified into four orders designated Fi, F2, F3

and F4 on the basis of their extension. Fi order fractures include large-scale faults which have a trace
length of over 40km. They are tectonically most important in Korean peninsula. F2 order fractures
have a trace length of 20 j-40km. F3 order fractures forming local fracture zones have a commonly
trace of lj-20km. They develop evenly and abundantly throughout southern Korea regardless of
geologic settings and tectonic provinces. F4 fractures may be equivalent to outcrop-scale
discontinuities with a trace less than lkm. Therefore, they must be actually the most popular fractures.

4. 3. Characteristics by fracture scale

Most of the F i fractures are developed in Kyonsang basin and Kyonggi massif, whereas only
one Fi fracture (Kwangju fault) locates at the southwestern part of the peninsula. Chugaryeong fault
zone in Kyonggi massif and Yangsan fault in Kyongsang basin are the longest ones among Fi order
fractures with a trace more than 150km. The dominant set of Fi fractures mostly runs in NNE
direction as the majority of fractures in southern Korea. The minor set of WNW direction shows in
Kyongsang basin. It is known that Fi fractures in the Chugaryeong fault zone might be produced by
normal faulting whereas those of Yangsan fault in Kyongsang basin are strike-slip fault.

F2 order fractures are evenly distributed in the whole examined area except the southwestern
part of southern Korea, but they develop more collectively at the Taebaegsan mineralized area and
Chungnam coalfield. The orientations of F2 fractures also indicate that a NNE set is the most
dominant and a WNW set is minor like those of Fi order. It can be said that both orders are self-
similar with respect to fracture orientation.

F5 order fractures that are the most abundant on the regional fracture map are also evenly
distributed in southern Korea. The orientations of F5 fractures also have the NNE dominant set and
the WNW minor set like those of Fi order, but they have one more minor set of NW direction.
Particularly, the NNE set represents a wide range of N10°W to N50°E.

All F4 fractures are extracted from 1:50,000 geological maps because they are too short to be
interpreted on 1:250,000 and 1:500,000 relief maps. Therefore, it must be considered that a quite
small quantity of F4 fractures are put in the regional fracture map in comparison with a real world. F4

fractures are similarly represented by the NNE dominant set and the WNW and NW minor sets in
orientation. It is concluded that fractures of each order are self-similar with respect to orientation.

5. LONG TERM GEOLOGICAL STABILITY

Through the geologic history, the peninsula was experienced for a significant tectonic
movement in the period between 180 and 100 million years ago. And then subsequent tectonic
activities have been diminished and limited to in the local areas. In the present stage, the disruptive
natural phenomena such as seismicity and volcanism are in the localized particular areas, which can
be avoided by excluding certain areas in the early stage of siting.

5. 1. Volcanism

Volcanism in the peninsula has occurred thoughout most of the geological ages from Archean to
Holocene with igneous activity. But the most prominent volcanism had taken place in the period of
the Upper Jurassic~Lower Cretaceous (160~100Ma ago). Volcanic activities in these periods took
place along large fault zones and were vigorous during sedimentation in the Mesozoic basin. Volcanic
activities in the basin play an important role in establishing the stratigraphy sequence of the Mesozoic
basins. The Cretaceous volcanism continued up to the early Tertiary (50Ma ago). But it was relatively
inactive throughout the Paleogene and intermittently in the Neogene. The volcanism was continued to
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the Quaternary in several areas, i.e. Mt. Paektu, Chugaryong fault zone and Cheju island. According
to historical records, several volcanic activities in Korea were dated between 1,000 and 1,600 AD.

5. 2. Seismicity

In terms of plate tectonics, the Korean peninsula is located within the Eurasian plate. Thus
earthquakes in Korea are ascribed to the intraplate seismicity. In Korea, historical earthquake records
date back to 2 AD and the instrumental data were collected from 1905. Based on historical seismicity,
the southeastern part of the peninsula turned out to be seismic zones, whereas the seismicity of the
Sobaeksan massif and Paektu volcanic zones in the northern part is remarkable weaker than the other
tectonic provinces. The distribution of earthquakes associated with the instrumental data shows that
the seismicity is stronger in the southern and western parts of the peninsula than in the other regions.
However, deep sources of earthquakes are distributed in the northeastern part and in the east sea. In
general, the close correlation between seismicity and Quaternary tectonic in the Korean peninsula can
not be understood yet. Particularly, earthquakes having MM intensity more than 4 are related with
fault structures. It appears that many of the faults created during the Mesozoic orogenies have
generated earthquakes afterwards. Therefore, a number of major faults and tectonic boundaries of the
peninsula may be active even though they were formed before the Cenozoic.

The depths of earthquake sources are estimated to 10~12km below ground in general. The most
destructive earthquakes since 1905 were Sanggyesa earthquake on July 4, 1936 and the Hongsung
earthquake on October 7, 1978. The MM intensity of these earthquakes is VII and the magnitude of
the Hongsung earthquake turned out to be about 5.2. According to the historical earthquake records,
the strengthening period in Korea is for about 500 years and the weakening period for about 200
years. This tendency has alternated each other from 2 AD to the present.

6. CONCLUSION

The geologic condition of the Korean peninsula is characterized as a major link between the
Pacific active margin and the Asian main land. A significant research is recently carried out with an
integrated geoscience approach on the geodynamics of eastern Asian continent. However, many
hypotheses on tectonic evolution should be proved by further studies. Korea is located in a stable
platform which was subjected to major periods of significant tectonic movements between about 180
and 100 million years ago. The subsequent tectonic activities have been diminished and limited to the
localized particular areas, which can be avoided by excluding them in the early stage of siting.

The lithology of the Korean peninsula consists of a complex structure of 29 rock types from
Archean to Quaternary. In the southern part of the peninsula, Mesozoic plutonic rocks are distributed
on nearly one-third of the area. The wide distribution of plutonic rock is an important consideration as
a potential host rock allowing flexibility of siting. Thus, the competent host rock mass for a repository
will be available in the distributed area of Jurassic and Cretaceous granites.
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