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Interpretation of Aeromagnetic Anomalies
in the Southwestern Part of the Ogcheon Belt, Korea
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Abstract : In order to uncover the subsurface geological structure in the southwestern rim of the Ogcheon Fold Belt
including the Cretaceous Neungju Sedimentary Basin, we analysed and interpreted the acromagnetic anomalies over
the region. The study area belongs to Muan-gun, Yeongam-gun, Gangjin-gun, Jangheung-gun, and eastern Haenam-
gun. From the qualitative analysis and quantitative modeling of the reduced-to-the-pole magnetic anomalies, fol-
lowing things are revealed or suggested; Even though the porphyry of higher susceptibility is not crop out in the
Donggang Myeon in the northwestern part of the study area, it is supposed to have intruded the Precambrian gneiss
and the Cretaceous Bulgugsa granite of lower susceptibility. Two-dimemsional modeling of profile data across the
sedimentary basin of Neungju Group reveals that the northern part of the basin is deeper than the southern part, and
that the maximum depth of the basin is supposed to be 3 km below the surface. The western flank of the basin bot-
tom is steeper than the eastern flank. The high susceptibility value of the Neungju Group sedimentary rocks indicates
that the rocks comprises large amount of volcanic materials. This fact implies that it is hard to expect hydrocarbon

reservoir in the sedimentary rocks of the Neungju Basin.
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INTRODUCTION

Many researchers have been studying on the evolution of
the Ogcheon Fold Belt and related tectonic movement.
However, nobody still clarify the exact time and process of
the evolution. Clazel et al. (1990) set up a kind of geo-
logical hypothesis by introduction of the continental rifting
process in the Camb-ordobician periods and the Ogcheon
Orogenic process in the Silurian-Devonian periods. His pro-
posed solution still does not coincide with results of
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paleomagnetic, paleontologic and radio-chronological stu-
dies. The deformed strata of the Ogcheon Fold Belt by the
Ogcheon Orogeny suffered again by the plutonic intrusion
and volcanic extrusion by a few orogenies in the Mesozoic
Era. Thus most of the deformed Ogcheon sedimentary rocks
in the southwestern part of the Ogcheon Belt were disap-
peared by the igneous processes. Furthermore the erosion
process for long geologic time let the distribution of the
Ogcheon sedimentary rocks be limited to very small areas
scattered here and there. Now most of the area in the
southwestern part of the Ogcheon Belt are covered by Pre-
cambrian gneiss and Cretaceous sedimentary, volcanic and
intrusive rocks. Therefore the research interest in this study
is concerned with these Precambrian and Cretaceous rocks
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Fig. 1. Location map of the study area. The area is shaded by striped
pattern. Dashed line indicates the boundary of Ogcheon Belt.

rather than with the Ogcheon sedimentary rocks. In order to
uncover the subsurface geological structure and get in-
formation on the geological relations between distributed
rocks in the southwestern rim of the Ogcheon Fold Belt in-
cluding the Neungju Sedimentary Basin (Fig. 1), we analyz-
ed and interpreted the aeromagnetic anomalies over the re-
gion. The study area belongs to Muan-gun, Yeongam-gun,
Gangjin-gun, Jangheung-gun, and eastern Haenam-gun.
Even though there are a few literatures on the geological
study in this area including geological maps and their ex-
planatory texts (Cheong and Kim, 1966; Chang and Kim,
1967; Choi and Yoon, 1968; Choi and Ko, 1971), qual-
itative or quantitative interpretation of aeromagnetic ano-
maly maps in the study area rarely have done before. The
anomalies produced by the subsurface magnetic bodies can
reveal information on geological structures in this arca. We
try to find the source of magnetic anomaly and sus-
ceptibility contrast between rock types. We also extract
characteristic features of magnetic anomaly shapes and am-
plitude distributions. Based on these information, the sub-
surface structures are deduced by qualitative and quan-
titative analyses.

GEOLOGY OF THE STUDY AREA

Geology of the study area consists mainly of Precambrian
metamorphic rocks, Cretaceous sedimentary, volcanic and
inttusive rocks (Fig. 2). Small amount of Permian me-
tasedimentary rocks and Jurassic gneissose granite are dis-
tributed locally. In order to have clarity in simplified geo-
logic process and to help magnetic interpretations in this
study, the rocks are grouped into three categories : Pre-Cre-
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Fig. 2. Geologic map of the study area. Modified from Chang K. H &
kim KT (1967), Cheong, C. H. & Kim G. S. (1966), Choi, S.
0. & Ko, C. B. (1971), and Choi, Y. K. & Yoon, H. D. (1968).
Gneiss complex corresponds to Precambrian, gneissose granite
to jurassic, and all other rocks except metasedimentary rock and
Alluvium to Cretaceous periods. Age of the metasedimentary
rock is unknown.

taceous rocks, Cretaceous sedimentary and volcanic rocks,
and Cretaceous intrusive rocks.

Pre-Cretaceous rocks are composed of the Precambrian
Sobaegsan gneiss complex, the Permian metasedimentary
rocks, and the Jurassic gneissose granite. Rocks of Sobaeg-
san gneiss complex are distributed in the northwestern re-
gion, central-to-the-castern region, centrally southern region.
The source rock of the gneiss is conjectured to be sed-
imentary origin since they include mica schists, quartzite,
limestone, etc. (Cheong and Kim, 1966; Chang and Kim,
1967; Choi and Yoon, 1968; Choi and Ko, 1971). The
Sobaegsan gneiss complex in the ecastern region grades into
metasedimentary rocks which overlies the gneiss complex
unconformably (Cheong and Kim, 1966). Gneissose granite
of Jurassic age distributes in the southwestern region in a
small scale.

Cretaceous sedimentary and volcanic rocks are chro-
nologically correlated with the upper part of the Gyeongsang
Supergroup (Son, 1969). Sedimentary rocks of Neungju
Group are composed of tuffs, tuff breccias, rocks of lava
flow, and conglomerates (Cheong and Kim, 1966). These
rocks are mainly distributed in the northeastern region of the
area, where they form a sedimentary basin on the basement
of the gneiss complex. The intrusive rocks of the Cretaceous
are related to the Bulgugsa Disturbance of ages ranging from
the Late Cretaceous to Early Tertiary. The Bulgugsa Granite
is widely distributed in the central and southeastem parts of
the study area. Porphyries locally crop out on a small scale
in the southeastern part of the area.
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Fig. 3. Aeromagnetic anomaly map of the study area. Terrain clear-
ance and contour interval are 400 feet and 20 gammas, respec-

tively.

MAGNETIC DATA ACQUISITION

Aeromagnetic surveys in the study area were carried out
in years 1988-1989 by Korea Institute of Energy and
Resources(KIER); Yeongam and Haenam regions in 1988,
Cheongpung and Jangheung regions in 1989. The survey in-
strument was Model G813 of Geometrics with the sen-
sitivity of 0.01 gamma. Data were collected at altitude 400ft
(122 m) above the terrain. The distance between the east-
west flight lines of survey was 1km. Tie lines were flown
in north-south direction at 5 km of line space.

The raw digital magnetic data were corrected for the di-
urnal variation and the regional field was removed from the
data using the IGRF-85 by KIER to produce the residual
magnetic anomaly map. For the present study, the magnetic
contours of the anomaly map were digitized and processed
to get a data set for grid points with the grid interval of 250
m using Laplace interpolation technique. The processed con-
tour plot of the residual magnetic anomaly map is shown in
Fig. 3.

DATA PROCESSING

As shown in Fig. 3, almost every positive magnetic
anomalies accompanied by negative anomalies to the north
or north-east of the positive anomalies. The pair of the po-
sitive and negative anomalies comes from the vector dipole
field of the magnetic body of finite extent caused by the in-
clination of the ambient geomagnetic field. These phenome-
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Fig. 4. Reduced-to-pole magnetic anomaly map of the study area. Con-
tour interval is 20 gammas.

na makes the magnetic anomaly map look complicated.

Furthermore, positions of the positive and negative
anomalies do not coincide with the location of the mag-
netic body. In order to get rid of this problem, the resi-
dual magnetic anomaly data should reduced to the pole po-
sition using equations (3) and (4) given in Baag and Kang
(1994). The computed anomaly map of the reduction to
the pole position (RTP) using the anomaly map of (Fig. 4)
is given in (Fig. 5). The inclination and declination of 50
and 353, respectively are used in the RTP process. These
two angular values were calculated from IGRF for the
date of December 1, 1988 which is approximately at the
middle point of the total survey period. Most of the ne-
gative anomaly troughs on the north-side of the positive
anomalies are disappeared after the RTP process. On the
other hand, the positions of the positive anomaly peaks
are shifted northward compared with those before the
RTP process (Fig. 3, 4). Thus, locations of anomalies are
supposed to be put directly above the positions of mag-
netic source bodies.

QUALITATIVE INTERPRETATION

In comparison of the geological map (Fig. 2) and RTP
anomaly map (Fig. 5), some basic information on magnetic
properties of distributed rock types is deduced. There are
four types of anomaly patterns according to the sus-
ceptibilities of rocks and characteristic shapes of anomalies.
Firstly, the volcanic rocks distributed in the northwest-
southeast trend produce very high magnetic anomalies
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Fig. §. Qualitative interpretation of reduced-to-the-pole magnetic ano-
maly profiles. The three profile lines a-a', b-b', c-¢' correspond
to those in Fig. 4. Symbols Gb and Gn indicates Bulgugsa
Granite and gneiss, respectively. NG and SG indicates Neungju
Group and Sila Group, respectively. V, P, Ms, and Ab indicate
volcanic rock, porphyry, metasedimentary rock, and alluvium,
respectively.

which show high spatial frequencies. This fact indicates vol-
canic rocks have higher susceptibilities compared to other
rocks in the study area. The high spatial frequency property
of anomalies may reflects the irregular surface distribution
of volcanic rocks at shallow depths. Secondly Porphyries at
the southwestern part of the area also produces high ano-
maly like volcanic rocks. However, the anomaly by por-
phyries does not show as high spatial frequency contents as
those of volcanic rocks. Thirdly, sedimentary rocks of the
Neungju Group in the northeastern part of the area generate
moderate amplitude of magnetic anomaly which is smaller
than those of porphyries or volcanic rocks. We guess sed-
iments of the Neungju Group comprise contemporary vol-
canic materials if the magnetic anomaly comes from the sed-
imentary rock. Fourthly, the Bulgugsa granite and Gneiss
Complex which are distributed at central part of the area in
north-south trend and at southeastern part show negative
RTP anomalies. This implies these rocks have relatively
low susceptibility values. Thus, from the all information of
anomaly patterns and amplitudes, we guess the spectrum of

relative susceptibility values of rocks distributed in the
study area : volcanic rocks, porphyries, Neungju Group, plu-
tonic rocks (Bulgugsa granite and Gneiss Complex) in the
order of higher susceptibility values.

The anomaly map of Fig. 4 was obtained by the RTP pro-
cess of the aeromagnetic data measured at 400 feet above
the topography by way of draping sutvey. Since the meas-
urement surface is not a plane of a constant altitude, the
RTP process is not accurate enough to model anomaly pro-
files quantitatively for subsurface structures using the ano-
maly map of Fig. 4. However, qualitative analyses can be
done along profiles of interesting regions. We choose three
anomaly profiles (Fig. 4) laid in east-west direction. The
northern profile a-a' of the three passes the regions of Bul-
gugsa Granite, Neungju Group sedimentary rock and vol-
canic rock. There are two high anomaly amplitude in the
profile (Fig. 5). The western anomaly of them is located in
the region of the Bulgugsa Granite with very low sus-
ceptibility, The shape of the anomaly is relatively smooth
compared to the anomaly at the eastern part of the profile.
Thus we interprete this phenomena by assuming a mass of
porphyries with higher susceptibility under the Granite
which was intruded by the porphyries. The eastern anomaly
of the profile is very large, and has sharp and rugged form
due to high susceptibility of intruded volcanic rock. The pro-
file b-b' (Fig. 4) passes across the region of sedimentary
rock of Neungju Group. The shape of the positive anomaly
of the profile (Fig. 5) is broad and smooth. The cause of
the anomaly is interpreted in two ways based on as-
sumptions in the origin of the higher susceptibility. The first
case is that the sedimentary rock of Neungju Group with
volcanic materials of high susceptibility generates the mag-
netic anomaly (Fig. 5). The second case is that the sed-
imentary rock has smaller susceptibility and there is a por-
phyritic or intruded volcanic body of higher susceptibility
beneath the Neungju Group of sedimentary rock. The pro-
file c-¢' (Fig. 4) passes through regions of volcanic rock
and Bulgugsa Granite (Fig. 2). We expect high anomaly
value in the volcanic rock region and low value in the Gran-
ite region. However, the location of the volcanic rock in the
geologic map is shifted to the east from the location we ex-
pect. This might imply the thickness of the volcanic rock
should be thin to the earthern margin.

QUANTITATIVE ANALYSIS

The magnetic intensity data was collected at the altitude
400ft above the mean terrain by draping surveying. The
measurement surface is not a plane of constant altitude.
Therefore, the data set on the curved measurement surface
should be upward continued to a plane of a constant al-
titude in order to use these equations. This process is neces-
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sary because quantitative modeling inversion of the data on
a curved surface are not easy and could result in spurious
results. The procedure for this type of continuation is given
in Baag and Kang (1994) following the computational
method of Bhattacharyya and Chan (1977). The topographic
map of the scale 1:50,000 was digitized and altitude of the
topography were added by 400feet to obtain the heights of
measurement surface. This data is upward continued to a
constant altitude of 1250m above the sea level. The RTP
process was applied to the upward-continued anomaly map
following the method given in the previous section. The
result is given in Fig. 6. The inclination and declination of
50 and 353, respectively are used in the RTP process as
were used for the data before the process of upward con-
tinuity. Talwani and Heirtzler (1964) presented a method to
compute magnetic anomaly caused by a polygon cylinder of
finite length. A compact form of the equation for the com-
putation of the anomaly is given by Baag and Kang (1994)
using matrix form of parameters. The method is applied to
three representative profiles of upward continued RTP data
(Fig. 6) to get possible subsurface structure.

The profile line 1 (Fig. 6) lies at the northwestern qua-
drant of the study area with northwest-southeastern direc-
tional trend. The main objective of the line profile 1 is to
examine the cause of the large anomaly with a peak value
200 in the southeastern half of the profile. The surface
geology of this anomalous region around Donggang
Myeon area conmsists of Precambrian Sobaegsan banded
gneiss and Cretaceous Bulgugsa Granite. These rocks are
supposed to have overall low magnetic susceptibilities
throughout the whole region of the study area, as shown
in the previous section. Therefore, the high anomaly of
the profile originated due to other source rock at depth
rather than the granite or gneiss at surface. The possible
candidates of the buried source of the high anomaly are
the intrusive volcanic rock and the Cretaceous porphyry.
However, the volcanic rock cannot be the candidate, be-
cause the intrusion of the granite chronologically follows
the extrusion and intrusion of the volcanic rocks. The por-
phyry rock mass formed later than the intrusion of the
granite. An example of the anomaly shape caused by por-
phyry rock mass can be found in the southwestern part of
the study area (Fig. 6). The pattern of the anomaly is sim-
ilar to that of the profile line 1. Therefore, we suppose
that the porphyry lies at depth beneath the granite body in
the state of intrusion. The result of two-and-a-half di-
mensional modeling for the anomaly profile of the upward-
continued RTP data (Fig. 6) is shown in Fig. 7. Notations
used for each rock type are explained in Table 1. The
modeled substructure profile shows the porphyry rock in-
truded the Sobaegsan Banded Gneiss (Sobgn) and Bul-
gugsa Granite at about 1km depth. The porphyry has high
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Fig. 6. Reduced-to-the-pole magnetic anomaly map of the upward con-
tinued data. The data is corresponds to that of the constant al-
titude of 1250 m above the sea level.

susceptibility contrast with that of the surrounding rocks.
The profile lines 2 and 3 (Fig. 6) pass across the sed-

imentary basin of Neungju Group in the northeastern qua-

drant of the study area. In Fig. 6 rough outline of

. Neungju basin stands out in the background relief of

anomalies, since the sedimentary rocks of the Neungju
Group (Kne) are supposed to include volcanic com-
ponents and have higher susceptibilities compared with
the surrounding metamorphic rocks. The result of model-
ing of the profile line 2 is shown in Fig. 7. This suggests
that the bottom of the Neungju Basin is as deep as 3km
below the surface. In the eastern flank of the basin, Per-
mian metasedimentary rocks (Ps) are embedded between
Neungju Group and Pre-cambrian gneiss. It is suggested
that Pre-cambrian granitic gneiss (Pcggn) to the east of
the profile time has a very low susceptibility value. In Fig.
6, the size of the anomaly over Neungju Group becomes
gradually smaller to south compared to the north part,
Configuration of the substructure beneath the anomaly pro-
file line 3 (Fig. 7) obtained by modeling suggests that the
width and depth of Neungju sedimentary Basin are nar-
rower and shallower than the northern part of the basin.
The susceptibility of Neungju Group along the profile line
3 is smaller than that along the profile line 2. This fact
supports the geological interpretation by Choi and Yoon
(1968) which insists that the volcanic activity in the south-
ern part of the basin was not as frequent as that in the
northern part and most of the sediments are non-volcanic
origin.
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Fig. 7. One-and-half dimensional magnetic models of the profile line 1,
line 2 and line 3 (Fig. 6.). Notation of each rock type is ex-
plained in Table 1. The value assigned to each rock notation is
magnetic susceptibility in cgs unit. Values in parentheses in-
dicate the body length along the axis perpendicular to the page
surface.

CONCLUSION

From the qualitative and quantitative analysis of the aero-
magnetic anomalies in the area of the southwestern
Ogcheon Belt, a few things on geological substructures are
suggested. With regard to susceptibility values, there are
four types of rocks distributed in the study area. The first
one is Cretaceous volcanic rocks, the second one Cre-
taceous porphyry, the third one Cretaceous sedimentary

Table 1. Notations and explanations for rock types used in the mag-
netic models of profiles in (Fig. 7).

Age Notation Rock type
Kp Porphyry
Kbgl, Kbg2 Two t f Bul it
Cretaceous g 4 'wo types of Bulgugsa granite
Kav, Kiv Two types of volcanic rock
Kne Neungju Group Sedimentary rock
Permian Ps metasedimentary rock
PCggn granite gneiss
. ms metasedimentary rock
Precambrian

Soggn, Sopgn,

Sobgn, Somgn four types of gneiss

rocks of Neungju Group, and the fourth one Precambrian
Sobaegsan gneiss and Cretaceous Bulgugsa granite in des-
cending order of susceptibility value. The porphyry of high-
er susceptibility is supposed to have intruded the Pre-
cambrian gneiss and the Cretaceous Bulgugsa granite with
lower susceptibility around Donggang Myeon area in the
northern part of the study area. This conclusion is based on
both of the qualitative and quantitative analysis of the mag-
netic anomalies. Two-dimensional modelings of the profile
data across the sedimentary basin of the Neungju Group re-
veals that the northern part of the basin is deeper than the
southern part, and that the maximum depth of the basin is
supposed to be 3 km below the surface. The western flank
of the basin bottom is steeper than the eastern flank. The
high susceptibility value of Neungju Group sedimentary
rocks indicates that the rocks comprises large amount of vol-
canic materials. This fact implies that it is almost im-
possible to have petroleum reservoir in the sedimentary
rocks. The susceptibility of sedimentary rocks in the south-
ern part of the basin is comparatively smaller than that of
the northern part. In the southeaster part of the study area,
the large negative anomaly over the volcanic rock dis-
tribution implies that the volcanic rock is very thin or the
boundary with the granite in the published geologic map
should be moved to the west considerably.

ACKNOWLEDGEMENTS

We thank Je Jung Lee and Ji Min Lee in Department of
Geological Sciences, Seoul National University for their
help in drafting, correction and typing of the manuscript.
This work was supported by the Basic Science Research In-
stitute Program, Ministry of Education, 1991, Project No.
BSRI-91-509.

REFERENCES

Baag, C. -E. and Kang, D. J., 1994, Geophysical studies on major
faults in the Gyeongsang Basin: Aeromagnetic and radiometric



26 Chang-Eob Baag - Taeseob Kang - Jung Mo Lee

data interpretation on the Ulsan Fault, Journal of Geological So-
ciety of Korea, 30, 193-205.

Bhattacharyya, B. K. and Chan, K. C., 1977, Reduction of magnetic
and gravity data on an arbitrary surface acquired in a region of
high topagraphic relief, Geophysics, 42, 1411-1430.

Chang, K. H. and Kim, K. T., 1967, Geological map of Gangjin
sheet, scale 1:50,000, Geological Survey of Korea.

Cheong, C. H. and Kim, G. S., 1966, Geological map of Neungju
sheet, scale 1:50,000, Geological Survey of Korea.

Choi, S. O. and Ko, C. B, 1971, Geological map of Muan sheet,
scale 1:50,000, Geological Survey of Korea.

Choi, Y. K. and Yoon, H. D., 1968, Geological map of Jangheung

sheet, scale 1:50,000, Geological Survey of Korea.

Cluzel, D., Cadet, J. -P. and Lapierre, H., 1990, Geodynamics of the
Ogcheon Belt (South Korea), Tectonophysics, 183, 41-56.

Son, C. M. 1969, On the Cretaceous volcanic activity of Korea, Jour-
nal of Geological Society of Korea, 5, 259-267.

Talwani, M. and Heirtzler, J. R., 1964, Computation of magnetic
anomalies caused by two-dimensional bodies of arbitrary shape,
in Computers in the mineral industries, Part 1 : Geological Sci-
ences, 9, 464-480, Ed. Parks, G. A., Stanford Univ. Publ.

Manuscript received June 17, 1996



