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Beneath our Feet: Geology and Landscape of Seoul

RODNEY GRAPES AND GYEONG-NAN JEONG

Introduction

Seoul, the capital of South Korea, covers an area of some 605 square kilometers and has an elevation of between 20 to 750m above mean sea level (Fig.l). The climate is continental with warm, moist summers and cold-dry winters, and the mean annual temperature is about 12°C. The hilly and river-dominated landscape of Seoul met the requirements of geomantic harmony when King Taejo decided to establish the new capital there in 1394. The ideal location for the capital city was that it should have high, rugged mountains to the north, low, rolling hills to the east and west, a low hill to the south, and a wide flood plain through which a major river flowed.
With a current population of near 10.5 million, many of the original landscape features within the central part of Seoul have undergone centuries of modification, and especially so during the 1960’s during a time of rapid urbanization. Of the symbolic and historically important hills in downtown Seoul, three - Mt. Bugak (342 m), Mt. Inwang (338 m) and Mt. Nam (262 m) have been preserved from denudation, while the fourth and lowest, Mt. Nak (111 m), is now covered by buildings. Maps of the Choson Dynasty, one of which is reproduced in Fig.2, depicts an octopus-like arrangement of hills and intervening streams north of the Han River that more reflects the idealised geomantic setting of Seoul rather than geomorphic reality.
The purpose of this article is to present a description and illustrations to explain what “lies beneath our feet” in the Seoul metropolitan area and we discuss this in terms of the rocks, landforms, rivers and groundwater, geological structures and earthquakes. Our  [page 118]  information comes from personal observation and data reported in scientific publications most of which are not easily accessible, or indeed easily understandable, to the layperson. A reference list of these sources is provided.

Seoul and its geological setting : Rocks and sediment

The underlying rocks that form the hills that enclose present-day Seoul are composed of two main rock types, granite and gneiss, and the low lying land beside rivers and streams consists of alluvium (river―deposited sediment) of a few to 15 meters thick (Fig.3).
Gneiss is a metamorphic rock, meaning an existing rock that has been changed through recrystallization by heat and pressure at depth within the Earth’s crust. It is coarse grained (the constituent minerals can easily be seen with the naked eye) and recrystallization of the original rock resulted in the formation of new minerals and distinctive rock textures such as the banding shown in Fig.4. In places, the typical banded gneiss is intercalated with other rocks such as schist (a more finely laminated rock than gneiss) (Fig.3) and minor amounts of marble (metamorphosed limestone)(not shown in Fig.3). The granite is also a coarse-grained rock as seen in Fig.4 and originated by the cooling and crystallization of a molten liquid, or magma. Unlike the gneiss, granite has a “massive” or “uniform” texture in the sense that it does not exhibit the characteristic banded structure of gneiss. However, like the gneiss, it cooled slowly at depth within the Earth’s crust, but from a higher temperature, giving the minerals time to grow larger Granite is a particularly common rock and comprises nearly 60% of the rocks exposed on the Korean peninsula. In the valleys, and particularly along the Han River, the granite and gneiss “basement” rocks are covered by alluvium which consists of loose sediment such as mud, silt, sand and gravel deposited from rivers so that it is not yet consolidated to form rock. Sand and gravel of the Han River is excavated to supply aggregate for construction.
Geologic ages of the gneiss, granite and alluvium are very different. The gneiss has an age of between 2500 to 1800 million years and represents the oldest rock in Korea (Fig.5). The ages are derived from  [page 119]  radiometric dating of minerals in the gneiss and indicate the time when even older rocks (the original or parent rocks such as sandstone, siltstone, mudstone and limestone from which the gneiss was formed) were recrystallized and deformed (folded, flattened and stretched) at high temperature and pressure deep within the Earth’s crust. The granite has a much younger age of around 161 million years (Fig.5). This age is also derived from radiometric dating of minerals in the granite and indicates the time of their crystallization from magma that was derived by melting of the surrounding gneiss. The granite magma cooled from a temperature of about 750°C (completely molten) to solid, but still hot rock at 300°C over a period of some 15 million years implying a cooling rate of about - 15°C per million years.
The ages of the gneiss and granite of Seoul are thus separated by an enormous time interval of around 2000 million years! and there is no trace of any other rocks with intermediate ages that must have formed during this time interval. The melting of the gneiss to form a granite magma at temperatures greater than about 630°C represents a time when the temperature of the Earth’s crust beneath Seoul was much higher than normal - perhaps equivalent to a temperature increase of 40-50°C per kilometer depth. Estimates from mineral compositions of the depth at which the granite magma cooled and crystallized within the crust are about 14 kilometers (corresponding to a pressure of around 4 thousand bars or 4 kb), and the fact that the granite is now exposed at the Earth’s surface indicates that erosion of the now missing overlying rock must have occurred during its uplift since 160 million years ago.
We need to proceed forward in time for another 159 million years to about 1.8 million years ago when the alluvial sediments began to be deposited (Fig.5). Again, there are no rocks exposed in the Seoul area that formed during this long interval of geologic time. The sediments are composed of mineral grains and rock fragments from the granite and gneiss and this tells us that 1.8 million years ago (and probably before that) the granite and its surrounding gneiss must have been exposed to erosion at the Earth’s surface. Alluvial sediments continue to be deposited today, especially by the Han River. The river also carries sediment to the Yellow Sea where it is dispersed into deeper water by ocean currents. [page 120]  Here the sediments are slowly buried, compacted and eventually (over several million years) turned into new rock that will preserve fossils of the marine life forms existing during the period of sediment deposition.
And so the rock cycle continues. In its simplest form, the sediments become rocks with burial and with deep burial become deformed and recrystallized (metamorphosed) at high pressure and temperature to form gneiss and schist. At some stage these metamorphic rocks may be heated to a point at which they undergo melting to form granite magma and undergo uplift at a rate of a few millimeters per year. Uplift causes the growth of mountains that in turn accelerates erosion of all the rock above the granite and gneiss. Eventually the granite and gneiss are exposed at the Earth’s surface by this combination of uplift and erosion where they are once again slowly destroyed by water, ice and wind and carried in bits and pieces back to the sea by rivers. The rocks that underlie Seoul have taken some 2000 million years to undergo the deep burial-deformation-recrystallization/melting-cooling and uplift part of the rock cycle. They have been on their return journey since at least 2 million years ago.
Another “sedimenf” being deposited on Seoul today, although in comparatively very small amounts, is airborne dust derived from central China, Mongolia and Siberia (Fig.6) where strong surface winds pick up mineral particles and uplift them to heights of between 1500 to 2000 meters. These “Asian” yellow dust storms cause high dust concentration over Seoul (and many other parts of Korea) during spring. The natural mineral dust particles are also mixed with particles of carbon-bearing iron oxide (easily identified by their spherical shape) as shown in Fig.6,that are derived from industrial coal combustion in eastern China and are poisonous pollutants.

Landforms and controlling factors

Elevated areas made up of granite in the Seoul area have the typical form of domes (termed monadnocks meaning a mountain or rocky mass that has resisted erosion and stands isolated in an essentially low lying area). The slopes of most of these domes are bare rock, the pale colour patches which stands out in sharp contrast to the vegetated areas  [page 121]  (Fig.4). These dome-like exposures of granite are actually wrapped by sheets of rock like the outer layers of an onion that are believed to be the result of pressure release during erosion of the granite mass (Fig.7). The outer layers of the jointed granite, which typically vary between 30 and 160 cm thick, therefore tend to peel away from the underlying parent mass as shells or spalls and intermittently slide off the dome - a process known as exfoliation, causing the development of the rounded, smooth outcrops of granite we now see. Alternating freezing and thawing cycles during winter are probably required to loosen the rock sheets and make them vulnerable to exfoliation. What finally triggers a sheet of rock to suddenly slide off the dome is maybe a summer storm event or possibly an earthquake. However, the Seoul region is not noted for its earthquake activity and the probability of an earthquake with a magnitude of greater than 5 occurring (of sufficient magnitude to dislodge a thin sheet of granite) is estimated to be only about 1 percent. Rock sheets of greater thickness take longer to shed than thinner ones but the result is a pile of broken rock that accumulates on the lower flanks of the granite dome. As an example, the average rate of episodic exfoliation of the Insubong granite dome (810 m altitude) near Mt. Bukhan (Fig.l) is calculated to be about 6 cm per 1000 years. At this rate it would take another 12.6 million years for Insubong to be reduced to the level of the present day Han River, i.e., at about 50 meters above mean sea level.
In contrast to the bald granite domes, the metamorphic gneiss and schist rocks typically have a thin soil cover and are deeply weathered. Although these rocks have essentially the same minerals as the granite, they have a very a different texture as described above and shown in Fig.4 that reflects the strong dimensional orientation of the mineral grains caused by deformation and a finer grain size making the gneiss more susceptible to weathering and fragmentation and thus soil formation. This tends to make areas of gneiss more prone to landsliding during times of heavy rain.
Another important feature of the gneiss and particularly the granite is the presence of four main sets of near vertical joints that trend roughly north-south, north-west to south-east, east-west and northeast to south-west. These joint planes control how the rocks naturally split to  [page 122]  produce cliffs (Fig.7) and they have also benefited quarrying operations to obtain blocks of granite used in the construction of buildings. The joints are obvious planes of weakness in the rocks down which water can penetrate, undergo a volume increase when it freezes and thus start to slowly wedge the rock apart Repeated freezing and thawing cycles eventually causing slabs of rock to collapse under gravity where space permits. The roots of trees also penetrate joint planes because of the dampness and as they grow the roots force the rock apart causing it to break. The joint system is thus an important feature that controls surface topography and in particular the shape of the granite domes.

Rivers and groundwater

The metropolitan area of Seoul can be conveniently divided into two parts (north and south) by the eastward-flowing Han River which is fed by eight tributaries (Fig. 8). If one examines the drainage pattern, the streams, particularly the smaller ones, largely follow the joint directions mentioned above and this suggests that they have been controlled by them. The position and trend of earthquake fault lines that pass through Seoul (discussed below) also appears to have been a major control of the flow direction of the largest tributary stream - and may be responsible for the two right-angle bends in the Han River (Fig.8).
With their high permeability, alluvial sediments form the main aquifer of Seoul and water also passes comparatively slowly through the fractured and jointed gneiss and granite undermass. The groundwater flows from the surrounding mountains toward the Han River at a depth which increases towards the Han River (Fig.8) with higher levels (shallower depth) during the autumn after the rainy season in July to September, and the lowest (deepest) groundwater levels in spring. The average annual precipitation in the Seoul area is between 1200 to 1300 millimeters and the average depth to the top of the groundwater level is around 12.3 meters. Fresh water is obtained from the aquifer via 15,000 wells with (in 2000) some 41 million cubic meters of groundwater pumped annually. As might be expected the groundwater system is locally disturbed by leakage from urban facilities such as the water supply pipe network, sewerage pipes and subway tunnels. 
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Earthquakes and earthquake faults

Seoul sometimes experiences rather small or low magnitude earthquakes that are not powerful enough to cause much damage and the great majority are not felt. Since instrumental recording of earthquakes in Korea began in 1905 the largest magnitude earthquakes centered in the Seoul metropolitan area have had magnitudes of 3.1 to 4.0 (Fig.9), but some older earthquakes of greater force have occurred based on reports of damage recorded in earlier times. Despite the generally weak earthquake activity over the last 100 years or so, earthquake faults have been mapped along the main north-south valleys running through Seoul. However, there is no evidence that these fault lines are active, i.e. causing ground rupturing during historic earthquakes. They appear to be old features but probably have the potential to become reactivated during a large earthquake in the future. As mentioned above the chances of this happening appear to be statistically very small.
The prominent 30 kilometer-long straight section of the Han River extending through and to the west of Seoul suggests that it could be fault-controlled. A detailed geophysical survey along the line of a proposed tunnel under the Han River in 2005 revealed the presence of a swarm of east-west to north-east - south-west trending faults within gneiss 15 m beneath the surface of the Han River. The faults are associated with zones of “soft rock” indicating pulverization of the gneiss by movement, probably repeated movement, along the faults during earthquakes but the timing and direction of this movement could not be determined. As the faults do not appear to affect the alluvium overlying the weathered gneiss they are probably old structures that are now inactive.
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Figures
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Fig.1. Map showing the topography of the Seoul metropolitan area.
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Fig. 2. Redrawn Chosun Dynasty topographic map of the Seoul area by Silhak (practical learning) scholar and geographer Jeong-Ho Kim (? - 1864). Mountains and hills are depicted as thick black lines, some with upper serrated tops representing peaks; small rivers and streams are indicated by thin grey lines; roads are shown as dashed lines. Only mountains and river names on the original map are shown. A scale and North direction have been added.
[page 128]
[image: ]
Fig. 3. Map showing the distribution of rocks (gneiss/schist and granite) and alluvium of the Seoul metropolitan area.
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Fig.4. Photos of the two main crystalline rock types that underlie the Seoul metropolitan area, (left) gneiss and (right) granite. Note the light and dark banded structure of the gneiss in comparison to the massive, unhanded, coarse¬grained appearance of the granite.
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Fig.5. Radiometric ages of the gneiss, granite and alluvium of the Seoul metropolitan area in terms of the geologic time scale.
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Fig.6. Four trajectories of the springtime yellow dust (dates indicated) that settles on Seoul. The high magnification scanning electron microscope photo shows that the dust consists of angular mineral fragments and spherical anthropogenic pollutant particles derived mainly from the industrial chimneys of eastern China.
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Fig.7. Diagrams showing the development of granite landforms by erosion controlled by vertical and gently dipping joints in the granite together with a photo showing the bald slopes of Insubong near Mt. Bukan and its exfoliation features.
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Fig.8. Map showing the river system of the Seoul metropolitan area, together with joint directions (compass bearings) in gneiss and granite together with major earthquake fault lines that control their courses. To the sight is a schematic diagram showing the groundwater system of Seoul.
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Fig.9. Map showing the distribution of earthquake faults, granite and epicenters of earthquakes recorded between 1905 and 2003 over a wide area surrounding Seoul.
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Fig. 10. Maps and cross section showing the surface and subsurface geology along the line of a subway tunnel beneath the Han River. In the cross section note the presence of depressions in the hard gneiss bedrock which suggest that they are old channels of the Han River. 
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