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Blockfields of Seoraksan National Park: Age and Origin
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Abstract : On top of several peaks of Seoraksan National Park, many extensive blockfields are found. After
initial report was made in year 2000, further field works and analysis of satellite image have been made.
Blockfields on top of mountain peaks exhibit evidence of chemical weathering including gnammas and grooves.
Also, several lichen colonies larger than 80 c¢m in diameter have been found on the surface of many blocks.
High resolution IKONOS image has been used to delineate the boundary of blockfields which are hard to access
during the field trip. Blockfields of Mt. Seoraksan lack fine material necessary for age dating and clay mineral
analysis because they experienced long period of wash and erosion during the Holocene. The ages of blockfields

seemn to be pre-Holocene on the basis of size of lichen colony and weathering pits.
Key Words : blockfields, chemical weathering, lichen, IKONOS image, Pleistocene

R Mop ol3ak) Al EEaIE PHLL 20008l BT @ F, old T #2ol vla) BE E9l7) ol
A7 ST TAAGT FUs AP ol A A wIES WHHT VAYANE T AR 4
2E EOUES LA Yok FIAGA Gesh] i@ e BEAGT BUH PR KONOS AP

< B3 dRAGA FAY 4+ lon, Eeys &

& & Aoch BAzALe A AolFo) 4ol

o b3 BHE YN A8 BAT 5 UYL ASEHS VY BT} ol HE 329 RO o}
A 9439 BRRe) WYY Feiohs e Ee] URE Agslel weL ¢AL Pob sta Fael

g HEZE & A8 olgue A3 AAR®

AgEre Fotge] WHAEE Hol, TaA oM ¥

28 g ol A 71 FEtelM AESE F3E ol WHEE ol wdHT

TR0 44, &3 F8, AR, clolTn gt Feej2EA

1. Introduction

On Hwangcheol peak and Guitaegicheong peak,
large blockfields are found (Park, 2000). Since the first
paper, new and diverse ideas on origin and age have
been suggested in the field of alpine and periglacial
geomorphology, and new findings from the field trip
are reported and discussed. Ballantyne (1998) suggest-
ed the generic term of ‘mountain-top detritus” which
refers to the regolith cover that mantles summits and
high plateaux in many mid-latitude mountain ranges.

Such regolith often takes the form of blockfields of
coarse rubble, in which fine sediment is absent at the
surface. Some authors have suggested that such blocks
are essentially pre-Pleistocene in origin since block-
fields contain some clay minerals indicative of chemi-
cal weathering. Alternative suggestion is that moun-
tain-top detritus on mid-latitude mountains is formed
by the breakdown of rock by frost weathering during
the Pleistocene cold stages. The other possibility is that
plateau blockfields have developed under severe
periglacial conditions during the Late Wisconsin with
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the continued development during the Holocene.

2. Study Sites

1) Satellite image analysis

High-resolution satellite images have not been
widely used in the field of geomorphology in Korea
until recently. Seo and Park (2003) analyzed
IKONOS image to survey the landform of transbor-
der region of Goseong and to delineate the landform
boundaries successfully. They have shown that
satellite images of high resolution can be very useful
to draw the boundaries of landform units and also
the ecosystem boundaries.

Three band-IKONOS image for the study area was
geo-rectified with digital topographic maps at the
scale of 1: 5,000, from which digital elevation data
were extracted at thirty meter interval using Erdas
Imagine 8.4 and ArcInfo 8.0 software. All the DEM
data and image data were edited with 3d-TIME soft-
ware (three dimensional Terrain Image Model
Environment, 3GCORE, Korea). Figure 1 is the screen
captured image with a point of view of at 1,338 meter
and yaw of 171.5 meter. The actual height of
Hwangcheolbong is 1,318 meter. The Figure 2 is a
zoomed shot for the study area with a viewpoint to
the further south. The boundaries of blockfields can
be distinguished by bare eyes in the screen and digi-
tized with the actual photos taken during the field
work (Fig.3). High resolution satellite image can give
a great opportunity to get the boundary of blockfield
before or after field work, partly because IKONOS
image has a very high spatial resolution of one-
meter, and partly because the rock sends different
spectral signature from the surrounding vegetated
area. Aerial photography has higher spatial resolu-
tion of below 30cm, however it is difficult to focus on
study area (Fig 4). Since the aerial photography was
taken for the purpose of generating 1:25,000 scale
topographic maps, while IKONOS images can gener-
ate 1:5,000 scale ortho-image which can give us such
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detailed images of study area as Fig. 1 and Fig. 2.

2) Geology and present climate

The blockfields are located in the subalpine peak
where Cretaceous granite complex intruded the
Precambrain metamorphic rock (Fig. 5). Bedrocks of
Hwangchulbong and Guitaegichungbong peaks are
granitic porphyry and medium grained granite
respectively.

The annual mean temperature of the nearest
manned weather station (Jungchungbong peak, 1676
m. a.s.l.), observed from the September, 1998, to
August, 1999, is 3.2°C. The annual precipitation
amounts to 1,487 mm. The minimum temperature of
the coldest month (January) is sometimes below
-26°C, the depth of frozen soil is probably over 1.6m
considering the data presented by Kee(1999).

By definition, the term ‘blockfield” is applied in
geomorphology to a chaotic assemblage of fractured
rocks in any flat lowland area in the polar regions or
any high plateau or summit in temperate latitudes,
where well jointed massive rock type outcrops. The
blocks consist of local rocks, broken by frost from the
subjacent bedrock and angular in form. The degree of
angularity depends on the degree of chemical weath-
ering. Sometimes the rocks are misleadingly round.
These areas are good examples of mountain top detri-
tus described by Ballantyne (1998). They occur in the
main ridge of Taebaeg Mountain Range, where it
appears that the accumulation has been taking place
for along time since the Pleistocene ice ages.

Numerous authors have interpreted the lower
limit of mountain-top detritus as an erosional trim-
line that marks the vertical extent of the last ice
sheets (Ballantyne,1998). However, the findings of
this study indicate that such inferences require cau-
tion, as blockfields and other forms of mountain-top
detritus have developed on certain lithologies, and
direct evidence of ice sheet is not found in other part
of the Republic of Korea.

There remains a big question as to whether the
blockfields in Seoraksan Mt. are the relict landforms
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Fig. 3. Panoramic view of Hwangchulbong site (Photo taken in Sep. 2003)

Fig. 4. Aerial photo of Guitaegichungbong site, in which blockfields can be barely identified
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Fig. 5. Generalized geological map of the study sites

of colder Pleistocene Ages or they are still forming
during the Holocene. In order to assess the possibili-
ty of blockfield formation, the freezing index has
been calculated using recent climate data of the near-
est weather station using the formula of Washbum
(1979). Freezing index is a measure of the heat bal-
ance at the ground surface (surface index) or at a
height of 1.5 or 1.8 m above it (air index). It is given
in degree days of freezing. For °C

1=t
where [ =vindex, T = mean temperature for a day as
represented by (maximum + minimum tempera-
ture)/2, and t = the period. To compare the findings
with the previous studues, daily temperature has

been converted to fahrenheit scale, which has been
commonly used for freezing index calculations

I=[yT-TO)t

where T0 = 32°F. Freezing index provides a measure
of the severity of climate, and useful estimates for
the depths of freezing and thawing.

Freezing air index has been calculated using a
data set measured at a weather station located in the
Daechungbong peak in Seoraksan Mt. For °C, freez-

ing index is -1,133 and for °F, it is -2,039. Compared
with the Corte’s air freezing index map, freezing
index of Seoraksan Mt. is comparable to that of
Canadian Prairie of today.

Another important controlling factor in forming
blockfields is the frequency of freeze-thaw cycles.
The weather collection period is too short and inac-
curate that it is hard to tell the exact number of
freeze-thaw cycles, because only maximum and
minimum air temperature data are collected in that
weather station. Weather station is maintained by
the staffs of National Parks Authority instead of
those of weather bureau.

In the absence of a comprehensive weather data,
another estimate of the effective precipitation for the
study site may be gained by using Lang’s( in Evans
et al., 1999) simple formula

r/t

where r is the mean annual rainfall (precipitation)
and t is the mean annual temperature.

A value of r/t <40 indicates an arid climate, where
as v/t > 160 indicates a perhumid climate where the
effective precipitation is close to the mean annual
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Fig. 6. Strakhov (1967)’s and Peltier (1950)’s diagrams:
the world-wide distribution of weathering
processes (in Andre., 2003, p. 154)

precipitation. Study sites in Seoraksan area possess
the r/t values of ca. 465. Figure 6 gives an idea of
weathering regime of Seoraksan in modern days.

3. Age and Origin

Two questions still need to be fully answered;

i

Fig. 7. Evidences of chemical weathering can be easily found on the surface of the blocks. Water and
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namely their age and origin. Three hypotheses pro-
vide alternative explanations, which are Postglacial,
Pleistocene, Pre-Pleistocene. According to Rea et al.
(1996), carbonate rock is one and only lithology
where the potential for rapid freeze-thaw breakdown
is feasible, therefore Postglacial origin is possible.
Generally speaking, freeze-thaw processes do not
seem to be powerful enough to produce such wide
blockfields in Seoraksan area. As discussed earlier,
the lithology of study area is medium grained granite
and granite porphyry, which are very hard rocks. It
doesn’t seem to be possible that post-glacial physical
weathering alone could produce profiles which are
well over 2m deep in study sites.

As can be seen in pictures taken in Hwangchulbong
area, present day chemical weathering must be so
important in rock breakdown below a size controlled
by main joints in the regions. Therefore, most deep
weathering is thus the result of chemical action dur-
ing periods when climate was warmer in these
regions (Fig. 7).

The distribution of blockfields has been used to
indicate limits of ice-cover, but as Embleton and King

" (1968) pointed out, it appears that such detritus in the

region remain unaffected by the moving ice-sheet or
it has not been ice covered. The length of time
required for the blockfields in Seoraksan National
Park to form varies considerably with rock-type as
discussed in theoretical backgrounds. It also varies

weathered material are present during the wet season
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with climate and especially the number of significant
oscillations through freezing point (frost cycles).

1) Lichens in the study area

Most people think that lichens are simple organ-
ism, and cannot tell lichens from mosses. In fact
lichens are mini-ecosystem, consisting of at least two
organisms: a fungus and a photosynthetic partner.
The International Association of Lichenology
defined a lichen as an “association of a fungus and a
photo synthetic symbiont resulting in a stable thallus
of specific structure” in 1982.

Lichens are known to play an important role in
breaking down rock minerals both physically and
chemically and contribute to soil formation. Physical
weathering occurs mechanically through hyphae
and rhizines simply growing through the rock
resulting in the breaking up of minerals. This may
seem an enormous task for such small organisms as
lichens, however, their harmful effects on stone arti-
facts have been well known in 1980’s in the field of
preservation science (Min, 1985 and Min, ¢t al, 1986).

Min et al. reported 1,968 pale green colored crustose
type thallus and 237 dark gray colored crustose type
thallus on the surface of the stone monuments with-
in the royal tombs around the Metropolitan Seoul.

The weathering of mineral surfaces (mineral etch-
ing) occurs at the rock-lichen interface by dissolution
and dislocation of the mineral structure resulting in
a distorted mineral lattice (Aghamiri and
Schwartzman, 2002). Continued etching will result
in honeycombing of the mineral grains, making
them extremely fragile and leading to their disinte-
gration into finer particles. Some minerals even
become totally depleted of all other elements except
silicon, aluminum and iron.

Lichens are ubiquitous lithobiontic coatings, and
they are able to tolerate the harshest temperature
and moisture conditions on earth. Even in the
Antarctic about 350 lichen species have been report-
ed by the Korean scientists (Kordi).

They are dominant on over eight percent of the
Earth’s surface (Dorn, 1998). Foliose, fruitocose, and
crustose lichens are all found on rock surfaces. In

Fig. 8. Crustose type lichens are found on the surface of the blocks of Hwangchulbong site
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Table 1. Lichen growth rates reported from various sources
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Growth rate(mm/yr) Thallus axis

Source Early (Linear) Late used Lagyn
Jaksh (1970) Long 15
Jaksh (1975) 0.73 Long <15
Gordon and Sharp (1983) 0.987 Long 15
Maizels and Dugmore (1985) 0.85 Long 20-25
Thompson and Jones (1986) 0.725 0.585 Short
Kugelmann (1991) 044 Long 10
Gudmundsson (in press) 0.67 Short 19
Evans et al. 1999 (Bruarj kull) 051 Long 16
Evans et al. 1999 (south coast) 0.56 Long >5
Evans et al. 1999 (south coast 08 Long 6.2
forelands)
Min ez al. (1986) Long

subalpine Soraksan areas, however, most of the
lichens seems to be crustose type, a form that limits
exposure to the atmosphere. As far as literature sur-
vey goes, lichen growth rates has not been reported
in Korea, even though Min ¢ al. (1986) measured the
size of thallus on the surface of stone monuments
around the Seoul, subsequent measurements had not
been made since their pioneer study. Identification of
lichens to the species level has not been made in this
study due to the lack of expertise of the author. This
study find that many lichen colonies of crustose type
are larger than 80 cm in diameter.

2) Lichen-induced chemical weathering

Aghamiri and Schwartzman (2002) reported that
elemental fluxes in runoff from cumulative and indi-
vidual rain events of all the lichen mini watersheds
were significantly greater than the elemental fluxes
from bare-rock mini watersheds. The exceptions
were AP* and Fe® of which high levels were found
in the lichen thallus as a result of biological uptake of
these two elements by lichens.

When they reproduced mini watershed study in the
laboratory, the results were similar to those from the
field studies. They showed significantly greater ele-
menta] flux from the lichen mini watersheds for K,
Na*, Mg?* and Si than the bare-rock mini watersheds.

They also found that thin-section analysis showed
a considerable thickness of weathering rind at the
lichen-rock interface. Weathering rinds are clearly
visible by bare eyes in the study area. The thin-sec-
tion analysis has not been performed yet in the
study area, however field study confirms that
lichens do chemically and physically disintegrate the
rock and contribute to the weathering process(fig. 7).

All findings from this study agree with findings
by previous researchers mentioned above that
lichens contribute to the weathering process. Further
studies both in the field and laboratory, and a tem-
perature measurement at the lichen-rock interface
will likely support the outcome of this research and
will enhance our understanding of biochemical and
biophysical weathering by lichens (Aghamiri and
Schwartzman, 2002).

As discussed earlier, study sites in Seoraksan area
possess the 7/t values of ca. 465, suggesting that the
effective precipitation is close to the mean annual
precipitation.

Even though original study has been done in
Ireland, therefore, climatic conditions are very differ-
ent form Korea, an assessment of modern day lichen
growth rates in Seoraksan area may be possible
using the growth rate prediction curve of Hamilton
(1995) :
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y =2836.5 x +266.85

where y is the effective precipitation and x the
growth rate (mm/year).

It is certain that the growth rate of the lichens is
not linear. The growth rates follows a non-linear
pathways depending on their growth stages, higher
growth rate in the younger lichens and lower rates
in older lichens. However, as growth curves cannot
be determined at this point, linear growth pattern
has been applied to determine the age of colony for-
mation despite the many unanswered questions.
Also, there is a big assumption that climate, especial-
ly precipitation has not been changed very much
since the beginning of lichen colonization, which is
very unrealistic.

A growth rate of 0.43 mm/year has been calculat-
ed from the Hamilton’s formula, whereas maximum

size of thallus in study area is about 80 cm. Roughly
speaking, it took more than 1,860 years to form lichen
colonies around the Hwangchulbong site. At this
point it is hard to determine whether growth curve of
Hamilton can be directly applied in Korean
Subalpine environment since no other scientific data
for the lichen growth rate are available at this
moment, and species of lichens have not been identi-
fied and compared with those of Ireland either. The
absolute age that can be applicable and comparable
to these sites has been recently published for the
block streams of Mt. Maneo, southern part of Korea
(Sung and Kim, 2003). From the analysis of cosmo-
genic '°Be and %Al they suggested that block
streams found in southern part of Korea have been

stabilized since the Wisconsinan glacial stage but no
later than 38ka.
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Fig. 9. The importance of frost-derived processes in the erosion system of cold nonglacial environments, based
on the contents of periglacial textbooks 1963-1996 (redrawn after Andre 2003)
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4. Discussions : Importance of
Chemical Weathering

Despite a long published record of potential and
actual chemical weathering in alpine environment,
the nature and intensity of cold region chemical
weathering remains little studied (Thorn et al., 2001).
It seems obvious that most of Korean geomorpholo-
gists believe that subalpine periglacial environments
are dominated by mechanical weathering processes
and experience low intensity chemical weathering
regimes.

Recently Andre (2003) raised a critical question for
the freeze-thaw mechanism, which has been regard-
ed as controlling landscape evolution in periglacial
areas. More ubiquitous noncold-related processes
including biochemical weathering and rainfall-
induced slope processes are systematically underes-
timated . In quoting French’s 1996 edition of The
Periglacial Environment’, she argued that both the
reality of frost-related mechanisms and their posi-
tion within the hierarchy of processes interoperating

Blockfields of Seorakson National Park: Age and Origin

in periglacial environments definitely need clarifica-
tion and revision.

In fact, there are ample evidence of active and fossil
evidences of chemical weathering around the summit
of Hwangchulbong peak and Guitaegichung peak
including grooves, gnammas (weathering pit), and
honeycombing due to the removal of lichen covers.
Weathering pits and lichen growth may simply modi-
fy the surfaces of the blocks after the formation of
blockfields, however, many blocks exhibit round cor-
ners, which indicates the deep chemical weathering.
Even though further analysis of joint system is neces-
sary, it seems realistic that main joint systems are
derived from the deep weathering, although, newly
formed angular joints are readily found within the
blocks, which means frost shattering is still active in
the region. Also fine materials with clay minerals in
Guitaegicheong peak prove the wide-spread chemical
weathering in the region. X-ray analysis for clay min-
eral identification and identification of lichens to the
species level will be performed in the next stage of
research even though in situ clay mineral is hard to

Fig. 10. In situ weathered blocks which show the jint system. hese block
formation. Fine materials have been washed out.

a
have not been moved sine their
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find.

Physical weathering plays a critical role to form the
blockfields in the region. Chemical weathering, how-
ever, deserves more attention to explain the formation
and modification of widespread blockfields around
the summit areas. Many of the block streams are
formed or modified after their formation by the
perigladial process such as solifluction and frost-shat-
tering. The blocks found in the study sites have not
been moved that far, and some of the blocks are con-
nected to the basal rock as can be seen in Fig. 9.
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