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Abstract: A late-Holocene swamp sediment record is presented from the Dongnimdong archaeological site
in SW Korea. Pollen analysis, geochemical analyses and radiocarbon dating have been used to reconstruct
the vegetation and climatic changes. According to the pollen records, temperate deciduous broadleaved
trees combined with herbs predominated in the study area ecology. Reduction of deciduous broadleaved
trees with the spread of herbaceous taxa found in the middle part (c. 3300-2600 yr BP) indicates climatic
change toward cooler and drier conditions. Significant increase in sand content and concomitant decrease
in TOC content may suggest the occurrence of a period of drought. Vegetation changes recorded in the

A pollen sequence indicate the destruction of lowland deciduous forests and an accompanied expansion of
HOLOCENE grasses resulting from the climate changes. However, the increase of cultivation-accompanied herbs and
excavated wooden tools for agriculture suggest the significant anthropogenic influence on the vegetation
RESEARCH d wood: Is for agricul he signifi h ic infl h i
PAPER changes.
Key words: Holocene, swamp, pollen analysis, palacoclimate, human impact, geoarchaeology, Korea
Introduction Compared with terrestrial palaeosol sequences, swamp

deposits have been relatively untouched, and thus have a long
record of vegetation change and human impact (Chambers
and Charman, 2004). Here, we present multiproxy records of
environment and climate changes obtained from the swamp
deposits at the Dongnimdong archaeological site, SW Korea
(Dansgaard ef al., 1993). However, subsequent works on both (Figure 1), and intend to differentiate between anthropogenic
ice cores and ocean sediments (O’Brien e al., 1995; Bond et al., and climatic impacts on environmental and vegetation changes
1997) have shown that the climate of the Holocene is more vari- during the late Holocene. This study is expected to provide a
able than previously thought. Long-term trends indicate an ggod examp.le of how swamp deposits can be used for palaco-
early to mid-Holocene climatic optimum, with a cooling trend climate studies.

in the late Holocene (deMenocal et al., 2000). Recent studies on
environment and vegetation changes during the Holocene also
suggest the influences of significant anthropogenic factors (eg,
Stevenson et al., 2001; Vincens et al., 2003; Dull, 2004; Faust

Understanding climate change in the Holocene is important for
prediction of future climate change and understanding of
human history. Early palaeoclimate studies suggested that a
remarkably stable climate prevailed during the Holocene

Climate and site description

et al., 2004; Makohonienko ef al., 2004; Sadori et al., 2004). Korea is located in the mid-latitude of the Northern

Hemisphere (Figure 1) having a temperate climate with four
*Author for correspondence (e-mail: tracker@kopri.re.kr) distinct seasons. Geographically, it lies on the eastern coast of
© 2007 SAGE Publications 10.1177/0959683607078997
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Figure 1 Location map and a bird’s-eye view of the Dongnimdong archaeological excavation site, Gwanju, SW Korea

the Eurasian continent adjacent to the West Pacific. During the
winter, from December to February, it is cold and dry under the
dominant influence of the northwesterly Siberian air mass.
Meanwhile, the summer, from June to August, is hot and
humid with frequent heavy rainfalls associated with the East-
Asian monsoon. The average temperatures of the study area
during the 30 years between 1971 and 2000 are 0.4°C and
26.1°C in the coldest and warmest months, respectively (Korea
Meteorological Administration, 2003). Precipitation is relative-
ly high (up to 1400 mm annually). About 60% of the annual
precipitation falls in the summer, while the winter precipitation
comprises less than 10%.

Pollen and palaeoclimatic studies on the Holocene sediments
in Korea have been carried out in various environments, includ-
ing continental shelf (Chung et al., 1998; Yi and Yu, 2001; Yi
et al., 2004), lake (Chang and Kim, 1982; Fujiki and Yasuda,
2004) and swamp (Choi, 1998; Yi et al, 1999; Yi and Saito,
2003). According to these pollen data, a striking vegetation
change from Quercus-Alnus deciduous broadleaved forests to
Pinus coniferous forests occurred during the late Holocene. This
vegetation change is known to have resulted from climate dete-
rioration and sea-level fluctuations in the late Holocene (Choi,
1998; Chung et al., 1998; Yi and Yu, 2001; Yi et al., 2004).

Gwangju Metropolitan City is surrounded by high moun-
tains and forms a natural basin, which is a fertile and warm
area with many tributary streams of the Youngsan River.
Because of such natural environments, this region is believed to
have been an area of first human settlement. Many archaeolog-
ical remains (Palaeolithic~Chosun Dynasty) found in
Gwangju area support this hypothesis. The Gwangju region
also has been the granary of Korea from ancient times, and
thus natural vegetation of the study area has been transformed
by cultivation and urbanization. The neighbouring vegetation
reservations such as national parks, nevertheless, retain the nat-
ural vegetation belonging to the southern temperate deciduous
broadleaved forest (Uyeki, 1933; Yim and Kira, 1975). This
forest includes diverse deciduous broadleaved trees such as
Quercus aliena, Q. variabilis, Q. serrata, Q. mongolica, Carpinus
tschonoskii, C. laxiflora, Zelkova serrata, Castanea crenata,

Platycarya strobilacea and some broadleaved evergreen taxa
such as Q. acuta, Castanopsis cuspidate and Camellia japonica
(Lee and Yim, 2002; Kil ez al., 2000).

Dongnimdong archaeological site is located in the central
part of Gwangju City (Figure 1). The site studied is situated on
the bank of the Gwangju River. Following the archaeological
surface survey in 1999, the full-scale excavation began in 2003.
By the end of 2004, about 100 000m? were excavated, and
many archaeological artefacts were found. The items include
pottery shards, stone axes, axe handles, stone blades, wooden
tools, fishing tackle, porcelain fragments (Figure 2) and ancient
tombs. Several cultural horizons from the Bronze Age to the
Chosun Dynasty (AD 1392-1926) were identified based on the
archaeological assemblages.

Sampling and methods

The stratigraphy of the Dongnimdong section records the sed-
imentary environmental change of the study area from an
oxbow lake to a freshwater swamp during the late Holocene.
The lateral migration of the meandering Gwanju River gave
rise to abandonment of the channel, and resulted in the forma-
tion of an elongated oxbow lake. This oxbow lake was changed
into swamp, and then infilled with fine-grained sediments
under a very low-energy condition. Soil samples were collected
from the vertical sections of two adjacent excavation trenches,
20m apart. Forty samples were obtained at Scm intervals
through the palacosol sequence for magnetic susceptibility,
particle size and total organic carbon analyses (A section;
Figure 3a). The 2.0m sediment section studied here excludes
the topmost disturbed horizon of 50cm thick. Magnetic sus-
ceptibility (MS), total carbon (TC) and total nitrogen (TN)
contents were measured using Bartington Instruments MS2
and elemental analyzer (FlashEA 1112).

Chronological control is provided by '“C and optically
stimulated luminescence (OSL) dating. Radiocarbon analyses
were carried out for the excavated wooden tools and bulk soils
samples taken from A-section (Figure 3a). Eight soil samples,
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Figure 2 Excavated artefacts from the Dongnimdong site. (a) A wooden tool with unknown usage (GD-1; Bronze Age), (b) a long-handled

wooden rake (GD-2; Bronze Age), (c) pottery shards and fishing sinkers (Iron Age), and (d) various pottery and porcelain shards (Chosun
Dynasty). Each square on the scale is 1 cm long
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Figure 3 The 2 m thick Dongnimdong sections, consisting of basal river gravel (>2m depth from the surface) and overlying Holocene sed-
iments. (a) A section showing the location of samples for radiocarbon dating. (b) Adjacent B section. Note the intercalated sand body in the
middle part where two samples for OSL dating were collected
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Figure 4 Vertical variations of grain size, total organic carbon (TOC), CaCO,, C/N ratio and magnetic susceptibility of the Dongnimdong
palaeosol at A section. Note the abrupt change in grain size and TOC content at around 110-80 cm depth

collected at 20 cm intervals from 30 cm to 180 cm at A section,
were dated using a conventional method with the extended
counting time at Geochron Laboratories, USA. Two wooden
tools were dated using accelerator mass spectrometry (AMS)
at Seoul National University. Two sand samples for OSL-age
dating were obtained from the middle part (about 90 cm from
the surface) of the palaeosols in the adjacent B section
(Figure 3b). OSL dating was carried out at the Korea Basic
Science Institute.

For pollen analysis, 20 samples were taken at 10 cm intervals
from a 2m long columnar section of the A trench (Figure 3a).
Pollen were identified and counted with a light microscope at
400X magnification, but a magnification of 1000X was used
for some critical determinations. Over 300 pollen grains of
trees and herbs were counted for each sample. For the calcula-
tion of the percentages only indeterminable grains have been
excluded from total sum of pollen and spores.

Results

Stratigraphy

There are three principal sediment types found at the
Dongnimdong excavation site (Figure 3). The basal unit is a
gravel layer with light grey sand matrix, reflecting fluvial origin.
Overlying this unit is a 150 cm thick organic-rich, dark grey to
black mud (silt and clay) layer, which appears to be swamp

deposits. An upper unit is a 50cm thick reddish brown mud
layer. The colour of this upper unit and the presence of root
traces (Figure 3) indicate that this horizon has undergone alter-
ation by pedogenic processes.

The results of particle size analyses are shown in Figure 4.
The Dongnimdong sediment is dominated by clay (30-65%)
and silt (30-60%), with a minor amount of sand (mostly less
than 20%). Because sand fractions are small, mean grain size is
controlled by clay and silt contents. They can be classified as
clay, silty clay or silty clay loam by soil classification. In the
depth interval between 180 cm and 110 cm, the size distribution
shows a fining-upward trend with an increase in clay content.
However, the sand content is abruptly increased in the
110-80cm interval (up to ~20%), suggesting a significant
change in physical environment such as water depth and/or
precipitation. This interval can be correlated with a 10-20cm
thick intercalated sand layer at section B (Figure 3b).

Chronology

In this study, we performed ten radiocarbon datings (eight soil
samples and two wood samples), and two OSL datings (Tables
1 and 2). Radiocarbon dates were calibrated to calendar years
using the terrestrial INTCAL98 data set by means of the
CALIB program 5.0 (Stuiver and Reimer, 1993; Stuiver et al.,
1998). Calendar age errors are generally small and this permits
the construction of a reliable age-depth model, though two
radiocarbon ages (DQ-3 and DQ-8) deviate somewhat from the

Table 1 Radiocarbon ages from the Donglimdong excavation site, SW Korea

Sample code Sample Depth below 813C (%) 14C age Calibrated age Calibrated age ranges,
surface (cm) (yr BP) ranges, 20 (yr BP) 20 (BC/AD)

DQ-1 soil 30-40 —23.5 2170 = 110 1876-2428 BC 479-AD 79
DQ-2 soil 50-60 —254 2270 = 70 2067-2464 BC 515-BC 118
DQ-3 soil 70-80 —24.9 3190 = 80 3217-3611 BC1662-BC1268
DQ-4 soil 90-100 —24.9 2970 = 70 2954-3345 BC1396-BC1005
DQ-5 soil 110-120 —27.3 3030 = 70 3005-3381 BC1432-BC1056
DQ-6 soil 130-140 —28.1 3190 = 70 3254-3577 BC1628-BC1305
DQ-7 soil 150-160 =279 3500 = 80 3573-3980 BC2031-BC1624
DQ-8 soil 170-180 —28.1 3230 =70 3275-3635 BC1686-BC1326
GD-1 wood c. 180 —28.2 3880 + 30 4084-4522 BC2573-BC2135
GD-2 wood c. 150 —28.3 3210 = 40 3359-3555 BC1606-BC1410
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Table 2 OSL dating results of the sand samples from the Donglimdong site, SW Korea

Sample code Dose rate (Gy/ka) Equivalent dose (Gy) Water content (%) Aliquots used (n) OSL Age (ka)
D-1 2.34 = 0.05 6.99 = 0.41 34.8 18 2.99 = 0.19
D-2 2.48 = 0.05 6.96 = 0.41 21.1 18 2.81 £0.17

age—depth path obtained by linear regression (1> = 0.71; Figure
5). The OSL ages of two sand samples taken from section B
also show a good agreement with other radiocarbon ages
(Figure 5). The age determinations reveal that the sediments
are of late Holocene age, with the basal sediment overlying a
gravel layer having been deposited around 4500 yr BP. Because
the age of the top section can be interpolated to be ¢. 1500 yr
BP, this 2m thick swamp deposit is interpreted to have been
formed during a period of about 3000 years. Based on sedimen-
tation rate interpolations between “C and OSL dates the aver-
age accumulation rate is roughly calculated to be about
0.7 mm/yr (Figure 5).

Organic concentration (TOC, CaCO, and C/N
ratio) and magnetic susceptibility (MS)
Total organic carbon (TOC) contents of the Dongnimdong
sediments range from 0.6 to 4.6%. Based on the TOC contents,
the Dongnimdong sediments can be roughly divided into three
intervals. The lower part (200-120 cm) has relatively high TOC
contents in the range of 3.3-4.6%. Then, the TOC content
abruptly decreases by about 3.0% in the 120-70 ¢cm interval and
remains low, less than 2.0%. It shows an abrupt decrease at
around 50 cm depth, and the top 50 cm interval has the lowest
TOC content, less than 1.0%. Except for the upper 50 cm inter-
val, vertical variation of TOC content shows a strong positive
correlation with that of clay contents (Figure 5). This indicates
that the TOC content of the Dongnimdong sediments are
closely related with the amount of clay fraction.

CaCO; contents show relatively constant values of c¢. 0.2%,
except in the 180-120 cm interval (up to 0.6%). TN contents of

0
i m '“C Age (soil)
4 O 1C Age (wood)
7 + OSLAge
50

i

I
2000 3000 4000 5000
Age (cal. yr BP)

Figure 5 Age-depth relationship based on radiocarbon and OSL
dating from the Dongnimdong palaeosol section A

the sediments reaches 0.4% by weight, and vertical variation of
TN contents is exactly the same as that of TOC content
(r2 = 0.96). The C/N ratios range from 6 to 15, and are variable
to some extent throughout the profile. From 200 to 120cm
interval, the C/N ratios are relatively high (12-15), then show
constant values of 11-12 in the middle part (110-50cm). In the
upper 50 cm interval, however, the C/N ratios abruptly decrease
down to 6. The magnetic susceptibility (MS) values of the
Dongnimdong sediments decrease gradually from bottom to
top without any significant fluctuation (Figure 5).

Pollen analysis

Diverse types of pollen and spores are recognized in the
Dongnimdong succession. On the whole, broadleaved decidu-
ous taxa Alnus and Quercus (Lepidobalanus), broadleaved ever-
green taxa Quercus (Cyclobalanopsis), and herbaceous
Gramineae and Compositae are dominant components. Three
local pollen assemblage zones (LPAZ), reflecting three phases
in the vegetation development during the late Holocene, have
been distinguished on the basis of significant changes in the
proportion of the major taxa (Figure 6).

Pollen zone I (200-120 cm, c. 3300—4400 cal. yr BP)
This zone is characterized by a predominance of arboreal
pollen, including Alnus, deciduous Q. (Lepidobalanus) and
evergreen Q. (Cyclobalanopsis). Pinus, Abies, Taxodiaceae-
Cupressaceae-Taxaceae, Carpinus and Pterocarya are common
constituents. Among herbaceous taxa, Gramineae and
Cyperaceae are most common, and aquatic taxa such as Typha,
Mpyriophyllum and Nymphoides occur consistently. Herbaceous
pollen grains are relatively low in this zone. Pteridophytic
spores are dominant throughout the zone.

Zone I (120-70cm, c. 2600-3300 cal. yr BP)

The major components are A/nus, deciduous Q. (Lepidobalanus)
and Gramineae. Other common taxa are Pinus, Taxodiaceae-
Cupressaceae-Taxaceae, Carpinus, evergreen Q. (Cyclobalanopsis),
Cyperaceae and Artemisia. Compared with zone I, percentage
frequencies of Alnus and evergreen Q. (Cyclobalanopsis)
decrease, whilst those of Pinus and xerophytic Artemisia
increase to the contrary, which suggests a possibility of climate
deterioration. Another significant feature is that within this
zone deciduous Q. (Lepidobalanus) distinctly decreases upward,
and Gramineae and Cyperaceae increase.

Zone Ill (70-0cm, c. 1500-2600 cal. yr BP)

This zone is dominated by evergreen Q. (Cyclobalanopsis) and
Gramineae in asociation with common occurrence of
Taxodiaceae-Cupressaceae-Taxaceae, Alnus, Pterocarya, decid-
uous Q. (Lepidobalanus), Castaneal Castanopsis, Cyperaceae
and Artemisia. However, Alnus and deciduous Q.
(Lepidobalanus) occur at remarkably lower percentages than in
the underlying zones. Herbaceous pollen occurs most abun-
dantly among three zones and Gramineae is the most domi-
nant taxa in this zone. Increased or more regular occurrences
of thermophilic taxa such as evergreen Q. (Cyclobalanopsis),
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Castaneal Castanopsis, Pterocarya and Platycarya indicate that
this zone represents the warmest period.

Interpretation and discussion

The abrupt decrease of TOC content and C/N ratio in the
upper 50cm interval (Figure 4) is thought to have been caused
by decomposition of organic matter, which is supported by the
reddish brown colours and the presence of root traces in this
horizon (Figure 3). However, the vertical variations of grain
size, TOC and CaCOj, contents indicate environmental and/or
climatic changes in ¢. 3300-2600 cal. yr BP (120-70 cm inter-
val). The clay, TOC and CaCO, contents decrease within this
interval, and the C/N ratios also decrease down to less than 12
(Figure 4). Those changes are thought to have been caused by
the decrease of water depth, and climatic change can be consid-
ered as a possible cause of water depth change. Such palaeocli-
matic changes are also observed in pollen data. In general,
pollen of temperate deciduous broadleaved trees such as A/nus
and deciduous Quercus, combined with herbs, are predominant
in the study area (Figure 6). The general trends of decrease in
pollen of deciduous broadleaved trees and increase in herba-
ceous pollen in LPAZ II seem to be the result of gradual cool-
ing and drying. Thermophilic taxa such as evergreen Q.
(Cyclobalanopsis), Castaneal Castanopsis, Pterocarya and
Platycarya are rather enriched in the uppermost zone (LPAZ
[11). Such vegetational changes seem to have been mainly con-
trolled by climatic changes.

Recent palaeoclimate studies showed that Holocene climate
was variable, having been interrupted by several significant,
millennial-scale cooling events (O’Brien ef al, 1995; Bond
et al., 1997; Bianchi and McCave, 1999). Lim et al. (2005) sug-
gested the aridity maximum at ¢. 3100 cal. yr BP based on the
data of aeolian quartz flux (EQF) variations in Cheju Island,
south of the study area. This maximum in EQF corresponds to

the lowest lake level in the Lake Yiema, NW China (Chen et al.,
1999). O’Brien et al. (1995) also suggested that concentrations
of sea salt and terrestrial dusts increased in Summit snow,
Greenland during the period 2400-3100 yr BP. Using the
reconstructed sea surface temperature (SST) variations, fur-
thermore, deMenocal er al. (2000) suggested that one of the
Holocene cooling events was centred at 3000 yr BP. These pre-
viously reported studies imply that the abrupt changes
observed in the Dongnimdong sediments might have been
caused by palaeoclimatic changes.

However, it is difficult to attribute such environmental and
vegetation changes only to climatic change. Alternatively, the
influence of anthropogenic factors should also be considered.
Human impact on vegetation and/or environmental changes
has lately attracted considerable attention (eg, Stevenson et al.,
2001; Vincens et al., 2003; Dull, 2004; Faust et al., 2004;
Makohonienko et al., 2004; Sadori et al., 2004). Because of the
interaction between human activity and nature, both human
impact and climate changes must be considered simultaneous-
ly. The destruction of lowland deciduous forests and accompa-
nied expansion of grasses can be caused by human impacts
(Berglund, 1985; Okuda et al, 2003; Dull, 2004; Kerig and
Lechterbeck, 2004). The increase of herbaceous pollen, such as
Gramineae, Chenopodiaceae and Polygonum may suggest
expansion of cultivation. At the Dongnimdong section, a long-
handled wooden rake (Figure 2b) used to level the ground was
found at 150 cm depth, and has a radiocarbon age of ¢. 3500
cal. yr BP (GD-2 in Table 1), approximately the same time as
the beginning of rice cultivation in Korea (Kim, 1982; Nelson,
1982). The presence of agricultural tools suggests intensive
land use for agriculture at this period. Therefore, the environ-
mental changes observed at the Dongnimdong site appear to
have been affected by an anthropogenic factors.

Significant variations are recognized in the middle part of
LPAZ 11, in which the retreat of deciduous broadleaved trees
and the expansion of herbaceous taxa become apparent. Then,
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the accelerated human impacts on the vegetation resulted in
intensive lowland deforestation and the spread of herbaceous
taxa including cultivation-accompanied herbs, Gramineae and
Chenopodiaceae. Each LPAZ seems to reflect the stepwise
influences of human activities on the vegetation. LPAZ I repre-
sents the natural vegetation before human interference. Evident
human impacts appear in LPAZ II, showing the transition
from A/nus-deciduous Quercus forest to herbaceous open land-
scape. LPAZ 111 is the phase that increasing human interference
resulted in the reduction of deciduous broadleaved forest and
the development of open herbaceous lowland. Abundant
Gramineae pollen grains may be the result of rice cultivation,
although part of the Gramineae pollen grains originate from
wild grasses. LPAZ I11 is also marked by the regular occurrence
of Chenopodiaceae and Polygonum, which have been used as
cultivation indicators in many parts of the world (Bottema and
Woldring, 1990; Dull, 2004). Accordingly, the increase of
herbaceous pollens including Gramineae in the Dongnimdong
pollen record seems to have been caused by climate change to
warmer conditions and cultivation. This interpretation is coin-
cident with the vertical variations of grain size distribution and
TOC contents. The abrupt decrease of clay fraction and TOC
contents occurs at a depth of ¢. 110 cm, which corresponds to
the middle part of LPAZ II. Increased influx of sandy and silty
sediments in LPAZ II might result from changes in the land-
scape by deforestation and resulting soil erosion. Thus, the
environmental and vegetational changes found in the
Dongnimdong area are interpreted to have been controlled by
climate change, coupled with human impact.

Conclusions

At the Dongnimdong archaeological site, the palacoenviron-
mental and palaeoclimatic changes during the late Holocene
were reconstructed by a multiproxy record. Three local pollen
assemblage zones, reflecting vegetation and climate changes for
3000 years, are distinguished on the basis of significant changes
in the proportion of the major taxa. Pollen records suggest a rel-
atively cold and dry period in LPAZ II (¢. 2600-3300 cal. yr
BP), and such palaeoclimatic changes are also found in vertical
variations of grain size and TOC contents. Abrupt decrease in
clay and TOC contents at a depth of 110cm suggests a water-
depth decrease, resulting from arid condition during this period.
The retreat of deciduous broadleaved trees and the expansion of
herbaceous taxa, including cultivation-accompanied herbs in
LPAZ II reflect the increased human impacts on the vegetation
changes. In conclusion, the environmental and vegetation
changes in the Dongnimdong area are interpreted to be the
results of both climate change and human impact, although cli-
mate is considered to have exerted the major control.
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