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Abstract

Studies on the formation of the ancient Diexi barrier lake on the Mingjiang River, south-
west China, have long been carried out. However, investigations into the correlation
between the paleoclimate and paleoenvironment and the paleoseismic events in this
area are rarely found in literature. The present study took sediments from the ancient
Diexi barrier lake to investigate the paleoclimate, paleoenvironment and paleoseismic
events. A drilling at the center of the barrier lake was conducted and the core of about
260 m long was examined. The paleoclimate and paleoenviornment indicators (sporo-
pollen, carbon and oxygen isotope, organic matter, calcium carbonate, granularity) from
the sediments have been tested and analyzed, which indicate that there were ten cli-
matic and environmental periods in between 30000 a BP and 15000 a BP. The discov-
ered disturbance segments in the core indicate there were at least ten seismic events
during that period. The consistency between climate change and seismic event indi-
cates that a strong seismicity is normally accompanied by a climatic variation. This may
be a useful supplement for the climate and geohazard prediction for the future.

1 Introduction

The foreign matters caused by rockfall, landslide, debris flow and lava flow often clog
a river by forming a barrier on it. Earthquake is normally one of the main causes for
rockfall, landslide and mudflow (Huang et al., 2008). The ancient barrier lake refers to
the remains formed by such events long time ago. Previous studies about the barrier
lake mainly focused on the formation mechanism and stability of the barrier and the
environment change with the life of the barrier. Weidinger (1998) investigated the sta-
bility of the landslide barriers located at the Himalaya Mountains. Trauth and Strecker
(1999) dated the formation time of the landslide barrier lake located at the northwest
Argentina. Wassmer et al. (2004) have investigated the landslide barrier lake located at
the valley of Rhine in Swiss and the research mainly aimed at the failure mechanism of
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the barrier. Krivonogov (2005) studied the ice dammed lake located at northern Mon-
golia and aimed at the formation time of the barrier and the environment during the
time when the lake existed. Moreiras (2006) investigated the approximate formation
time of the landslide barrier lake located at the Cordon Plata River of Andes center
and he considered the clogging event related to seismicities, together with climatic
conditions, rock formations and geological structures. Yang et al. (2008) investigated
the evolution of the ancient barrier lake in the Diexi area by analyzing the lithology
and sediment system. An et al. (2008) considered that the lacustrine deposit of the
ancient barrier lake along the Minjiang fault reflect the tectonic activities of the fault.
Zhang et al. (2009) investigated the climatic variation associated with the Diexi ancient
dammed lake by AMS-'*C dating and granulometry. They divided the evolution of the
paleoclimate in the research area into three stages: Stage | (40.5-33.4 ka BP) being
cold and dry climate; Stage Il (33.4-31.7 ka BP) being warm and humid; and Stage Il
(31.7-31.1 kaBP) being relatively warm and humid. Wang et al. (2005, 2007, 2009)
studied the geological environment and climatic evolution by dating the deposits in the
Diexi barrier lake and indicated that the barrier lake was formed about 30 000 years ago
and disappeared about 15000 years later with a climatic evolution sequence similar to
what has been discovered by Zhang et al. (2009).

On the other hand, studies on the paleoclimate and paleoenvironment were car-
ried out by taking barrier lake sediments to investigate the climate change law. Sun
et al. (2001) investigated the paleoenvironmental features of Daihai barrier lake by
taking core smples between 12.34m and 14.18 m in depth (age: 10.5kaBP). Wu
et al. (2001) obtained a function between the total organic carbon and its isotope
records in the Xingcuo lake sediments and the corresponding precipitation and temper-
ature. Shen et al. (2005) investigated the ancient vegetation environment in Ruoergai
basin with sporo-pollen analysis. By sampling from the outcrops, Dan et al. (2002)
indicated that the paleoclimate in Diexi area expeiernced an evolution of drought-
humectation-drought.
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By testing the sediments in Sant Arcangelo Basin, Moretti et al. (2007) indicated that
the formation of the inner deformation of the sediments was caused by earthquakes.
Wang et al. (2010) attributed the wave-like structures of the sediments in Diexi ancient
barrier lake to earthquakes. Sims (1975) concluded that the wave-like structures of
barrier lake sediments may develop in the following cases: the lake being close to the
active tectonic zone in the contemporary age; sediments being prone to liquefaction;
the wave-like structure of the sediments being similar to the structures formed by the
earthquake vibration test; the deformational scale of the sediments being small and
normally constrained by the lake boundaries; and the deformational structures being
limited to a single stratum by relative horizontal layers.

As above, studies about the Diexi barrier lake so far mainly focused on the morphol-
ogy of the sediments exposed and the environmental indicators in the sediments. How-
ever, researches on the correlation between the paleoclimate and paleoenvironment
and the paleo-seismic events in this area are rarely found in literature. The present
study takes the sediments of the ancient Diexi barrier lake to investigate the paleoen-
vironment and paleo-seismic events. A core drilling with entire profile sampling was
conducted at the center of the Diexi barrier lake, Tuanjie and Jiaochang Villages. The
environmental information (sporo-pollen, carbon and oxygen isotope, organic matter,
calcium carbonate, granularity) in the sediments have been obtained. Based on this,
ten climatic and environmental periods and ten disturbance sections with wave-like
structure along the drill hole are interpreted. It is found that there is a close correlation
between the paleoclimatic evolution and the paleo-seismic events.

2 Geological background

The research area is located at northwestern Sichuan Plateau at the western edge
of Tibetan Plateau formed by the crush and convergence of the Indian Plate and the
Eurasian Plate. And the region crosses the Alpine valley region in the transition be-
tween the northwestern Sichuan plate and the Sichuan basin, where the wellknown
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“north-south earthquake tectonic zone” is located. The region is surrounded by three
tectonic plates: the Qinghai-Tibet plate, the Yangzi plate and North Chinese plate. The
action of the Indian plate, the Pacific plate and the Eurasian plate makes the structure
of this area complex. Revolving tectonic systems are widely spread in the Minjiang
River regions. The Jiaochang formation with a mountain shaped arcuate structure is of
several hundred meters wide (Fig. 1).

The Diexi ancient barrier lake is located in the deep V-shaped gorge region of the
Minjiang River (Fig. 2), where mountains are high, the gorge is deep and the river
current is fast with an average water surface gradient of about 10.3 %. The thickness
of the sediment in the middle of the barrier lake near Tuanjie Village and Jiaochang is
about 200 m. The age of the sediments at the bottom is about 30 000 years and that of
the top is about 15000 years old.

The barrier dam is formed by a series of landslides originated from the bank slopes.
As shown in Fig. 3, the top elevation of the lake sediments is about 2340 ma.b.s.l. The
thickness of the sediments near Tuanjie and Jiaochang Villages is greater than 200 m.
In this area, the sediments are of silty clay. At the tail of the barrier lake in Taiping Village
(Fig. 2), the particle size is greater, showing a fluvial deposit feature. The sediments in
the lake center consist mainly of layered silty sands and clay with clear color alternative
variation (Fig. 4). The thickness of the lamina is 2 to 5cm.

3 Methodology

Four drillings (ZK1, ZK2, ZK3 and ZK4) were carried out in Jiaochang and Tuanjie
area, the central part of the ancient Diexi barrier lake. The depth and top elevation of
the four drill holes are 52, 84, 48 and 41.7 m, and 2337, 2177, 2231 and 2292 ma.b.s.l.,
respectively. The drilling core, totally 216 m long were well photographed and recorded.
In order to obtain the environmental information recorded in the sediment, soil samples
were taken at every 4m from the core and totally 53 samples were collected. Each
sample was divided into three parts for spore-pollen and the organic matter testing to
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extract the climatic information during the process of sediment depositing. In addition,
108 soil samples were taken from the core at every 2m. Each sample was divided
into three parts for testing carbon and oxygen isotope, calcium carbonate and particle
size distribution, respectively. Dating test was carried out on the core at the soleplate
altitude and the top level for determining the sediment formation and extinction time.

All tests were carried out according to national/international standards. The spore-
pollen tests followed SY/T 5915-2000; the stable carbon and oxygen isotope tests were
based on SY/T 5915-2000; organic matter tests were according to GB 9834-88; soil
carbonate was based on calcium carbonate tests GB 9835-88; particle size distribution
followed GB/T50123-1999; and dating tests were according to AMS-'*C.

4 Results
4.1 Paleoclimatic indicators

Totally, 12532 sporo-pollens of 46 kinds are identified from the tests. The content dis-
tribution of sporo-pollen along the elevation is shown in Fig. 5. The arboreal sporo-
pollen occupies the dominant content of about 59.9-89.1 % with an average of 76.2 %.
Shrubby and herbaceous sporo-pollen is the second with the content of 6.7-36.9 % and
average of 16.9 %. Ferny sopre and algous sporo-pollen ranks the third with the con-
tent of 0.9-17.0 % and average of 6.9 %. The arboreal pollens mainly include pinus,
cupressaceae and quercus with little picea/abies, tsuga, ulmus, betula, juglans, tilia
and carya. The shrubby and herbaceous pollens include corylus, ephedra, ericaceae,
artemisia, chenopodiaceae, gramineae, liliaceae and cyperaceae. The ferny spore and
algous pollens include polypodiaceae and concentricystis.

As shown in Fig. 6, the maximum value of 5'3C is 0.66 and the minimum is -7.35,
with an average of —0.43. The maximum value of 580 is —7.44 and the minimum
is —11.72, with an average of —9.42. The ratio of 6'3C to 6'%0 ranges from 0.77 to
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~0.08, with an average of 0.05. It is noted from Fig. 6 that both 6'C and 6'%0 shows
the similar variation pattern along the elevation.

In the entire elevation profile, the maximum value of the organic matter content is
1.57 % and the minimum is 0.17 %, with an average of 0.68 % (Fig. 7). According to
the variation of the content, the whole profile can be divided into 11 segments (Seg-
ment | through XI). As shown in Fig. 8, the maximum content of the calcium carbon-
ate (CaCOy) is 187.04gkg'1 and the minimum is 58.669kg'1, with an average of
141.49 gkg‘1 in the entire elevation profile. According to the variation of the content of
CaCOg, 15 segments can be identified along the elevation profile.

The mean particle size, ds, is presented in Fig. 9 along the elevation. The maximum
value of the mean particle size is 0.071 mm and the minimum is 0.002 mm, with an
average of 0.013mm. The distinct variation of ds, divides the elevation profile into
11 segments. Through the dating according to the method of AMS-'*C, the year at
2094 ma.b.s.l. is 30830 aBP and that at 2306 m is 16 902 a BP.

4.2 Disturbance segments in the drilling core

Through visual examination of the drilling core, 10 segments are identified as they show
disturbance structures as shown in Fig. 10. These disturbed segments typically have
the following features: (1) wavy and wrapping structure is popular; (2) the laminas vary
in thickness; and (3) the disturbed structure is sandwiched by the neighboring upper
and lower horizontal layers.

As shown in Fig. 11a, the wrapping structure is kind of structure formed by the flow of
seismic liquefaction under an unconsolidated condition (Sims, 1975). Fig. 11b presents
a flame structure in a single layer, which is confined by horizontal stratification at the
top, indicating a younger lacustrine deposit after the disturbance. This kind of distur-
bance exposed in the drilling core and outcrop is thought to be products of earthquakes
vibration, which liquefies the unsolidified lacustrine sedimentation.
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5 Discussion

It is well known that the sporo-pollen is one of the paleontology indicators which are
used for climate proxies. Plants such as pinus, cupressaceae and chenopodiaceae
indicate chilliness and drought, while tsuga, quercus, ulmus and corylusplants indicate
warmth and humectation. As shown in Fig. 5, arboreal sporo-pollen content is the most
pronounced followed by shrubby and herbaceous sporo-pollen. The content of ferny
sopre and algous sporo-pollen is relatively low (in most case less than 10 %). According
to the variation of sporo-pollen, the whole elevation profile can be divided into nine
segments (I to 1X) corresponding to nine climates. In each segment, pinus sporo-pollen
is the most, followed by quercus or cupressaceae.

Segment | presents a pinus-cupressaceae-quercus-chenopodiaceae sporo-pollen
group. According to the average content of pinus, cupressaceae, chenopodiaceae (indi-
cating chilliness and drought), quercus and tsuga (indicating warmth and humectation),
the climate in this segment would be cool and mid-humid and the vegetation represents
an acerose and broad-leaved forest type.

Segment Il is mainly a pinus-quercus-chenopodiaceae sporo-pollen group. The con-
tents of all sporo-pollen are relatively stable. Compared to Segment |, content of pinus
and corylus gets increased, that of quercus and larch are obviously decreased, while
that of chenopodiaceae and artemisia keep unchanged. This indicates a cold and dry
climate and the vegetation is of acerose-leaved forest type.

Segment Il presents a pinus-quercus-cupressaceae-chenopodiaceae sporo-pollen
group. Content of pinus obviously decreases, while that of cupressaceae and quer-
cus increases sharply, so does larch. As quercus indicates warmth and humectation.
Therefore, the climate in this segment is cool and mid-drought and the vegetation is of
acerose and broad-leaved forest-grassland type.

Segment |V is mainly a pinus-quercus-cupressaceae-qrtemisia sporo-pollen group.
Content of pinus and cupressaceae are basically unchanged. Content of larch and
chenopodiaceae obviously decreases, while that of quercus and Tsuga increases
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markedly. This indicates the climate in this segment is of warm and humid feature
with acerose and broad-leaved forest-grassland.

Segment V is mainly a pinus-quercus-cupressaceae-chenopodiaceae sporo-pollen
group. The content of larch and gramineae increases slightly. The content of quercus
and tsuga decreases. This indicates a cold and mid-dry climate with vegetation of
acerose and broad-leaved forest type.

Segment VI is a pinus-quercus-corylus-artemisia sporo-pollen group. The content of
pinus and cupressaceae increases, while that of chenopodiaceae, quercus and tsuga
decreases markedly. This indicates a climate of warm and humid feature with vegeta-
tion of acerose-leaved forest type.

Segment VIl is a pinus-quercus-chenopodiaceae sporo-pollen group. The content
of pinus increases, while that of quercus increases, indicating a cold and mid-humid
climate with vegetation of forest-grassland type.

Segment VIl is a pinus-quercus-cupressaceae-corylus-gramineae sporo-pollen
group. The content of pinus decreases, while that of quercus increases, indicating
a climate of cool and mid-drought feature with vegetation of acerose and broad-leaved
forest-grassland type.

Segment IV is mainly a pinus-quercus-quercus-corylus-chenopodiaceae sporo-
pollen group. The content of pinus slightly increases, while that of quercus obviously
decreases, indicating a cold and dry climate with vegetation of forest type.

The climates in the above-mentioned nine segments exhibit alternate warm-humid
and cold-dry climates and alternate vegetation types (forest-grassland type in Segment
I, IV, VIl and VIII and forest type in Segments |, II, V, VI and 1X).

Refering to the study by Chen et al. (2000) on open freshwater lakes, we consider
that the high value of 5'3C indicates warm climate, while the low value of 5'3C means
cold climate. On the other hand, the high value of 5'80 indicates cold climate, while the
low value means humid climate. As shown in Fig. 6, the value of 6%C and 6180, and
their ratio fluctuates with elevation. According to the variation feature of 6130/6180, the
entire elevation profile is differentiated into 13 segments, each representing a climate
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type. Segments |, II, lll and X indicate humid and others are dry. Additionally, Segments
I, I, IV and V reflect typical cold climate. In general, the upper part of the profile ex-
peirenced somewhat warm and dry climate, while the lower expeirenced relatively cold
and humid climate.

The organic matter represents the enrichment of humus in soils, which is generally
caused by bioorganic actions. The high percentage of the organic matter not only il-
lustrates the accumulation of the humus, but also indicates a humid condition during
the formation of soil and an active process of bioorganic action. A warm and humid
climate favors luxuriant growth of vegetations, which is beneficial to the accumulation
of humus. Although the content of the organic matter in the stratum would be affected
by the decomposition of the organic matter itself, the content measured today is still
reflect the biomass values at that time. According to the variation of organic matter
content in Fig. 7, the elevation profile can be differentiated into 11 segments.

Based on studies on contemporary lakes, Wang (1991) indicated that a close re-
lationship exists between the sedimentation of calcium carbonate and the climate and
environment, as the content of calcium carbonate in the sediments reflects the paleocli-
matic features in the process of forming sediments. Generally, the high CaCOg4 content
represents a cold and dry climate, while the low represents a humid climate. According
to this variation of CaCO; content in Fig. 8, the elevation profile can be differentiated
into 15 segments. Segments | and |l are relatively warm and humid, while Segments
IX, X and XIV are somewhat cold and dry.

The Diexi barrier lake is an open and drained lake and its sediments stem from mate-
rials at upstream of the Minjiang River. The granularity test indicates that the sediments
are mostly silty clay, clayey silt and sandy silt. The coarse grain represents plentiful
rainfall, humid climate and well hydrodynamic conditions, while the fines represent less
rainfall, dry climate and weak hydrodynamic conditions (Chen et al., 2003). As shown
in Fig. 9, the average particle sizes exhibit strong fluctuation along the elevation. The
variation in the lower portion of the profile is relatively small, while that in the upper
is relatively large. According to the granularity, the entire profile can be differentiated
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into 11 segments. Segments |, V, VI, IX and Xl indicate relatively humid climate, while
Segments II, Ill, IV, VI VIIl and X are relatively dry.

Through combining the abovementioned individual climatic indicator and the dating
results, Fig. 12 and Table 1 are got to summarize and delineate the paleoclimatic his-
tory in the Diexi area. Totally, 10 climate and environment segments are identified. From
about 30830 a BP till 26 916 a BP, the Diexi area is covered by forest vegetation and the
climate changed from warm-humid to hot-humid. Since 26 916 a BP, the temperature
became lower and the vegetation is of forest-grassland type. From about 22 872 a BP,
the climate changed to be warm-dry and hot-dry with forest vegetation in this area.
After that a cold climate came and lasted for about 1600 years (from 18531 aBP to
16 902 a BP) and the vegetation was forest-grassland type. Since 16 902 a BP through
14 992 a BP the temperature got increased. The whole profile shows a cyclic evolution
of climate from warm-humid to cold-dry.

Comparing the paleoclimate segments in Fig. 12 and Table 1 and the disturbance
zones in Fig. 10, there is a good correlation between the climatic and environmental
changes and the earthquake events. It is inferred that strong earthquake is usually
accompanied by climate change. In other words, the atmosphere the climate relies on
and the rock cycle the earthquake action relies on are closely associated. Base on
the prelimary results from this study, we are considering that the climate change and
geology environmental evolution of the eastern edge of Tibetan Plateau may proceed
cyclically at an interval of about 15000 years, and the climate chage was accompanied
by seismic event. For detailing this argument, further study is demanded to decipher
the inner correlations between the climate change and earthquke event.

6 Conclusion

The present study focuses on the Diexi barrier lake in the Minjiang River, which is
located in a complex geological region. Drilling and sampling were conducted in the
center of the barrier lake. Climatic indicators were examined through an elevation pro-
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file from 2090 m to 2330 ma.b.s.l. to recover the paleoclimate in this area. Based on
the foregoing discussion, main conclusions can be made as follows:

(1) Ten climatic periods have been identified for the Diexi barrier lake area within
the time span from 30 000 years ago to 15000 years ago, based on examination of the
climatic indicators, such as spore-pollen, organic matter, carbon and oxygen isotopes,
calcium carbonate and particle size.

(2) Ten earthquake-induced disturbance layers in the lake sediments were identi-
fied through examination of the drilling core. This indicates that from 30000aBP to
15000 a BP, there were at least ten strong earthquakes in the Diexi area.

(3) The disturbance sections formed by earthquake show good consistency with the
climate changes, indicating that the geology evolution and the climate environment
change are associated.
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Fig. 11. Earthquake-induced disturbance layer in the sediment exposed on an outcrop.
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Fig. 12. Delineation of paleoclimate in the study area.
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