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Cover page
The mining town, Dachang, in South China

The southern China is covered by abundant carbonate rocks of Paleozoic age, as best represented
by carbonate towers in Guilin, but forming generally triangle peaks along common ridges, as seen in
this mining town of Dachang. This town was constructed here in the mountain area with limited flat
land, because of unique ores of Sn-In-bearing lead-zinc discovered at this area. These ores are hosted
along the bedding plane in impure dolomitic limestones of Devonian age having no skarn minerals.
The ores occur also in breccias pipes and veins, closely related to small Cretaceous high-level
intrusives of granitic compositions. Tin and indium are abundant in many of these ore deposits.

(Photograph and Caption by Shunso Ishihara)
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Article

Indium concentration in zinc ores in plutonic and volcanic environments:
examples at the Dulong and Dachang mines, South China

Shunso Ishihara"*, Hiroyasu Murakami' and Xiaofeng Li’

Shunso Ishihara Hiroyasu Murakami and Xiaofeng Li (2011) Indium concentration in zinc ores in plu-
tonic and volcanic environments: examples at the Dulong and Dachang mines, South China. Bull. Geol.
Surv. Japan, vol. 62 (7/8), p. 259-272, 6 figs, 4 tables, 2 plates.

Abstract: Two largest indium ore deposits of 5,000 tons In class in China, Dulong and Dachang mines,
were studied geochemically. The Dulong deposits have 1000In/Zn value of 4.1 in the average, which is
similar to 2.6 of the Changpo-Tongkeng orebody and 3.1 of the Longtaoshan orebody of the Dachang
mine. Yet the Dulong ores are depleted in silver and antimony, and enriched in tungsten among the ore
metals, while the Dachang ores are rich in silver and antimony similarly to the Toyoha ores occurring in
the volcanogenic Green Tuff belt in Japan. Concentration of indium in sphalerites is homogeneous in the
Dulong ores but is strongly banded in the Toyoha ores. It is suggested that the Dulong ore deposits were
formed in a plutonic environment related to S-type ilmenite-series granite, while the Dachang deposits
were formed at shallower level, related to subvolcanic intrusions. A volcanogenic environment is neces-
sary to concentrate indium in tin-polymetallic ore deposits.

Keywords: Dulong, Dachang, base metal, indium, two-mica granite

1. Introduction

Indium of industrial level is mostly extracted from
zinc concentrates of base metal deposits formed under
volcanogenic vein-type ore deposits in Japan (Ishihara
et al., 2006) and Bolivia (Ishihara et al., 2011), which
occur mostly in volcanic lavas and tuffs intruded by
felsic dikes. In China, however, a variety of economic
trace components is concentrated in various ore depos-
its (Zhang et al., 2005). Two of the largest In-bearing
deposits, Dulong and Dachang (Zhang ef al., 1998),
appear to be formed in a plutonic environment, because
the ore bodies occur in metamorphic and sedimentary
rocks associated with granitic intrusions.

In autumn of 2008, a short visit was made to the
Dulong mine of Yunnan Province and the Dachang
mine of Guangxi Province, and we observed small
parts of their geologic constituents and the ore deposits
(Murakami and Ishihara, 2008). This short paper is a
preliminary result of the field observation and chemi-
cal analyses on these ore deposits. The visited mines,
together with other small indium-rich mines, are shown
in Figure 1.

2. Geological background

The studied region of Yunnan and Guangxi Prov-
inces is underlain by the Precambrian basement rocks
composed of various metamorphic rocks called Jiannan
old-land, and overlying younger sedimentary rocks of
mostly Devonian to Permian in age. The Jiangnan old-
land is widely distributed in the northwestern part of
South China and sporadically in the other southeastern
parts (Fan et al., 2004, see also Fig. 2). Mesozoic gra-
nitic rocks of the Yanshanian stage intrude into these
sedimentary rocks widely in South China, but their
exposure is generally rare in the studied region. The
Dulong deposits occur in the metamorphic rocks, and
the Dachang deposits are seen in the sedimentary rocks,
intruded by small granitic intrusions.

2.1 Dulong ore deposits

The ore deposits were once mined by underground
method for the high-grade parts, but now bulk mining
by open pit elongated along NNW-SSE direction (Plate
I A), which follows major tectonic elements. Late Yan-
shanian S-type granite (Plate II F) intrudes into the
northern part of the orebodies, which terminate at the
Maguan-Dulong giant fault of NW-NNW direction. The
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Fig. 1 Distribution of major indium-bearing base metal deposits in China. Size of solid circle implying relative amounts of indium (see

Table 4; revised from Ishihara and Murakami, 2008).

orebodies are divided into the main indium-bearing tin-
zinc orebody called Zone I and subsidiary silver-lead-
zinc orebody called Zone II. The rock constituents of
the pit are composed of Cambrian chlorite-muscovite
schists and marble. Their metamorphic age is consid-
ered as the Indosinian stage, which is Permo-Triassic in
age (Liu et al., 1999). We visited a few places at 1170
mL of the main open pit.

Major ore constituents are composed of magnetite,
cassiterite, sphalerite, pyrrhotite, actinolite, chlorite,
sericite, quartz and calcite. Magnetite is locally abun-
dant in the ore zone; we obtained the highest magnetic
susceptibility of 600 x 10™ SI unit by KT-5 magnetic
meter, which is equivalent to about 20 vol. % of mag-
netite. The main ore minerals of sphalerite, magnetite
and pyrrhotite (Plate I B, C, D) occur as massive lens
with minute layering and veining (Plate I B, C). Black-
colored sphalerite occurs together with mafic silicates
(Plate I E), magnetite and carbonates, and contains
many chalcopyrite dots under the microscope (Plate I
F). Indium is contained homogeneously in sphalerite
(Murakami and Ishihara, 2008), and its content seems
higher in cassiterite (Plate I F, G) than in sphalerite.

Liu et al. (1999) tried Rb-Sr isotopic dating using
quartz and sphalerite from the ore deposits, and ob-
tained an isochron age of 79.08+9.11 Ma and initial
7S1/*°Sr ratio (V'Sr/**Sri) of 0.716771 with correlation
coefficient of 0.9991. The metamorphosed marble has
the ¥'Sr/*Sri ratio of 0.709922, which is almost the
same as that of Cambrian sea water. The altered two-
mica granite has an isochron age of 68.03+£7.23 Ma
with the Sri ratio of 0.730132. Therefore, they consid-
ered that the mineralization occurred in the late Yan-
shanian stage (Liu ef al., 1999).

2.2 Dachang deposits

The Dachang ore deposits consist of seven main
orebodies (Fig. 3) with three kinds of the mode of oc-
currence of the ore minerals (Peng et al., 1999), as (1)
veins including veinlets and networks (e.g., upper part
of the Changpo-Tongkeng, Longtaoshan and Dafulou
orebodies), (2) stratiform ores (e.g., Nos. 91 and 92
orebodies of the Changpo-Tongkeng orebody, and (3)
skarn ores (e.g., Lamo). They occur in Devonian to
Permian sedimentary area of 40 km®, which is rich in
carbonates (Plate II A), and marginal parts of the gra-
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Fig. 2 Sedimentary facies map of South China (Fan et al., 2004) and location of the studied mines.

nitic intrusions.

The total ore reserves discovered in the Dachang
mine is said about 80 million tons, in which 70 percent
occurs in the largest Changpo-Tongkeng orebody. Aver-
aged ore grades of the orebody are Sn 1%, Cu 2%, Zn
3.5%, Pb 5 %, Sb 4 % and Ag 100 ppm. It means that
the Changpo-Tongkeng orebody contains ore metals of
560,000 tons Sn, 1,120,000 tons Cu, 2,800,000 tons Pb,
1,760,000 tons Zn, 2,240,000 tons Sb and 8,000 tons
Ag. These ores are mined by underground truck-less
mining method (Plate I B). The total indium content is
estimated as 4,000 tons, in which 2,000 tons occurred
in the Longtaoshan (or No. 100) orebody (Zhang et al.,
1998). We visited only the Changpo-Tongkeng orebody,
No. 92, at 445 mL.

The sedimentary rocks of the mine area consist of the
lower Devonian to Permian sequence of impure car-
bonates and intercalated sandstone, shale and chert. The
mineralizations are seen mostly along bedding plane
of the sedimentary rocks (Plate II C, D), which were
intruded by small bodies of the Yanshanian diorites and
granitic rocks (Fig. 3). The Yanshanian granitic rocks
occur widely below the Changpo-Tongkeng and Longx-

ianggai orebodies, and are considered to be genetically
related (Peng et al., 1997). The granitic rocks are sub-
volcanic looking at margins of the intrusive bodies (Plate
1L E).

Both epigenetic and syngenetic sources of the ore
solutions were examined by strontium and neodymium
isotopic ratios on tourmalines of Type I occurring in
stratiform ores and their host siliceous rocks, and those
of Type Il from quartz-tourmaline veins in or near the
granites by Jiang et al. (1999). Type-I tourmalines have
*'Sr/*’Sr ratios of 0.71339-0.71818 and '“Nd/'**Nd ra-
tios of 0.51201-0.51210, yet Type-II tourmalines have
more variable “’Sr/*’Sr ratios of 0.71187-0.72735 and
slightly higher "*Nd/'**Nd ratios of 0.51210-0.51224.
They interpreted that the Type-I tourmaline formed by
deeply circulating submarine hydrothermal fluids dur-
ing the Devonian time, and the Type-II one formed by
the Yanshanian magmatic-hydrothermal fluids mixed
with Sr and Nd from the host Devonian rocks.

3. Chemical compositions

Seven Zn-rich ores (8112202, 6, 9, 14, A1, A2, A3,
Table 1), two Cu-rich ores (8112211, 17) and magne-
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Fig. 3 Geologic map and seven orebodies at the Dachang ore deposits (Peng et al., 1999).

tite-rich ores (8112208, 10) were taken from the high-
grade parts of the 1170 mL and analyzed for major ore
components at the Dulong mine. From the Dachang
mine, representative two high-grade and two moderate-
grade ores were selected from underground level of the
Changpo-Tongkeng orebody.

The ore samples were powdered at the Geological
Survey of Japan and analyzed at Actlabs, Canada, by
ICP/MS method after total digestion (TD). The results
are listed in Table 1. Although number of the samples
is very limited, there are distinct differences on the
two ore deposits, as seen in the average contents of the
table. The Dulong ores are higher in the Fe contents

(31.0 % vs. 19.3 %), Mg contents (4.7 vs. 0.2 %) and
Li (97 ppm vs. 4 ppm), which may substitute Mg posi-
tion. That is, ferromagnesian components are richer in
the Dulong ores, possibly reflecting relatively mafic
host rocks of this mine. The sedimentary components
of manganese, 1,211 ppm vs. 1,975 ppm and vanadium
5 vs.41 ppm, are somewhat dominant in the Changpo-
Tonkeng ores.

On the contrary, granitic components are richer in the
Dulong ores, as averaged as 0.68 % vs. 0.26 % K, 139
ppm vs. 59 ppm Rb, 24 ppm vs. 6 ppm Cs, 17.6 ppm
vs. 0.3 ppm Ge and 10.3 vs. 0.2 ppm Be. Yet, zirco-
nium 6 vs. 31 ppm, tungsten 55 ppm vs. 238 ppm and
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uranium plus thorium 1.4 ppm vs. 4.5 ppm predominate
in the Changpo-Tongkeng ores.

About chalcophile components (Table 1), the zinc
grades were much lower in the studied Dulong ores,
as 5.2 % vs. 14.4 %. Therefore, related elements of
cadmium and indium are also lower as 256 ppm vs.
1,278 ppm Cd, and 172 ppm vs. 410 ppm In. Yet,
1000In/Zn ratios are 6.0 vs. 2.6, indicating the Dulong
ores are twice as much as the indium of the Changpo-
Tongkeng sphalerites. Cadmium contents as shown by
the 1000Cd/Zn ratios are 4.9 vs. 8.9, and higher in the
Changpo-Tongkeng sphalerites.

Copper is definitely rich in the Dulong ores as 14,640
ppm vs. 2,699 ppm. The other ore elements are gener-
ally poor in the Dulong ores, as 150 ppm vs. 798 ppm
Sn, 110 ppm vs. 3,746 ppm As, 49 ppm vs. 85 ppm
Co, 23 ppm vs. 66 ppm Ni, 6 ppm vs. 180 ppm Sb, 33
ppm vs. 85 ppm Ag, 3 ppm vs. 22 ppm Se. However,
bismuth 129 ppm vs. 69 ppm, is richer in the Dulong
ores.

3.1 Correlation coefficient

Among the major ore components of the Dulong ores
(Table 2), high correlation coefficients are obtained
from Cd-Zn (0.97), Cu-Co (0.95), Cu-Ag (0.95), Cu-Bi
(0.92) and Cu-Ni (0.91). High values are also observed
on some minor elements; e.g., Cr-V (0.98), Bi-Ag (0.93),
Ni-Ag (0.92), Co-Ni (0.89), Co-Ag (0.86), Bi-Co (0.82)
and Sn-Ag (0.80). These high correlation coefficients
are quite distinct among the previously studied ore de-
posits, such as those of the Toyoha mine and Bolivia.

Indium is best correlated with selenium (In-Se 0.59)
and cadmium (In-Cd=0.52) in the correlation coef-
ficient. Tin is the best correlated with not indium but
silver (Sn-Ag=0.80) and copper (Sn-Cu=0.79).

3.2 Binary diagrams

In Figure 4, indium of the Dulong ores is plotted
against commonly related elements such as tin and
zinc, and also so-called low temperature components of
silver and antimony. Their correlation coefficients are
very low as follows: In-Sn (0.08), In-Zn (0.34), In-Ag
(0.37), and In-Sb (-0.32). However, indium looks fairly
well correlated with zinc (see solid triangle of Fig.
4B). For comparison, four samples from the Changpo-
Tongkeng orebody of the Dachang mine and data from
the Shinano Vein of the Toyoha mine (Ishihara and
Matsueda, 2011), are also plotted.

In the In-Sn diagram, the Shinano ores are plot-
ted toward the highest indium and tin area, and the
Changpo-Tongkeng ores are plotted in similar area. The
Dulong ores are, however, plotted toward a low tin (and
indium) area (Fig. 4A). In the indium vs. zinc diagram
(Fig. 4B), the Dulong ores are plotted to follow the In/
Zn =0.001 at the low-grade side, but the Toyoha ores
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tend to have higher ratio around In/Zn =0.01. Absolute
amounts of indium are much higher in the Shinano ores
than the Dulong ores.

The Dulong ores are depleted in silver and antimony.
A weak positive correlation is observed on the In-Ag
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Fig. 4 Binary diagrams of indium and selected ore components of the Dulong, Dachang and Toyoha deposits.

diagram of the Dulong ores, while the Changpo-Tong-
keng ores are plotted together with the Shinano ores (Fig.
4C). Antimony contents of the Dulong ores are clearly
separated toward the low content area, less than 10
ppm, against the Toyoha ores (Fig. 4 D), while those of
the Changpo-Tongkeng ores are plotted in similar area
to those of the Shinano ores.

Among the other ore components, cadmium is always
well correlated with zinc. Here, with this condition, the

Dulong ores seem to have lower Cd/Zn ratios than the
Changpo-Tongkeng and Shinano ores (Fig. 5A). Arse-
nopyrite occurs often in tin-bearing ore deposits, and
cobalt can be contained in this mineral by its chemical
affinity. The Dulong ores have higher Co/As ratio (Fig.
5B) than the Shinano ores, which has correlation coef-
ficient of 0.93. Arsenic is low among the Dulong ores,
relative to the Dachang and Shinano ores (Fig. 5C).
Tungsten is much dominant in the Changpo-Tongkeng
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Fig. 5 Binary diagrams of selected ore components of the Dulong, Dachang and Toyoha deposits.

ores than the Dulong ores (Table 1). In the tungsten-
antimony diagram, the Dulong ores are plotted in an
area below 10 ppm Sb, while the Changpo-Tongkeng
and Shinano ores above 10 ppm Sb (Fig. 5D).

4. Indium concentration and genetic problems

Zhang et al. (1998, 2003) reported an averaged indi-
um content of 139 ppm (n=35) and 1000In/Zn ratio of 0.8
for the Dulong ores (Table 4). Our average is 172 ppm

In (n=11) but its 1000In/Zn value is 6.0, much higher
than their value in the In/Zn ratio. At the famous Toyo-
ha mine, the whole average of 62 samples is 854 ppm
In (n=62) and the 1000In/Zn ratio is 14.2 (Ishihara and
Matsueda, 2011). It means that many indium minerals
are contained in the Toyoha ores. Ohta (1989) consid-
ered economically most important minerals are Zn-
In mineral which has an intermediate composition of
sphalerite and roquesite, and indium-bearing sphalerites
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Table 3 Indium contents of ores from the lead-zinc ore deposits in South China.

Locality No. sample In (ppm) Zn(%) Sn(ppm) 1000In/Zn Tot.In
Dulong 35 139 18.2 n.d. 0.8 >3,500
Our study 11 172 52 150 6.0 n.d.
Dachang, Changpo-Tonkeng 16 95 15.0 960 1.6 >4,000
Our study 4 410 14.4 798 2.6 n.d.
Ditto, Dafulou 9 105 19.0 1,050 0.6 n.d.
Ditto, Longtaoshan n.d. 310 10.1 17,900 3.1 2,000
Gejiu n.d. n.d. n.d. n.d. n.d. >500
Jinziwo, Guangdong 8 92 17 900 0.5 400
Jubankeng, ditto 5 87 7 910 1.2 n.d.

n.d.: Not studied, Tot. In: Estimated total In tonnages by Zhang et al. (1998).

whose In-contents go up to a few percent. A complete
solid solution was observed between the Zn-In mineral
and sphalerite. The other important indium carriers are
kesterite, stannite, and anisotropic chalcopyrite.

4.1 Indium contents of zinc concentrates and sphal-
erites

For industry purpose, indium content of sphalerite
concentrates is most significant. At the Toyoha mine,
zinc concentrates of 2005 contained 1,030 ppm In
for 48.3 % Zn, 6.2% Fe and 1.3% Pb (Ishihara et al.,
2006), thus the 1000In/Zn ratio is 2.1. This decreas-
ing of 1000In/Zn of 14.2 to 2.1 indicates removal of
indium minerals from the zinc concentrates. In South
China, zinc concentrates were not available, but min-
eralogical data on sphalerites are given by Zhang et al.
(2003), as follows: Changpo-Tongkeng orebody (n=16):
1,010 ppm In for 59.4 % Zn and 6.2% Fe, 1000In/
Zn=1.7, and Dafulou orebody (n=2): 1,300 ppm In for
57.8 % Zn and 7.9 % Fe. 1000In/Zn=2.3.

Sphalerites are black by naked eyes and reddish un-
der microscope at the Dulong deposits (Plate I E). The
mineral occurs filling host silicates and magnetite crys-
tals. Electron-micro-probe analyses indicate that indium
in the Dulong ores is highly concentrated in cassiterite,
other than sphalerite, and its distribution is homoge-
neous, unlike most of the sphalerites in the Toyoha ore
deposits (Ohta, 1989).

The ore data are given in Table 3, together with total
indium tonnages of major ore deposits estimated by
Zhang et al. (1998).

Table 4 Chemical composition of two-mica granite at north
of the Dulong mine.

Elements % [Elements ppm
SiO, 7293 [Ge 1.3
Al,O4 14.01 |Zr 113
F6203 1.49 Hf 3.4
MnO 0.04 |Nb 21.7
MgO 0.30 |Ta 5.99
Cao 0.63 |V 9
Na,O 3.09 |cr <20
K,0O 5.44 |Co 15
TiO, 0.20 |Ni <20
P,0s5 0.25 |Cu <10
F 0.18 |Pb 81
LOI 110 |[Zn 70
Total 99.49 |[TI 3.79
Rb(ppm) 403 |As <5
Cs 255 |Sc 3
Sr 86 |Be 7
Ba 336 [Mo <2
Ga 24 |W 108
A/CNK 1.16 |Sn 26
NK/A 0.78 |Bi 1
Fe,0;/Mgo  4.97 |In <01
Ga*10000/A 3.24 |Sb 7.6
Rb/Sr 469 [Th 31
Zr-T(°C) 769 |U 11

4.2 Volcanic vs. plutonic environment
All the major indium deposits in Japan, such as the
Toyoha, Ashio and Ikuno-Akenobe deposits, are hosted
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Fig. 6 REE patterns of the two-mica granite (8112215) and nearly barren zinc ore (8112210) from the Dulong mine.

in coeval volcanic rocks and occur with subvolcanic
dikes (Ishihara ef al., 2006). Here at the Dulong mine,
holocrystalline muscovite-bearing biotite granite (Plate
I F) intrudes metamorphic rocks at north of the Du-
long ore deposit. The granite has A/CNK higher than 1.1,
rich in K,O (5.44%), F (1,800 ppm), Rb (403 ppm), W
(108 ppm) and tin (26 ppm, Table 4); thus considered
as S type. Cassiterites are mined by small-scale mining
within the granites. Therefore, tin is enriched in the late
stage of granitic magmatism, which may have caused
tin-rich character of the Dulong ore deposits.

Granitic rocks also occur in the Dachang mine area.
They are often subvolcanic in texture (Plate II E) and
seem to have been crystallized in shallower level than
the granite in the Dulong mine area. Moreover, many
ore components of the Changpo-Tongkeng orebody in
the binary diagrams are similar to those of the Toyoha
deposits, which have been formed under a volcanic
environment because only a few quartz porphyry dikes
are seen in the volcano-sedimentary host rocks of Mio-
cene age. The Dulong ores are, however, poor in so-
called volcanogenic ore components, such as antimony,
silver and selenium, and plotted differently from the
Changpo-Tongkeng and Toyoha ores. These facts sug-
gest that the Dulong ores were formed under a plutonic
environment.

4.3 Source of ore metals

Tin is typical recycling element in the continental
crust through ilmenite-series magmatic activities (Ishi-
hara, 1981). Indium may have similar genetic back-
ground since high In sphalerite tends to occur tin-rich
base metal ore deposits.

(1) Dulong mine

Muscovite-biotite granite at Dulong mine has very
low magnetic susceptibility less than 10 x 10™ SI unit
and belongs to ilmenite series. Its rare earth element
(REE) content is 150 ppm and Y content is 12 ppm and
its LREE/HREE ratio is 15.6 (La/Yb=36.6). A typical
tin granite in the Japanese Islands is Naegi granite in
central Japan. Its western body which hosts the larg-
est Ebisu deposits has an average is 152 ppm REE (n=
5), and Y content is 92 ppm and LREE/HREE ratio is
2.4 (La/Yb=2.1; Ishihara and Murakami, 2006). REE
patterns of the Dulong granite and Naegi granite are
similar each other, but the Dulong granite is less frac-
tionated having shallow Eu negative anomaly and less
amounts of HREE (Fig. 6).

REE contents of the altered wall rocks and ores are
very low, 24 ppm at maximum. REE pattern of this
highest REE content is similar to that of the Dulong
granite, implying that the REE is derived from the
granite. Thus, tin in the orebody must have come from
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the Dulong granite.

Strontium initial ratio of sphalerite and quartz at the
Dulong mine, *’St/*Sri= 0.716771, is high enough to
think the source in the felsic crustal materials, as men-
tioned previously. The very high Sri ratio indicates that
the granite was generated by remelting of underlying
old crustal rocks. The ore elements must have derived
from the same source in the crust, and transported to
the ore deposit site by ilmenite-series magmatism.

(2) Dachang mine

At the Dachang mine area, a variety of the miner-
alizations is observed (Peng et al., 1997). The largest
Changpo-Tongkeng ore deposits occur at a margin of
the granite porphyry intrusion (Plate IT E) and in the
overlying Devonian strata following the bedding plane
(Plate II D). At the indium-rich Longtaoshan deposits,
orebodies occur also in carbonate rocks intruded by fel-
sic dikes. Therefore, the tin-zinc mineralizations are af-
fected by both magmatic and sedimentary source rocks.

One of the most important ore components, sulfur,
shows a big variety in the §*S ratio. Averaged 5*'S
values are mostly negative down to -10 per mil. The
Changpo ores show ca.-5 per mil and the Tongkeng
ores are around -3 per mil. These negative values de-
pend upon availability of sulfur from black shale of
the host rocks. On the contrary, the indium-rich Long-
taoshan orebody has &S values around +9 per mil. For
the **S enrichment, both magmatic sulfur and sulfate
sources from the carbonate beds (Ishihara et al., 2002)
are possible.

About indium, there have been no sedimentary rocks
containing anomalous amounts of the element by the
reconnaissance study (Ishihara et al., 2009). We need
further study for the provenance of these important ore
components.

As mentioned previously, tourmalines in the ore de-
posits were studied for Sr and Nd isotopes (Liu et al.,
1999), and Type-I tourmaline was considered formed
by deeply circulating submarine hydrothermal fluids
during the Devonian time, and the Type-II tourmaline
formed by the Yanshanian magmatic-hydrothermal
fluids mixed with Sr and Nd from the host Devonian
rocks. Thus, the mineralizations occurred having both
syngenetic ore fluids in the Devonian sea bottom and
magmatic fluids from the Yanshanian tin granites.

5. Conclusions

Reconnaissance geochemical studies were made on
the ores from 1170 mL of the Dulong open pit, and
445 mL of the Changpo-Tongkeng orebody, No. 92,
Dachang mine, and the following conclusions were ob-
tained:

(1) Dulong ores contain a maximum of 527 ppm In
and averaged 1000In/Zn ratio is 4.1, while the
Changpo-Tonkeng deposit contain up to 1,370 ppm

In, but an average 1000In/Zn ratio is 2.6. These
values are much lower than 854 ppm In (n=62) and
7.1 1000In/Zn (n=61) of the Toyoha deposits.

(2) The Dulong ores are depleted in silver and antimo-
ny, and enriched in tungsten among the ore metals,
while the Dachang ores are rich in silver and anti-
mony similarly to the Toyoha ores occurring in the
volcanogenic Green Tuff belt in Japan. Concentra-
tion of indium in sphalerites is homogeneous in the
Dulong ores but is strongly banded in the Toyoha
ores. The Dulong ore deposits were formed in a
plutonic environment related to S-type ilmenite-
series granite, while the Dachang deposits were
formed at shallower level, related to subvolcanic
intrusions. A volcanogenic environment appears to
be better to concentrate indium.
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Plate I Selected photographs of the studied ore deposits at the Dulong open pit.
A: The northern part of the Dulong open pit. Flat and wide.
B: An old adit and mineralized sheared zone. See veinlets above the portal. No. 24 orebody, 1170 mL.
C: Magnetite (MT), pyrrhotite (PO) and sphalerite (SP) alternated with carbonates (white). Sample no.: 8112214.
D: High-grade sphalerite (SP)-pyrrhotite (PO)-magnetite (MT) ore. Sample no.: 8112209.
E: Euhedral actinolite (AT) replaced by reddish sphalerite (SP) under microscope. Single nicol.
F: Ore microscopy of sphalerite (SP) with chalcopyrite (CP) dots, and pyrite (PY) and cassiterite (CS).
G: Compositional image of indium (La). Note homogeneous In-distribution in sphalerite and cassiterite, and higher In-values
on cassiterite.

— 271 —



Bulletin of the Geological Survey of Japan, vol.62 (7/8), 2011

Plate II Photographs of the Dachang mine (A~E) and the Dulong mine (F).
A: Mining town, Dachang, with a unique limestone topography.
B: Modern underground mining of the Dachang mine at 445 mL.
C: Syn-sedimentary-looking ore beds of the Changpo-Tongkeng orebody, No. 92, 445 mL.
D: Close-up of the synsedimentary ore with euhedral pyrite disseminated.
E: Subvolcanic looking of the granite in the Dachang mine area.
F: Muscovite-bearing biotite granite to the north of the Dulong mine.
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Takashi Kudo, Tohru Danhara, Hideki Iwano, Tohru Yamashita and Yukio Yanagisawa (2011) Petro-
graphical feature and fission-track age of a tephra found from the Middle Miocene Nanatani Formation at
Shionofuchi, Sanjo City, Kamo District, Niigata Prefecture. Bull. Geol. Surv. Japan, vol. 62 (7/8), p. 273-
280, 5 figs, 1 table.

Abstract: The Shionofuchi-biotite (Sbi) tephra was found from the Middle Miocene Nanatani Formation
at Shionofuchi, Sanjo City, Kamo District, Niigata Prefecture. The Sbi tephra is a crystal-rich coarse
tuff layer (9 cm thick) intercalated between the basalt to andesite volcaniclastic rocks and light gray
massive mudstone of the Nanatani Formation. This tephra contains plagioclase (oligoclase and bytownite
in composition), quartz, sanidine, biotite, opaque minerals and a trace amount of zircon and allanite.
Fission-track age of Sbi tephra was determined to be 13.8+0.3 Ma (1c). This age is consistent with the
biostratigraphic data. The Kbi tephra that is correlated to the Muro Pyroclastic Flow Deposit in Kii
Peninsula is intercalated in the similar horizon to the Sbi tephra. Furthermore, the lithofacies of the
Sbi tephra resembles that of the Kbi tephra. However, according to the inconsistency of plagioclase
composition, trace heavy mineral assemblage and uranium contents in zircon, the Sbi tephra is not
correlated to the Kbi tephra. Therefore, we have to pay attention to correlate these tephras.

Keywords: Middle Miocene, Sbi tephra, petrography, fission-track age, correlation, Nanatani Formation,
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Locality map of Kamo District, Niigata Prefecture.
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fhEcoRREE, FEzERIcam L, i~ Jeasm
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ROWRCE KIIEES (Nr) 2ofkehs. /2, K

Boi e i EEiciE, BIEE 10 cm ~ & m ORkRA
WEREIRD NS (GE2X). KL, FTHNOKRGRE

oYt - whCEKILE S FRE (0, #8AICEY, k
MLom hENEORIKG~IKEfes (M) [JBEAICE
bhd. F7, KREEEiH -~ bt omscs Ry)
KU FL I 4 b L (Do), P H I OFHACS (Ry,)
DEAEZIT TS,

3. Sbi 77 7 DERK

fﬁﬁﬂ%i&%b (Sbi) 77 7%, =&uitEEHH
®£+@m1ﬁ#6ﬁﬁ SHEDN B RGIR AR DO FETEIZ B
T, taEhIcHIET S GE3XKXUHEAX). Zolt
a (TSR R T AERE 37° 307 567, HA% 139° 8 32”) %
Shi 77 7 DA & § 5.

Shbi 77 713, LARE - KOEEALDHN63 m L7
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Fig.2

Geological and topographical map of Kita-imogawa and Shionofuchi area in the Kamo District. Its locality is shown in

Fig. 1. A part of 1:50,000 topographic map “Kamo” published by the Geographical Survey Institute is used. Alluvium

and terrace deposits are omitted for simplicity.
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T3, 72720, Zha-biEhEoimaakEicmy
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44 F7 7
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BEALHD W, fnETx v v 2 (60, 120, 250
Ay va) BHOTKRRPTEWGY, #7723 300
FoBHA Sz - AL 72, 120—250 £ w2 (1/8—1/16
mm) DFREIO A LFELA] FEHTE : nd=1.54) T2
FANH T A RICEHAL, WCHHEEE T TZOE %2 #
"L, BEPMHAEE— FaN (kilF 5 2, 8§,
I, SR, ZTofMENR) LEGYHAEE- P
W Ao Ad, %G, WEMEG, MG, B
BEIKA, Yay, REWEmMERNR) 2i7-72 &
12, WIS R IEREE RIMS - MEH, 1991 ;
Danhara et al., 1992) % F\, 885 O SR HTZH1E %17 -
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— 275 —



WEBANR 20114 F62%& H7/8%5

VYNVVI VY
INVVVVYVYN y
[saanaanaal

e

RN

Nanatani
N Formation

Otani
02 Formation

Light gray to gray mudstone

\ 02 Alternation of mudstone and
\ rhyolite volcaniclastic rocks
Basalt to andesite scoria
\ \ Nb lapill tuff and tuff breccia
Tf Rhyolite pumice lapilli tuff

Rhyolite volcanic breccia

Dolerite and basalt
intrusive rocks

] Strike and
Tephra 23/ dip of strata

I3 =RMIEERMAEOL — F vy TERK. ALEE S 2 IR

Fig.3 Route map and columnar section at Shionofuchi, Sanjo City. Its locality is shown in Fig. 2.

/
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Fig.4 Field occurrence of the Sbi tephra. Its locality is shown in Figs. 2 and 3. Length of the sickle is about 25 e¢m.
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LU, RHEAEIZ6 DOME (754 b, VT2
V=R, TYFYVY, FTITEI4 N, SA bwF AL,
7 —=%A4 b)) IZHMELZ mk, KiUA T ASEED
ZOWIRLTHED, MIrREZIATETH 72, Th
5DGMED &K DFELWHEBIZIL FiEA2 (2007) 127
Hxhtns.

42 FT ER RV FT KEIE

Shi 77 Fikkt%E 27 v L AR TRIREL, Kk, B
ik, WMESTEE L EWIC K B ILE S EEA 1TV, 60 X
Ya kv ya vkEES . EAGHE IS ETH
IZEBXBAETDHT T V& LK 100 R+ 42 RD,
vV MDA A 72 W TRIESNE T 4 T o & —
% (Gleadow, 1981) #FRFH L7z, AW TIE, MWz
WEEE U Caa il & & 45N a2 @ 3 % ED1 k%%
RU, 2774V FFTREZMETSZ LT, Hinz
DOWBORMEZFHMEL7-. 2774 Y FFT (confined
fission track) &iF, FT Oyl EmAERIZH D, Ty
FUEINEFT OEREMEETE S8 DT (Wagner,
1988), YL TiF10—12 um DE X (CF¥HEEIZ 10.5
—11.0 gm : Hasebe et al., 1994) #&>. FT 3%
T BT AIMEAN DB D, TORMWENS
BIBIZBGE B A RIICE S, IFTl, av 774/ F
FT RAZMICFT REwsd

BRI 2 B2 TNEIX Danhara et al. (1991, 2003)
12, FT &EHEIE Twano et al. (1996) 1ZHELL 7=, Y
IVHDOAKEN T v 7 DTy F 713 KOH-NaOH il
W (225 C) T3l WV, Yraveo s hid2ty
MHE L2, SFEFTOMET 4 72 2 —I1213 DAP
(diallyl phthalate) g% Fv 7z, B HEGHI HA

iy

QZz

JFEF IWF B RRERE D JRR-3 BIFX0AE (Aulixdd 3
Cdlbiz24) T2Mfr-7. 2O, #uohMailE
HOEHEA 7 213 NIST-SRM612 & w72 AEAUIE
1Z+¥ — %% (Hurford and Green, 1983) Tir\y, ¥ —
Aflilx 414 + 3 T»H % (Danhara and Iwano, 2009). =
7 Vg, JEIE T oINS K 5 TEDORE
RTHEMFHPEL 5 U OWRE GREFT %It
Bil) &, KR PU/AU FNRIES —EThEZ &%
FIFL TR 72 GEEFIEA, 2000). FT REOHEIE Y 2
7 413 Iwano et al. (1996) ZFIFH L 7-.

5. AHHER

51 77794k

Sbi 7 7 T OFEREESMNZ, FHEA, A%, =7 4
v, BER, REWHEM» om0, MEOY LY E
WhAf &t B EHEMOREIIZ85:15TdH
3. FIEADOEIEIZ, n=1.534—1540 DA ) T/ L —
AP FEIR D & OB ERTH % H, n,=1.563—1.570 D
777 T4 b~ 4 b oA RO & D &0,
A '—FNESMmERT ES5X). KLy 7 213%
BO=0KkbhThb, ZEIME L THRGE 2L A
.

52 FT £ RV FT RAIE

Shi 7 7 F 3R LRk A RT3 2 FEOHE Y L
I Vs E MRS A A, RERSSEBRDbNR A2 #H
DT VIR 1,000 ppm EIEFIZERY. ShiT 7 T
IZHEEN5 YLy FT HRENE % 2 [MIfT - 225558
133+ 04 Ma & 145+ 05Ma %3 10, BLFREIL)
NS, WHLEE &° ME (Galbraith, 1981) 124

- AF AL oL AN LAB BYT
20 Sbi tephra AF : alkali feldspar
15 + AL : albite
10 + OL : oligoclase
54 ﬂi}}Lﬂ QZ : quartz
o ) AN : andesine
g0 B L BEmam et S LAB : labradorite
2 20 - = BYT : bytownite
15 Kbi tephra AN : anorthite
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0 T *_. T T T T T —TI_D_E'_TD_H '_Tl T T T T
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Refractive index (n+)

F5X Sbi 777 KU Kbi 77 FICEEFNIRFMOIIEL X 7T 4. Kbi 77 707 — 23 LREIEA (2011) 12k 5.

Fig.5
Kudo et al. (2011).

Refractive index histograms of light minerals from the Sbhi tephra and Kbi tephra.

Data for the Kbi tephra are from
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W1k ST 7I0OVNLAVT 4y gy b Ty ZERHNERE
Table 1 Zircon fission track ages for the Sbi tephra.

Sample name n  Spontaneous Induced Dosimeter  P(¢) r U Age (x10)

s (cm?) i (cm?) pa(cm?)
(Ns) (Ni) (Nd) (%) (ppm)

08100802 Sbi Tef.2 20 7.69x10° 1.53x10"  1.275x10° 58 091 1130 13.3+0.4
(2216) (4398) (4591)

08100802 Sbi Tef.3 20 7.31x10° 1.49x10’ 1.430x10° 21 0.84 980 145+£0.5
(1631) (3327) (3432)

Weighted average 13.8+0.3

n, number of grains; p and N, density and total number of counted tracks, respectively; Analyses were made by using the
external detector method that applied to internal surface of zircon (ED1: Danhara ef al., 1991); NIST-SRM612 standard
glasses were used as a dosimeter; P(x?), probability of obtaining the x* value for v degrees of freedom (v = number of

crystals - 1) (Galbraith, 1981); r, correlation coefficient between p, and p;; U, uranium content calculated based on the

induced track densities (Iwano et al., 2000); Zircon grains were irradiated using the pneumatic tube of reactor unit JRR-3

at the Japan Atomic Energy Agency, Japan; Ages were calculated by using a zeta calibration factor of Cyp, = 414 = 3 (10)

for HI with DAP detectors (Danhara and Iwano, 2009).

f& L7z, Shi 77 7 OFERDNREE LT, Taylor (1982)
Ik AMEEEERD S L, 13.8 £ 0.3 Ma &7z,
JBARDIY T 74V FFTRIZ9.8—11.9 um 2L,
FEE LT 11.0 £ 0.5 ym 2G5 7z,

6.% %

6.1 HEREER

%M, Sbi 77 25 138 £ 0.3 Ma DY )L IV FT 4
nfgohsz, av 774 Y FFTE54E 10—12 um
2120 —2 %85, FEAEHELERD Shsnl
&6, ARGBHE TR 2 FHINE A 22 T oo & i
XNB. LE-T, H6N724413.8 £ 0.3 Ma i3 Shi
77 7 OHREFERERT RSN 5.

LA, ThETics < oMb akEsEnus
(ZF4- &), 1970, 19745 &9 - it ey, 19755 K
2, 1978, 1988 ; frk, 1982 ; VEEIEA, 1991 ;5 IR,
1993 5 FAR/IE A, 1997 5 IR - THE, 2011 5 TREIE A,
2011) 2Afrbh T/ ZThoicksd e, taE”»5
&, AR LR AR X S (Blow, 1969) @ N.8 4
5 N.10 4, FAKEF v /{bhamX4r (Okada and Bukry,
1980) @ CN3 »* 5 CNba iif, A A FLR{LAW X5 Ok
%, 1987) @ BF14F (=44 & F, 1970, 1974 ; K&
1988), HiE{bfair[X 4 (Akiba, 1986 ; Yanagisawa
and Akiba, 1998) ¢> NPD4Bb ~ 5B i FEfiZHl4 5%
LA ME < hTnws, ZhsofibhlEsys — 412k
T, R EOHERIFRIE 15.2—12.3 Ma & HEE S (L
FEIE A, HIRI), SRE6HhEFTHEREDOFIFIER
B o,

AR EICRAE,» SR ST 52, R~ ik
LA~ ORI ES & BE3 5. Shi
T 77136 O KILEEOREICHET 5. L

o, SIS hEERIE, LAEHERIIC BT 5K
\LE B B 4 R 4R L CRECh 3.

6.2 Kbi 7 7 & DX LEDRET

Sbi 77 71Z Kbi 77 7 L IEWIT & < MLz fEHE &R
. MEE LWENRFETH Y, NI TEDIZHER
EiERTE, FEMREMOMASDE LS. HAE
THREUES LR - KBTEEA D S RG2S 63 m LA,
HEDHK 80 m kAL & iR, YL a v FTHENRY
HI# A 13.8 £ 0.3 Ma, %E214.620.3 Ma (THEIE A,
2011) &30, LA L, liZICIZ P OEONARD 5 5.

(1) SbiT 77 IcEFNIREATIFICAHYITIL—
ZEINL by F A PTHDBD, KbiT 772G FEN 55
FEARF VIO VL—Z~5T 538534 +Thh, HEYD
MZKEEEPBDHONS (5 K).

(2) ShiT 7 FITEEND VLT VIR E - HHkED
HMABDLETH B, KbiT7I7IHERZ VLT VIiT
HE - EBEY LTV OMAGDHDETH 3.

(3) Sbi 7 7 Fic3MEOEhALR G L5, Kbi
F7 B3 EER. £72, Kbi T 7 7123 SROBE
JKEEWMBED XL AABEENDH, ShiT 7 FI2iEE
Fhgu,

4) Ynarvow g VEREHRN Sbi 7 7 7 TIE 1,000
ppm THBDIZK L, Kbi 77 7 TlX 400 ppm &K<,

BRENDD B,

PLEosEN» S, ShbiF 7 713 Kbi 7 7 Fi2idxtib &
g, mHEIHNOT 75 ThbEHMEND. %72 Shi
775, HINEA, (1998) 2EHIIL— b TiEdk L 7=
WThOT 7 7 L MMAGHEN -, b
hizo.

PEnk>5iz, tREOT 7 7RFIZO>NTIE, Bl
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BEER - Report

BRTFHFhRBBEEEEFAN TREIEN/A350m K-> 77
(GS-SB-1) »SEHL -TEMMLARE

AEEGERE T - MBRE - WOER " - KFES'

Misao Hongo, Tomonori Naya, Masaaki Yamaguchi and Kiyohide Mizuno (2011) Pollen assemblages of
GS-SB-1 drilling core at Shobu Town, Saitama Prefecture, central Kanto plain, Japan. Bull. Geol. Surv.
Japan, vol. 62 (7/8), p. 281-318, 4 figs, 2 Appendixes.

Abstract: Pollen data from Pleistocene sediments in the GS-SB-1 drilling core, obtained from Shobu
Town, Japan, provide a basis on which a pollen biostratigraphy for subsurface geology of the central
Kanto plain is constructed. In this study, 150 sediment samples were collected at ca. 2 m intervals from
the GS-SB-1 core, which consists mainly of marine and fluvial sediments intercalated with two major
Pleistocene marker tephras. The Pleistocene sediments in the GS-SB-1 core were divided into 35 local
pollen assemblage zones in an informal nomenclature by a distinctive assemblage of taxa, indicating local
environmental conditions as a rudimentary biostratigraphic classification. Each of the marker horizons
for Upper, Middle and Lower Pleistocene pollen biostratigraphy was discussed. Moreover, stratigraphy
of local pollen assemblage zones was established on the basis of magneto-, litho- and tephrostratigraphy.
On the other hand, the SB-Pol-9 and SB-Pol-24 zones in the core are currently a barren interval with
the significantly low occurrence of tree and shrub pollen grains. Therefore, the pollen biostratigraphic

characters of these zones need to be investigated in other cores further.

Keywords: pollen, subsurface geology, Saitama Prefecture, central Kanto plain, Japan, Pleistocene
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MR, A, 77 I REFEOXIG A BRET L, Husk
TER T O REBFEANME A S 22 L. —H, RaLz
354D S B, SB-Pol-94F (& 61.610—68.390 m) KX
U SB-Pol-24 1 ()% 237.460—241.940 m) 1F, KK
TPIER D VR L < AW RIFIXETdH - 72,
N5 OO AT A IALE D 5 H b T o
FABEIZL DS MIZ LT BERD B,
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DEFBEALDRRD SN TWD, ZD72%, HEDOEBH
FERZOFRAETELZTFHLLMENICTIHESH
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B8 - BT LRI, RER oL b0 XS AlkiE &
GUKRIBIZIZIZFEAEDEAEEEh TS, 2D
W, FEUFHAH A 5 WERAH O FEIK F THEEIZFE N T B 1
ftHDvE>THS (CEHIEA, 2000). 2D XS xft
¥y - BT R OFRE A FIH U 72 B 200 e o221,
T AR PEL S S R T B el PRl T 1960 AR DUBR B AL AT
bLBITED, BFEHEOVLEODH:E EN TS (Tai,
1973 ; Furutani, 1989; A&4%, 2009). % Z TA@HE TIZ,
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fLaTEERL, SaOYPREREE LT, Rt kb
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ZALZRIET 3 0RO A A DEIZHEH L TIX L7
MU AER R ORI DWW TN %, I, e bhic &
% S O B RE HE [ O R 322 (0 12 R f e o R 3 [X
IZDOWTHRET .

2. E#27 (GS-SB-1) OitEEFHIE

HE S ZEMEOH0 % & © 2 B i o s T
125048 2 R OEHERE I 2 .2 Z L 2 HINE L
T, A=V v r#EE ThRE LWHEEZIT> CT&E 2.
Eiia 7 (GS-SB-1) 3, mikoHM KR OHIE R EE,
BREIME R EOYH T — 2 L KETF -2 2 BA5 L7
o VB REHE & S 3 % 72, 2006 4 11 F ~ 2007 4-
5 FZ2 ) Tl R B R B ARE T oK oKl (R
MR T AR 36°37227, HUAE 139°36704”, 1% 11.736
m) 7 5VEE 350.20 m F THHl Szt — a7 K-
DV ThB GELIX). K=Y v fla Ak
Mg, EHRER, YA E OMPRIE R a7 ORE
M, “"CHNR, 777, HRMOEE, WHHE, HibR
S[MEOHEB A ORFBEMSFIIIRICRE ShTws (1hd
EA, 2009 ; fEARIZA, 2009 5 SAAIEA, 2009).

B 7 ORME, EELTREVERE Zh 281
EElEOHERE, BithzE&WEI L M E, v—4)kE
Pois (G2 hEs, 2009). 37 OFEM &
MR LENE A2 (2009) 1nehTrh, £L (FE
0—0.50m) LAZROHERI IR HH O B 01D e % &
EIZEIED 1-69 D=y MIXpEN TS, HIC,
a7 OFFEEMBIES (2009) 12 & 2 HES TSR AR
GWICKE Eh, 9RMEDWHE (B2 XD M1-M9)
A ETna (IhiE ., 2009).

WIZE T 7 OFEAE 2 IR 2 B RHC DWW Tl
N3, A7 O HEEFE, S - SRR
ERERD2 S, RE 0—266.755 m O IERMRGT & PRE 276.9
—330.37 m OWfEGEAMRRIZIX 5y &, Z4 2 Brunhes
Chronozone XU Matuyama Chronozone IZX&3 5 Z &
WS 2IZEh TS (FEAKIZA, 2009).

7, 77 IR FEHERD NS (ILEIEH,
2009). TNH5D5 B, HEIIN—-10.90 m D SBT-
1090 7 7 7 & YR )% 182.85—182.87 m & SBT-182.87
7 7 &K A T 2 DACE 3 Wt B O Hir = 05 5 R
5, IA&T 7 7 OME Pml 77 5 (On-Pml: ITH - ¥
¥, 2003 5 MRIZ A, 1967 O Pm- 1) KRUOBEKRTE L
RSO Kss (3, 1952 5 WTHIZ 2, 1980)
KIKIZR I e a v agtErsEno (LiE2,, 2009).

3. P&
3.1, R

{EB AT IC O 72308, BTl a 7 O E 2.610—
350.150 m £ TORGHED 5 150 Uk &2 BRELL 72 (58 2
X, i+ 1). BOIE X135 A 10 em, /N3 em TH D,

ACRHOLRELHIRRIZAT 2 m TH 5. AR5 35RHLL 722
7RO ERROVEE (m B TER) 1ISHIEL T 5.

3.2.1E# - RTFILAD3 B

42150 &R 95 BRI OAEKS - a1k o o3 Bl 8
LosT — Mid, WKL A EFHED A TR ET S
Hongo (2007) OJFEETIER L. —J, Kil - vt
303 % REMEO R 55 sFHZ DWW TR, ULt A
I vy Yy PRSI L, RS 8 A kBRI
Ko THRET 2 LA Ah721824 (1995) O LT
TL8T = P EERL 2. RS & RO RIS
& 1 IR

33. fEMEBEDERE, EHEETORT

e b DTSR K ORIE R, AEWsEME 400 £5 X
U 1,000 15 &2 FWNTIT - 72, AERHMEADIRIEIZSH 725 T
i, BA (1973), k) (1980), Wang et al. (1995), &+
5 (1994), Stone and Broom (1975) MU Huang (1972)
BERBDHZEIZ L 72, FLRICDWTIRIRAE - i
F (1986), Zhang et al. (1990) U Huang (1981) 7«
ExBEIZL THHRFORE %17 - 7=

k¥, KTl Quercus (subgen. Lepidobalanus)
(2F5lEarFiliE) % Quercus EF/RL, Quercus
(subgen. Cyclobalanopsis) (2 )+ Jl@7 77 viflg) %
Cyclobalanopsis & 39 5. %7z, Carpinus / Ostrya (7
VTR T AE) & Carpinus EFRNT 5.

ER LA O BULIRE =18k - ler{tha D S 5,
W OBEI LUK T3 DR E L K
KR OLERH AR RS 13N D & 250 [l %8k A % &
TEE U7z, 72, ZoOwMETEE IS HARY O
Bt koY sofl - ar ol bh & 85U 7.

4. PIRER

TE KO b O iE 2 TOREI» 6 B 5 iz (T 2).
ARAKE OIERE 40 FL 67 B D 82 7 JARE, w AWM O
{60 34 L 40 [ D 53 5 JilE, ¥ AR o lla 113k
Sy FERE A G T 25 MRS EE X Nz, 2oz ar
WON T8 6z, &k, HARERXIE £l
Yila 1o 2 ViR OBE, FERBIIIRK 2,714 KiioE
L7z, %72, iAF&ES No. 2.610, 4.610, 4.860, 6.110,
6.360, 7.485, 7.610, 7.860, 9.610, 9.860, 10.235,
10.485, 17.235, 21.485, 35.360, 35.860, 36.360,
43.610, 57.360, 58.690, 63.360, 64.360, 66.385,
68.360, 70.860, 75.360, 77.360, 80.360, 84.860,
86.315, 95.355, 106.360, 117.295, 119.360, 121.860,
136.860, 137.360, 164.285, 170.360, 237.460,
238.090, 238.450, 239.120, 241.120, 241.550,
241.880, 268.190, 268.910 &% UF 302.360 T, AAMl
YIOIERHEA AR A 1 3BHZ D % 250 (M2 7= 2 4 - 7.
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Plain simplified after Sugiyama et al. (1997). (¢) Locality map showing borehole site of GS-SB-1. Base map is 1:25,000

scale topographic map of “Konosu” published by Geographical Survey Institute of Japan.
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based on the total sum of trees and shrub pollen. An asterisk symbol indicates occurrence from samples in which the
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160 - BBkt 2 RAKIITERS - SANMITER K&
CY &Y - a2 rlmolsyo#El&E, ZhsolFEE -
APEBAER S EM L, 55 3 KIAEMNZR L 7.
*i@%%%@%A115 100 % D HiPH TR
ZAEL, 50 %L EISE L 23RN 88 ik T d - 72,
AREPIER DEIEIZ 0—72.6 %, > Zklh - 2 7 fila
TO#EIEIE0-98.4 % OHPHTRAMMIZEN L. v 4
4 - 2 K T O #IA A 50 % L RIS L 2z abkha
TR TH 72, ZThomd B0 2 FRHIAINREER (1L
EA, 2009) &HEEHT (WIAIE24, 2009) OFEHE
7 6 WG & HIE X 7z R dE D S ERELL 72 3R T b - 72
2, K % b % 25 i BHE IRWERRE 2 & FREL L 723
BTHh 7.

WIZ, AKKEPO EEFARC B 2 45 3 X
HIL IR U7z, S EREO PE H BRI AR AR E R D 38 5L
EHEELUTHEB L.

5. % &

51. B 7 OIEMMEAFEICE D  HisfEmE

6F} - Ba A 3R Hi RIS & 2 HHGHEE 2 58 THERY
T 5720, EPEran. bbb, (6 - e
13, BRITHOREARAER - fa1 Bk - HERHRE
&&@%ﬁﬁ%%%l#%hf%&éhfwa

BEREDD 2 & DAERECAR, HERAKI R O HERE I & &
N3 ADEOBRIZOWTIE, BIHERDIZE
FN B0 - feTR4E L BAMAE & ORI T2 %
BOEBEM RN ST (BHlA1E Muller, 1959 ;
Groot 1966 ; f2 1, 1981), —Mizid, Kok < O

ICHR T 2RO EABE R EL & 5. 72720, MK
J%@ GeiE, f6R - fav1bal i@’iﬂz%dﬂ%@h@?&%%
—JERL 2T B, TD78, %O R OER
TEIREWEHE K E <, 2D AKpTElE L3 WIZHE
DYpe, € ORIRE TS 3 & OHEMY TR < 5 %
(Traverse, 1988).

Bl 7 O%h, FECFEHISROMREYTH D, 1B
Bl tad & &)tfﬁﬁ%%ﬁ&%@fm,‘ﬁuﬁal 3, M
FOPBPAJRAVA T AP 25 KR D i T 5 & & 4
5 s, BB - BT b A2 RIC K 2 HTARR A
HPAICMAShEZ b 5. £/, 37 ORHKUHE
HALA ORI 2 &, 9 EEDMERE (L& M1
—M9) BRDENTED (LIEA, 2009 5 AIEA,
2009), AFHALHOHERBREIIIM)I] 25 EREKDE IIIZ &
BN BREE S R L 7223, A< & d 9 KD
A& T HIZE b L-LHfEE S NS, LR -T,
BFHREDIER} - RaF LA SR oD AR Ze Ay fi 2k
AL TWE KT, IEMEEEDIER - e {LaifE
HEAIHERDB R O et i 25 AR & KD s < ML T
5 LR L 7.

BE BB R eS8 0 AR RS T I R A O 22 L A3 Lo

(Fhi% - i, 2005) 2L &FES 2 &, fERLfaic

% Gy DPIRERE & LT, ﬁi{ﬁﬂ’]&*{ﬁiﬁ{t N3
55 M OMAGHDEICEH LR (lldensr) »
WU THhDHEEALD. £IT, KHREDIw T, W
e & ORI 2 fl S Bk B WTHENES & % Alnus ()
v ) ¥J&@), Juglans / Pterocarya (7L 3)g / “‘7“77“)‘/
&) MO Ulmus / Zelkova (ZVIE / 7Y FFE) D
IARORNIRE 3w DIHEZ PET 5 HRIZED, *K&
WAERy D OMA B DEITE DWW TER 27 % 35
ORI ERFICX L GE3K). Ak, &
DEFRE, IEARE@mEE LTOMNEDT T, Eliz7
DS (SB), fEHDOmES (Pol) RUT 7 ¥ 7 K7D
MAADETELZ LIRS, SHISIERRHEW DR
T ERi K Dk,

SB-Pol-1 4 GARHE'S 2.610—4.360) : Alnus A& T
% 58, Myrica (Y~ & E)8) A ZHUZKL. Pinus (¥
V&), Cryptomeria (X ¥)&), Cupressaceae (& / FF}),
Carpinus, Corylus (XY I3N3J&), Betula (H/3/F
J&), Fagus (77FJ&), Quercus, Cyclobalanopsis O*
Ulmus / Zelkova 138 TR Tdh 5. Abies (FI)B),
Picea (M v)@), Tsuga (Y H)FE), Sciadopitys (2
v X< *IE), Metasequoia (X &%t 24 7Jg), Carya
(XH V)E), Cyclocarya (34 2 aHx) 7l&), Juglans
/ Pterocarya, Castanopsis / Pasania (¥4 / %% / ~
TNV A E), Hemiptelea NV XY F®I&), Celtis /
Aphananthe (T F®Jg / &2 /) *%J&), Liquidambar (7
v &), Sapium (¥ FI@), Acer (I TF)&), Tilia (¥
+ / %I&), Elaeagnus (2" 3 )8) MU Lagerstroemia (¥
NANRYE) FFEAEFERL 0.

SB-Pol-2 47 GRS 4.610—10.735) : Cryptomeria
M & ¥, Pinus, Cupressaceae MU Alnus 232
NIZEK . Kt EETld Picea U Tsuga D FEH
HPENN. Sciadopitys, Carpinus, Betula, Quercus,
Cyclobalanopsis, Ulmus / Zelkova XU Celtis / Aphan-
anthe \3MKFETH 5. Abies, Myrica, Carya, Juglans
/ Pterocarya, Corylus, Fagus, Castanopsis / Pasania,
Hemiptelea XU Acer (348 TIKFEE TH 5. Metasequoia,
Cyclocarya, Liquidambar, Sapium, Tilia, Elaeagnus
I OF Lagerstroemia 1313 & A EREH L 780,

SB-Pol-3 4 (& # & %5 15.110—19.360) : Picea #°
EEE LY, Kirikx E#TIE Pinus XU Juglans /
Pterocarya & 5% L %. Abies, Tsuga, Sciadopitys,
Carpinus, Betula, Alnus, Fagus, Quercus MU Ulmus
/ Zelkova (K TH 5. Cryptomeria, Cupressaceae,
Corylus, Hemiptelea, Celtis / Aphananthe, Sapium,
Tilia, Elaeagnus XU Lagerstroemia {3 TIKHE T
» 5. Metasequoia, Myrica, Carya, Cyclocarya, Cy-
clobalanopsis, Castanopsis / Pasania, Liquidambar & U*
Acer I3IF & A EEHTL 1,
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SB-Pol-4 i (AR5 21.485—24.610) : Alnus H 4
OTEEE Y, Cryptomeria B Z 2K <. Pinus,
Sciadopitys, Cupressaceae, Juglans / Pterocarya,
Carpinus, Betula XU Quercus \¥KXZETH 5. Picea,
Tsuga, Fagus, Ulmus / Zelkova, Hemiptelea, Celtis
/ Aphananthe, Acer XU Elaeagnus 134 TIKETH
%. Abies, Metasequoia, Myrica, Carya, Cyclocarya,
Corylus, Cyclobalanopsis, Castanopsis / Pasania, Liq-
uidambar, Sapium, Tilia XU Lagerstroemia \31Z& A E
PEHIL 220,

SB-Pol-5 4 ( ik KB % 5 26.485—31.360) : Alnus,
Fagus XU Hemiptelea 7 %4 C, Picea, Tsuga, Pinus
KO Carpinus ZNHIZRS. Lagerstroemia MM
N6 EREL TEMNT 514, Juglans / Pterocarya,
Corylus, Betula, Quercus U Ulmus / Zelkova %
KFIZPEN 9 5. Abies, Sciadopitys, Cryptomeria,
Cupressaceae, Cyclobalanopsis, Castanopsis / Pasa-
nia, Celtis / Aphananthe, Liquidambar, Sapium, Acer,
Tilia XU Elaeagnus 1345 TILETH 5. Metasequoia,
Myrica, Carya MU Cyclocarya 1313 & A EREH L 20,

SB-Pol-6 4 (#k £ & 5 33.610—43.610) : Alnus %3
mHEE D, Cryptomeria XU Quercus » Z HITW
<. AKipw P Tl Hemiptelea 78&#% % /89, Pinus,
Cupressaceae, Juglans / Pterocarya, Carpinus, Cory-
lus, Betula, Ulmus / Zelkova X UOF Acer I3EETH
%. Abies, Picea, Tsuga, Sciadopitys, Carya, Fagus,
Cyclobalanopsis, Liquidambar U Tilia (38 TIEZE
IZPEHY 5. Metasequoia, Cyclocarya, Castanopsis /
Pasania, Celtis / Aphananthe, Sapium, Elaeagnus M
" Lagerstroemia 1313 & A EREH L 250,

SB-Pol-7 4 GARIES 46.610—51.360) : Alnus A %
%58, Picea, Pinus, Cryptomeria )" Cupressaceae
MNIZNIZKS. Tsuga, Juglans / Pterocarya U Betu-
la (JMEFIZPEH 9 5. Abies, Sciadopitys, Metasequoia,
Carpinus, Corylus, Fagus, Quercus, Ulmus / Zelkova,
Hemiptelea, Acer, Tilia XU Elaeagnus \3/ix% T{KH
T®» 5. Myrica, Carya, Cyclocarya, Cyclobalanopsis,
Castanopsis / Pasania, Celtis / Aphananthe, Liquid-
ambar, Sapium XU Lagerstroemia \31F & A EFEH L .
SB-Pol-8 7 (FFIES 55.085—58.690) : Quercus A
B EEAT H 57, i BTl Hemiptelea DFE
AN END. Alnus, Corylus, Ulmus / Zelkova, Jug-
lans / Pterocarya, Carpinus, Picea, Tsuga, Pinus,
Cryptomeria 2 UF Cupressaceae {Z{RFIZFEHT5. %
7z, Aip P Cld Carya, Betula, Cyclobalanopsis M
O Liquidambar 2MEFRIZPE L, K LE8TIE Celtis
/ Aphananthe MEFIZFEN§ 5. Abies, Sciadopitys,
Metasequoia, Corylus, Castanopsis / Pasania, Sapium,

Acer, Tilia, Elaeagnus MU Lagerstroemia (348 T

LI T 5. Myrica XU Cyclocarya 131 & A EFEH
LZguy,

SB-Pol-9 4 GRRHES 61.610—68.360) : AAKEMIER
DEERELRZE L K DROEFXBTH 525, & LET
13 Alnus M50 CTE#EAE Y, Quercus, Fagus, Jug-
lans / Pterocarya, Corylus, Betula, Ulmus / Zelkova,
Hemiptelea, Picea MU Pinus MME¥IZ, Abies, Tsuga,
Cryptomeria MU Acer (38 TIREIZEHT 5. 77,
Anir 2 61, Cupressaceae, Carya, Cyclocarya, Car-
pinus, Cyclobalanopsis, Castanopsis / Pasania, Celtis /
Aphananthe XU Liquidambar 73 FEHY 3 5. Sciadopitys,
Metasequoia, Myrica, Sapium, Tilia, Elaeagnus &KT*
Lagerstroemia {313 & A EFEH L 2\,

SB-Pol-10 4 ( ik k F 5 70.860—80.550) : Al-
nus, Quercus M O Fagus 75 {8 2% C & 5. Picea,
Cupressaceae, Juglans / Pterocarya, Carpinus, Cory-
lus, Betula, Tsuga, Ulmus / Zelkova, Hemiptelea X
U Acer FEHETH Y, A FETIX Pinus XU Cryp-
tomeria I¥KHETH 25, W - LEBTIIEE R AEEINT
%. Abies, Sciadopitys, Metasequoia, Myrica, Cyclo-
balanopsis, Castanopsis / Pasania, Celtis / Aphananthe,
Liquidambar, Sapium, Tilia XU Lagerstroemia 7> i
O TRE PO IZER T 5. Carya, Cyclocarya,
Castanopsis / Pasania )2 U* Elaeagnus (31¥ & A EFEH L
B,

SB-Pol-11 4 (GAK 7 5 84.860—95.355) : AAKEY
e D KA D s N EFIX T 525, EEETI
Hemiptelea &3 C, Ulmus / Zelkova, Cryptomeria
KO Picea DT NIZKSL. 7, Anr FEoOEREF O
EHETIX, Cryptomeria &3 T, Cupressaceae X He-
miptelea X ZHUZK . Tsuga, Juglans / Pterocarya,
Betula, Alnus XU Fagus \31&¥CT® 5. Abies, Pinus,
Cupressaceae, Carpinus, Corylus, Quercus, Cyclobal-
anopsis, Celtis / Aphananthe, Acer, Tilia XU Elaeag-
nus \3MD TIRFIZFEH 5. Sciadopitys, Metasequoia,
Myrica, Carya, Cyclocarya, Castanopsis / Pasania,
Liquidambar, Sapium M (F Lagerstroemia {313 & A E B
L.

SB-Pol-12 4 (GRS 106.360—111.360) : Fagus #°
{884C, Picea, Pinus XU Ulmus / Zelkova 78 Z 12X
<. Carpinus, Corylus, Betula, Alnus, Tsuga, Cryp-
tomeria, Cupressaceae, Juglans / Pterocarya, Quercus,
Hemiptelea, Tilia 20" Elaeagnus \31&#TH 5. Abies,
Sciadopitys, Myrica, Cyclobalanopsis, Celtis / Aphan-
anthe, Acer MU Lagerstroemia (38 TIRZEIZFEHT
%. Metasequoia, Carya, Cyclocarya, Castanopsis /
Pasania, Liquidambar U Sapium (31E & A EFEHI L 81,
SB-Pol-13 4 (k% % 114.815—124.055) : Alnus
KU Fagus ME#4T, Juglans / Pterocarya, Betula,
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Quercus O Ulmus / Zelkova P Z 612k, &
7z, AP TIX Picea MEEE D, KNg BBz -
TWAH UIKE L 5. Tsuga, Pinus, Cupressaceae,
Carpinus, Corylus XU Hemiptelea \3KETH 5.
7z, A 8T Liquidambar 2MEHIZFEH T 5. Ab-
ies, Sciadopitys, Metasequoia, Cryptomeria, Myrica,
Carya, Cyclobalanopsis, Castanopsis / Pasania, Celtis
/ Aphananthe, Acer U Elaeagnus H & T{IKHE D
W2 PERY 5. Cyclocarya M UF Lagerstroemia 1313
EAEREL 20,

SB-Pol-14 47 (GA K% 5 136.860—148.860) : Cyclo-
balanopsis 7ME#4C, Fagus, Alnus, Tsuga, Pinus X
¥ Cupressaceae 28 Z UK. Ulmus / Zelkova, Bet-
ula, Picea, Juglans / Pterocarya, Carpinus, Celtis /
Aphananthe 2 Uf Quercus (¥MEETH 5. 72, AL
#8CIX Liquidambar 2M&FRIZPEN T 5. Abies, Sciad-
opitys, Cryptomeria, Myrica, Corylus, Castanopsis /
Pasania, Hemiptelea, Acer KUF Elaeagnus (34i¥ TIK
HpOWHWNZFER$ 5. Metasequoia, Carya, Cyclo-

carya, Sapium XU Lagerstroemia (1¥ & A EFEHI L o,

SB-Pol-15 47 GAEHE 155.360—162.285) : Fagus &
O Tsuga MMEEAT, Alnus, Betula, Picea, Cyclobala-
nopsis O Ulmus / Zelkova 32512k <. Abies,
Pinus, Cryptomeria, Cupressaceae, Juglans / Ptero-
carya, Carpinus, Quercus, Castanopsis / Pasania }ZO*
Hemiptelea \3MEKETH 5. 72, Sciadopitys, Cory-
lus, Celtis / Aphananthe, Sapium, Acer, Tilia XU
Elaeagnus (3158 TIEKZE DWW Fr I 9 5. Metase-
quoia, Myrica, Carya, Cyclocarya, Liquidambar KT
Lagerstroemia {31 & A EPEH L o,

SB-Pol-16 1 (A% 5 164.285—177.260) : Alnus,
Fagus, Betula, Picea XU Tsuga 2ME#C, Ulmus /
Zelkova, Pinus, Cupressaceae, Juglans / Pterocarya,
Carpinus, Quercus 2N 512K, Abies, Hemiptelea
KO Acer \3MKH 22 MGMNIZEN 5. F72, A4
i~ 8Tl Carya MU Liquidambar 2MEEIZ, Cyclo-
carya & TIREIZEH T 515, Elaeagnus &L
SERIZFEM T 2 RUED D 5. Sciadopitys, Cryptome-
ria, Myrica, Corylus, Cyclobalanopsis, Castanopsis /
Pasania, Celtis / Aphananthe, Sapium XU Tilia {348
O TR DM Iz § 5. Metasequoia XU La-
gerstroemia (X1F & A EFEH L .

SB-Pol-17 4 GABIES 178.260—186.160) : Picea X
O Alnus &% % 5, Ulmus / Zelkova XU Hemip-
telea DI NSIZKL. Tsuga, Pinus, Betula, Fagus
KO Quercus (¥MEFE LN S EREL TFHEHT 5. Jug-
lans / Pterocarya, Carpinus, Corylus MU Acer i
WD TIKETH 5. Abies, Sciadopitys, Cryptomeria,

Cupressaceae, Carya, Cyclobalanopsis, Castanopsis /

Pasania, Liquidambar, Tilia XU Elaeagnus (34 T
=DM RIZPER S 5.

Metasequoia, Myrica, Cyclocarya, Celtis / Aphanan-
the, Sapium MU Lagerstroemia {313 & A EFEH LW,
SB-Pol-18 i (KIS 188.575—190.360) : Alnus &
O Ulmus / Zelkova &3 % (5%, Cryptomeria, Fagus
KO Tsuga DI 5IZKRS. Picea, Pinus, Sciadopi-
tys, Cupressaceae MU Hemiptelea 13K CTd 5. Abies,
Metasequoia, Juglans / Pterocarya, Carpinus, Corylus,
Betula, Quercus, Cyclobalanopsis, Castanopsis / Pas-
ania, Acer MU Elaeagnus (38 TIK#ETH 5. Myrica,
Carya, Cyclocarya, Celtis / Aphananthe, Liquidambar,
Sapium, Tilia XU Lagerstroemia (31T & A EFEH L o,
SB-Pol-19 47 GUBIES 192.145—196.860) : Fagus K&
U Cryptomeria MEBT, Pinus MU Tsuga BT 612
WKL, 77, AP FETUE Ulmus / Zelkova 3R % <
FEHY L, AR BT Picea XL EMT 5. Al-
nus, Hemiptelea, Sciadopitys, Cupressaceae, Betula
KO Quercus 13K TH 5. Abies, Juglans / Ptero-
carya, Carpinus, Castanopsis / Pasania, Acer NXT*
Elaeagnus 134 CTIK¥ETH 5. Metasequoia, Myrica,
Carya, Cyclocarya, Corylus, Cyclobalanopsis, Celtis
/ Aphananthe, Liquidambar, Sapium, Tilia XU La-
gerstroemia 131T & A EFEHI L 2200,

SB-Pol-20 4 GRS 202.870—206.610) : Ulmus /
Zelkova ) U Hemiptelea 73 &% % (58, Fagus, Alnus,
Cryptomeria MU Pinus B Z 612K <. Picea, Tsuga,
Cupressaceae, Juglans / Pterocarya, Carpinus, Betula
KO Quercus \3MKHICENT 5. 72, Abies, Sciad-
opitys, Corylus, Celtis / Aphananthe, Liquidambar,
Acer LU Tilia 28 TIRFRIZPEN T 5. Metasequoia,
Myrica, Carya, Cyclocarya, Cyclobalanopsis, Cas-
tanopsis / Pasania, Sapium, Elaeagnus X" Lagerstro-
emia \31EF & A EEHTL L.

SB-Pol-21 4 GREHES 210.070—213.700) : Alnus 23
{B24C, Betula XU Fagus " Z U2k, F£72, KFET
¥ Ci& Cryptomeria, Ulmus / Zelkova MU Liquidam-
bar 2R L S EHIL, A LETIE Tsuga 9% <
PEHY 9 5. Pinus, Cupressaceae, Juglans / Pterocarya,
Carpinus, Quercus M Uf Hemiptelea \3MEZEIZFEHT 5.
Abies, Picea, Sciadopitys, Metasequoia, Carya, Cy-
clocarya, Corylus, Celtis / Aphananthe, Acer, Tilia
KO Elaeagnus H 8 TIKE LN LPEHT S Myrica,
Cyclobalanopsis, Castanopsis / Pasania, Sapium MO
Lagerstroemia 13T & A EREH L 0,

SB-Pol-22 # GREIES 216.620—221.110) : Fagus 73
{8#5-C, Pinus, Ulmus / Zelkova XU Alnus 5 Z 2
K. F72, KT T Liquidambar 23X % < EHT

%. Cupressaceae, Carpinus, Betula, Quercus, Picea,
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Tsuga, Cryptomeria, Juglans / Pterocarya XU He-
miptelea \ZMKFIZFEHI 5. Abies, Sciadopitys, Meta-
sequoia, Carya, Cyclocarya, Corylus, Cyclobalanopsis,
Castanopsis / Pasania, Celtis / Aphananthe, Sapium,
Acer, Tilia, Elaeagnus MU Lagerstroemia 73\ Tl
HIZPEM T B, Myrica 131 & A EBEN L 2o,
SB-Pol-23 4 (GA RIS 225.520—233.410) : Alnus,
Fagus, Cupressaceae U Cryptomeria 2MEEAT, Ul-
mus / Zelkova TN HIZK. K FETIE Tsuga
KU Hemiptelea R EMHEERT I Db 5. Picea,
Pinus, Sciadopitys, Betula, Carpinus XU Quercus IZ
K#ETdH 5. Metasequoia, Myrica, Carya, Cyclocarya,
Juglans / Pterocarya, Cyclobalanopsis, Castanopsis /
Pasania, Celtis / Aphananthe, Liquidambar, Sapium,
Acer, Tilia 20" Elaeagnus 78 CTIKZE LN 5 pE 5.
Abies, Corylus XU Lagerstroemia (313 & A EFEH Uk
W,

SB-Pol-24 7 GARFES 237.460—241.880) : AAKHY)
B DEHRBAZE L D nERFRIXE TS %7,
# Tl Cryptomeria HMEEAT, Cupressaceae, Fagus,
Pinus, Quercus 8 Z IR, Juglans / Pterocarya,
Carpinus, Betula, Alnus, Ulmus / Zelkova, Hemip-
telea, Picea, Tsuga XU Celtis / Aphananthe 13K
IZpE 9 5. %72, Sciadopitys, Metasequoia, Carya,
Cyclocarya, Corylus, Castanopsis / Pasania, Sapium,
Acer MU Elaeagnus 2 TIKFEIZE T 5. Abies,
Myrica, Tilia X U* Lagerstroemia 1313 & A EEH L 220,
SB-Pol-25 4 (& F % 5 252.680—257.980) : Cryp-
tomeria, Alnus, Fagus XU Cupressaceae 23EZAT,
Quercus, Pinus, Ulmus / Zelkova XU Hemiptelea 7
N 52k, Carpinus, Picea, Juglans / Pterocarya
KU Betula MK LN L% L CENT S, £/, Ab-
ies, Tsuga, Sciadopitys, Metasequoia, Carya, Cyclo-
carya, Corylus, Cyclobalanopsis, Castanopsis / Pasania,
Celtis / Aphananthe, Sapium, Acer XU Elaeagnus 7
WD TUKRIZPEN 3 5. Myrica, Liquidambar, Tilia X
Uf Lagerstroemia 1313 & A EREH L 72,

SB-Pol-26 1 GREHES 260.580—268.910) : Crypto-
meria, Quercus, Fagus U Cupressaceae MEZTH 1,
A FE T Quercus D TERIZENT A I 03D
5. F7, KW Tl Cyclobalanopsis 7 12.2% pEH,
$ 5. Carpinus, Alnus, Betula, Juglans / Pterocarya,
Ulmus / Zelkova, Hemiptelea, Celtis / Aphananthe,
Pinus XU Picea \3ME#ETH 5. —J5, Abies, Tsuga,
Sciadopitys, Metasequoia, Carya, Cyclocarya, Cory-
lus, Castanopsis / Pasania, Sapium, Acer XU Elaeag-
nus (38D TURFIZFEM 9 5. Myrica, Liquidambar,
Tilia ¢ OF Lagerstroemia {313 & A EFEH L 20,
SB-Pol-27 i GRS 272.340—273.990) : Quercus

WEEAT, Fagus, Pinus, Cryptomeria, Cupressaceae,
Juglans / Pterocarya MU Cyclocarya T Ik <.
Picea, Tsuga, Carpinus, Betula, Alnus, Ulmus /
Zelkova XU Hemiptelea i3K#Tdh 5. Abies, Sciad-
opitys, Metasequoia, Carya, Corylus, Cyclobalanopsis,
Castanopsis / Pasania, Celtis / Aphananthe, Liquid-
ambar, Sapium, Acer, Tilia U Elaeagnus {3/ T{K
IZPEH T 5. Myrica MU Lagerstroemia \&lE & A E
PEHI L 2,

SB-Pol-28 # GARIFES 276.360—285.625) : Quercus
MNE@# T, Fagus, Pinus, Cupressaceae, Juglans /
Pterocarya, Alnus U Hemiptelea 7' Z 1<, Pi-
cea, Tsuga, Carpinus, Betula XU Ulmus / Zelkova i
K TH 5. Abies, Sciadopitys, Metasequoia, Cryp-
tomeria, Carya, Cyclocarya, Corylus, Cyclobalanopsis,
Celtis / Aphananthe, Liquidambar, Sapium, Acer,
Tilia 2 UF Elaeagnus (368 CTIRFIZFEH$ 5. Myrica,
Castanopsis / Pasania ). U* Lagerstroemia (31 & A EFE
Lz,

SB-Pol-29 i GARIES 287.320—293.630) : Quercus
MNE# T, Fagus, Pinus, Cupressaceae, Juglans /
Pterocarya, Alnus XU Ulmus / Zelkova 78 Z 1UZIR
<. Picea, Tsuga, Metasequoia, Cryptomeria, Carya,
Carpinus, Betula, Cyclobalanopsis, Hemiptelea }¢UF
Liquidambar \3{K#ETd 5. Abies, Sciadopitys, Cy-
clocarya, Corylus, Castanopsis / Pasania, Celtis /
Aphananthe, Sapium, Acer, Tilia XU Elaeagnus {34
W CERIZEN T 5. Myrica XU Lagerstroemia 1313
EAERE L 5w,

SB-Pol-30 %t GAREE S 295.590—302.360) : Quercus
MWMEEAT, Alnus, Juglans / Pterocarya, Cupressaceae
KU Fagus BN Z AU, F72, ATl Sapium
M 22.7%PFER S 5. Picea, Tsuga, Pinus, Metasequoia,
Cryptomeria, Carpinus, Betula, Cyclobalanopsis, Ul-
mus / Zelkova .U Hemiptelea \Z{KFTH 5. Abies,
Sciadopitys, Carya, Cyclocarya, Corylus, Castanopsis
/ Pasania, Celtis / Aphananthe, Liquidambar, Acer }%
O Tilia 34D TIKEIZEN§ 5. Myrica, Elaeagnus
KO Lagerstroemia 1313 & A EREH L 0,

SB-Pol-31 4 GREEES 314.050—319.010) : Fagus 7
{B%4C, Quercus, Pinus, Alnus B ZHUZK<L. Juglans
/ Pterocarya, Carpinus, Betula, Ulmus / Zelkova }%
' Hemiptelea 13&# TH 5. Abies, Picea, Tsuga,
Cryptomeria, Cupressaceae, Corylus, Cyclobala-
nopsis, Celtis / Aphananthe, Liquidambar, Sapium,
Acer, Tilia )¢ U* Lagerstroemia {348 TIKHRIZFEH 3 5.
Sciadopitys, Metasequoia, Myrica, Carya, Cyclocarya,
Castanopsis / Pasania )2 U* Elaeagnus (31¥ & A EFEH L
B,
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SB-Pol-32 4 (& K % 5 321.900—324.300) : Quer-
cus &R T, Fagus, Alnus XU Ulmus / Zelkova 7
Z AT, Pinus, Juglans / Pterocarya, Carpinus,
Betula XU Hemiptelea \3MKETH 5. Ay Fif Tl
Cryptomeria, Cupressaceae XU Celtis / Aphananthe
AR TIREZH, RiF LE TR E R R R
%. Picea, Tsuga, Sciadopitys, Metasequoia, Carya,
Cyclocarya, Corylus, Cyclobalanopsis, Castanopsis /
Pasania, Liquidambar, Tilia XU Elaeagnus 34 T
KZIZFEH§ 5. Abies, Myrica, Sapium, Acer M U*
Lagerstroemia {ZI1T & A EFEH L,

SB-Pol-33 4 GARIES 327.180—328.910) : Quercus
KO Alnus D& T, Fagus, Betula XU Hemiptelea
NINHIZKS. Picea, Ulmus / Zelkova XU Jug-
lans / Pterocarya \31&¥CTd 5. Abies, Tsuga, Pinus,
Cryptomeria, Carpinus, Corylus, Castanopsis / Pasa-
nia, Celtis / Aphananthe, Acer MU Tilia {348 TKH
IZpEHY 9 5. Sciadopitys, Metasequoia, Myrica, Carya,
Cyclocarya, Cupressaceae, Cyclobalanopsis, Liquid-
ambar, Sapium, Elaeagnus MU Lagerstroemia {Z1¥& A
EREMH L .

SB-Pol-34 4 (GAKIES 329.870—330.400) : Quercus,
Ulmus / Zelkova XU Fagus MB%4C, Cyclobalanop-
sis, Liquidambar, Alnus, Juglans / Pterocarya, Carya,
Betula XU Pinus 2N 512k, Tsuga, Carpinus,
Hemiptelea {3 TdH 5. Abies, Picea, Metasequoia,
Cryptomeria, Cupressaceae, Cyclocarya, Corylus,
Castanopsis / Pasania, Celtis / Aphananthe, Sapium,
Acer, Tilia XU Elaeagnus (38 TIEREIZEHRT 5.
Sciadopitys, Myrica XU Lagerstroemia (31 & A EFE
Lz,

SB-Pol-35 4 GRS 350.100) : Quercus XU Alnus
MWEEAT, Betula, Cryptomeria, Metasequoia, Pinus
KU Picea 2 512K <. Cupressaceae, Juglans /
Pterocarya, Fagus U Ulmus / Zelkova \3MEETH
5. Tsuga, Sciadopitys, Carya, Cyclocarya, Carpi-
nus, Corylus, Cyclobalanopsis, Hemiptelea, Celtis /
Aphananthe, Liquidambar, Acer XU Tilia 13/ TIK
HIZPEH§ 5. Abies, Myrica, Castanopsis / Pasania,
Sapium, Elaeagnus XU Lagerstroemia {213 & A EFEH,
L g,

5.2. fEMtAIC L 2 EHMOIBREBEICOVT
B - P ER IS d5 1 2 SRR OAERREER IS, [mbE
Mo FBUEERRE (B, 1961 5 K74 1969 5 P4AT 1980 5 i,
1980 ; B T, 1986 &) RHEMHOM T £ #iHl L 72K —
VY7 a7k GERE, 1978 Bd-FEr b i ek 7 —
7, 1994 5 KEFIE A, 2004 5 HEEIE A, 2006 5 Okuda
et al., 2006 ; A4F - KEF, 2009 &) »5F5N75)

PR e LTEKEMEI N, K4 DWIZEHMNIZH - 725
HETIERPEARRE SN T WD, ZThodDH B, K- K
¥ (2009) 1%, AFAAELFEKIC, BRTEPhIRIERICE T
5 M TR OFEHE & 72 2 (ER R F DM A HI & LT
B, R AR ZA A RIS T 5 SO M AR DY
ZHUE L U 7o kB & 28 AiFER LY, TR o Dhh S
rhEREE T O 2L e xt L DR IE & 72 B 2 JEYE (Cyclobala-
nopsis DL PEREUE R T* Quercus DXL FEREUED |
BR) DRI DWW T EBOBEENFZE 0 KBRHE R T O
WF2% (Furutani, 1989;4%%, 2009) & DO bigH 56k U 7=.
AHITIX, AFAETHS 2L =EN T 7 O LA
#1281 % Cyclobalanopsis D % FERGUE N U Quercus D
MEX L e HED FIRICT 2 P rifiEznm L, &
KOT 7 7k (L&, 2009), i sET (b
K, 2009) &OXNLEGRERNS. £z, EIHREH
TR T ERE R DA TR LD IERE & 72 % JEHE I DT
S IEAENTZE (HhEIE 2, 2006 5 KPE 1969 5 B S F-Byep
PERIER 7L — 7, 1994) L DA Sl d 5.
5.2.1 Cyclobalanopsis % ERBEDEFZ B

ENf 2 7 OfEBHME A B, K o g HE TR TR
BEIRTERERR I S EEB O Sy HE A i L TR D, SB-
Pol-14 & M OF 15 4 T D AR W ARIAEER O Cyclo-
balanopsis B %PE$ % (5 3[X). SB-Pol-14 4 X U 15
AR M4 R IZHEY 9 5. W M4 ki3 i ]
e CIE AR IO RFHEIZ B 1, HEREE i H R IS PfE 3
5Ksb 777 &0 EMISREL, EEE B RAET
B84 Pml 7 7 IS W WD S 57 7 7 &
DY IMLIINET 5. Ak, ZHFE TITERETOMRG
PThbN B i o o 7 (B2 Fh gL iR AERY
I =7, 1994 5 KEHE A, 2004 5 ARG - AKE, 2009)
RLTEEM bl X727 (Okuda et al., 2006)
T& Cyclobalanopsis D ZFERGUHED{FAEILFED 5T
7=h, TN T TRIAKT 77 Th b Ksb 77 74
BT\ Ehr 572728, Cyclobalanopsis D% RS
#e L Ksb 7 7 7 OEAEN LGBk AR TERIZGE S
TWEhr o7z,

—7, Ksb5 77 FIEKBCEFE D Ma 9 Mok L EE T
DI I AFAET BB KILK TSR & % FTEE
PEASEI (FINE A, 2000) 2 &, Ma 9k g0
f@4E (Cyclobalanopsis ~ Castanopsis / Pasania iff) T
1% Cyclobalanopsis (G} LETHZ &5, EfHaT
L KPRERIZH54F B Cyclobalanopsis BB L RES 5 g
ORI EIZIZIEACThEEEL6NS (4
X). %7z, KECEFEPO Ma 9 WHEOR 1 k1%, KBRCEEP
DFEMRRET & ORIEO IR RN AR LRET & Oxtien» 5,
MRFENAZ T -V 11 ISR Eh7zLEZELL6N TS
(S - A, 1999). ZhaEET5L, BMa7o
SB-Pol-14—-15 i e ' T & & il g M4 g 138 3%
FIRARZ 7 — 2 11 B S =R O n et b 5.
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oL, gk, BIClRRE, S50, ke
ﬁk ORGSR O NS LIt S, A, 77
7, HHERA R OCRIKE T v/ baeieibaic Lk 5 58
FEisinz, 0"0 ZIEllE U 7= 6 s & % i rkk K
fifktbEFE R —Da 7 THE M2 XN T 5 (Kameo
et al., 2006 ; Okuda et al., 2006 ; El-Masry, 2002).
L2LAERS, o0k Fa 7 TidKss 777

BRI D720, Ksb 77 T2k B3 T% 5.

Z T, a7 ok amEkTa T oz ExdiT
1I2& D, Cyclobalanopsis {E¥} 32 PET 5 faiE L
IR RN AR LLRE T & OXIe % #at L 72

Pk a2 7 OIER KSR T Cyclobalanopsis {6 4
X 2063 % Elx, M ek o CH4 47 B35,
CHba 4 P8O CHI i iliB®d 5015 (Okuda et al.,
2006). 77 7 &P &£ OISR T, CH4 #F EE T
CHb5a m Fifid Khba (Ks11) % Khda (Ksl5) 77 5
LD FRiicd Y, CHIHrid Kh89 (J1) 77 5 & Tyl
J4) 7750WIZH 5 (Okuda et al., 2006 ; 26 4 [X]).
BRRMIE O T 7 7 Ry (BHIEIEA, 1971 5 754§ - =
B, 1984) 12965 &, HiabdD Ksb 77 713 Ksll & J1
DORNZHFAET A Z 6, Eiia 7 T Cyclobalanopsis
HEE I SB-Pol-14—-15 w3 #k+ 2 7 d CHI 412
ehaeEzohs (FE4X). £72, CHIHIZ %0
OWEHR (E1-Masry, 2002) 76, WAERRFEN A
WRPOZT =2 11 ORRPICHL 5 L SN TED
(Okuda et al., 2006), % BTl _7KPREE & oxt
HOTRetE L & AT 5 Z & e E Nz,

B 7 T3 7O CHIWO PR i s
Bt Eh7zKh89 (JI) 775 Tyl (J4) 7771
B S Tnind, Cyclobalanopsis D% FEY % SB-
Pol-14—-154 B CHYO itk b Z &5, SB-
Pol-14—-15 4# & & &g M4 613, CHI #wicMHY
% gk IR D RIRFEHE A AR e S OV AR 15 O TR it
LR O EREI kS h s & B2 b5 h 5.

5.2.2. FEBEFHED Quercus DI S EBZE LR

BASH v - BEESOREAEFRA R (BIHCE I e i fE
By —7, 19945 KP4, 1969;Okuda et al., 2006;AH4F-
K, 2009) 25, FHiE T X7z Cyclobalanopsis D%
PEREUE L ) NRLIZRED 5B, Quercus DHXMIZ L PE
T 5 EUEN T, Quercus A LT, Fagus 2RI
ZpEY B hHElL, A TCEWICHLTIEETh B & H
AbNTWD (K- KB, 2009). 72, Zhb5DH
A (Quercus DXL ERYE EIR) 1, $kra7ick
VB AERRE K O R RINAR LR & OXHE (Okuda
et al., 2006) » 5, WHEMERFEINKZ T —2 15/16 5
REETh B LE2 6N TS (K45 - A%, 2009).

KHETHENLERH I 7OMERMLATETE, Lk
DEEMEHIOZL27 D 5z, §4bbH, SB-Pol-26
—34 W DREUEIR, Quercus MEFIZEHT 5 L) HE

L7258 # 5, SB-Pol-25 4 XU SB-Pol-24 D —
Ty, kD LofERLTHEATHS (GF3M).
¥ 72, SB-Pol-23 7k 0 FNOREUETIE, Quercus DFE
N BRI E L B 5D DI, Fagus XU Ulmus
/ Zelkova DEMDBROOENE. ThoDZehrs, 5
W 7B % Quercus DXL pERFHE FRRIZ SB-
Pol-24 fir & et H 5. Lo Lk 6, 51HT
WA= X512, SB-Pol-24 Hr IS ARAREYIAER D 2E HOREL
BAHLOETFXBE LTREENTZEDTHS. ThiE
HEELT, EWia 728 % Quercus DX % i feite
FPRIZ SB-Pol-2547& 3 5. 7%, SB-Pol-25 i3Ik
M D REHEIZ IR L TN B Z &5, Quercus DAHXY
1) 2 P R L RRISOEGM PN AATE T 2 Z & RS A &
Kotz %7, SfEREE ORENERTIE, Quercus ®
FEXH Y % e g b BRI UERRE D M6 & & M5 g DA 7
BT5ZENHEN L ST

5.23. KEBH O EEEFHEDIEM T & DXL

KEBHOWTIZMMT % EEEHHRO TRETART
JEig, hEES (2006) ISk 4R -Y) v AT
AP (GS-UR-1, iifll; GS-0K-1, b4 GS-KG-1, JIIIT;
GS-KB-1, &H#) ORMHKLUFEN L2 ibA, HEt
AKX CITEBHEEREE SR ARNICHE S, TholtHD
=7 v AR FN s R OEBGEFE R B S Tn
3. KEGHEZ BT 2K T OSBRI, R
PN EEHT 2IEPHEARHEIC K D TRk D, P-1HRY
P24 Xy 2T g (HsiEA, 2006). P-147id
Hemiptelea 2’ &3 CPEHI$ 5 1Z 4, Carpinus X Alnus
MRPRREE TN L, Lagerstroemia MEEL N SIFIFE
R PE T2 Z E TREBAHT 5 b, P-2 W TR
T3 Cryptomeria B L, FETIE Picea, Tsuga M
U Pinus 7% & OSIEBI O HBE TR 6 5.

Ihb LRk PEMIEIE, EZ 7 O SB-Pol-5 4
KU SB-Pol-4wiZi@bb5Nn5b. $4bbH, SB-Pol-5

il Hemiptelea »* Carpinus &> TEETHELT 51T
», Lagerstroemia MEEENBOLE L CHELT S &
5, HEIES (2006) D P-1wicxtltbansg. 7=,
SB-Pol-4 413 Alnus 2348 CTia# % 58, Cryptomeria
NZAUZRNTEETH 5. a7 70 P-2
e LT Alnus DFEHHRBF L BHRTH S 4, T
MR A EDENC LS8 DLELLENS. Th
5D N6, SB-Pol-4rikhiiE2 (2006) @ P-2
mikE NG,

ENE 2 (2009) 12K % Effia 7 ORI TE, K
BRI O T 150m LLA O Wk (i - a ik
2002 5 - R EL 2005) & O REMEXES S, #E
Pml 77 7 @ MLIZEED 5N 2 W E M1 A3 FRg ikt
X ha RSN E W EE L SNz, ShlOER 5k
%75 5, W M1 1Z SB-Pol-5 i )X UF SB-Pol-4 47D 2

I LTWS Z &, T OHISAER i 23 i A
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B RILESHNT GS-SB-1 K=V v 7 a7 O{eHbARE (KHR%)

(2006) @ P-14 KU P-24 12 Z W Zh AT H
BZZENHAS M EE ST P-1WIEAK R FEIIZ, P-2
THIAR TR EEBICHY S5 Z & (FhiEiEs, 2006),
Eili 2 7 O E MLIZARTRE M2 & EEis b h
2LEZOLND.
5.24. E=ICEEMHEROEHICOVT

Bl 7 OHERM & 0 M L 22 Mt nfifEorh
121, BAEOHANEIZIZAHAE L T AW Dacrydium,
Pseudolarix, Metasequoia, Cunninghamia, Carya, Cy-
clocarya . U* Liquidambar 7 & D3 FEHEN G Tz
(3K, +#%2). Zho DM AN SR O
SR OEBRCANEENT S Z &2 b5 RO
BWRELTHLON TS, ZhE TONT, %=/
TEPIREEER D % < IR MIEEHTIC 36 1 2 Ko F=m b &
OEBIUACIC 35 4F 2 oK ] & BRI 0 0 3 L 3 FE TR
H L Chs 2B 2 6h, HilE (1960) (X KPERE
I & o TH = ACRIREITE O BRSNS IZIHI L T
< BTHASE T & Metasequoia WEWIHENSIRIH & FEA 7=, %
7z, AEBHMUATEIC K 20w DBRIZE, Metasequoia 72
E O =AY R DO pE M & HEHE L U 72 D EE 3
frbh Tk (HIF, 1966 ; Tai, 1973 ; HFZH, 1970 ;

«—

AGF, 2009), FHHH, 77 7 RO HES T & OxR
MRS PIZEIN TS, 207k, BSCERO FEfE
# BRI $5 1 AERREIF O (KVE, 1969 5 BIHT-EY
B A Bk 2L — 7, 1994) T&, Metasequoia 75 E D
AR IR R O 2 S L U 22 ORE DT D
M, KBRFEHREE OXF A Hm S T & 7.

El T 7 T, B AU I B3R 0D 43 JEIE O pE Y
KD OREGHETED 5N B0, 205 OpEHFRITIK
(5 %Al THBEILHNB BEIMX, 1%2). %
7z, AEBNEEDIRAFIREEN &5 ATHHER T H A5 & ¥
Wrehz{thebuaroFEEN TN 727220, Lig-
uidambar 13 SB-Pol-8 %, SB-Pol-21 %, SB-Pol-22
4, SB-Pol-34 4T 10 %ai%EML T, o=
ACTUREPITREEER O 0 T & Ji U TR A 8 mny (B
3X). Liquidambar 3B HF-55 0> B eE Hrin & s 4
%2 &id, TR (1980) X°BYHCF-BPrRULERiER 7L — 7
(1994) THEREICHE ENTHD, Liquidambar \35EH
YT L 2D TR AW LA RIBL TS LD
fEPRENTE. ZORMOZYG LKA R, S
LRI

F72, THEHMREIBOER piOHHEL T b

AN BIHCEE R ORI ek R, L oS, A HEER P g SERE s L SRR T By 7 5
P.A.Z. : TEBHUAREERT 5 sz, 807 5 L.P.Z. : st feb b, g %{8F OgS, B : Brunhes Chron; M :
Matuyama Chron. S HHEREOES, Lo: v —24fE ; T.F. : BHE ; KaF. : MioASBRE ;s Ch.F. : BkE ; Mn : JHE
JE o JF. s MU kg s Km. o RSRE ; Ki 0 AT OF. « KEpkg 5 J.C. - SR hkg KL B e — &40 5 YKL, : 8
WBIH w — &, 8T 7 7ADMS, Az: 7XF 5Im: SHEIL; He: AR ; Sa: %27 s Ka: #AY s Mi: ¥

B 15 NIV : BRIV ; Kt @ MIARE ;s Hn @ JAH 5 Ko @ FA-7- [l

s He @ “Ppbes. fEB LD EW OB S, K1 Quer-

cus — Metasequoia zone ; K2 : Picea — Quercus zone ; K3 : Quercus — Cyclobalanopsis zone ; K4 : Fagus — Tsuga

zone ; K5 : Fagus — Quercus zone ; K6 : Quercus — Betula zone ; K7 : Fagus — Cryptomeria zone ; K8 : Betula —

Quercus zone ; K9 : Fagus — Cyclobalanopsis zone ; K10 : Cryptomeria — Fagus zone ; K11 : Sciadopitys — Tsuga

zone ; K12 : Cryptomeria — Tsuga zone ; K13 : Picea — Betula zone ; K14 : Cyclobalanopsis — Castanopsis / Pasania

zone 5 K15 : Sciadopitys — Picea zone ;5 K16 : Fagus — Picea zone ; K17 : Cryptomeria — Picea zone ; K18 : Tsuga

— Fagus zone ; K19 : Picea — Cryptomeria zone ; K20 : Tsuga — Cyclobalanopsis zone ; Q. — M. : Quercus — Meta-

sequoia 5 Cyclobal. — Sciado. : Cyclobalanopsis — Sciadopitys ; Cyclobal. : Cyclobalanopsis.

Fig.4 Pollen biostratigraphy in the Kanto and Osaka Plains. Abbreviations for column caption are A: Age; P: geomagnetic

polarity; L: lithostratigraphy; T: marker tephra; P.A.Z: pollen assemblage zones; sz.:superzones; L..P.Z.: local pollen

zones. Abbreviations for names of geomagnetic polarity are B: Brunhes Chron; M: Matuyama Chron. Abbreviations

for names of lithostratigraphy are Lo: loam; T.F.: Toyosato Formation; Ka.F.: Kakinokidai formation; Ch.F. :Chonan

formation; Mn: Mandano formation; J.F. :Jizodo Formation; Km. :Kamiizumi Formation; Ki.: Kioroshi Formation; O.F.:

Omiya Formation; J.C.: Joso Clay; K.L.: Kanto Loam; Y.K.L.: Younger Kanto LLoam. Abbreviations for names of marker
tephra are Az: Azuki; Im: Imakuma II; He: Hacchoike; Sa: Sakura; Ka: Kasuri; Mi: Minatojima I; NIV: Naruohama IV;

Kt: Kakuto; Hn: Handa; Ko: Koshienhama; He: Heianjingu. Abbreviations for names of pollen assemblage zones and

superzones are K1: Quercus — Metasequoia zone; K2: Picea — Quercus zone; K3: Quercus — Cyclobalanopsis zone;

K4: Fagus — Tsuga zone; K5: Fagus — Quercus zone; K6: Quercus — Betula zone; K7: Fagus — Cryptomeria zone;

K8: Betula — Quercus zone; K9: Fagus — Cyclobalanopsis zone; K10: Cryptomeria — Fagus zone; K11: Sciadopitys —

Tsuga zone; K12: Cryptomeria — Tsuga zone; K13: Picea — Betula zone; K14: Cyclobalanopsis — Castanopsis / Pasa-

nia zone; K15: Sciadopitys — Picea zone; K16: Fagus — Picea zone; K17: Cryptomeria — Picea zone; K18: Tsuga —

Fagus zone; K19: Picea — Cryptomeria zone; K20: Tsuga — Cyclobalanopsis zone; Q. — M.: Quercus — Metasequoia;

Cyclobal. — Sciado.: Cyclobalanopsis — Sciadopitys; Cyclobal.: Cyclobalanopsis.
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Metasequoia 1%, SB-Pol-7 Hit~ SB-Pol-35 D @ #k»
50.4—7.8 % DHPHTEAL L 52 (KK, DM v
PEHY L, KT 7 MDD SB-Pol-21 7~ SB-Pol-30 i C
I3 Carya, Cyclocarya XU Liquidambar 75 £ D =4
FEEEEL IR D S FRE & 1E - T, oI e 3% (58
3. 2, ix M0 SB-Pol-35 % Tl Metasequoia
127.8 EEMLTEHD, 2D, Dacrydium, Carya, Cy-
clocarya XU Liquidambar ZPEfES 5. AL, Enlid
7 FEBOJekE (2= b 69 (HINEA, 2009) 14t
JBLTHD, Thkb Fioa7ilhifeh ok,
Z D728, RPFAAERO A TOLER ORI IIATHE ST
SN H B A, SB-Pol-35 ik Metasequoia 7% £ 55 =4
WP EROEN &2 JE U L Ulzar (FEBsE ke 13%) 1
MILE N LRt H 5.

53. AXEYPEMOELENBHIFELL L LEVEFEKE
2\ T

SB-Pol-9 # K1 SB-Pol-24 ##13, 5.1 fiTih~7= Xk
I, RAREIER OFEHRE A L < A JEEIX
EUTERAE L 22, i & ISR ey & - 2
e T ORERREE D v, KEITIE, &L R
OxHER2 5, {6k - larOENRENE L Arnwl L
DFRINZDONWTELRT L. 72, KmORBEFINEIC
B¢ 2 BREIZ D W TR B,

5.3.1. SB-Pol-9 &

Az, BHo2=y F20—19 (ILIEA, 2009)
O—FBITAHYG L, NEEEERC OBE (2= b 20)
SO U 7= iR & & iRk E T L b ~fib
By b (=9 b19) FTOXMTHS. 2=
20 A SEFELLAE T I W 72308 GREIR S 64.360,
66.385 K 1F 68.360) 3, VEDEHEMNIEHEIZ D h - 7.
68 - BaT-RH3 K T O - HERGBRRICH T L b
kit EFBEOER 2R Z MG IR TS (BT
19821F%2). ZDOZLEEZEETSE, 2= b 20 Dk
BHCIER) - He OB REDAE L D720, T
DEFEND BN L LBEERENEELOLND. F -,
2=y b 20 O LG T 7 EREE O HELC X 0 FIERHE
FREAELEh T 5, BELC K 25Oz -> T
168 - PR BRI LR e £ 2 6h 5. —7,
2=y b 19 & Fi2 53R L 72508 GREHES 63.360)
2, BOEGHEENG» -7 bbb, 168 - ¥
OREHRIEATE L K D o 72, shRHEEUZHED T (3
J¥ 63.600—63.850 m) 1213, WAL B KA b~k
WHRPETHZ 6, 2=y I 19 &% FET Bk
MCHR T2 8 0L Hfigah b (PHEY=, 1982). bk
ERRELL 7220 b ~RME S b & AR B U A R
ICHERE L 727280, 168 - le 720 B L2 HERhic & %
Nichrolz eI NS, /2, BERIZ/D X WR, 168
Jl AR 2 RAKEYIAER, TR, © 2kl

Y- a2 KT 0BG T, v Ak - 2y T A
FLLZET 2B GRS 63.360) 23 5. Hifth
DIEIZ Y LR - T TR ERL T2 Th S
MBI, v AREHONIIIER &K D & T
DOJILBR Iz 2P 720 (b, 1967 5 76
JH - AL, 1985) 12 A KEMONaT ANERMIZEKR - 72 2
CITERT S &0 TRENE S B 5.

INENEA (2009) 12 & 2 RgfxtbTid, SB-Pol-9 4
B TFIZRE% 6 2 MR e M2 13 TR EE L e i b X
ha M2 E L, 20O LN O IER)E ORI T
FEEEN A Y I 2 REHE A B A TO D[R H % &
XNTW3B, SB-Pol-9 #1IZH ¥ 2 U D AE R
ORI S % i pi OFEAEFIC K DS 22 548
BWhH 5.

5.3.2. SB-Pol-24 &

AdEHO 2=y b 46—44 (LEIED, 2009) i
Y4 5. ZoRUEOFELRFHIE, kb, KGO
VLM ~WEYLE (= + 46), M, L b5
557y N7 72 RORZEMDRD 50 5 R
~HR (2= b 45), BEEDRD 5hb P b
~ )L MERAI K ORRKGD L b ~E L b (2
=y b44) »5k5. SN, BB A=y | 46
L=y 445 ZhFh 3B 5 R BRI L
72 S, ARAKEHAER; D FE ORI A 250 K &l A 72 50K
i3, B S 239470 DATH 72, ZOikkHE, 2=
b 44 DRBREEDFED 55 T IL b~ )L MBI
NHOFEML72EDTH S, b 7T, EZLLZ
TR % 1 5 SR D VL b ~FYVE 2L b A 5 FRELA
CHNE N2 DTHD, BOGHEENEP>ZIZE D0
b5, B - roEIREIEZE LS Dhv, F7z2,
AR 2=y 19 3% P& RIS, REERIZN X0,
T8 - BB 3 2 KAWEMAER, SARMATER,
VR - 2 T WY OFEIG T, ¥ AR - 3 Tk
R 2 2T 208 GURHE5 238.090 K& UF 239.120)
NHdI b, RFOJRERMME, MIIMICHERTL
7 TTHEME, HERGMBNTEE IS > &R - 3 kSRR LT
W EEE, R TORLBRITH LTy A ola T
AEIRNTE - 72 (RSB 6 h 5.

RAKEWAERS O PE R 4% 250 Ki %88 & 725 R 5
239.470 TiZ, Quercus 7310 %FEEH T2, 20k
BEORAKKEIAER DR AV 2RO AR T L D &
ZZ 5k 561F, R lduifi 5.2.2 M Tib X7 Quercus D
R 2 pERged FRRE 22 ZATREME S T 5. 2072
¥, AT T 5 REUERHE OFERIRERK O R 5 At
S OHEBRICEDHO P IZ T I 08N D 5.

6. EHESHEDEE

RSP R rh IS O M M IS 34§ % SRR O FEUE & 2 %
{EWI T % M3 % 72, BRI SN CHif] & h7z
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A=V Y ra7ERe U2t aii 0% %

ZHEEL, UTOZEEZWEMZL7.

1. R 2 AR 2L 2 TR IE 5 7y JEEF O ML A DI
Ko %, 354 OHIBAERFEHERIC X 0y U 72,

2. SB-Pol-14—-15 ## i, fEHHMEAIC & 2 P E RO
et ®ED —DTdh 5, Cyclobalanopsis D% pEfEHk
(R ERANA Z 7 — 2 11) IS Eh 3 BUETH
5. ZOREHZ, ENaTISHET BIRET 7 5D
Ks5 77 5 &0 EATIZER® &0 5 ¥R M4 st
B3I ENHELEL 5T —F, SB-Pol-254F
TIPS OB R TlE Quercus PHHNIIZ L ET 5
o FRR (iR RERLA 2 7 — ¥ 15/16 BER )
St Xh afEidECcH B L ER L 72, ZORE
U T IERHPNICAEL Tl D, ENd T 7 O e
M6 fg & M5 FEDMICHiE T2 Z EAHEnE 57z

3. SB-Pol-4—-54i%, WE#Es (2006) 12k 23 KH
B FEE R N RRE R TR O ek P2 4 K

VPl ENZ I E NS Z o r ik 57z,

7z, ITNhHOAE, Eiili a7 O E M1 %)
JELTWE Z b, WkiE ML IEART I
ENB I ENHENPD BN,

4. SB-Pol-354irid, Metasequoia 7 HUHHIE =R IZpE
LU, 7, Dacrydium, Carya, Cyclocarya XU Lig-
uidambar 75 £ D = ACAIREYIFE SR & eI 3 5 Jgit
THb. IhoDZen6, Kigid Metasequoia 7t
EH A BIRIT ER O & e L U 22 (T8
FEH LER) (b h s AR B B .

5. SB-Pol-9 4t X U SB-Pol-24 i i AAMEPIAEN O i H
HWEBE LS ALORTFXBTHh 5. K DOREHEE
DS 5, AEBE R 2D L WREIZ DWW TE
U7z, POKRECRRBICHERI L 22 2 &R T
JEACELR TIEmILE R b= Z AR EFZ LS
N3, F£72, SB-Pol-9 ik Lk & iEIEOERE
WRhEEZZ 55 Z &, SB-Pol-24 #id Quercus
DM L ERUED FIRE 2 2 MR & 5 Z & 2
5, INb6 O OFHBRRP LT EIALE DI 5%
ORI L DHS 2L TS RED DB 5.

BEE AR A D BICH D, PEEBANR AT D
BIA 1 A IZAERH LA DO B EE IS I L T2 &
F L7 ZZIZiELT, EL<HLFL ki xd.

AL, SCRFPFA R ARG 2 (A1
MRS T — 4 X — ZOMEHE] (PR 18—20 F5) KU
PESEFITR AL O B B i [ BIHF-15 0 M Z2 )
R & 3Rk B AR B R ORI IZ B4 5 1Y B SRR A i
2] (CFHR 18—20 4F) AL 7=,

5| Ak
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£ 1 RS, W, MR OER bR S BETFIEO G, EBH A S BETFIEOBSEE W: %4 (1995), H: Hongo (2007).
Appendix 1. Correlation of sample numbers with depth in core, sediment type and pollen extraction methods. Abbreviations for

extraction methods are W: Watanabe (1995) ; H: Hongo (2007).

Sample  Depth below ground  Cube Material Extraction
numbers level (m) No. methods
2610 2610 ~ 2640 16  volcanic ash soil, containing organic material

4.360 4360 ~ 4390 3 volcanic ash soil
4610 4610 ~ 4640 5 tuffaceous clay to silt

4.860 4860 ~ 4.890 7 tuffaceous clay to silt

5.485 5485 ~ 5515 11 sandy silt

6.110 6.110 ~ 6.140 19  tuffaceous silty fine sand

6.360 6.360 ~  6.390 21 silty very fine sand, containing plant fragments
7.485 7485 ~ 7515 29  silt

7.610 7610 ~ 7.640 30 sandy silt

7.860 7860 ~ 7.890 32  tuffaceous clay

9.610 9.610 ~  9.640 37  silt, containing plant fragments

9.860 9.860 ~  9.890 39  silty medium sand
10.235 10.235 ~ 10.265 41 fine sand, containing plant fragments
10.485 10.485 ~ 10515 43  fine sand, containing pumice
10.735 10.735 ~ 10.765 45  medium to very coarse sand with pebble
15110 15110 ~ 15.140 70  granule to coarse sand
17.235 17.235 ~ 17.265 85  sandy silt, containing plant fragments
19.360 19.360 ~ 19.390 93  sandy silt, containing plant fragments
21485 21485 ~ 21515 108 sandy silt
22485 22.485
24610 24.610
26.485  26.485
29.360  29.360
31.360  31.360
33.610 33.610
35.360  35.360
35.860  35.860
36.360  36.360
41.235 41.235
43.360 43.360
43.610 43.610
46.610 46.610
48.360  48.360
51.360 51.360 51.390 213  silt, containing organic material
55.085  55.085 55.115 228 fine sand
57.360 57.360 ~ 57.390 240 very coarse sand to granule
58.360 58.360 ~ 58.390 233  silt
58.690 58.690 ~ 58.720 234  tuffaceous sandy silt
61610 61610 ~ 61.640 245  silt, containing plant fragments
63.360 63.360 ~ 63.390 250  silt to sandy silt
64360 64.360 ~ 64.390 254  coarse to very coarse sand
66.385 66.385 ~ 66.415 262 medium sand
68.360 68.360 ~ 68.390 270 coarse sand
70.860 70.860 ~ 70.890 276 fine sand, containing shell fragments
73.110 73.110
75.360  75.360
77.360  77.360
79.310  79.310

l

22515 115 fine to medium sand with parallel laminae
24.640 130 fine to medium sand

26.515 143 fine to very fine sand

29.390 155 sandy silt, containing shell fragments
31.390 163 sandy silt

33.640 172  silt, containing pumice

35.390 182 clay

35.890 184 sandy silt

36.390 179  silty fine to medium sand

41.265 236  very coarse sand to granule

43.390 186 sandy silt to silty fine sand

43.640 187 silt to silty fine sand

46.640 193 sandy silt

48.390 201  silt, containing organic material

R A A A AR AR AR AR A

l

l

l

73.140 289 fine sand, containing shell fragments

l

75.390 291 medium sand, containing shell fragments
77.390 295 sandy silt

79.340 299  silt

80.360  80.360 80.390 301 silty very fine sand

80.550 80.550 80.580 silty very fine sand

Appendix 1. Correlation of sample numbers with depth in core, sediment type and pollen extraction
methods. Abbreviations for extraction methods are W: Watanabe (1995); H: Hongo (2007).
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Sample  Depth below ground  Cube Material Extraction
numbers level (m) No. methods
84.860 84860 ~ 84.890 308 silt, containing plant fragments H
86.315 86.315 ~ 86.345 310  silt H
87.860 87.860 ~ 87.890 322 silt, containing plant fragments H
95.355 95.355 ~ 95.385 313 coarse sand H
106.360 106.360 ~ 106.390 318 very fine to fine sand H
108.360 108.360 ~ 108.390 320 sandy silt, containing shell fragments H
111.360 111.360 ~ 111.390 326 sandy silt, containing shell fragments H
114815 114815 ~ 114845 280 silt, containing plant fragments H
117.295 117.295 ~ 117.325 281  very fine sand H
117.700 117.700 ~ 117.730 silt, containing organic material W
119.360 119.360 ~ 119.390 277  very fine sand H
121.060 121.060 ~ 121.100 silty fine sand w
121.860 121.860 ~ 121.890 332 silt, containing plant fragments H
122.365 122.365 ~ 122.395 333 silt, containing plant fragments W
124.055 124.055 ~ 124.085 337 sandy silt H
136.860 136.860 ~ 136.890 340 fine sand H
137.360 137.360 ~ 137.390 341 fine sand, containing shell fragments H
138.860 138.860 ~ 138.890 343  silt H
140.860 140.860 ~ 140.890 345 silty very fine sand, containing shell fragments H
145.360 145.360 ~ 145.390 354 silt, containing shell fragments H
148.860 148.860 ~ 148.890 361 silty very fine sand, containing shell fragments H
155.360 155.360 ~ 155.390 373 silty very fine sand, containing shell fragments H
157.305 157.305 ~ 157.335 377 silty very fine sand H
160.360 160.360 ~ 160.390 381  silt H
162.285 162.285 ~ 162.315 385  silt, containing plant fragments H
164.285 164.285 ~ 164.315 389 very fine sand, containing plant fragments H
168.660 168.660 ~ 168.690 397 silt, containing plant fragments H
170.360 170.360 ~ 170.390 401 clay to silt H
170.865 170.865 ~ 170.895 402  silt W
172.405 172405 ~ 172435 406 clay to silt, containing plant fragments H
174360 174360 ~ 174390 407 silty fine sand H
175.030 175.030 ~ 175.060 silt to very fine sand, containing plant fragment W
176.060 176.060 ~ 176.090 clay to silt, containing plant fragments W
177.260 177.260 ~ 177.290 silt, containing plant fragments H
178.260 178.260 ~ 178.290 silt, containing plant fragments W
180.360 180.360 ~ 180.390 silt, containing organic material W
181.360 181.360 ~ 181.390 420 sandy silt, containing organic material and plant H
184.360 184.360 ~ 184.390 424  very coarse sand H
186.160 186.160 ~ 186.190 425  silt, containing organic material H
188.575 188.575 ~ 188.605 430  silt, containing plant fragments H
190.360 190.360 ~ 190.390 432 clay to slit H
192.145 192145 ~ 192.175 435 sandy silt with laminae H
196.860 196.860 ~ 196.890 441  silt, containing plant fragments H
202.870 202.870 ~ 202.920 silt W
204.830 204.830 ~ 204.880 clay w
206.610 206.610 ~ 206.670 silt, containing plant fragments H
210.070 210.070 ~ 210.150 silt, containing plant fragments H
213.700 213.700 ~ 213.750 sandy silt H
216.620 216.620 ~ 216.700 silty fine sand, containing plant fragments H
217.710 217.710 ~ 217.780 silt W
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Sample  Depth below ground  Cube Material Extraction
numbers level (m) No. methods
219.280 219.280 ~ 219.330 silt W
221110 221110 ~ 221.170 silt W
225520 225520 ~ 225.620 coarse sand H
231.900 231.900 ~ 231.960 sandy silt H
233410 233.410 ~ 233.460 silty very fine sand W
237.460 237.460 ~ 237.520 silt with parallel laminae w
238.090 238.090 ~ 238.180 silt W
238.450 238.450 ~ 238.510 sandy silt W
239.120 239.120 ~ 239.200 sandy silt W
239.470 239.470 ~ 239.570 fine sand w
241120 241120 ~ 241.200 tuffaceous sandy silt w
241550 241550 ~ 241.610 sandy silt W
241880 241.880 ~ 241.940 silty fine to medium sand W
252.680 252.680 ~ 252.780 medium sand H
255.290 255.290 ~ 255.360 fine sand H
256.850 256.850 ~ 256.910 fine sand to silt w
257.980 257.980 ~ 258.030 sandy silt W
260.580 260.580 ~ 260.650 silty very fine sand w
262.020 262.020 ~ 262.070 sandy silt, containing plant fragments H
264.410 264.410 ~ 264.470 medium sand H
266.640 266.640 ~ 266.700 sandy silt W
268.190 268.190 ~ 268.250 sandy silt W
268.910 268.910 ~ 268.990 silty fine sand W
272.340 272.340 ~ 272.400 silt W
273.990 273.990 ~ 274.040 sandy silt W
276.360 276.360 ~ 276.420 sandy silt W
276.930 276.930 ~ 276.990 sandy silt W
279.410 279.410 ~ 279.440 sandy silt H
281.060 281.060 ~ 281.090 462 sandy silt W
282.180 282.180 ~ 282.210 463 silt H
285.625 285.625 ~ 285.655 silt H
287.320 287.320 ~ 287350 468 silt W
289.650 289.650 ~ 289.700 silt W
291.070 291.070 ~ 291.130 silt W
293.630 293.630 ~ 293.700 very fine sand W
295590 295590 ~ 295.660 sandy silt W
297.850 297.850 ~ 297910 very fine sand W
299.570 299.570 ~ 299.590 medium sand H
301.840 301.840 ~ 301.910 sandy silt W
302.360 302.360 ~ 302.420 silty fine sand, containing pumice W
314.050 314.050 ~ 314.100 medium sand W
317.340 317.340 ~ 317.410 fine sand, containing shell fragments with parall H
319.010 319.010 ~ 319.070 sandy silt W
321.900 321.900 ~ 321.990 coarse sand H
324.300 324.300 ~ 324.360 silty fine sand W
327.180 327.180 ~ 327.240 silt W
328910 328910 ~ 328.980 silty fine sand w
329.870 329.870 ~ 329.920 sandy silt W
330.400 330.400 ~ 330.480 silt W
350.100 350.100 ~ 350.150 silt W
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4 2 GS-SB-1 2 7 OfEH} - T LA DL EER. +il5 3 ME ORARPIER OFHEEIH CRO Sz g o). 4
BT — FOWGEE 1 ARAKEY) (BIFEBDE), 2: AKMY (RZEBIE), 3: &AW, 4:2 48, 5: a7k, 6:
ANHHER - T+

Appendix 2. Occurrence chart of pollen and spores in the GS-SB-1 core.
+ indicates rare (not included in the 250-grain count of tree and shrub pollen, but found in the sample later).
Abbreviations for classification code (Cf. code) are 1: Trees and shrubs (Conifer) ; 2: Trees and shrubs (Broad-

leaved) ; 3: Herbs; 4: Pteridophytes; 5: Bryophytes; 6: unknown pollen and spores.

Sl ol o o oo oo oo oo oaf oo oaf of of oof tf tf 2f 2| 2f 2f 2| 2f 2f 2
- ~
= N
Taxa -E g § o}
§ = 2 o
T Q S 3
. 2] . Q, 9
g 51518 0 S '§ s | 8 e §
IR 212|282 55|28 5 g|<
e \[ S| S| SIZISI12|2(51S|E(=)18|8(Sz2|8[3|13|28|5|&=258]2®5]5
No. S|ICIQS|C|S|IE|S| S| S| |S|=|[S|O|SIC|O|S[S[2|O|T|S|O]0
2.610 3
4.360 + + 6 1 60 1 3
4.610 5 2
4.860 1 25 3 2 3 1
5.485 2| 46| 61 4 8 23 66| 13 1 2l 2 1
6.110 4 5 5| 18] 15 3 73 7 1 1 4 3 2
6.360 1 7 2
7.485 1 2 1 5 5 1 1
7.610 1 7
7.860 3] 5 1 3 1 25 1
9.610 1 1 2 11 6 1 1
9.860 1 2 9 1
10.235 2 14| 2
10.485 + 10 1 1
10.735 1 9 7 3| 15| 23 85| 30| 3 1 6 2
15.110 7] 48] 9 64| 11| 15 4 9 1 46| 5 2
17.235 1 2 3 3
19.360 1 10) 119| 24 4 5] 6 10 131 4 2
21.485 1 5 4 1 4
22.485 1 + 2 6 1 5 33 9] 3 5 7
24610 2 1 4 2 9 31| 17 3 7 3
26.485 1 4 7 3 3 1 4 6] 2 13] 10| 3
29.360 + 8| 19| 43 3| 11 5 1 1 2 1 7| 27 3
31.360 1| 27| 29 9 7|1 10 3 1 1 11| 27 3
33.610 3 1 1 1 3 28 5
35.360 1 1 1 2 11 4 5| 2 1
35.860 1 3 1 1 2 2 3 2 2 1 1
36.360 3 1
41.235 1 1 1 6 5 55| 13| 2 9] 6
43.360 1 1 1 3 6 1 7| 13 6
43.610 20 3 3 3 2 3 8 1 1 4 1
46.610 2| 48] 15 7] 150 9 3 34| 10 7 1
48.360 4] 35| 12 13 3] 8 26 5
51.360 24| 11 7] 22| 13 1 1| 12| 64 5 3
55.085 3 1 6] 3 1 6 2 41 16] 3 35| 19
57.360 3] 2 2 24| 13] 3 2 1
58.360 1 1| 13] 15 1| 17 3 1 3 1 1 12 8| 8 1
58.690 5 1 1 3 3 2 1
61.610 2| 10| 2 9 1 1 7 12
63.360 1 1
64.360 1 1 2 1 19 3 1 1
66.385 3] 3 23] 5 2 1
68.360 1 1 1 1 6 4 1 1 2 1
70.860 4 5 5 46| 20 1 4 1 1
73.110 16] 11 8| 15| 8 2 30| 16 1 7| 11 3
75.360 1 4 2 3 3 4 1] 23 7 1 6] 12
77.360 + 16] 2 1] 15 1 4 12) 7 2 12| 10| 3
79.310 6 1 2 2 1 2 3 20 6
80.360 1
80.550 1] 14] 3 3 1 3| 15 1 31| 10| 2
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Cf.

code

Taxa

Sample
No.

84.860

86.315

87.860

95.355
106.360
108.360
111.360
114.815
117.295
117.700
119.360
121.060
121.860
122.365
124.055
136.860
137.360
138.860
140.860
145.360
148.860
155.360
157.305
160.360
162.285
164.285
168.660
170.360
170.865
172.405
174.360
175.030
176.060
177.260
178.260
180.360
181.360
184.360
186.160
188.575
190.360
192.145
196.860

202.870

204.830

206.610

210.070
213.700
216.620
217.710
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o LT 1 Y T T ] Y I T 1 1 T 1 1 1 1 1 1 A
kS 5 .
g £ £
Taxa =2 S N IS
g = 2 N
Ak $ :
3 g § 5 S o| & '§ sl 8 2 3
A EES E N I AN R A R b s| £
S SRS = SIE BB EEEES S| = MBI S
Sample g i \S: '% % »§ § §0 é § g § % g § ~§ § § % 3‘5)- E i %}D S“ % \30 E“ o
No. Slo|d[s| L= || &S| S| L[ F|S|S[S|s|S|I|8[S]|5[S|[T]|S[S]|S
219.280 1 1 6] 14 13] 23 3 4 5| 24 8] 18 2
221.110 1 4] 18 2] 19 3 6 8 1 1 5 6 3
225.520 14 3 6 5 6 33| 27 1 1 4 7
231.900 1 4 6 14 1 1 4 9] 26 1 2 2
233.410 1 14| 28 3 6 4 6] 37| 43 2 2
237.460 1 1 6
238.090 2 2 2
238.450 5] 10 3 2 2
239.120 1
239.470 1 7 7 9] 14 4 1 2| 50| 38
241.120 2 1 1 1
241.550 1 4 4 4 1 5 4
241.880 1
252.680 1 2 1 60| 37 4 2 4 1
255.290 2 6 4 41 21 3 1 1| 36| 29 8| 18
256.850 1 7 3 7 17 4 1 41 31| 28 3] 13 3
257.980 12 4 5 6 6 4 2| 37| 16 2 2 7 2
260.580 1| 15 5 8 9 2 39| 24 5] 25 1
262.020 2 1] 10| 17 17 9 2 1 40| 20 2 4] 17 1
264.410 3 + 1 2 1 1 49| 46 4 8 1
266.640 24 1 3 6 3] 18 8 9] 12 1
268.190 1 1 5 8 3 1 1 1
268.910 1 4 2 1
272.340 1] 13| 10 12| 16 6 1 5 1| 20 5 10 1
273.990 1 6 15 8 2 27| 43 5 10 1
276.360 1 1 3 4 4 3 2 7| 26 5 9 3
276.930 2 3 6 5 1] 18 2 5 2
279.410 1 1] 33| 12 33| 18 9 1 16 2 4 1
281.060 2 3 4 3 1 3] 22 1 12 2
282.180 8 3 13 2 5 1 3 1 6 1 4 3
285.625 4 3 12 6 3 1] 34 1 1 5 4
287.320 4 1 9 1] 23 2 2 4 3 5 1 2
289.650 1] 10| 13 10| 13 8 71 23 2 1 5 4
291.070 1 2 3 4 1 4] 53 1 17 3
293.630 1 2| 20] 21 26 5 2 5 2 5 3 1
295.590 1 6 3 3 11 1 3] 13] 21 1 9 3
297.850 1 5 4 1 4 1 4 7| 36 2 7 1
299.570 2| 20 5 1 6 1 1 1 4 6 9 1
301.840 1 2 1 1 1 5 4
302.360 1 1 1 2
314.050 1 1 1 21| 17 5 1 1 3
317.340 1 2 1 28] 12 3 2 1 2 5
319.010 1 1 1 7| 22 2 3 1 2 3
321.900 1 1 2 1 1 1 1] 17] 18 3 2
324.300 2 1 9 9 18 2 1 2 1 2 1
327.180 6 3 2 1 1 6
328.910 1] 15 5 1 2 2 5 1
329.870 2 1 20 5 1 1 2 5 2
330.400 2 1 1 3 9 1] 17 1 2 4 1
350.100 6 18 3 3| 14 3 1 20| 22| 12 4 4 +
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Cf.
code

Taxa

Sample
No.

10

25

10
10

30
52
40
25
62
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10
16
10
15
25

20
10
14
15
13
37
35
15
34
19
29
25
14
31
37
39

11
5
16
11
11
5
1
11

1
12
1
19] 26
28
14] 23
5
1
5
8|l 22
2
4
10
12
17] 22
57| 26
18

52
14
13
16
37
95
19] 26
79] 145
12
19
10
23

9
1
1
8
11
3
16
3| 64126
8
5
3
3
6
9
10

8
3

14
51

2| 55| 68

4] ssf112

o 22] 52
12

2[ 131

4| 76| 75
3| 55| 92
8| 26

o 23] 21
1

4

14

2| 26] 20
11

1
4
7
2
1
1
9
10
1
3
3
23
3
1
1
1
15
2
14] 33
23] 51

15] 41

10

2.610

4.360

4.610

4.860

5.485

6.110

6.360

7.485

7.610

7.860

9.610

9.860
10.235
10.485
10.735
15.110
17.235
19.360
21.485
22.485
24.610
26.485
29.360
31.360
33.610
35.360
35.860
36.360
41.235
43.360
43.610
46.610
48.360
51.360
55.085
57.360
58.360
58.690
61.610
63.360
64.360
66.385
68.360
70.860
73.110
75.360
77.360
79.310
80.360
80.550
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Appendix 2. Continued.
o 2| 2| 2f 2| 2| 2 2| 2| 2| 2| 2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
—~
~| 5 s
<|=|l2 2. 2 S| s g 8
slals| 3|2 g 2 &1 2 N 8
sl ols|Is] |2 & N S S 2| =
an|l an| S = 5] = 2= = S| 8
SR HBEEHEHREENER S13 2] 5] 2| o :
MBI E RN E HNHNEE R S
SlelelglelelZle1S SIS 8l88|S el E1318 gle]lsl38)e
sl HEHHENHNHE RN E N R R EHEEEE
No. NS EIN S S MSNSE NSNS S EEN N E N EL R E
84.860 1 1 1 1
86.315 2
87860 6| 1] 9| 6] 6 2 32 126 5] 4 2
95355 | 3| 7| 2| 1| 1 3 o] 1 6 14 1
106.360 | 1| 1 K 1 1
108360 | 5| 4| 6| 30| 23 2| 3 35 2 ANE 2| 3
111.360 | 15| 6| 16| 50| 64| 3 22| 1 50 5| 4 1 ) 2
114815 | 18] 29| 42| 38| 23 18] 1 5| 2 8 1 + 5
117295 | 1| 2| 2| 2| 2 1 1
117.700 | 10| 14| 22 18] 11| 2 29 0] 3 15 1 nEE 3 5
119.360 1
121.060 | 13| 23] 15| 19] 6] 1 13 1 4 6| 2 4 5| 2 1
121.860 2| 2
122.365 | 26| 47| 47| o] s 15 7 4] 23] 1 KK 13 1 1
124055 | 26| 15| 31] 17| 15 19 9 13 3[ 1 +
136.860 | 2| 3 1| 2 1 1
137.360 | 11| 5| 24] 4] 4 6| 6 1 1 1 1K
138.860 | 5| 7| 10] 34] 15[ 1 8| 40 16 1| 2 13 2 2
140860 | 9 7| 21] 12| 10] 1 8| 52 + 12 6 1 12 2 1
145.360 | 15| 14] 27] 29] 17 5 o1 4| 22 1| 3 2 1 1] 2
148.860 | 18] 17| 26] 26] of 2| 17] 4] 65 13 1] 10
155360 | 11] 7] 9| 20| 16 EEER I E 1
157.305 | 40| 2| 26] 41| 20 1 12| 27 4] 16 5] 1 1K
160.360 | 31| 13| 26| 49| 36 1 9| 12 2| 16 ol 1 AR 1
162.285 | 23] 5| 26| 34] 23 5] 13 3| 20 12 4
164.285 | 1 5| 6] 4 1 1 2 7
168.660 | 23 15| 12] 12| 1 o 4 2| 19 11 1| 3] 4 1] AE
170.360 1 3 1
170.865 | 50| 20| 21| 12 21 12 2| 31| s 4 10 AE
172405 | 9| 8| 4] 6| 3 1 17 K 1 1
174360 | 13| 4] 6| 24| s 7| 5 1| o 2 3 1 1
175.030 | 33| 39| 15| 35 3 19] 1 14 2[ 1 2 3
176.060 | 33| 7] 14| 12] 10 15 15] 14 2 2 5[ 1 1
177260 | 15| 8| 39| 16] 2| 3 6 30 12| 2 1| 4
178.260 | 24| 21] 68| 13] 3 20 3 1| 30| 5 3 3 2| 3
180.360 | 9| 31| 78] o] 2 ) 51 15
181.360 | 15| 14] 61] o] 3 19 16 52 3
184360 | 9| 16| 49| 3] 2 3 14 11 5
186.160 | 7] 22| 32 11| 4 3[ 1 16 54 4
188575 | 3| 28] 41| 29 15 5 70 9 1
190.360 | 2| 23] 44| of s 1| 1 1| 37 14
192145 5| 6] 12| 17] 10 5 9 15 1
196860 | 4| 7] 5| 70| 7| 1 ) 1 17| 17 10 1
202.870 | o 10| 15| 36| 8 1 79 21| 4 3 1
204.830 | 5| 8| 20| 19] 18 5 38| 57 59| 1
206.610 | 5| 33| 20| 42| 6 3 15] 24 67] 2 1 1 1
210070 | 56| 44| 38| 36| 4 6 6| 2 5] 1
213700 | 14| 27| 25| 17] 4 3 25 10 11 23 1
216.620 | 14| 13| 11| 66| 15 14 15] 17 7 1 1
217710 7] 5| 28] 65| 27] 2 17 10 11 1 1 1
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St 2| 2| 2 2| 2f 2| 2f 2| 2f 2| 2f 2| 2f 2| 2f 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2f 2
~~
13 .
Taxa § § g é § g
SMMENE 2 S g 2
S|l €] = ,8 2| 2 2 & 3 2 8
1918 Qo S = S s | 5
22138858 S 213 S S| 8
AEHENEHNBEEER SINE AHNEIE 2
N B M E AR I AR NN EE R Y
Sample § § § §0 §0 §0 z E % g ‘§ § § § § -\E §0 § g g g 3 § g § § § =
No. 2|s|S|el|c|S|E[S|S|S|S|S|R|S|2|S|SIS|E[F[S[e|2|s|F|S|=]|S
219.280 | 10| 11 6] 52| 15 11 1 11 4 7 3 1 1 1 1
221.110 9 6 71 36] 10 8 1 2|l 23] 21 33 2 2
225.520 7| 34| 23| 26 7 13 1 16| 10 6 2 2 2
231.900 | 10| 32| 20| 30| 16 1 2 9| 17 35 1 4 + 3
233410 | 14] 16| 12| 16 7 1 3 1 11 6 8 1
237.460 2 1
238.090 1
238.450 1
239.120 3 1 1
239.470 9 11 41 211 13 23 1 11 11 5 1 1 1 +
241120 1
241.550 2 4 1 5 1 1 2 4 1 1 1
241.880 1 2 1 1
252.680 | 11| 35| 14| 16 5 16 4 1 7 7 6 8 3 1 1 1
255.290 8| 11 7] 35 1 23 + 1 1 4 11 4 1 2 4 +
256.850 7 3 2] 29| 11 1 32 14 1 17 2 1 1
257.980 9] 28] 28] 26| 10 12 1 1] 18] 22 24 1 2 2 1
260.580 4 7 5| 42 6 39 7 1] 10 3 1 1 1
262.020 | 12 9 5] 36 31 1 4 1 9 1 1 1
264.410 9] 19 6] 15 2 35| 35 5 1 17 5 1 4 2 1
266.640 4 6 3] 15 2 154 4 + 3 1 2
268.190 1 1 5 2 38 1 1 1 1 1
268.910 1 2 1
272.340 7 9 1 12 6 41 5 3| 12 5 4 1
273.990 8 2 41 241 13 66 3 7 2 1 3 1
276.360 8| 16 71 25 2 1 83 1 10 13
276.930 | 14| 12| 12| 28 6 89 6 3 13 1 5 2 1
279.410 21 11 4] 22 3 51 4 8 2 3 1
281.060 6] 15 3] 30 5 90 1 2 23 2 1 2
282.180 9] 15 2| 38] 15 92 1 14 2 1 1 6 1
285625 | 15 9 8| 41| 15 2 75 1 6 22 2 3 1 6
287.320| 16 6 5] 15 7 1 42| 15 2| 10] 10 5 11 1 3 +
289.650 5] 15] 10] 22 3 66 2 1] 15 14 4 2 1
291.070 | 10 41 4] 32| 17 80 3 7 19 1 3
293.630 9 71 12| 22 4 1 24] 15 1 8 7 5 1 13 3 1 3
295590 | 22| 16| 11| 17 9 1 22| 15 111 25 3 9 1 2 1 1
297.850 5| 14 8| 14 4 76 1 10 7 1 1 1 1 1
299.570 7| 22 2| 10] 4 23 3 1 6 5 1 1 52 5
301.840 7| 15| 22 1 1 120 2 2 11 1
302.360 3 14 1
314.050 6] 15 7| 47| 18 1 67 5 4 1 9 4 1 2
317.340 | 17| 37| 15| 38| 11 2 8| 50 6 2 10 2 6 1 2 4 1 2
319.010 6| 27 4] 80| 11 1 39 + 13 3 2 1
321.900 | 12| 13 71 22 11 1 76 4 1 6 16 6 1 1
324300 | 24| 14] 15| 10 6 2 58 9 3| 26| 14 12 1 13 1 1
327.180 | 16| 88| 16| 14 3 95 1 9 33 1 1 2
328910 | 23| 23] 27| 21 3 98 3 3 8 1 1 + 1
329.870 | 14| 9] 13] 12| 10 1 48 8 3| 37 1 7 1 11 2 1 1
330.400 | 16 1 2| 18] 16 1 12| 25 2 8| 33 3 1 27 3
350.100 | 25| 18| 17| 11 1 41 1 9 3 2 + 1

— 306 —




B RILESHNT GS-SB-1 K=V v 7 a7 O{eHbARE (KHR%)

i1 2 MEE.
Appendix 2. Continued.

Cf.
code

Taxa

Sample
No.

\Parthenocissus
Thymelacaceae
ILagerstroemia

Tilia
Ligustrum

|Euonymus
lAesculus
Rhamnaceae
Vitis
Camellia
\Edgewortia
Flacagnus
Araliaceae
lAucuba
Cornus
[Ericaceae
Diospyros
Symplocos
Styrax
Oleaceae
Syringa

|Acer

2.610

4.360

4.610

4.860

5.485 1

6.110 1 3

6.360

7.485 1

7.610

7.860

9.610

9.860

10.235

10.485

10.735 1 1 1 4

15.110 1 1

17.235

19.360 1 1 8] 3 1 1

21.485 2

22.485 2 + 1 1 1 1

24.610 2 1

26.485 1 2| 21 2 1 1 1 1

29.360 1 2 11 9] 1 1

31.360 1 2 1 5 4 1 1

33.610 3 40

35.360 1 1

35.860 1 1

36.360

41.235 3 1 3

ES
[

43.360

43.610 1 1

46.610

48.360

51.360

W+ =N
N
N

55.085

57.360 1

58.360 4 1 1 1

58.690

61.610 1 1 3

63.360

64.360

66.385 1

68.360 1

70.860 1

73.110 4 4

75.360 1 1

77.360 7 2l 1 1

79.310 4 2 2

80.360

80.550 3 2 1 3 1
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Cf.
code

Taxa

Sample
No.

Euonymus

|Acer

ldesculus

Rhamnaceae

Vitis

\Parthenocissus

Tilia

Camellia

Thymelacaceae

\Edgewortia

\Elaeagnus

ILagerstroemia
Araliaceae
lAucuba

Cornus

[Ericaceae

\Diospyros

Symplocos

Styrax

Oleaceae

ILigustrum

Syringa

|Fraxinus

Viburnum

Weigela

iLonicera

[Moraceae

| Humulus

84.860

86.315

87.860

N

95.355

N |+

106.360

108.360

111.360

114.815

117.295

117.700

D|=|lo]s

119.360

121.060

121.860

122.365

124.055

— I N

136.860

137.360

138.860

140.860

145.360

148.860

NjwiNn =S

WLlWwHIN

155.360

157.305

wW

wW

160.360

ol

162.285

164.285

168.660

170.360

170.865

172.405

198

174.360

175.030

176.060

177.260

NS |= N =N

178.260

Wlo|—=]w

180.360

181.360

184.360

186.160

188.575

190.360

192.145

Hl=]t+|w]w|Nv]|=IvV]olw|o|w]+ |w|=]|xo]|w

196.860

+lo|=]=|s]=

202.870

204.830

206.610

210.070

D|=]=IN

—IN]= W

213.700

216.620

217.710

—lwl==1=|d]r~
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Cf.
code

Taxa

Sample
No.

|Euonymus

|Acer

lAesculus

Rhamnaceae

Vitis

\Parthenocissus

Tilia

Camellia

Thymelacaceae

\Edgewortia

Flacagnus

ILagerstroemia
lAucuba

Cornus

[Ericaceae

Diospyros

Symplocos

Styrax

Oleaceae

Ligustrum

Syringa

|Fraxinus

Viburnum

Weigela

|Lonicera

Moraceae

\Humulus

219.280

_ |Araliaceae

221.110

— |

225.520

S

231.900

1

wW

233.410

237.460

238.090

238.450

239.120

239.470

241.120

241.550

241.880

252.680

255.290

256.850

257.980

wl=In]=]=

260.580

262.020

264.410

266.640

268.190

===

268.910

272.340

273.990

276.360

276.930

279.410

Nl=l=]=]=

281.060

282.180

HlD|=|wN|w

285.625

—|=jw]w]als]s

N |+

287.320

289.650

N | N

291.070

Nl=]=]=

293.630

295.590

==

297.850

299.570

301.840

=] =lw

[~

302.360

314.050

317.340

319.010

321.900

324.300

327.180

328.910

329.870

330.400

350.100

+ ===l ]=]=]=

N|=]=|=|a]jw]|+]|a]ls]N
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H7/8 %5

code

Taxa

Sample
No.

Cannabis
Urticaceae
Polygonum
IRumex

Bistorta
\Persicaria / Echinocaulon
IReynoutria
Chenopdiaceae
INuphar
Alternanthera
Caryophyllaceae
Ranunculaceae
IRanunculus
Thalictrum
Cruciferae
Rosaceae (herb)
\Rubus

Sanguisorba
Leguminosae

Geranium

[Euphorbiaceae

Euphorbia

ILythrum

Trapa

\Epilobium

\Haloragis

IMyriophyllum

[Umbelliferae

2.610

4.360

4.610

4.860

5.485 1] 31 + 2] 2] 55] 1

—

28

6.110 1 3 2 7] 1

30

6.360 1

7.485 1

7.610 1

7.860 3 1

9.610

9.860

10.235

10.485

10.735 11 3] 1] 5 2 2| 8] 1 1

19

15.110 48 +

36

17.235

19.360 2 1 1

21.485 1

22.485 1

24.610

26.485

29.360

—[INININ o

31.360 26

33.610 1

35.360 1 1

35.860

36.360

41.235 11 1] 2 2 1 8

43.360 2 1 2 1 2

43.610 4

46.610 5| 4 6

48.360 1] 12 1

51.360 1

55.085 1

57.360 1 1

58.360 3 1

58.690 1 3 1

61.610 1 17 1

63.360

64.360 1

66.385 11 1

68.360 1 1

70.860 1 4 2| 1] 3

73.110 1

75.360 1 1

77.360 11 4 11 4

79.310 3 3

80.360

80.550 1 1 11 2] +
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Cf.
code

Taxa

Sample
No.

Cannabis
Urticaceae
\Polygonum
IRumex

|Bistorta
|Persicaria / Echinocaulon
IReynoutria
Chenopdiaceae
INuphar
Alternanthera
Caryophyllaceae
Ranunculaceae
Ranunculus
Thalictrum
Cruciferae
Rosaceae (herb)
Rubus
Sanguisorba
Leguminosae
Geranium
[Euphorbiaceae
\Euphorbia

84.860

86.315

—
N
—

87.860 3

95.355

106.360

108.360 +

111.360 1 1 1

114.815 1 1

117.295 1

117.700 1 11 2 1 3 1

119.360

121.060 9 1 1 1

121.860

122.365 1 2 1 3

124.055

136.860

137.360 1

138.860

140.860 1 1

145.360 1 1

148.860 1 1

155.360 1 2 1 2

157.305 1 1

160.360 2 1

162.285 1 1

164.285 1 2

168.660

170.360

170.865 3

Nlwl=]=

172.405 1 1

174.360 1 1 1 1

175.030 5

176.060 1

177.260 1 2

178.260 2 6 2

WIWIN =[N

180.360 1 5 1

181.360 11 1

184.360 3 5 2 2

186.160 2] 3 1 +

188.575 1

190.360 1 n

192.145 + 1 1

Lythrum
Trapa
\Epilobium
\Haloragis
IMyriophyllum
Umbelliferae

Nl=INININ = —

196.860 1

202.870 11 1 1 1

204.830 4

206.610 10

210.070 1

—=]w]|=
N

213.700 1

216.620 1 1 1 2

217.710 1 3

— 311 —

ol=|=|=lw]|=]=




WEFAAR 20114 FHe2& HT7/8 %

i1 2 frx.
Appendix 2. Continued.

ot I 3] 3| 3| 3| 3| 3 3| 3| 3] 3 3| 3| 3] 3 3| 3| 3| 3 3

code

Taxa

Sample
No.

Cannabis
Urticaceae
Polygonum
IRumex

Bistorta
\Persicaria / Echinocaulon
IReynoutria
Chenopdiaceae
INuphar
Alternanthera
Caryophyllaceae
Ranunculaceae
IRanunculus
Thalictrum
Cruciferae
Rosaceae (herb)
\Rubus
Sanguisorba
Leguminosae

219.280

N

N
N

221.110

225.520

231.900

= ININ—= N
—
—

233.410

237.460

238.090

238.450

239.120

239.470 1 1

241.120

241.550 1

241.880

252.680 2

255.290

256.850

257.980

Geranium
[Euphorbiaceae
Euphorbia
ILythrum

Trapa
\Epilobium
\Haloragis
IMyriophyllum
Umbelliferae

—_

o=
D

260.580

262.020

o e I N L

264.410 1

266.640

268.190

268.910

272.340 1 1

273.990 1 1

276.360 2

276.930 1

279.410 7 1

281.060

282.180 3 1

285.625

287.320

289.650 11 4 1 1

291.070 3

293.630 1 1 1

295.590 1 1 1

297.850 3 +

299.570 1] 15] 1 1

301.840 6 2 1 2

302.360

314.050 1

317.340 2 1

319.010 +H 2

321.900 1 1 +

324.300 1 1 1 1 2 2

327.180 11 1 1

328.910 1 1

329.870 1

330.400 1

350.100 1 1 2
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o | 3] 3| 3| 3| 3| 3| 3| 3 3| 3| 3| 3] 3| 3| 3 3 3 3| 3| 3 3 4| 4
£z
S| §
Taxa =] 2 § é ,:\
8 s % é 55}. § §
ol = SR = S =) = .
SRR EHEBEEEHES: SlelslslEl 2158]2 R E
il IV I IR IO S I BN = I I - S Bl N B IR~ A= T IESH (R0 R N B Bl Bl B
smle \| SISVSE|SIZIEI=RIE|SI2 2158151812l 521215218 |33
No. Sle|s|S|S|S[R[S|S|s||S| &S SIS S la|F=[315 [ulaly
2.610 7 3
4.360 64 6 3
4.610 1
4.860 3 5 1
5.485 9] 1 88 181 1 3] 1]208] 392
6.110 1 15 58] 1] 3 194 116) 1
6.360 1 2
7.485 1 7| 15 2 11 19 4
7.610 8] 3 11 6
7.860 1 2 70 3] 1 1] 49 20
9.610 1 3 1
9.860 1 9
10.235
10.485 1 1
10.735 11 2 1 20 53] 11} 12] 2 2|320] 198] 4
15.110 3 1 16 61 1 1 111] 456
17.235
19.360 1 4 9
21.485 11 1 4 5
22.485 1 1 1] 13 31 71 3] 1 3] 2]173] 166
24.610 8 421 1] 2 2] 128 125
26.485 1 1 11 1 46 38
29.360 3 1 11 34
31.360 3 10 35 53
33.610 12 12 6] 1 + 16 5
35.360 1 10 22 17
35.860 11 1 3 2
36.360 1 1
41.235 1 10 35| 3| 4] 1 11118] 126 2
43.360 29] 1] 6 39 44
43.610 1 3] 2 21 11
46.610 1 29 2] 1 23 15
48.360 1 3 2 1 34 13
51.360 3 8| 1 15 24
55.085 1 0 15 39
57.360 6 13] 1 30 16
58.360 3 71 3 23 10
58.690 2 1] 11 25 39
61.610 1 1 5] 1 1] 11 59
63.360
64.360 1 8 4
66.385 3 6 2
68.360 1 4 13 13 23
70.860 1 28] 2| 1] 2 1] 53] 116
73.110 1 11 31 22
75.360 1 2 12 1 33 23
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B} - #2E - Notes and Comments

BT OB AAHC &K B ERIT GPS EEE Y X7 LADEH
e B -WIBEE? - BEEL - IEFE— - BARIX - BF 867 NRER

Ryu Ohtani, Satoshi Itaba, Yasuhiro Umeda, Yuichi Kitagawa, Norio Matsumoto, Makoto Takahashi, and
Naoji Koizumi (2011) Implementation of a New Analysis Strategy to the Routine Processing System of
the Continuous GPS Network of the Geological Survey of Japan, AIST, Bull. Geol. Surv. Japan, vol.62
(7/8), p. 319-328, 3 figs.

Abstract: We implemented a new analysis strategy for the routine GPS data analysis system of the
continuous GPS network of the Geological Survey of Japan, AIST when two new continuous GPS
observation stations in Shikoku and Kii Peninsula were installed in 2010. We updated the Bernese GPS
software package from Version 4 to 5, and implemented some new methods such as estimation of the
troposphere delay gradient as well as the zenith total delay. Comparing the result with that of the previous
analysis strategy, we found that the repeatability of the GPS station coordinates were reduced especially
in summer, which we inferred was due to the reduction of troposphere delay errors caused by the spatial
variation of water vapor that dominated in summer season.

Keywords: continuous GPS network, displacement, new analysis strategy, Bernese software, atmospheric

delay gradient, seasonal variation
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Fig.1 Location of the new GPS stations of the Integrated Groundwater Well Network for Earthquake Observation of the
Geological Survey of Japan, AIST. Red stars represent the AIST GPS stations, and blue, white, and green dots
represent the GEONET GPS stations of the Geospatial Information Authority of Japan (former Geographical Survey
Institute) used in the daily routine analysis of AIST. The red dot is the location of the reference stations of TSKB and
92110 in Tsukuba.

H 14 PERNEGPS M Bl o BHHR OB
Table 1 Summary of the GPS stations of the AIST network. From left to right, the symbol (corresponding to Fig.1), name, and

code of the stations, the location, monument type, and installed or re-installed date of the stations, are shown.
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Fig.2  Appearance of the GPS stations of AIST.
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Table 2 Summary of the routine analysis strategy of the AIST GPS network. From left to right, the analysis GPS software,

period, reference station, the names of the strategies with ambiguity fix and free (both using precise orbit analysis), and

the rapid orbit analysis, are shown.
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Table 3 Difference between the previous and current routine analyses.
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