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Geochemical indication of contrasting Holocene sediments related to sea—level change
in coastal lagoon of the San’in district, Southwest Japan

Hiroaki Ishiga*, Tadashi Nakamura®, Yoshikazu Sampei*, Katsumi Takayasu** and Takao Tokuoka™

Abstract
Geochemical analysis of Holocene sediments related to the sea—level change has been carried out for evalu-
ation of changes in sedimentary environment. The Jomon transgression (from 10 k yrs BP) resulted in accumula-
tion of organic black muds of the Shinjiko Formation, while succeeding regression in the Yayoi age (from 2400
yrs BP) led to deposition of the Asakumi Formation under backswamp condition of the fluvial system from the

Kofun (4-6 C) to Heian (9-10 C) ages.

Changes in sedimentary environments are clearly demonstrated by geochemical indicators, such as TOC/TS
and TOC/TN, SiO2/Al203, Al203/TiO2, and Ti/Zr ratios. Variation of SiO2/Al203 and Ti/Zr is consistent
with the grain size and sand contents. CIA is useful index of weathering degrees, showing relatively higher CIA
for the Asakumi Formation than that of the Shinjiko Formation. Correlation of Al203/TiO2 with grain size and
sand contents is weak, suggesting that A1203/TiO2 shows composition of the sources. K-metasomatism of Shin-
jiko muds is shown in the A-CN-K diagram, which occurred during unconformable disturvance between two

formations.
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Introduction

Geochemical approach to sediments is a useful tool
for evaluation of sedimentary environment, weathering
process and provenance change (e.g. Taylor and
McLennan, 1985; McLennan et al., 1993; Nesbitt et
al., 1996). Holocene sediments provide useful infor-
mation on geochemical composition of muds, because
they have little progressive alteration due to burial, di-
agenesis, and tectonic deformation compared with
older sediments and sedimentary rocks. Thus geochem-
istry of such sediments is a key for characterization of
sediments which were affected by transition from ma-
rine to non—marine conditions.

The coastal lagoons of the San’in region, Southwest
Japan have been influenced by the Jomon transgres-
sion with high stand in sea—level at 6300 yrs BP, and
succeedingly fluvial deltaic plains developed since the
sea—level fall from 2400 yrs BP of the Yayoi age (Ota
and Yonekura, 1987). Previous studies revealed de-
tailed sea—level changes and concequent sedimentary
environments, thus geochemistry of Holocene sedi-
ments is significant to understand a variation of sedi-
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mentary environment and nature of compositions of
sediments.

Geologic outline of coastal lagoon and study section

The Lakes Nakaumi and Shinji have remained as
brackish lakes after the last sea—level rise in Jomon
age (Tokuoka et al., 1990), which initiated at 10 k yrs
BP (Ota and Yonekura, 1987; Ota et al., 1982; Umitsu,
1991) (Fig. 1). This transgression had its maximum
flooding at 6300 yrs BP and was followed by the
Yayoi fall in sea—level (2400 yrs BP) (Tokuoka et al.,
1990). Sea water invasion was recorded in many
archeological sites in the coastal lagoons, where black
muds with higher concentration of total sulfur (over 1
wt%of normal marine sediments by Berner, 1984) and
total organic carbon were formed (Nakamura and
Tokuoka, 1997; Sampei et al., 1996). Sediments de-
posited during the Jomon transgression is called Shin-
jiko Formation in the coastal region of Lake Shinji
(Tokuoka et al., 1995), and gradually changed into
coarser clastics (Tokuoka et al., 1990). The Shinjiko
Formation of lagoonal facies was overlain by the
Asakumi Formation of fluvial dominated facies
(Tokuoka et al., 1995). The previous lagoonal envi-
ronment was probably influenced by invasion of fresh
water to have resulted in brackish condition, and
coastal plains were expanded in this region (Fig. 1).
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The examined section is situated at the archeological
site of River Asakumi, called the Haranomae remain
(HM in Fig. 1) (Tokuoka et al., 1995). Various rocks
are distributed in the tributary of the River Asakumi,
such as Miocene sediments and volcanic rocks varry-
ing in composition from basalt to rhyolite (Yamauchi
et al., 1980; Kano et al., 1994).

Sediments of the HM section are composed of the
Shinjiko and Asakumi Formations, according to lithol-
ogy and archeological remains (Figs. 2, 3).

Shinjiko Formation

The Shinjiko Formation consists of visually homo-
geneous organic black to gray muds which grade up-
ward sandy muds and sands with ca. 1.8 m thick. The
upper part of the formation includes relatively well—
sorted quartz sands compared to those of the Asakumi
Formation (Tokuoka et al., 1995).

Grain size of this formation varies from 7.2 to 5.7
in phi scale in this section (Fig. 2), showing coarsen-
ing upward sequence. They increase sand contents
from 10 wt%to 70 wt% (Fig. 3) (Tokuoka et al.,
1995). Skewness of the samples of the Shinjiko For-
mation has relatively higher values ranging from —0.35
to —0.1 compared to those of the Asakumi Formation
from —0.45 to 0.34 (Tokuoka et al., 1995). This sug-
gests that sediments of the Shinjiko Formation were

deposited under lagoon condition which gradully
changed into fluvial dominated condition. The Shinjiko
and Asakumi Formations have similar values of sort-
ing ranging from 1.7 to 2.1 (Tokuoka et al., 1995).

The K-Ah (Kikai—Akahoya) volcanic ash of 6300
yrs BP of Machida and Arai (1978) is intercalated in
the lowermost part of this formation. The Shinjiko
Formation ranges from the middle Jomon to the Yayoi
age (1-3 C) (BESPO, 1995).

Asakumi Formation

The Asakumi Formation comprises laterally accreted
beds, and the boundary to the underlying Shinjiko For-
mation is marked by erosional surface. The base of the
Asakumi Formation consists of conglomerates, and is
overlain by black to gray muds with intercalated sands
(Figs. 2, 3). The conglomerate includes granule to
pebble, and the matrix comprises mainly of sandy
conglomerates and coarse sands, showing cross lamina-
tion. The clasts are andesite, basalt, rhyolite and mud-
stones, and archeological remains are also included.
The strata strikes NE-SW direction and dips SE. The
clasts show imbrication indicating paleo—current direc-
tion from NE to SW, which is similar to the present
Asakumi fluvial system. Natural woods are arranged
parallel to strike of the bed.

Although the Asakumi Formation represents fluvial
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Fig. 1

Index of the examined section (HA: Haranomae) and topography of the

Nakaumi-Shinji lagoon in the San’in region, Southwest Japan, after Nakamura

(1996).
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Table 1 Analyses of the Holocene sediments of the Shinjiko and Asakumi Formations at the Haranomae section (archeo-
logical site) in San’in district of Southwest Japan. Numbers are sample numbers in stratigraphically ascending order in
each part, at 10~ 20 cm thick intervals. SH is samples from the Shinjiko Formation ranging from middle Jomon (6300
yrs BP) to Yayoi ages (1-3 C). A, B and C indicate samples from three units of the Kofun (4-6 C), Nara—Heian (8-9
C) and Heian ages (9-10 C), respectively of the Asakumi Formation. Total Fe is given as Fe20s*. LOI: Loss on igni-

tion. p.v.: proposed values by Potts et al. (1992).

Oxides (Wt %)

Trace elements (ppm) wt %

sampleno. SiO2 TiO2 AI203 Fe203 MnO MgO CaO Na20 K20 P205 Total LOI V C Co N Cu Zn Y Zr Nb Rb Sr Ba TOC TN TS
Asakumi Formation
C-11 71.05 109 1808 565 005 104 059 101 156 0.04 100.15 13.67 108 114 4 53 24 36 32 201 13 71 117 396 3.21 0.18 1.74
C-9 6553 1.05 2041 922 004 137 044 071 164 005 10046 26.24 131 118 2 73 19 85 32 190 14 91 94 379 4.25 0.25 3.09
C-7 7163 105 1822 544 005 140 059 105 160 006 101.09 11.82 96 108 3 43 20 71 35 192 10 73 128 358 255 0.16 1.16
C-5 70.10 106 1960 594 005 153 055 089 1.65 0.07 101.42 13.16 109 105 3 45 21 59 34 194 12 79 115 381 3.11 0.20 0.87
C-3 6861 108 19.15 6.81 005 151 053 084 158 006 100.23 13.24 131 111 3 45 19 114 33 199 15 75 111 374 286 0.19 1.55
C-1 7344 103 1580 467 005 129 067 130 153 005 99.81 822 98 101 4 31 11 87 26 185 14 60 136 379 1.59 0.10 0.62
B-10 7354 108 17.87 288 005 102 061 128 1.64 005 100.01 8.16 83 109 3 3 10 57 29 198 12 65 134 371 1.75 0.12 0.12
B-9 7034 105 1871 513 004 106 058 106 159 006 99.61 14.03 114 109 5 50 25 100 33 199 14 69 115 349 3.70 0.21 1.43
B-7 7087 1.06 1796 650 005 135 059 1.13 156 006 101.12 1412 109 108 3 59 21 142 34 198 12 71 121 411 3.24 0.18 2.05
B-5 7021 1.06 1844 6.16 005 146 057 1.04 156 007 100.61 13.14 106 111 3 45 21 112 33 206 13 73 120 392 3.18 0.19 1.30
B-3 7036 1.06 18.02 563 005 1.41 058 1.13 157 0.07 99.89 10.61 103 115 4 42 17 88 31 198 12 72 120 356 2.44 0.16 0.54
B-1 7311 1.03 1692 528 005 1.36 062 115 155 007 101.12 9.88 105 113 3 40 15 98 30 206 11 69 125 365 2.15 0.15 0.63
A-10 7316 1.08 17.46 484 005 108 064 117 155 005 101.07 1204 103 104 4 50 22 99 32 205 11 66 127 379 297 0.16 1.23
A-9 7255 105 17.34 550 005 1.33 063 127 157 0.06 101.34 11.25 95 99 3 38 16 87 33 203 12 72 127 394 270 0.16 1.09
A7 7331 1.18 16.01 538 0.06 1.34 063 132 154 006 100.82 8.61 105 117 4 38 9 95 29 212 12 64 131 333 152 0.11 1.02
A-5 7161 104 1651 574 005 134 059 131 157 007 99.82 9.04 93 97 4 39 14 82 27 194 12 68 126 292 1.60 0.11 0.94
A-3 7248 098 1667 530 005 1.33 056 1.10 159 005 100.10 8.95 82 86 4 33 14 90 26 187 13 68 119 371 1.74 0.12 0.57
A-1 7154 101 1817 581 005 145 054 1.02 166 0.07 101.32 10.22 99 93 3 41 15 100 31 196 11 77 116 356 2.00 0.14 0.83
Shinjiko Formation
SH-18 83.16 048 1037 238 002 069 048 0.88 238 0.04 100.88 582 23 53 2 22 18 35 12 134 7 86 128 496 0.82 0.09 0.67
SH-16 8169 060 11.11 315 003 083 056 0.85 225 0.05 101.11 6.93 41 76 2 27 0 39 13 188 8 83 137 486 0.89 0.09 0.78
SH-14 7858 0.73 1237 367 0.04 103 061 0.97 223 006 100.28 8.09 44 86 3 28 53 48 16 218 10 82 148 453 099 0.11 1.01
SH-12 76.62 075 1346 477 004 119 069 099 231 006 100.87 9.56 62 91 3 30 93 56 16 226 8 87 160 473 0.82 0.11 1.18
SH-10 7559 083 1399 455 004 140 078 1.12 226 006 100.62 9.81 58 128 4 33 9 54 18 263 11 81 179 455 1.23 0.13 1.16
SH-8 7032 097 1649 6.35 005 1.78 0.85 1.18 204 0.07 100.09 17.38 106 108 5 36 11 79 28 281 14 81 166 438 3.12 0.20 2.19
SH-6 7092 098 1578 538 0.04 186 089 1.16 225 007 99.33 983 85 116 5 39 93 62 22 258 14 82 188 453 1.34 0.18 1.28
SH-4 66.99 1.08 1845 7.22 006 224 093 1.01 196 0.08 100.02 13.95 103 125 5 51 20 89 27 232 13 86 172 394 1.78 0.20 1.90
SH-2 6825 0098 17.36 6.49 006 1.89 100 131 211 0.09 9954 12.31 94 101 5 39 13 75 24 225 12 86 172 358 1.48 0.22 1.58
SH-1 72,07 096 1590 519 0.04 156 084 1.17 227 0.08 100.07 10.08 93 112 4 33 85 67 22 285 13 88 173 448 1.36 0.21 1.26
SCo-1

pv. 6413 064 1396 525 005 278 268 092 283 0.21 93.45 134 69 11 28 29 105 27 163 11 114 178 582
av(n=10) 65.30 063 13.89 544 0.05 267 261 123 278 0.35 94.94 128 69 11 26 22 106 20 171 11 124 171 554

sTD 0.10 0.00 005 001 000 0.01 001 000 0.00 0.01 2.83 3.68 0.21 0.28 0.35 1.84 0.35 0.42 0.00 0.64 1.41 1.70

sediments, it is mainly composed of muds in this sec-
tion. Asakumi muds are characterized by relatively
consistent grain size of 7.7-7.0 in phi scale (Fig. 2),
and less sand contents ranging from 3 to 35 wt% for
the examined samples (Fig. 3) (Tokuoka et al., 1995).

The Asakumi Formation consists of three units (A,
B and C in Figs. 2 and 3, Table 1; the Kofun (4-6
C), Nara—Heian (8-9 C) and Heian ages (9-10 C), re-
spectively, according to archeological remains (BE-
SPO, 1995).

Sample preparation and analytical method

Samples of the Shinjiko (SH) and Asakumi Forma-
tions (A, B and C) were collected at 10-20 cm inter-
vals (n=28) (Table 1). Dried samples (at 110°C for 24
hours) were utilized for analysis of major and trace
elements and total organic C, total N and total S.

Total organic carbon and total nitrogen
Total organic carbon (TOC), and total nitrogen

(TN) are measured using a CHN-corder (Yanako
MT-3). The method is outlined in Suzuki et al.
(1986) and Sampei (1991).

Total Sulfur

Total sulfur (TS) was measured on 200 mg samples
by combustion and infrared absorption spectrometry
using a HORIBA EMIA-120 following the procedure
of Terashima (1979). The errors (coefficient of vari-
ation) inherent to this analysis were less than 3%.

Major and trace elements

Major elements (SiO., TiO., ALOs;, Fe.Os*, MnO,
MgO, CaO, Na;0O, K0, and P,Os) and trace elements
(V, Cr, Co, Ni, Cu, Zn, Y, Zr, Nb, Rb, Sr, and Ba)
were analyzed using the RIX 2000 XRF system (Ri-
gaku Denki Co. Ltd.) of Shimane University. Analysis
were made on glass beads prepared with lithium
tetraborate flux with a sample (ignited base) to flux
ratio of 1:5, as detailed by Ichikawa et al. (1987) and
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Fig. 2 Stratigraphic variation of LOI, TOC, TN, TS, Fe203/ALO;s, CIA and Rb/K of the muds at the archeological site in
Shimane University (SU section), San’in district of Southwest Japan. K—Ah represents Kikai—Akahoya tephra of 6300
yrs BP. Bed numbers are indicated.
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Fig. 3 Stratigraphic variation of AlLOs/TiO., SiO2/AlL:QOs, Ti/Zr, Nb/Y, Zr/Y and sand contents of the Shinjiko and
Asakumi Formations at the Haranomae section in San’in district of Southwest Japan. Age determination is based on ar-
cheological remains (BESPO, 1995). K—Ah represents Kikai—Akahoya volcanic ash of 6300 yrs BP (Nakamura and
Tokuoka, 1997). Sand contents is after Tokuoka et al. (1995).

Alt. is altitude of the sample horizon for Shinjiko Formation and the unit A of the Asakumi Formation. Units B and C
laterally deposited to the unit A, so that their thickness is used for determination of the sample horizon.
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fundamentally followed by Norrish and Hutton
(1969).

Results are shown in Table 1. For analytical errors,
standard deviations of analyzed values (n=10) of
USGS standard SCo—1 (Cody Shale) are shown in
comparison with the proposed values from Potts et al.
(1992).

LOI (Loss on ignition)

Loss on ignition was determined by ignition of pow-
dered samples at 1100C in a muffle furnace for 1
hour.

Geochemical characteristic of the samples

TOC, TN and TS

TOC of the Shinjiko Formation shows relatively
lower values ranging from 0.82 wt%to 3.12 wt%
(with average value of 1.38 wt%) than those of the
Asakumi Formation (Table 1, Fig. 2). TOC of the
Asakumi Formation gradually increases ascendingly,
ranging from 1.52 wt%to 4.25 wt% (with average of
2.59 wt%). TOC/TN ratios increase ascendingly in
the section with some variation, which is related to in-
creasing TOC values (Fig. 2). This suggests that deri-
vation of TOC from higher plant might be dominated
during the deposition of the Asakumi Formation.

TS of the Shinjiko Formation gradually decreases
from 1.16 wt%to 0.67 wt%, and in the Asakumi For-
mation TS varies. The uppermost sample of the unit B
shows strong depression, suggesting dominance of flu-
vial input or regression of sea—level. TOC/TS ratio is
valuable indicator for marine (TOC/TS ratio under 5)
and non-marine condition (TOC/TS over 5) (Berner
and Raiswell, 1984). According to stratigraphic vari-
ation of TOC/TS ratio in this section, marine or
brackish condition can be inferred for the Asakumi
Formation, except for one sample shown by the lowest
sulfur concentration mentioned above. Stratigraphic
variation of Fe)Os/AlLOs ratio correlates with TS pro-
file (Fig. 2), which may indicate iron concentration as
sulfide minerals by sulfur reducing reaction (Berner,
1984; Calvert and Pedersen, 1993).

Si0;, TiO:, ALLO; and Fe,O:

SiO: of the Shinjiko Formation increases toward up-
section from 67 to 83 wt% (Table 1), and correlates
well to sand contents (Fig. 3). It also has relatively
higher concentration than the Asakumi Formation.
SiO: of the Shinjiko Formation has negative correla-

tion with ALOs (with correlation coefficient, r2=
0.997), indicating mixing of quartz sands and clays
and quartz grain fractionation in finer sediments (Fig.
4). SiO: of the Asakumi Formation plots above this
correlation line, showing dominance of AlLQOs; com-
pared to those of the Shinjiko Formation. SiO./TiO:
ratio shows gradual increase in the Shinjiko Formation,
and this ratio shows relatively small variation in the
Asakumi Formation than that of the Shinjiko Forma-
tion. But it gradually decreases upsection.

TiO: and ALO; are relatively immobile during sedi-
mentary process, and may be useful for evaluation of
source rocks (e.g. Taylor and McLennan, 1985; Con-
die, 1993; Sugitani, 1996; Yamamoto et al., 1986).
TiO: shows correlation with Al,Os in the Shinjiko For-
mation (12=0.98). The Asakumi Formation has higher
values than that of the Shinjiko Formation with rela-
tively constant values (=1.05 wt%) excluding one
sample (Fig. 4). ALQO:/TiO; ratio slightly increases in
the upper part of the Shinjiko Formation (21.7), but
has rather constant values in the Asakumi Formation
(average value of Al:O:;/TiO.=16.9), showing no sig-
nificant correlation with grain size and sand contents
(Figs. 2, 3).

Fe,Os shows correlation with AlO; in the Shinjiko
Formation (r2=0.98), but has weak correlation with
AlLQO:; in the Asakumi Formation.

Alkali and alkaline earth elements

Na;O and CaO are variable during sedimentary
process (e.g. Wronkiewicz and Condie, 1987; Nesbitt
and Young, 1989). KO, Rb and Ba are relatively im-
mobile during this process than other alkali and alka-
line earth elements.

Na;O, CaO and Sr of the Shinjiko Formation show
correlation with ALO; (12=0.76, 0.97 and 0.80, respec-
tively), while these of the Asakumi Formation show
negative correlation with AlLOs (r2=0.88, 0.79, 0.80,
respectively). This suggests that two formations were
deposited under mutually different conditions. NaO,
CaO and Sr were probably adsorbed on clays of the
Shinjiko Formation, while they are absorbed during
deposition of the Asakumi Formation due to weather-
ing.

K>O of the Shinjiko Formation shows negative cor-
relation with Al:Os (12=0.79) and Ba does so (2=
0.85), suggesting diagenetic enrichment in KO and
Ba. In the Asakumi Formation, these elements don’t
show correlation with AL:Os. K2O of the Asakumi For-
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mation shows small variation (Fig. 4). Rb of the Shin-
jiko Formation has consistent values, but in the
Asakumi Formation shows correlation with ALO; (r2=
0.85).

MgO of the Shinjiko Formation has strong correla-
tion with ALOs (r2=0.98), but is rather constant in the
Asakumi Formation (with average value of 1.32, STD
=0.293). This may indicate that MgO of the Shinjiko
Formation is incorporated with clay minerals, and con-
centration of these elements of the Asakumi Formation
may have been influenced by a diagenetic alteration.

Transition elements

Vanadium, Cr, Co, Ni and Cu behave similarly to
each other during sedimentary process (e.g. Taylor and
McLennan, 1985; Calvert and Pedersen, 1993; Jones
and Manning, 1994). Vanadium of the Shinjiko For-
mation has strong correlation with AlLOs (12=0.96),
and other elements, Cr (r2=0.82) and Zn (12=0.98)
show similar correlation, suggesting adsorption of
these elements on clays. In the Asakumi Formation,
they show no apparent correlation with AlQOs, and
have rather consistent values. MnO also shows correla-
tion with ALOs in the Shinjiko Formation (r2=0.90),
and is rather consistent in the Asakumi Formation.

Y, Nb and Zr

Yttrium, Nb and Zr are immobile during sedimen-
tary process and may reflect source rock composition
(e.g. Taylor and McLennan, 1985; Condie, 1993).
Y and Nb of the Shinjiko Formation show strong posi-
tive correlation with ALOs (2=0.95 and 0.85, respec-
tively), and Zr does correlation with ALOs; (12=0.69,
in Fig. 4). In the Asakumi Formation, Y has higher
concentration than those of the Shinjiko Formation,
and Nb show similar concentration to those of the
Shinjiko Formation. Zr of the Asakumi Formation has
relatively lower concentration than that of the Shinjiko
Formation. Zr may have been fractionated in the
Asakumi Formation and plot below the correlation line
of the Shinjiko Formation. Contrasting concentration
of Y, Nb and Zr in the Shinjiko and Asakumi Forma-
tions is demonstrated in element ratios of Ti/Zr, Nb/
Y and Zr/Y (Fig. 3). These ratios show variation in
the Shinjiko Formation, but they have significantly
consistent values in the Asakumi Formation. This sug-
gests that muds with consistent composition were
formed from the Kofun to the Heian ages of the
Asakumi Formation, although sedimentary environ-

ment was influenced by fluvial input as shown by
variation of TS, TOC/TN and TOC/TS ratios.

Weathering condition

Weathering process and diagenetic alteration may
significantly influence the chemical compositions of
sedimentary rocks, and their effects are evaluated us-
ing ALOs— (CaO*+Na,0) —-K,O (A-CN-K) diagram.
In this diagram, elements are plotted as molar propor-
tion, where CaO* represents Ca in silicate—bearing
minerals only (Nesbitt and Young, 1989: Fedo et al.,
1995). The CIA (=Al/ (Al+Ca+Na+K) x 100, Nesbitt
and Young, 1982) is a useful measure for evaluation
of weathering degree, particularly the conversion of
feldspar to secondary clay minerals such as kaolinite
and illite, and sorting effect (Nesbitte et al., 1996)
(Fig. 5).

Muds of the examined section show contrasting
trends in this diagram, namely samples of the Shinjiko
Formation plot parallel to A—CN join, and those of the
Asakumi Formation plot on a line towards K-apex
(Fig. 5). The trend of the Asakumi Formation initiates
from the Daito granodiorite suggesting derivation from
such source. The trend of the Shinjiko Formation indi-
cates K—metasomatism (Fedo et al., 1995) towards up-
section and K.O/ALQO; ratios increase from 0.10 to
0.23. The CIA of the Asakumi Formation gradually in-
crease with some variation (Fig. 2), which correlates
well with variation of grain size. This demonstrates
that highly weathered finer grained material was de-
rived towards upsection. Rb (ppm) /K (%) ratio corre-
lates to profile of the CIA (Fig. 2) exhibiting that Rb/
K ratio may also be a useful index of evaluation of
weathering.

Changes in geochemical composition related to the
Jomon transgression and succeeding sea—level fall

Geochemical composition of the Shinjiko and
Asakumi Formations shows contrasts which are closely
related to change in sedimentary environment. SiO:
concentration over 80% in the Shinjiko Formation
(Table 1) suggests gradual abundance of quartz grains
and coarsening upward variation. Zr and TiO: concen-
trations may be related to grain size fractionation
(Taylor and McLennan, 1985; Garcia et al., 1994).
Relatively higher values in Zr/Y in the middle to up-
per part of the Asakumi Formation (excluding top
sample) are due to Zr enrichment related to this effect
(Fig. 2).
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Fig. 5 ALOs— (CaO+Na,0) -K:O diagram and the CIA (chemical index of alteration) for the Shinjiko and
Asakumi Formations (A, B and C units) at the Haranomae section in San’in district of Southwest Japan.
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(Omori andesite) are also given for estimation of source composition. Data from Murakami and Imaoka

eds. (1987), and Kano et al. (1994).

Gradual dominance of fluvial detritus to the Shin-
jiko Formation of the Yayoi age might have effects on
such compositional variation. Relative decrease in TS
and Fe;03/AlLQ; is suggestive of dominance of fresh
water invasion during the regression of the Yayoi age
(Tokuoka et al., 1990). These changes in sedimentary
environment might attribute to an alteration of clay
minerals, such as K:O metasomatism in A—CN-K dia-
gram (Fig. 5) and Ba enrichment. Gradual decrease in
the CIA and Rb/K ratio were caused by K.O enrich-
ment towards the boundary of the formations. A sharp
gap in mud compositions at the formation boundary is
suggestive of chemical alteration of muds during un-
conformable disturbance of sedimentation.

TOC/TN ratio shows gradual increase in the
Asakumi Formation suggesting growing influence of
terrigenous TOC by the fluvial system. The delta front
of this river system forwarded after Yayoi age (Naka-
mura, 1996; Nakamura et al., 1996), and the marine—
brackish transitions occurred frequently as indicated in
TOC/TS fluctuation in the Asakumi Formation (Fig.
2). Their CIA and Rb/K ratio are relatively higher
than those of the Shinjiko Formation, and show grad-
ual increase upsection. They, however, have decreased
at the boundary of the units B and C (Nara—Heian and
the Heian ages). Higher values of the CIA and Rb/K
ratio indicate that relatively weathered material was

formed locally under warming and humid -climate
(Sampei et al., 1996), or sediments were transported
as a finner particles rich in clays. According to homo-
geneous composition of Asakumi muds shown by
AlO3/TiO2, Ti/Zr, Nb/Y and Zr/Y ratios, particu-
lated matter was accumulated in flood plain or back-
swamp pond of the Asakumi fluvial system. These
immobile element ratios are not influenced by marine
and non—marine transition and redox condition.

Conclusion

Geochemical signature of Holocene sediments is to
evaluate change in sedimentary environment and its
effect on sediment composition. The sedimentary envi-
ronment is a result of equilibrium of marine and flu-
vial system in the examined section, which may be
evaluated by TOC/TS and TOC/TN ratios. The flu-
vial input of terrestrial organic matter can be estimated
by variation in TOC/TN, and increasing TOC/TN ra-
tio may indicate development of fluvial system in the
examined section. TOC/TS is valuable for estimation
of marine and non—marine conditions, and fluctuation
of TOC/TS may be related to variation of fluvial in-
put or change in sea-level.

The CIA and Rb/K ratio are useful indicators of de-
grees of source material weathering, and their variation
is shown in marine—nonmarine transition sediments.
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On the A—-CN-K diagram, K—enrichemnt is indicated
for the samples related to unconformable disturbance
from marine to brakish conditions.

Si02/TiOz closely related to grain size, but ALOs/
TiO: is not significantly influenced by sorting effect of
the examined samples. Consistent mud composition
shown by immobile element ratios such as ALOs/
TiO., Ti/Zr, Nb/Y and Zr/Y, may unravel an effect
on mud composition related to variation of sedimen-
tary environment.
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BERH - PHMESE - ZHRM - SXRC - BEEX, 1998, MELFHRIEICL 2FBEAE
LIRS Ht D SR K E RN I 1 5 M DRSS, BIRAFZFHBERREFMERSE, 17,

R & ZITHE CVRAEDTER OB F I 2 R LI O M EF IR S TWwE, #
DFLFED 1 DHANLH OFWN OEHFEBIG ICR 5N 5. W IIENRE &SRR » S %
D, REHMEOTEHIIET HARY KUK (86,300 ER]) PRI NL. SEMNBIIRERE
WHErS LMK EZRYT. PBBRERPREE L TL08BVRBZEE. FE50BLA
B, 44 7IBE 1w EDb D0 % KRB CHERE L7 TR 2 Re 4 5. H
Y OTLFEMEA S 1%, REME TIIREMROZE L & I SiIONTIO, TiZr LT 5.
FE T NS OMBITIEKE ZEBLIE v, HRYOIES O BEALDFEE OB CIA
[CIA= (AVAl+Na+Ca*+K) X100 ; K TTEIZENVHTREN, Ca*3HFIEGWIcS TN 5
L] FFREMBTIEREITKL 2D (<70), KICEAZHBEANEET 5. BB IEE
HEE LD bEWCIA (>80) 2R L, BEHOMWREYWORILIET LT & 2R,






