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Abstract : The pore water in sediments of the Niigata basin is supposed to have been the
same composition as the present sea water because all the sediments of the basin except
for the Uonuma Group are marine origin. Nevertheless, the actual composition and
concentration of the present pore water have changed largely from those of the sea water,
due to the influence of meteoric water and chemical reaction with the solid sediment
during the diagenetic stage.

In this paper, we present the content of the water-soluble chlorine in the well core
samples from the Central Niigata Basin, and also describe the concentration of chlorine
ion in core samples from the MITI wells, and those in the brine water from oil and gas
fields. Finally, we discuss the diagenetic variation of the chlorine ion in pore water.

Chlorine in water-soluble fraction in rocks and brine water is higher in the central
plain area and decreases both southward and toward the margins of the Niigata Sedimen-
tary Basin. On the other hand, concentration of chlorine ion shows systematic vertical
variation with the maximum at the intermediate depth. Chlorine in water-soluble frac-
tion in rocks and brine water reaches to its maximum generally at the shallower depth
than 1000 m in hilly area and between 1000 to 3000 m deep within the basin.

Taking the tectonic evolution of the Niigata Sedimentary Basin into account, the
chlorine in water-soluble fraction in rocks and brine water is supposed to have been
controlled by infiltrated meteoric water caused by the upheaval of the basin. Conse-
quently, the water-soluble chlorine in the southern region and marginal areas of the basin

has been diluted because these areas were uplifted in the earlier stage.

INTRODUCTION

The Niigata sedimentary basin mainly com-
prises marine sediments from the basal Nanatani
Formation, so-called Green Tuff affinity during
its initial stage, to the Teradomari, Shiiya, Ni-
shivama and Haizume Formations upward.
However, the Uonuma Group, representing the
final stage of the basin fill, changes to brackish to
fresh water in the Uonuma District in the south-
ern region of the basin, while it interfingers with
the marine. Nishiyama and Haizume Formations
in the northern region (KOBAYASHI ef al., 1986).

* Geochemistry Department
** Geological Information Center

After the deposition of the Uonuma Group, the
southern region of the basin began to uplift to
form hilly to mountainous topography. The
northern region still occupied a depo-center of
thick strata which were, however, mostly fresh
water with local brackish origin.

According to these depositional environments,
the pore water is supposed to have been the same
composition as the present sea water because all
the sediments of the Niigata basin except for the
Uonuma Group are marine origin. Nevertheless,
the actual composition and concentration of the
present pore water have changed largely from
those of the sea water, due to the influence of
meteoric water and chemical reaction with the
solid sediment during the diagenetic stage.
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In this paper, we present the content of the
water-soluble chlorine in the well core samples
from the Central Niigata Basin, and also describe
the concentration of chlorine ion in the core
samples from MITI wells, and those in the brine
water from oil and gas fields. Finally, we dis-
cuss the diagenetic variation of the chlorine ion in
pore water.

Chlorine is commonly measured as an ion
concentration per unit volume of brine water, and
expressed as mg/] of Cl, for the convenience of
direct comparison to chlorine concentration in
sea water. On the other hand, however, chlorine
is usually measured as water-soluble chlorine in
weight percent for dried specimen (KOMA ef al.,
1983). Chlorine ion concentration (mg/l1) in
pore water (KANEHARA ef al., 1958) and water-
soluble chlorine (wt. %) are in high correlation
(KoMA et al., 1989), and those two values are
consistent enough for the description of vertical
variation of chlorine concentration in stratigra-
phic sequence. In this study, therefore, chlorine
in the well core sample is expressed as water-
soluble chlorine (wt.%) and that in the pore
water sample from the MITI wells and the brine
waters is expressed as chlorine ion concentration
(mg/1).

If the bulk density and water content of the
specimen are known, the chlorine ion concentra-
tion can be converted to the water-soluble chlo-
rine content by the relation shown below, pro-
vided the density of pore water is assumed to be
1.

Cow X1

Cor = T00d =1

Cary : water-soluble chlorine (wt. %)
Cy : CI~ concentration in pore water (mg/1)
d: bulk density
r: water content (vol. %)

SAMPLE ANALYZED

1500 argillaceous rock samples were analyzed
for the water-soluble chlorine content, collected
from 17 well cores in the Niigata oil and gas field
(Fig.1). It occupies the extent of 100 km in N-S

and 50 km in E-W, where Itsuka-Machi, Suibara-
Cho, and Izumozaki-Machi are located in the
southern, northern and western margins respec-
tively.

Although clay- to silt-sized specimen is usually
selected for the chlorine analyses, all the samples
were collected in every 10 m interval from the
cores including arenaceous sections in the present
study. Geological profile transecting through
the Amaze R-4, Umeda R-1, and Mitsuke SK-1
wells is shown in Figure 2.

ANALYTICAL METHOD

Water-soluble chlorine (Cl-: H,O0) was meas-
ured with the Sulfuric Acid Chlorine Ion Analyzer
(model S-04B, Seishin Seiyaku K. K.) according
to the procedure described below.

A 1.0 g of pulverized sample is well ingrained
with 10ml of distilled water, and chlorine is
extracted with ultrasonic vibrator for 1 hour.
The extracted aliquot is then centrifuged for the
sulfuric acid chlorine ion analyzer, which is com-
posed of liquid chromatography and photoelectric

‘colorimeter (KOMA ef al., 1983).

DISTRIBUTION OF WATER-SOLUBLE
CHLORINE CONTENT (CI-: H,0 wt. %)

Vertical fluctuation of water-soluble chlorine
ion contents from the respective core samples is
shown in Figure 3, which indicates that the
water-soluble chlorine content varies with the
well site, and with the depth in the same site.
Figure 4 shows a schematic distribution of the
water-soluble chlorine content in each site.

The core samples of the northern region were
taken from the Kakuta R-2, Uchino R-1, Furutsu
R-1, and Asahi R-30, and Shirane Observation
wells. The water-soluble chlorine content is
shown to be extremely high, mostly more than
0.05%, in the horizon shallower than 800 m deep
of the western sites of the Kakuta R-2 and
Uchino R-1 wells. ‘In the Kakuta R-2 well; how-
ever, chlorine content decreases rapidly down-
ward to less than 0.19 below the 800 m depth.
The next highest contents are observed from the
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Fig. 1 The location of wells for analysis of samples in the Niigata oil and gas field.
(modified after the Japanese Association for Petroleum Technology, 1983)
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Fig. 2 A geologic cross-section from Amaze R-4 to Mitsuke SK-1 in the central part of the Niigata
oil and gas field.
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Fig. 3 Water-soluble chlorine content in the wells in the Niigata oil and gas field.
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Fig. 4 Generalized water-soluble chlorine content in the wells in the Niigata oil and gas field.

400 to 1000 m subsurface interval of the Furutsu
R-1 well (0.3% in maximum) and the horizon
shallower than 250 m deep in the Asahi R-30 well
(about 0.2%), both of which are located in the
eastern side. The chlorine contents decrease in
the Furutsu R-1 well to less than 0.1% above the
350 m depth and 0.5% below the 970 m depth. In
the Asahi R-30 well, the content also decreases
above the 350 m depth to less than 0.5%. In the
Shirane Observation well, the content is less than
0.01% above the 500 m depth, which is the mini-
mum value observed in the northern region, how-
ever, it gradually increases downward upto about
0.2% at the 700m depth, and also seems to
increase in the far deeper horizon.

In the central region, three cores are analyzed
from the Amaze R-4, Umeda R-1, and Mitsuke
SK~1 wells. The highest water-soluble chlorine
content is observed in the Umeda R-1 well where
the value is more than 0.2% in the 300 to 900 m
interval, especially high at the 700 m depth to be
more than 0.49%, while it decreases to less than
0.19% at the 900 m and the greater depths. In the
Amaze R-4 and Mitsuke SK-1 wells which are
located on the both sides of the Umeda R-1 well,
the contents are generally less than 0.29%.

Among the core samples in the southern region,
the Nishinakadori R-7, Hirota R-1,
Tamugiyama SK-1 and Itsukamachi R-1 wells,
the average water-soluble chlorine content is

ie.,
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highest in the Hirota R-1 well to be as much as
0.2%. The next highest value is observed in the
Itsukamachi R-1 well from the depth of 450 m
and deeper, to be more than 0.39% at maximum

although the shallower horizon contains gener--

ally less water-soluble chlorine, 0.1 to 0.2%
within the 450 to 350 m depth interval and less
than 0.19% in the 350 m and shallower depths.
Only small content, less than 0.19, of water-
soluble chlorine is observed in the Tamugiyama
SK-1 and Nishinakadori R-7 wells.

Summarizing the above description, water-sol-
uble chlorine content is generally high in the
northern region and decreases to the south,
because the maximum value exceeds 0.5% in the
northern region while the average is 0.4% in the
central and 0.29 in the southern regions.

In view of the E-W direction, the content is
generally higher in the western parts in three
region, i. e., it is lower in the central sites than the
western sites such as the Uchino and Kakuta
wells in the northern region ; in the central region,
the western sites such as Umeda well are also
higher in chlorine ‘content than the central sites
except for the westernmost Amaze well where
the content is extremely low ; and in the southern
region, the Hirota and Itsukamachi wells shows
relatively higher values.

As to the relation between the depth and con-
tent of water-soluble chlorine, it is depicted that
the maxima tend to appear at the intermediate
depth, not the deeper nor shallower horizons.
The horizon of the maximum of each well is ; 200
to 500 m in the Kakuta, 900 to 1000 m in the
Uchino, about 800 m in the Furutsu, and about 200
m in the Asahi wells in the northern region;
about 800 m in the Umeda, shallower than 900 m
in the Mitsuke, and about 300 m in the Amaze
wells in the central region ; and about 500 m in the
Itsukamachi and 900 to 1000 m in the
Tamugiyama wells in the southern region,
although distinct variation of the content is
rather hard because it is generally very low in the
southern region.

As summarized above; water-soluble chlorine
content in the bedrock samples tends to be high to
the north and decreases to the south in the

Niigata basin. Also apparent is the tendency
that the maxima generally occur in the horizon
shallower than 1000 m deep, which can be called
hanging lens below the surfé(;_e.

CHLORINE ION CONCENTRATION (mg/1)
IN PORE WATER
FROM THE MITI AND GS WELLS

There are several MITI wells in the central
part of the Niigata Sedimentary Basin which
penetrated more than 3000.m deep during 1963 to
1971 (Japan. Assoc. Petr. Tech., 1973). The
concentration of chlorine ion in pore water from
these wells is described below.

In the northern region of the Niigata basin
where three test wells, that is, the Shimoigarashi,
Kanbara GS-2, and Obuchi wells are available,
chlorine ion concentration tends to be high in the
western sites. In case of the Shimoigarashi well,
the concentration is above 10,000 mg/l between
the 1000 to 4000 m depth. However, it is only
between the 1000 to 3000 m depth that the concen-
tration is more than 10,000 mg/1 in the Kanbara
GS-2, the maxima at the 2000 m depth exceeds
20,000 mg/1: In the Obuchi well, it is only
around the 1500 m depth that the concentration is
above 10,000 mg/1.

In the central region, the northern Masugata
and Tsukigata wells show the higher chlorine ion

" concentration, where the maxima are 15,000 mg/

1 between the 2000 to 4000 m depth and 19,000 mg/
1 at the 2000 m depths respectively, while in the
southern Kanbara GS-1 well the maximum does
not exceed 15,000 mg/l at any depth, being as
much as 10,000 mg/1 between the 1000 to 3000 m
depth.

In the southern region, only the Y oshida well is
available where the concentration is more than
10,000 mg/1 between the 3000 to 4000 m depth,
and the maximum reaches to 15,000 mg/1.

Concerning to the relation with the depth, it is
also shown that chlorine ion concentration has
the maximum at the intermediate depth and
decreases both upward and downward, as is the
case for the water-soluble chlorine contents.

In the northern region, the maxima are located
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Fig. 5 Chlorine iron content in pore water in the sedimentary rocks from the cores of wells in the

Niigata oil and gas field.

at the 2000 to 4000 m depth in the Shimoigarashi,
2000 m depth in the Kanbara GS-2, and above the
1500 m depth in the Obuchi wells.

Inthe central region, the maxima are located at
the 2000 to 3000 m in the Masugata, and above the
2000 m in the Tsukigata wells. In the Kanbare
GS-1 well, the concentration shows rather com-
plicated vertical fluctuation where the two max-
ima are identified at the 1200 and 3000 m depths
and the concentration seems to decrease both the
shallower and deeper horizons.

In the southern Yoshida well, the maximum is
located above the 3000 m depth, and the concen-

tration decreases downward.

To summarize the above description, the chlo-
rine ion concentration reaches the maximum at
the intermediate depth and decreases both up-
ward and downward as is the case for water-
soluble chlorine content in pore water. The
depth of the maxima is generally between 1500
and 3000 m deep, and tends to be deeper in more
southerly and closer to-the hilly area wells.
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Fig. 6 Generalized chlorine iron content in pore water in the sedimentary rocks from the cores of

wells in the Niigata oil and gas field.

CHLORINE ION CONCENTRATION (mg/1)
IN BRINE WATER
FROM OIL AND GAS FIELD

It is generally accepted that the chlorine ion
concentration in brine water accompanied with
petroleum and natural gas tends to be higher in
the center of the sedimentary basin and decreases
to its margins (Japan. Assoc. Petr. Tech., 1983).
This is also the case for the Niigata Sedimentary
Basin, where the oil and gas fields with high
concentration of chlorine ion more than 20,000
mg/] in their brine water, are all located in the
central part, such as Shiunji, Higashiniigata, and
Kumoide gas fields (Fig. 7). In contrast, chlo-
rine concentration is very low in oil fields in the
margin of the basin, and the concentration tends
to decrease from the center to the margins of the
basin, such as the Nishiyama and Niitsu oil fields
where the maxima are 190 and 120 mg/1 respec-
tively.

Concentration of chlorine ion thus changes
across the axis of the basin, but it also shows a
variation along the axis. The concentration in

5,500 to 26,000 mg/l in the Higashiniigata gas
field in the northern region, while it decreases
southward to 18,000 mg/1 in the Mitsuke and
13,000 mg/1 in the Tamugiyama oil fields. This
trend is also observed further southeastward to
the Gosen Plain, where the concentration is
reduced to 5,500 to 13,000 mg/1 in the Kuwayama
gas field.

These variations of the chlorine ion concentra-
tion in brine water from oil and gas fields indicate
that chlorine in the brine are closely related to
water-soluble chlorine content in bed rocks. In
other words, pore water chlorine is generally
enriched to the north and lower to the south, and,
at the same time, concentrated in the central-
western part decreasing both eastward and west-
ward. In more detail, water-soluble chlorine
content is higher in the Umeda R-1 than in
Mitsuke SK-1 wells while the chlorine ion
concentration in brine water is in vice versa.
This inconsistency seems to be due to the compli-
cated circulation system of ground water which
influenced the variation of chlorine ion distribu-
tion.
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DIAGENETIC CHANGE OF CHLORINE
ION CONCENTRATION

The original concentration of chlorine ion is
supposed to have been similar to sea water, as
much as 19,000 mg/l, except for the Uonuma
Group. During later stages, pore water was
expelled from the sediments due to compaction
by deep burial and authigenic mineralization. In
addition, upheaval of the provenance and the
basin itself caused the infiltration of meteoric
water, which diluted the chlorine ion in pore
water (Supo, 1967).

As aforementioned, there are only restricted
horizons between the 1000 to 3000 m depth in the
northern region of the Niigata Sedimentary Basin
where the present chlorine ion concentration
nearly corresponds to that of sea water. The
concentration is lower in all the other regions,
particularly low in the southern region and mar-
ginal hilly areas. This evidence indicates that
the upheaval of the Niigata Sedimentary Basin
initiated both in the southern region and marginal
areas where the dilution of pore water by in-
filtrated meteoric water primarily started. The
infiltration took place through the shallower and
deeper stratigraphic horizons, which preserved
the less diluted pore water with high chlorine
concentration as a hanging lens in between.

Finally, high concentration of chlorine ion in
brine water from oil and gas fields has the maxi-
mum in the central area of the basin and decreas-
ing toward its margins.

SUMMARY

Chlorine in water-soluble fraction in rocks and
brine water is higher in the central plain area and
decreases both southward and toward the mar-
gins of the Niigata Sedimentary Basin. On the
other hand, concentration of chlorine ion shows
systematic vertical variation with the maximum
at the intermediate depth. Chlorine in water-
soluble fraction in rocks and brine water reaches
to its maximum generally at the shallower depth
than 1000 m in hilly area and between 1000 to 3000

— 547 —




Bulletin of the Geological Survey

m deep within the basin.

Taking the tectonic evolution of the Niigata
Sedimentary Basin -into account, the chlorine in
water-soluble fraction in rocks and brine water is
supposed to have been controlled by infiltrated
‘meteoric water caused by the ‘upheaval of the
basin. Consequently, the water-soluble chlorine
in the southern region and marginal areas of the
basin has been diluted because these areas were
uplifted in the earlier stage.
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