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10.8 Natural analogue of nuclear waste glass in a geologic formation
- Study on long-term behavior of volcanic glass shards

collected from drill cores -
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Alteration of the volcanic glass in geologic formation was investigated as one of the natural
analog for a glass of high-level nuclear waste in geological disposal. We analyzed some
volcanic glasses included in the core sample of the bore hole and estimated the history of its
burying and observed its alteration using the polarizing microscope. Some information at the
piling up temperature and the piling up time was collected.
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1. Introduction

We have surveyed of alteration of volcanic glass under diagenesis in a deep geological environment
which is similar to high level radioactive wastes disposal conditioa Past research on burial diagenesis of
glassy rocks (tuffs) in Japan has investigated from a number of perspectives on the formation conditions
of authigenic minerals in boreholes drilled for petroleum exploration. In our survey on the alteration of
volcanic glass, we examined the temperature, burial time, and composition of groundwater in relation to
previous results on burial diagenesis in oil field areas.

In research on authigenic minerals based on a core sample from a deep boring in Japan, Iijima and
Utada (1971)!) studied the zeolitization of glass, and proposed that some of the stages in zeolitization due
to diagenesis based on information of observed minerarls. They indicated that there is a relationship
between the burial depth, that is effectively the ground temperature, and the various processes that bring
about the alteration with regard to the alteration sequence from zeolites to feldspar in felsic glass. Iijima
(1978)2) proposed that zeolitization for the diagenesis of glass proceeds in the pH rage from 8 to 10. The
following identified for this process, although there is variation among the results, for example in the
temperatures at which the conversion bands appear.

non-alteration glass - clinoptilolite - mordenite - analcime - albite

Sasaki (1990)3) found from research on drilling data from the principal oil field of Japan, Hokkaido,
Akita and Niigata that the pore-water composition is similar to that of sea water and discussed
zeolitization in sedimentary formation in terms of the effective heating time concidering of the
relationship of temperature over time in the zeolitization of glass. In the calculation of effective heating
time in our research, we examine the microfossil stratigraphy, which shows the geological age at the
maximum depth of each zeolitization band, to estimate the rate of deposition in each borehole. The
geological ages at the upper limiting depths of the zeolitization bands differ greatly among boreholes, and
ages of climoptiloHte bands vary from 0.5 to 8.5 Ma, ages of analcime bands from 1.4 to 12.6 Ma, and
ages of albite bands from 2.1 to 13.3 Ma, Therefore, the following assumptions are made to re-estimate
the temperature history in each borehole.

• The heat flow in the Earth's Crust has been nearly constant since the Miocene.
• The temperature at the ocean bottom is 2°C since nearly all the sediment layers are from the bathyal
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• The temperature at the start of burial is about 22°C at a burial depth of 300 m.
• The time elapsed until each zeolite band reaches to the maximum temperature area, which is between

(W°C-15°C) and t ^ C , is defined as the effective heating time.
Based on the above assumptions, the

alteration curves for the alteration to zeolite are
obtained from the temperature and geological
age at the upper limit of each alteration zone
with effective heating time and temperature as
parameters (Fig. 1). This figure shows that the
conversion from glass to clinoptilolite occurs at
60 °C during 0.5 million years as an effective
heating time or at 50 °C over 5 million years.
The corresponding results for analcime are
105 °C with an effective heating time of 0.5
Ma or 62 °C over 5 Ma. As indicated above,
these curves are believed to be important in
predicting alteration in the zeolitization of glass.
We used deep drill cores from southern Kanto
to survey samples with relatively high
temperature histories. The survey examined
glass alteration conditions such as temperature
history and water chemistry information.

Fig.l Diagram of temperature-effective
heating time for each zeolite zone2. Experiments and Results

2.1 Sampling Locations

Samples were taken from a drill hole with
an opening at 61.6 m elevation and a depth of
2,045.0 m drilled in Yokohama City,
Kanagawa Prefecture, Japan (the Yokohama
Hole) (Fig. 2). The so-called Kanto Loam
group is deposited near the surface of this
hilly area, but the mid-Pleistocene Sagami
group is exposed in the canyons. Between a
depth of 10 and 1370 m lies the
Pleistocene-Miocene Kazusa group. The
Miocene - Pliocene Miura group lies the level
of 1370 m below the surfece. Both the
Kazusa group and the Miura group are
marine deposit layers. The temperature at the
bottom of the hole is about 70 °C. There is a
drill hole at a depth of 1,500 m drilled for hot
spring .development at about 2 km from this
Yokohama Hole. The composition of the
groundwater in the hole was assumed to be representative of the groundwater in this area

1 Ian

Fig2 Sampling location
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2.2 Analytical Method and Results

Chemical analysis of the pore-water in the sample was carried out by the dilution method. Samples
from the drill hole were ground to a size of 1.0 mm or less with a stainless steel mortar and pestle; 100 mg
of the sample was soaked in 100 ml of distilled water for 1 hour in a polyethylene container after which
the pore-water was extracted. The extracted pore-water was then filtered through a 0.45 micro filter and
chemically analyzed. The analysis results are shown in Table 1, as compared with deep groundwater
analysis data from the nearby area. It was found that the groundwater that would affect alteration in the
drill core at a depth of 2,000 m is of NaCl-type. In addition, it is characterized by a high boron
concentration (the ratio with respect to Cl ions is different from that of present sea water, but its relation to
fossil sea water and its volcanic properties are unclear).

Table 1 Analytical results for deep groundwater and pore-water of the drilling core

^ ^ - ^ ^ ^ ^ sample

composition ^ ^ ^ - ^ ^

PH
Eh(mV)

EC(mS/m)

Na+(mg/L)
K+(mg/L)
Ca2+(mg/L)
Mg2+(mg/L)
total cations (meq/L)

HCO3"(mg/L)

S(V(mg/L)
Cr(mg/L)
total anions (meq/L)

I2(mg/L)
Br(mg/L)

SiCh (mg/L)

HjBCMmg/L)
TOC(mg/L)

5D(%o)

S18O(%o)

Groundwater
(Yokohama hot spring)

GL -1500 m

7.8
—

1460.0

2820
64
160
35

135.16
310
<1

4900
143.30

<1
18
76
120
7

-52

-32.1

Pore-water
(core sample)

GL-2000.12~2000.18m
—

—
—

5.5
1.8
5.3
0.7
0.61
15
5
9

0.60
<1
<1
—

O.I
—

—

—

The obtained tephra samples were subjected to mineral analysis by X-ray powder analysis and
microscope observation under polarized light to investigate the condition of volcanic glass alteration was
investigated.

Photographs of thin samples from depths of 1,003.47 to 1,003.53 m through a polarized light
microscope are shown in Fig. 3, and from depths of 2,000.12 to 2,000.8 m in Fig. 4. The glass alteration
is not observed in the samples from depths of 1,003.47 - 1,003.53 m (Fig.3). The altered minerals
clinoptilolite and montmorillonite are present in the samples from depth 2,000.12 - 2,000.13m (Fig.4).
The mineral compositions are shown in Table 2.
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plagioelase

FlgJ Photograph of a thin section of the
bore hole core sample

plagioclase

Fig.4 Photograph of a thin section of the
bore hole core sample

Table 2 Mineral composition of collected core samples

\
\ mineral

\

depth \
(m) \

\
\
\

1003.47-1003.53

. i ; . \ ' . . i : . : ' ; . : : ' • - " • • . : i ! • : ; • . •

2006.34~2006.37

montmorillonite

A

chlorite

illite

: ; • • • • • ; . , i , ; • • ; : .

; • I •• •

clinoptilolite

plagioclase

A

•'.p.:-.

quartz

—,—; ;—

© :

estimated

temperature

(°C)

43

relative amount:® richu O medium^ A small amounts • trace

3. Summary

This survey clarified the following characteristics of volcanic glass taken from a deep drill hole, which
is believed to have remained for a long period. The studies on the volcanic glasses at the depth of
more than 1000m are very rare in Japan as natural analog study.

• Using a deep drill hole in southern Kanto, we performed a survey of volcanic glass alteration. The
results indicate that the temperature at depths near 2,000 m reaches about 70 °C, and altered
minerals including clinoptilolite and montmorillonite are observed

• At about 50 °C, significant alteration was not observed under a microscope.
• The chemical composition of the groundwater that contributes to this alteration is believed to be

affected by NaCl-iype grouhdwater based on analysis of the pore-water in the core and the
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composition of the deep groundwaler in this area.
In the present survey, only samples with a glass alteration percentage of 0% or 100% were obtained,

but according to Ogihara (2000)4), volcanic glass at a depth of 1,000 m in a drill core onshore of Souma
has been altered to clinoptilolite. He reported that, at an environmental temperature of 45 °C, 90% of the
volcanic glass in the sample had been altered to clinoptilolite. Based on the results of this survey, if we
can obtain samples having different percentages of altered glass, the activated energy can be found.

We plan to obtain data for different degrees of alteration and determine the activated energy by such a
method.

Acknowledgements

We wish to deeply thanks Dr.Hiroyoshi Suzuki of National Research Institute for Earth Science and
Disaster Prevention, and to thank Dr.Mikazu Yui and Dr.Gento Kamei of JNC Tokai for helpful
comments for preparation of this paper.

References
1) A. Iijima and M. Utada, "Present-Day Zeolitic Diagenesis of the Neogene Geosynclinal Deposits in

the Niigata Oil Field, Japan," Molecular Sieve Zeolites, v.l, pp.342 (1971).
2) A. Iijima, "Zeolitic diagenesis,"(Japanese) Chisitsu gaku ronbun shu, 15, 135 (1978).
3) A. Sasaki, "Zeolitization in Late Cenozoic Marine Sediments of the Japanese Oil Producing

Regions,"(Japanese) J. Japanese Association for Petroleum Technology, 55(No.l), 1 (1990).
4) S. Ogihara : "Composition of Clinoptilolite formed fix>m Volcanic Glass during Burial Diagenesis", Clays and

Clay Minerals, 48(No.l), pp. 106, (2000).

- 263 -


