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Borehole log interpretation methods, which are usually used by petroleum
exploration companies, are applied for evaluating heterogeneity of deep
underground diatomaceous mudstones in the Horonobe area. Natural gamma ray
log and electrical micro image (EMI) log data were used for the log interpretation.

Five sedimentary facies, A to E, were established from the EMI log interpretation.
Significant correlations between the sedimentary facies, the chemical contents, the
natural gamma ray level, and the electric conductivity in the diatomaceous
mudstone were seen. Spatial distribution of the diatomaceous mudstone, in
lithology and thickness, was recognized through borehole correlation, which seems
to reflect the sedimentary environment change.
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1. Introduction

It is important to understand the range and spatial distribution of physical parameters of
heterogeneous sedimentary rocks, such as hydraulic conductivity, and to provide these data for
hydrogeological models in initial site investigations for high-level radioactive waste (HLW)
geological disposal. Diatomaceous mudstone distributed in the Horonobe area looks homogeneous to
the naked eye. However, a continuous change in the physical properties has been detected from
borehole log data. It seems to be caused by the lithological variation in the sedimentary rock. In this
study, to evaluate heterogeneity of diatomaceous mudstone in the Horonobe area, physical properties
and lithofacies of sedimentary rocks are estimated from the natural gamma ray log data and the
electrical micro imaging (EMI) log data which was obtained from the boreholes drilled for the
Horonobe Underground Research Laboratory Project1 )>2>'3)A)5). Chemical content of the diatomaceous
mudstones is compared with the lithofacies, the natural gamma ray revel, and the electrical
conductivity of diatomaceous mudstone. Spatial distribution of heterogeneity of sedimentary rocks
within the Wakkanai formation is discussed by comparison of log data from several boreholes.

2. General description of the borehole logging method used in this study

Natural gamma ray log is a useful tool for estimating the mineral content within strata that radiate
gamma rays, such as clay minerals. Shales and clays are responsible for most natural radioactivity, so
the gamma ray log is often a good indicator of such rocks.

EMI log can detect electric conductivity of strata, which is the reciprocity of resistivity. EMI log
can acquire high-resolution data and make a pseudo-borehole image through image processing.

Figure 1 shows a schematic diagram for EMI log data acquisition. The EMI log tool has six pads,
which detect electric conductivity. Twenty-five electrodes were implanted in each pad. Electric
conductivity is detected by pressing these pads against the wall of the borehole. The resolution of
the EMI log is about 5mm. The pseudo-borehole image ranges in colored from white to black via
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yellow and brown according to increasing electric conductivity.
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Fig.l Schematic diagram of the EMI log data acquisition system.

3. Sedimentary Fades

Five sedimentary facies, A to E, were established based on the degree of contrast reflected in the
bedding plane of the strata (Fig. 2). The EMI image of sedimentary facies A and B clearly shows a
layered structure. This corresponds to a low gamma ray level in the gamma ray log data. The EMI
image of sedimentary facies D does not clearly show a layered structure. This corresponds to a high
gamma ray level in the gamma ray log data. Sedimentary facies E was also characterized by an unclear,
layered structure and a high gamma ray level similar to facies D but sometimes show a medium
gamma ray level in the strata . This might be the result of the sedimentary facies having been disturbed
by secondary mechanical processes.
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Fig.2 An example of an EMI image (left) and five EMI facies established from the EMI image.
(The line overlain EMI image indicates the natural gamma ray level)
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4. The relationship between fades and chemical composition

The whole rock chemical contents of the diatomaceous mudstone were analyzed by the X-ray
fluorescence (XRF) method. The core samples used for the XRF analysis were selected based on the
difference of the electrical conductivity shown in the EMI images. From the results of the XRF
analysis, the chemical contents and the sedimentary facies show good correlation (Fig.3). Distinctly
layered sedimentary facies A and B were characterized by a high SiO2 content layer inter-bed with a
low SiO2 content layer. Sedimentary facies D, which shows little stratification, was characterized by
medium to low SiO2 content. In addition, the strata with a high SiO2 content were also characterized
by a low AI2O3 content and a low electric conductivity. The results of this study also suggest that in
cases of strata with a high SiO2 content, the electric conductivity is lower and the stratification is more
distinct when viewed as an EMI image.

Hara (2004)6) investigated the relationship between the natural gamma ray level and the chemical
and/or mineral composition of diatomaceous mudstone from the Horonobe area. Principally, the strata
characterized with high gamma ray contain high A12O3 and are rich in terrigenous sediments such as
clay minerals. On the other hand, the strata characterized by a low gamma ray level contain high SiO2

and are rich in diatomaceous fossils. The relationship between lithology, sedimentary facies, natural
gamma ray level, electric conductivity, and chemical contents of diatomaceous mudstone from the
Horonobe area are summarized in Table 1.

131m

• m'

Fig.3 The relationship between sedimentary facies and chemical contents (HDB-S)
(From the left, EMI image, core image, sedimentary facies, electric resistivity, and chemical contents of A12O3 and SiO2)

Table 1 The relationship between lithology, sedimentary facies and
physical properties of diatomaceous mudstone from the Horonobe area

lithology

sedimentary facies
natural y -ray level
electric conductivity
chemical content

Diatom fossil rich ,. , , . . ,
mudstone * > sediment (ealy) rich

mudstone
A. B •* ^ D (E)
Low < • High
Low < f High

SiO2 rich <* • AI2O3 rich
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5. Spatial distribution of sedimentary rocks

Layered sedimentary facies, deciphered by natural gamma ray log and EMI log analysis, correlate
between boreholes. More than 40 markers were established for borehole correlation based on natural
gamma ray level and EMI image. Figure 4 shows the results of borehole correlation between HDB-1,
HDB-2 HDB-3 and HDB-5. Sedimentary facies can be traced horizontally without abrupt facies
change through the boreholes, while vertical sedimentary facies change cyclically, synchronized with
the other boreholes. This means that sedimentary facies change, in the horizontal direction, reflects the
variation of the horizontal environment change at a given time, while the vertical change reflects a
global environment change, such as a sea level change, which involved the entire Horonobe area.
Figure 5 shows a three-dimensional plot of sedimentary facies distribution in the Horonobe area. The

total thickness of sedimentary rocks is thicker at the borehole located west of the Horonobe area
(HDB-3), and thinner east and south of the Horonobe area (HDB-5, HDB-2). For example, the
thickness of the strata between marker 4 and 15 is about 90m at HDB-2, 125m at HDB-5 and 130m at
HDB-1.
This information is significant because it can be used to estimate the sedimentary system of the

Horonobe area and to estimate the spatial distribution of the strata for a wider area, such as the whole
sedimentary basin, for use in numerical simulations.
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Fig.4 Sedimentary facies correlation between the boreholes
(Boreholes were correlated horizontally at marker 4)
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Fig.5 Three dimensional plot of the sedimentary facies distribution of the Horonobe area.
Boreholes were plotted 200m below the mean sea level at marker 4.

"Easting" and "Northing" are the coordinates (in meters) of the UTM projection.
Vertical scale indicates the elevation (in meters).

6. Conclusions

Heterogeneity of diatomaceous mudstone in the Horonobe area was determined by interpreting
natural gamma ray log data and electrical micro imaging log data. Physical and chemical properties of
the diatomaceous mudstone were shown to be closely related to lithology and sedimentary facies.
Spatial distribution of the diatomaceous mudstone in the Horonobe area was shown by borehole
correlation. The sedimentary rock is thicker at the borehole located west of the Horonobe area
(HDB-3), and thinner at east and south of the Horonobe area (HDB-5, HDB-2).
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