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2. Use of Natural Radioactive Tracers for the Estimation
' of Sources and Direction of Sand Drift

Shoji SATO*
Isao IRIE**

Synopsis

Use of natural radioactive tracers for the estimation of sources and direc-
tion of sand drift was examined for the case of the Sendai Coast, which is the
northern coast of Japan and facing the Pacific Ocean. Sand samples were taken
along the Sendai Coast, washed with fresh water, dried, and sieved mechanical-
ly. Heavy minerals in these samples were separated with a lxqmd of tetra-
bromo-ethane of which specific gravity is 2.95. The content of thorium in heavy
minerals separated from sand samples was analyzed on the- basis of radioactive
equilibrium of thorium decay chain by measuring the intensity of gamma-rays
emitted from 32Pb (0.239 MeV). The gamma-rays were measured with a 80-
channel gamma-ray spectrometer, to which a well-type Nal scintillation detector
was connected. The concentration of thorium in heavy minerals and concent-
ration of thorium in sands including heavy minerals were calculated with the
results of the gamma-ray analysis.

According to the usual sedimentary analysis and statlstlcal analysis of pre-
dominant direction of waves, it was possible to consider that the predominant
direction of sand drift along the Sendai Coast north of the Abukuma River is
toward the north. The concentration of thorium in sand showed distinctly the
tendency to decrease gradually in the direction of sand drift, while that in-
heavy minerals showed the tendency to increase in the same direction, although
it had much fluctuation. Those conflicting results were discussed on the basis
of the sorting process of sands by waves and. it was concluded that the con-
centration of thorium in sands is preferable 'as an index for the estimation of
the predominant direction of sand drift because it indicates the direction more
distinctly than that in heavy minerals. Finally, sources and direction of sand
drift along the Sendai Coast were discussed on the basis of the distribution of
concentration of thorium in sands.

* Chief of Sand Drift Laboratory, Hydraulics Division
** Member of Sand Drift Laborary, Hydraulics Division
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Use of Natural Radioactive Tracers for the Estimation of Sources and Direction of Sand Drift

1. Introduction

- In estimating the direction of sand drift, the following factors are usually
analyzed:

(1) Accretion or erosion effects of existing structures.

(2) Shore patterns in the vicinity of headlands.

(3) Statistical analysis of wave energy.

(4) Current measurement.

(5) Sedimentary analysis.

In the sedimentary analysis, sedimentary parameters are calculated from the
weight accumulation curve, concentration of heavy minerals are analyzed with
heavy liquids, and some particular minerals are analyzed through mineralogical
analysis. Among them, the reliable method is the mineralogical analysis, which,
however, needs profound mineralogical knowledge and experience, and takes
much time and labor. '

Kamel? estimated the sources and direction of sand drift by analyzing thori-
um and uranium in natural sand along the California Coast. .

Uranium and thorium are concentrated in plutonic rocks which usually out-
crop in mountaineous area. If a river flowing through the plutonic rocks opens
to the coast, the distribution of concentration of thorium and uranium in natural
sand along the coast will indicate distinctly the direction in which sands dis-
charged from the river are transported.

Study on the use of natural radioactive tracers for the estimation of sources
and direction of sand drift was made in the case of the Sendai Coast where the
determination of the direction of sand drift is relatively easy because of its geo-
graphical conditions.

2. Natural radioactivity

Potassium, thorium and uranium are the only naturally radioactive elements
present in the earth’s crust in appreciable quantities. The three major mineral-
ogical sources of potassium in rocks and their specific gravities are shown in
Table 14,

Table—1 Major Mineralogical Sources of Potassium in Rocks
and their Specific Gravities

Rock Type Minerals - Chemical Form Specific Gravity
Alkali Feldspars microcline KAISisOs 2.57
orthoclase
Feldspathoid Mineral | leucite KAISi;Os 2.47
Micas muscovite K(AlSi3010)Al(OH, F): 2.8
biotite K(AISisO10)Mgs(OH, F)g 3.2

These sources of potassium are contained in both plutonic rocks and volcanic
rocks. Thus, it is seen that the concentration of potassium in rocks does not
depend on magmatic process through which the rocks are formed. Generally,
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the concentration of potassium in rocks is directly related to the acidity of the
igneous rocks: the lower acidity the rocks have, the more potassium is contained.
The lower acidic rocks, namely alkaline rocks, are common on the earth’s sur-
face as well as acidic rocks.

On the other hand, thorium and uranium are highly concentrated in plutonic
rocks such as diorite and granite rocks which usually outcrops in mountaneous
districts. Therefore, thorium and uranium are preferable to potassium as the
tracers for the estimation of sources and direction of sand drift because the
sources of them supplied to the coast are restricted to the rivers flowing through
the plutonic rocks. The minerals rich in thorium and uranium content found in
the plutonic rocks of the Abukuma district are shown in Table 2%,

Table—2 The Minerals Rich in Thorium and Uranium Content Found in
Plutonic Rocks of the Abukuma District

Mineral Chemical Form Thorium | Uranium | Specific Gravity
Uranite UO;, UOz42 0 % 88.3% 7.5~9.7
Thorogumnite (Th, U)SiO4)1-z(OH)z 22~53% | 3~31% 4.1~4.6
Zircon ZrSiOy 4.49 4.8% 4.8~3.95
Monazite (Ce, Th)(P, Si)O4 23 % 0.4% 4.5~4.6
Xenotime YPO, 2.2% 3.6% 4.4~5.1
Phosphuranylite | Ca(UQO3)«(P04);OH(7H:0 0 % 63.3% 4.1
Samarskite (Y, U, Ca, Fe, Th)_s 3.7% 16.6% 5.69
Fergusonité (Y, Er, Ce, U, Th)(Nb, Ta)Oq 3.8% 4.4% 5.0~5.8

It is seen in tables 1 and 2 that the specific gravity of minerals rich in thori-
um and uranium content is larger than that of common rocks (~2.65), while the
specific gravity of minerals containing potassium is nearly equal to that of com-
mon rocks. In the present study, the sources and direction of sand drift are to
be estimated on the basis of the variation of the concentration of tracers along
the coast resulting from the sorting of sands by waves. The variation of the
concertration of heavier tracers such as that of thorium and uranium in sands,
therefore, will indicate the characteristics of sand drift distinctly because of the
greater difference of specific gravity. From the above reasons, thorium and
uranium were chosen for the study on the use of natural radioactive tracers for
the estimation of sources and direction of sand drift.

3. Procedure of Investigation

Sand samples were taken at the mid-tide level along the Sendai Coast and at
the mean low water level along the Abukuma River and the Natori River which
are the main rivers openning to the coast. The sampling points of sand are
shown in Fig. 1. Sand samples of about 1kg were taken by penetrating a thin-
wall-tube of 5cm in diameter into the sand perpendicularly. Sand samples thus
taken in the field were washed with fresh water to remove the salt, dried and
sieved mechanically’ with sieve-screens of 0.08, 0.125, 0.25 and 0.71 mm meshes.
The sand of each size fraction was placed in tetra-bromo-ethane of which speci-
fic gravity is 2.95, and heavy minerals settled on the bottom were used as the
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7 RACHIHAMA

Fig. 1 Sampling Points of Sand Samples

samples for the measurement of gamma-rays because of the following reasons:

(1) Samples for the analysis of radioactivity must be concentrated so as to
decrease the source absorption effect.

(2) Most of the minerals containing thorium and uranium haveé specific
gravity larger than that of tetra-bromo-ethane; i.e. 2.95.

(3) Although potassium is an obstacle for radiological analysis of thorium
and uranium, the majority of minerals containing potassium are eliminated by
the separation with the heavy liquid because of their specific gravity being less
than 2.95.
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4. VAnalys‘is of Natural Radioactive Tracers by Means
‘ of Gamma-ray Spectrometry

<

1. Instrumentation e

"

A 85 channel gamma ray spectrometer was used for the measurement of in-
_ tensity. of gamma-rays emitted from the

30¢M - samples of heavy minerals. The radiation

detector was a well-type Nal scintillation-
probe as shown in Fig. 2. The sample of
CAPSULE C *  heavy minerals was put in a polyethylene
- capsule, which was then placed in the well

ML vog - of scintillation-probe and covered with lead
$3xsam shields of 10cm in thickness in order to e-

oem loem % liminate the background. Figure 3 shows

A the block-diagram of the gamma-ray spec-

2 \W“?,“igji“ trometer. The Nal scintillation-crystal con-

= b verts the gamma radiation into the light, the
‘intensity of which is proportional to the

7 energy of gamma-radiation. The light pulse

— u ww -1 .| .. is converted into the electric pulse by the
— L =l " photo-cathode. This electric pluse is trans-
Fig. 2 Radiation Detector mitted to the spectrometer and distributed

Sanple

R
-Sointillater

Photo
Multiplier

Detection Head

Fig. 3 Block Diagram of the Gamma-ray Spectrometer

to each channel in accordance with its energy. The energy spectrum of gamma-
rays with the intensity in vertical axis and energy in horizontal axis was dis-
played on the Brown tube and recorded by the recorder. The figure of count-
ing rate of gamma rays in each channel was prmted out by the digital printer.

4, 2 The Nuchde Best Fltted for Measurement

A nucllde that decays to form another.nuélide is called the parent, and the
product is called a daughter. A decay chain is formed when the daighter de-
cays to form another daughter, and this process are repeated one after ‘another:.
In this process, the decay rate of every daughter .increases and approaches to
that of the parent. “When the decay rate per unit time of each daughter be:
comes équal to the' decay rate per unit time of the parent, the decay chain is in
the state of radioactive equilibrium. This radioactive equilibrium can be attained
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Standard  Source of Th??®
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Fig. 4 Decay Chains of Thorium and Uranium

#2pp

STANDARD SOURCE OF Th
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08
Mev

Y 04 06
GAMMA-RAY ENERGY,

Fig. 5 Gamma-ray Spectra of Standard Sources of #8Th and 2%Ra
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after a duration nearly twice as long as the half life of the parent. Although
the half lives of parents such as thorium and uranium in natural radioactivity
are as long as millions of years, -their decay chains must have attained radioactive
equilibrium because time has passed in the same order as the half lives of thori-
um and uranium since magmas were frozen. Figure 4 shows the decay chains
of thorium and uranium in radioactive equilibrium. Thus, the minerals which
contain thorium and uranium have many nuclides which emit gamma-rays. The
radioactive sources of Th and ?Ra were used in the present study as the
standard sources of thorium decay chain and uranium decay chain respectively.
Since these standard sources have attained radioactive equilibrium, they contain
all of the nuclides following to 2%Th and ?*Ra as enclosed in Fig. 4. Figure 5
shows the gamma-ray spectra of standard sources of 3*Th and **Ra.
Wheh the decay chains have
10000} || - - attained radioactive equilibrium,
the measurement of gamma-ray in-
tensity of only one daughter in
each decay chain is enough for the
‘8000 | | #2Pb determination of the amount of the
parents, such as uranium and thori-
um. Adams® chose the high ener-
gy level of 1.86 MeV from #4Bi in
€000 uranium decay chain and 2.63 MeV
from 2¢T1 in thorium decay chain.
Kamel? chose 0.188 MeV from ?**Ra
and 0.239 MeV from ?Pb because
of their high counting rate as com-
pared with 1.86 MeV from *Bi and
2.63MeV from 29¢Tl. However,
heavy minerals of sand taken at
the Sendai Coast did not exhibit
high counting rate at the energy
level of 0.188 MeV., Figure 6 shows
an example of gamma-ray spectrum
‘o . . of heavy minerals at the mouth of
° G:;MA_RAf ENERG\;" 20 the Abukuma River. Only **Pb at
) Mev the energy level of 0.239MeV
Fig. 6 An Example of Gamma-ray Spectrum « '
of Heavy Minerals at the Mouth of S?‘O"E’S a “clean pf:ak and no other
the Abukuma River significant peak is seen. In the
: present study, therefore, only thori-
um was used as a tracer for the estimation of the direction of sand drift The
amount of thorium in heavy minérals was calculated on the basis of radioactive
equilibrium by counting the radiation of gamma-rays from 212Pb.!

INTENSITY'

GAMMA-RAY
»
8
(]

4.3 Channel Alignment

The energy width of each channel of 80 channels is allotted at equal intervals
and can be arranged with the amplification gain. Therefore, the relation be-
tween energy width and amplification gain must be given previously in order to
analyze the gamma-ray intensity of a particular nuclide in gamma-ray spectrum.
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This relation was obtained with three sources: #**Ra (0.188 MeV), 23 Th (0.238 MeV)
and "Cs (0.662 MeV). The result of measurement with the variation of ampli-
fication gain of horizontal axies is shown in Fig. 7. As the amplification gain

50001
PHOTO PEAK OF
E 4000 212ph (0239 Mev)
a
e 7cs oee2MYV =
a2 >
o #py 0239 =
a®Rg 0186 & 30001
g
i+

S

Q
H

ENERGY Mev

'

02 /
FIGURES DENOTE o :
AMIP‘ GAIN 10 20 30 40 S0 €0 70 &0

/ L |
/ // 1000
/

CHANNEL NUMBER

O T T T
0 e 80 0 ol 02 03
CHANNEL NUMBER ENERGY Mev
Fig. 7 Relation between Energy of Fig. 8 Gamma-ray Spectrum of the Stand-
Gamma-rays and Channel ard Source of 2%Th when the
Number with the Variation Amplificetion Gain is 1/4

of Horizontal Axes

increases, the gamma-ray spectrum is expanded horizontally and energy range
of the spectrum decreases. At a given amplification gain, the gamma-ray energy
is proportional to the channel number. In the present study, the energy level of
0.239 MeV of *Pb was_ chosen for the determination of the amount of thorium.
The amplification gain’ “was set at 1/4 so that photo-peak of *Pb is displayed at
a proper position of the spectrum. The standard source used for testing the
position of the photo-peak of Pb was !Th of 3.12 Ci in activity. Figure 8
shows the gamma-ray spectrum of the standard source of 2*®Th measured with
the amplification gain decided above. The center of the photo-peak of 2!2Pb is
seen at the channel number 55. The area of this photo-peak is proportional to
the amount of ?'2Pb contained in the standard source of Th.

4.4 Determination of detection coefficient

The counting rate of all the gamma-rays emitted from a nuclide per unit
time is called the total count. No instrument is capable of measuring the total
count and some leak of detection of gamma-rays is inevitable. Therefore, it is
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Table—3 Details of the Standard Sources

Nuclide Half Life Decay Form Gamma-rays Intensity
Co-57 270 days EC 0.136 Mev (10%) 0.049 Ci+10%
0.122 (88%)
0.014 (6%)
Cs-137 26.6 years 0.662 (82%) 0.047 Ci+10%
Mn-54 | 291 days EC 0.842 (100%) 0.055 Ci+10%
Zn-65 245 days EC 1,114 (44%) 0.049 Ci+10%

(Ded. 1, 1966)

Co-57 Cs-137

> a
: o z o0
(2] =z
=4 w
i =
= =
o > 10°
: ¢ :
4 s
= =
g 3 3 1o
O6—350 100 BO 1000 200 300
PULSE HEIGHT . PULSE HEIGHT
M54 ' 2,65
. >
Z i
= =
£ =
10’ > 10
>
& &
g s
. =>
10 g o
10 10 :
0 100 200 300 0 100 200 300

PULSE HEIGHT PULSE HEIGHT
Fig. 9 Gamma-ray Spectra of Rod Type Standard Sources
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very important for a quantitative analysis to know the detection coefficient, that
is, the ratio of detected count to the total count. In order to determine the
detection coefficient at the energy level of 0.239 MeV of %3Pb, the calibrated
standard source is commonly employed. Although the standard source of %Th
had been calibrated accurately, the geometrical condition was not satisfied be-
cause the diameter of the capsule of the standard source was too large to insert
the capsule into the well of scintillation detector shown in Fig. 2. Therefore, the
detection coefficient was determined by means of interporation from the results
of detection coefficient obtained by meas- L
uring several other rod type standard -. .2
sources. The details of these sources are \,
shown in Table 3, and -the gamma-ray
spectra of these sources are shown in Fig.
9. Since the capsules of these  sources
were of rod type, geometrical conditions
were considered almost equivalent to that
of the sample capsules. The intensity of
gamma-rays of each standard source was
measured and the detection coefficient for
each energy level was calculated. The
result of calculation is shown in Fig. 10, !
where the detection coefficient is seen to - 2% oz o2 os o8 10 1z 1
increase .with the decrease of the energy = .. GAMMA-RAY ENERGY ' Mev
of gamma-rays. From this figure, the. Fig. 10 Relation between Detection
detection coefficient for the energy level Coefficient and Energy of
‘of 0.239MeV of #'Pb was determined to Gamma-rays :

be 0.65 (65%). '

<
[-]

©oeo0
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4.5 Back-Ground Consideration

It is important to eliminate the background due to cosmic-rays and radiation
from the materials composing the detector, especially in the case of measuring
samples of natural radioactivity of which level is as low as background. Al-
though the detector was covered with lead shields of 10cm in thickness, they
were not enough for eliminating the background significantly.

The accuracy of radioactive counting is tested by the value of Ni?/Na, Whlch
is so called the ﬁgure of merit, where ‘N; is the count of a sample excluding
background and N3 is that of background, both in the measurement period. In
order to make the measurement accurate, the figure of merit must be increased
as large as possible. In the low level countmg, however, the count N; of a
sample cannot be increased significantly as compared with that of the back-
ground, Ns. Therefore, the ratio of Ny/Nj is difficult to be increased. The figure
of merit can also be expressed: ! .

i

MX(M/NB) N
Therefore, if the total countmg rate N—N3+NB is increased, the figuré of merit
will increase-en-account of the increase-of-N;,. Thus, increasing the duration of
measurement is the only way to make the measurement -accurate when it is dif-

ficult to eliminate the background by means of instrumental device.. In the pre-
sent study, the duration of measurement was as long as 10 to 20 hours for one
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sample. When the duration of measurement is so long, drift of energy width of
each channel will cause some problem. This difficulty was overcome by running
the standard source of 8Th every time when the sample was exchanged.

4.6 Analysis of Gamma-Ray Spectra

Kamel calculated the content of thorium and uranium with simultaneous
equation on the counting rate of the two energy levels, 0.188 MeV of **Ra and
0.238 MeV of 2Pb. In the pre-

1500k PHOTO-PEAK OF sent study, since the photo-peak
3¢5 (0.662Mev)  of 3%Ra did not exhibit the clean

peak, amount of thorium was

COMPTON determined through the analysis

BELT : of the area of photo-peak of 3*Pb
at the energy level of 0.230 MeV.

Figure 11 shows an example
of gamma-ray spectrum of ¥’Cs
of 0.662MeV in energy. The
continuous belt from the outset
of the spectrum is due to comp-
ton scattering of gamma-rays,
and the peak on the right end
%% 01 o0z 03 04 05 o086 o7 A of the spectrum is called a photo

GAMMA-RAY ENERGY ( MeV) peak and the center of this peak
Fig. 11 Gamma-ray Spectrum of 1¥Cs corresponds to the energy of
(0.662 MeV) 3Cs, namely 0.662MeV. The

area of this photo-peak is proportional to the amount of *¥’Cs.

The heavy minerals in natural sand contain many nuclides which emit gamma-
rays of various energy levels. In counting the photo-peak of #*Pb of 0.239 MeV,
the compton scattering due to other nuclides which have higher energy than
13Ph will contribute to the counting of this photo-peak. Thus, it is complicated
to analyze a particular nuclide in a sample which contains many nuclides.

o
o
o

GAMMA-RAY INTENSITY
3
[e]

PHOTO‘PEAK
>
=4
2
.>_- ‘,*_‘ AREA OF PHOTO PEAK
5 PHOTO PEAK z
& | compTON > \
£ BELT S COMPTON Z
- i & SCATTERING
4 $
s
3
BACK GROUND
PE.
GAMMA-RAY ENERGY 7
Fig. 12 Supposed Spectrum GAMMA-RAY ENERGY
of Gamma-rays from Fig. 13 Spectrum Displayed by the Gamma-ray
a Nuclide Spectrometer

— 72 —




Use of Natural Radioactive Tracers for the Estimation of Sources and Direction of Sand Drift

In order to simplify the analysis,
the spectrum of a nuclide was sup-
posed to have a simple distribution
as shown in Fig. 12; the compton
belt was supposed to be flat perfectly.
Since the gamma-ray spectrum dis-
played by the gamma-ray spectro-
meter is the sum of the spectrum of
sample which contains many nuclides
and that of background, the spectrum
will have the form as shown in Fig.
13. From this figure, the area of
photo-peak of *Pb (indicated with
oblique lines) is obtained by subtract-
ing the area of the compton-belts
(dotted area) and that of background
from the total counting rate within
the peak width. Figure 14 is an ex-
ample of the analysis of gamma-ray
spectrum of the heavy minerals at
the mouth of the Abukuma River

5000

L PHOTO PEAK o
3000 OF 212Pb(0-233Mev)

COMPTON
SCATTERING

COMPTON
SCATTERING
FROM" OT|

Hi
2000t NUCLIDES

GAMMA-RAY INTENSITY

1000} DISTRIBUTION OF BACKGROUD

(Point No. 57 in Fig. 1). % o1 02 03

GAMMA-RAY ENERGY  Mev
Fig. 14 An Example of the Analysis of
The content of thorium was cal- Gamma-ray Spectrum of the Heavy-
culated on the basis of radioactive Minerals at the Mouth of the
equilibrium using the counting rate Abukuma River
of the photo-peak of *?Pb and the detection coefficient of 0.65.
In the thorium decay chain,

4.7 Calculation of Thorium Content

#WTh | —> #Ra—> ... —> Po—> | *'Pb | —Bi—> ...

if we give;
Ny=Number of atoms of ***Th
Ti=Half life of ?*Th (1.39x10%¢ years)
N;=Number of atoms of **Pb
T,=Half life of *Pb  (10.6 hours)

then
Ni_M
Ti T: ’ ( 1 )
Therefore,
T ., 10.64 hr
Ni= M=o 0o x 365 x2a br <Vt
=0.874x10"8- N, (2)
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If we assume that G p.p.m. (part per million) of *Th is contained in the heavy
minerals Wgr. in weight, then

Weight of ¥ Th=W.Gx10-¢ gr

232 -
W-G

=2.6x10%W.G

Number of atoms of 3 Th= x107¢x6.02 x 10%*

Since ‘this number of atoms of 2Th is equal to N: in the equation (2),
N2=0.874 X 103N, =0.874 x 10~ X (2.6 X 10%- W- G)
N =2.27x10*-W-G (3)

The decay rate Cp of **Pb is the product of decay constant 2, <=-g76,9—2> and
. . ) 2
the number of atoms N: of *Pb.
Therefore, using N; in Fig. 3,

0603 .
CD—th—_hlo‘&ihr xX2.27Tx100W.G

=14.8WG (decay rate per unit hour) (4)

The detection coefficient is the ratio of the counting rate C of photo-peak of
3Pb to the decay rate Cp of ?**Pb in sample, and in the present study, this is
equal to 0.65;

C/Cp=0.65 (5)

From Eqgs. (4) and (5), the content of thorium in heavy minerals Gp.p.m. is
shown as follows;

Gp.p.m.=1/10x(C/W) : (6)

Therefore, if the counting rate C per unit hour of photo-peak and the weight W
in grams of a sample of heavy minerals is given, the content of thorium- can be
calculated with the simple formula of Eq. (6).

5. Results of Analysis and Consideration

5.1 The Predominant Direction of Sand Drift Along the Sendai Coast

Sedimentary parameters such as median diameter, sorting coefficient and
skewness, and the concentration of heavy minerals in sand are some indices indi-
cating the predominant direction of sand drift. The sedimentary parameters
and concentration of heavy minerals of sand samples used for the analysis of
thorium were calculated for the interpretation of the predominant direction of
sand drift along the Sendai Coast. Figures 15—a) and (b) show the .results of
calculation and details of these are listed in Tables 4, 5. In Fig. 15—(a), the
median diameter of sands is maximum at the mouths of both the Abukuma River
and the Natori River and decreases gradually to the north but decreases abrupt-
ly to the south. Although the skewness and the sorting coefficient in Fig. 15—(a)
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Fig. 15—(a) Distribution of Sedimentary Parameters along the Sendai Coast
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Fig. 15—(b) Distribution of the Concentration of Heavy Minerals
at the Mouth of the Abukuma River

do not exhibit significant tendency, the distribution of median diameter along
the coast will indicate that sands discharged from the Abukuma River and the
Natori River are transported to the north. In Fig. 15—(b), the concentration of
heavy minerals is high at the mouth of the Abukuma River and it decreases
gradually to the north, but it decreases abruply to the south and increases again
somewhat rapidly in the south area. Since the major source of the heavy
minerals along the Sendai Coast is supposed to be the Abukuma River, the dis-
tribution of the concentration of heavy minerals shown in Fig. 15—(b) also indi-
cates northward movement of sands discharged from the Abukuma River. There-
fore, the high concentration of heavy minerals in the south area seems to have
been originated in other sources.

The statistical analysis of the predominant direction of waves acting on the
coast indicates the direction of sand drift clearly. Since the Kinka peninsula is
pushing out into the sea at the northern end of the Sendai Coast, waves from
the north are sheltered by the peninsula, whereas there is no obstacle to shelter
waves from the south. Therefore, waves from the south which will cause sand
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drift toward the north are predominant in the northern part of the Sendai Coast.
Table 8 shows the result of statistical analysis of predominant wave direction
observed at Gamou near the mouth of the Hichikita River 10 km north of the
Natori River. In this table, the predominant wave direction is shown to be SSE
as would be expected.

Table—8 Predominant Direction of Waves Observed at Gamou
with Three Wave Meters (Obtained by the Shiogama
Office of Second Harbour Construction Bureau in 1966)

Wave Direction ESE SE SSE S Total
Number of Sample 0.7 81 260 79 423
Frequency (%) 3 19.1 61.5| 18.7 100,'0 ‘ .

As stated above, the results of analysis of sedimentary parameters, the con-
centration of heavy minerals in sands, and predominant wave direction have in- »
dicated that the predominant direction of sand drift along the coast at least north
of the Abukuma River is to the northward. This indication is further strength-
ened by the distribution of foreshore slope along the coast. In general the finer
the sands at foreshore is and the less the energy of waves acting on the coast
is, the sharp the foreshore slope is. Figure 16 shows the distribution of fore-
shore slope along the Sendai Coast investigated by the Shiogama Office of Second
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Fig. 16 Distribution of Foreshore Slope along the Sendai Coast
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Harbour Construction Bureau in 1962 and 1963. The foreshore slope decreases
from the Abukuma River to the north in summer, while it has no significant
tendency in winter. In the coast facing the Paciffic Ocean, waves from the
south due to typhoons act on the coast in summer and waves from the north
due to depressions act on the coast in winter. The decrease of foreshore slope
at the northern coast in summer in Fig. 16 cannot be the result of the increase
of wave energy because there is no obstacle to shelter waves from the south in
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Fig. 17 Geological Map of Miyagi-Fukushima Prefecture
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summer. Therefore, the decrease of foreshore slope at the northern coast must
be due to the decrease of sand size at the northern coast. This sand size de-
crease will be attributed to the sorting of sands in which the finer sands are
transported faster than the coarser sands in the direction of sand drift. On the
other hand, since the distribution of foreshore slope has no significant tendency
in winter, net movement of sand will not be remarkable during the season. The
result of Fig. 16 indicates that the movement of sands to the north is strong in
summer, but weak in winter.

5.2 Estimation of Sources and Direction of Sand Drift from the
Data of Natural Vadioactive Tracers. .

As shown in Table 2, thorium is concentrated in plutonic rocks such a;s; dio-
rite, granite rocks. Therefore, the geological map on the outcrop of the plutonic
rocks will provide a reliable information on the sources of thorium supply to the
coast. Figure 17 is a geological map of Miyagi-Fukushima prefecture. Plutonic
‘rocks outcrop along the upper stream of the Abukuma River, while they are
scarcely seen along the watershed of the Natori River. They also outcrop wide-
ly in the southern part of the Abukuma District and are very close to the coast
from Soma to Tomioka. From these geological features, it is seen that the
Abukuma River is the main source of thorium supply to the coast, and in addi-
tion, the rivers opening to the coast from Soma to Tomioka could also be the

: sources of thorium supply.

E In order to confirm that the
= wum ot Abukuma River except the Na-
= R tori River is the main source of
& 6 thorium supply, the concentration
§ s of thorium in heavy minerals
g o along the watershed of the Abu-
‘é 3 kuma River and the Natori River
8 ,2 was analyzed. The result of a-

ol—= - N - = nalysis of thorium concentration

in heavy minerals along the Abu-
kuma River has given the result
shown in Fig. 18. The concent-
ration of thorium is highest at
the sampling point of No. 80,
with the value of 6.3 p.p.m, which is just down-stream of the area where plutonic
rocks outcrop. Although the content of thorium slightly decreases downstream,
the concentration of thorium of nearly 3 to 4 p.p.m continues as far as the
mouth of the Abukuma River. The concentration of thorium in heavy minerals
along the watershed near the mouth of the Natori River is 1.6 p.p.m. From the
results of the analysis of thorium in heavy minerals along rivers, it will be ap-
parent that the Abukuma River is the main source of thorium supply to the
Sendai Coast, and this estimation concides with that of the sources of thorium
supply based on the geological map.

Now the sources of thorium supply being made clear, the next is the esti-
mation of the direction of sand drift with natural radioactive tracers. The con-
centration of thorium in heavy minerals was calculated with Eq. (6) and the

THE ABUKUMA RIVER

Fig. 18 Concentration of Thorium in Heavey
Minerals along the Watershed of the
Abukuma River

— 78 —




Use of Natural Radioactive Tracers for the Estimation of Sources and Direction of Sand Drift

concentration of thorium in sands including heavy minerals was obtained with
the result of the calculation. Figures 19—(a) and (b) show the distribution of the
concentration of thorjium in sands and that in heavy minerals along the Sendai
Coast respectively. Details of these are shown in Table 6 and 7. In Fig. 19—(a),
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Fig. 19—(a) Distribution of the Concentration of Thorium in Sands
along the Sendai Coast .
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Fig. 19—(b) Distribution of the Concentration of Thorium in Heavy
Minerals along the Sendai Coast

the concentration of thorium in sands is maximum at the mouth of the Abukuma
River and decreases gradually to the north and becomes constant along the coast
north of the Natori River. The concentration of thorium in sands decreases
abruptly from the Abukuma River to the south and continues low concentration
for a certain distance and increases again abruptly. In Fig. 19—(b), the concent-
ration of thorium in heavy minerals of each size fraction seems to increase from
the Abukuma River to the north. The average concentration of thorium in heavy
minerals of total size fractions also shows the tendency to increase toward the
north, although the tendency is not significant.
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According to the results of analysis of sedimentary parameters, concentra-
tion of heavy minerals and predominant direction of . waves, it is clear that the
predominant direction of sand drift along the Sendai Coast is to the north. Since
the Abukuma River is the main source of thorium supply to the coast, the dis-
tribution of the concentration of thorium in sands in Fig. 19—(a) seems to show
that the majority of thorium discharged from the Abukuma River is supplied to
the northern coast of the river and, therefore, the concentration of thorium in
sands decreased in the direction of sand drift. The concentration of thorium in
heavy minerals in Fig. 19—(b), however, showed the tendency to increase in the
direction of sand drift. Kamel® estimated the direction of sand drift along the
California Coast in the direction of decrédse of the concentration of thorium in
heavy minerals. Therefore, the result of analysis of the concentration of thori-
um in heavy minerals of the present study is contrary to Kamel’s presumption.
In order to interpret the increase of the concentration of thorium in heavy
minerals in the direction of sand drift observed along the Sendai Coast, the sort-
ing of sands by waves must be taken into consideration. Sands discharged from
rivers undergo the action of waves and are transported in the direction of long-
shore current. In the course of the transportation, sands are sorted by waves
and the heavier sands tend to remain behind the lighter sands. Therefore in
natural beach, the concentration of the.heavier. sands will decrease in the direc-
tion of sand drift, and on the contrary, the concentration of lighter sands will in-
crease in the same direction. These characteristics of the distribution of minerals
are clearly seen in the result of mineralogical analysis of the Sendai Coast. The
results of mineralogical analysis of beach sands made by Okitsu® are shown in
Fig. 17. In this figure, the concentration.of- lighter minerals such as quartz,
stone pieces, hypersthenite and augite increases to the north, namely to the di-
rection of sand drift, while that of heavy minerals such as magnetic iron de-
creases to the same direction. The difference of these distributions with respect
to the specific gravity of minerals is due tothe sorting of minerals by waves.
The concentration of thorium in heavy minerals seems to increase in the direc-
tion of sand drift because of this sorting of sands. In Table 2, the specific
gravities of the most minerals rich in thorium content in the Abukuma District
is less than the specific gravity of magnetic iron, which is the major component
of heavy minerals along the Sendai Coast. As shown in Fig. 19—(b), the concent-
ration of thorium in heavy minerals, therefore, increases in the direction of sand
drift because minerals rich in thorium content are lighter than the average
heavy minerals of this coast.. Although Kamel (1962) estimated the predominant
direction of sand drift on the presumption that the concentration of thorium in
heavy minerals decreases in the direction of sand drift, if the minerals rich in
thorium content are lighter than the average heavy minerals as in the case of
the Sendai Coast, such presumption cannot be applied because of the sorting of
sands by waves.

Since the variation of the distribution of natural tracers along the coast is
the result of the sorting of sands by waves, the concentration of thorium in
sands would indicate the direction of sand drift more clearly than that in heavy
minerals because of the greater difference of specific gravity between the miner-
als rich'in thorium content and sands than that between the minerals rich in
thorium content and heavy minerals. Therefore, it will be preferable to use the
index of the concentration of thorium in sands instead of that in heavy minerals
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Table—4 Sedimentary Paramenters

Sample Median diameter c?eofll'itciine%t Skewness
No. ds dis dss (drs/dss)1/? das x dys/dso
2 0.28 0.36 0.24 1.225 0.3085
4 0.50 0.60 0.42 1.195 0.5040
6 0.42 0.52 0.34 1.235 0.4209
9 0.42 0.54 0.36 1.225 0.4628
13 0.41 0.53 0.31 1.305 0.4007
18 0.41 0.56 0.295 1.375 0.4029
22 0.33 0.46 0.25 1.385 0.3636
25 0.56 0.74 0.38 1.395 0.5021
28 0.51 0.40 0.39 1.012 0.3058
29 0.69 - 0.94 0.34 1.66 0.4631
32 0.30 0.41 0.24 1.305 0.3280
35 0.39 0.62 0.28 1.485 0.4451
38 0.31 0.44 0.24 1.68 0.3406
42 0.42 0.58 0.30 1.39 0.4142
46 0.35 0.48 0.245 1.4 0.3360
50 0.55 0.72 0.38 1.356 0.4974
53 0.63 0.82 0.49 1.276 0.6222
55 0.55 0.76 0.42 1.345 0.5803
55 0.43 0.48 0.38 1.112 0.4241
57 0.85 1.35 0.59 1.51 0.937
59 0.40 0.54 0.29 1.363 0.3915
60 0.38 0.46 0.29 1.257 0.351
61 0.30 0.38 0.25 1.232 0.3166
63 0.41 0.46 0.365 1.122 0.4095
65 0.32 0.415 0.25 1.42 0.3242
68 0.39 0.45 0.34 1.15 0.3923
71 0.49 1.05 0.40 1.625 0.8571
72 0.39 0.53 0.28 1.375 0.3805
73 0.35 0.43 0.25 1.305 0.3071
74 0.28 0.36 0.21 1.305 0.2700
80 0.64 0.85 0.42 1.43 0.5643
81 0.40 0.53 0.305 1.32 0.4041
82 0.52 0.63 0.42 1.225 0.5088
83 0.41 0.46 0.35 1.145 0.3926
84 0.13 0.19 0.075 1.59 0.1096
85 0.61 1.4 0.32 2.09 0.7344
86 0.87 2.4 0.54 2.105 1.489
87 0.44 0.58 0.30 1.39 0.3954
89 0.57 0.98 0.52 1.37 0.894
91 0.17 0.48 0.078 2.48 0.2202
93 0.22 0.49 0.1 2.215 0.2227
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Table—5 Concentration of Heavy Minerals in Sands

Sample Size t:gafliig:noge hWegivgigé ?rfx %tf)n;g:\fz‘:sti?: conclz\ednet?'gtion
NoI.D Location ;g;ﬁtiond in sizep size fraction sand of heavies in
yze fraction (gr) (gr) (%) sand (%)
No. 2 3 88.29
4 270.15
5 468.53
6 438.51 1.96 0.45
7 33.47 2.44 7.31
8 9.00 0.40 4.45
(Total) 1319.30 4.80 : 0.36
No. 4 2 114.81 0.07 0.06
3 605.90 0.33 0.05
4 652.40 0.69 0.11
5 45.31 0.04 0.09
6 48.84 1.21 2.48
7 3.66 1.17 31.91
8 0 0 0o !
) 1.36 0.18 13.24
(Total) 1472.28 3.69 ; 0.25
No.6 | Hichikita R. 3 14.24 0 0
4 466.70 0.69 0.15;’
5 910.80 2.89 0.32
6 246.20 | 2.06 0.84
7 113.50 ' 6.02 5.31
8 6.83 2.55 37.79
9 0.28 0.15 54.29
10 0.99 0.42 41.92
(Total) 1759.54 14.78 : 0.84
No. 9 2 76.87
3 583.09
4 965.07
5 297.37 3.29 2.20
6 149.63 1.96 29.70
7 6.61
8 0
9 1.83
(Total) 2080.47 5.25 0.25
No. 13 2 76.68
3 531.84
4 647.81
5 558.52
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Sample . Size t:gzﬁigs};tnOfle ngivgil;; ?:1 %?nlfee:\g:sﬁ‘i): concg?tigtion
NoI., Location jgz?tioré in sizep size fraction sand of heavies in
yze fraction (gr) (gr) (%) sand (%)
6 115.38 4.94 4.28
7 8.00 1.94 24.28
8 0 )
9 3.12
(Total) 1941.35 6.88 0.35
No. 18 | Hukanuma 2 144.13 0.11 0.08
3 668.77 0.68 0.10
4 588.91 0.80 0.14
5 625.38 0.20 0.03
6 347.15 6.42 1.85
7 24.27 0 0
8 0.94 0.26 27.12
9 3.82 0.27 '7.16
(Total) 2403.37 8.74 0.36
No. 22 2 101.51
3 271.80
4 367.46
5 472.38
6 374.66 16.53 4.41
7 36.97 11.04 29.86
8 1.70 0.50 29.62
9 4.92
(Total) 1631.40 28.07 1.72
No. 25 2 509.54
3 561.31
4 404.74
5 303.57 6.31 0.33
6 113.34 4.04 0.21
7 8.36 0.26 0.01
8 0.61 0
9 0.79
No. 28 (Total) 1902.26 10.61 0.56
2 56.70
3 301.15
4 224.39
5 59.43
6 16.18 6.81 42.21
7 2.73 0.59 80.98
8 0 0
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Sample : Size tggaleligs};n?)fle gzgivgi?s: ?rfx ?)(fm}f::g:;i?: conclc\ednetigtion
NoI.J Location ;rii(l:tioxé in size size fraction sand of heavies in
yze fraction (gr) (gr) (%) sand (%)
9 0.63
(Total) 559.21 1.12.
No. 29 2 956.87 0.60 0.10
3 678.43 2.17 0.30
4 282.50 3.64 1.29
5 72.52 4.52 5.91
6 7.54 2.71 30.30
7 8.00 3.24 40.53
8 0.69 0.18 25.54
9 1.81 0 0
10 0.05 2.68
(Total) 2008.36 17.28
No. 32 2 52.26 0.10 0.19
3 189.19 0.50 0.26
4 1009.20 12.67 1.26
5 283.00 3.73 1.32
6 237.00 18.33 7.74
7 16.22 9.05 55.79
8 0.51 0
9 3.75
- (Total) 1791.13 44.38 2.48
No. 35 2 181.13 0.22 0.12
3 180.50 0.66 0.37
4 230.50 1.07 0.74
5 274.50 1.32 0.48
6 142.50 6.90 4.84
7 7.97 2.62 32.85
8 1.15 0.36 30.96
9 6.73 1.18 30.39
10 1.24 43.37
(Total) 1024.98 15.57 1.52
No. 38 | Kamakita 2 84.09 0 0
3 206.60 0.76 0.37
4 347.25 1.56 0.45
5 535.10 3.30 0.62
6 448.58 13.12 3.04
7 51.21 11.87 23.17
8 1.41 0.86 60.68
9 1.74 0.21 71.24
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Sample . Size t:gaﬁigsl;;%fle hweiivgig; (l)l'fl C(l)cf)n}f::‘t{:sti?: concIZIx'netigtion
Nol.D Location :giftio% in size size fraction sand of heavies in
yze fraction (gr) (gr) (%) sand (%)
10 0.53 36.87
(Total) 1675.98 32.71 1.95
No. 42 : 2 214.67
3 355.03
4 434.67
s 5 415.32 : f
: 6 156.33 20.13 12.80 :
: 7 10.39 6.37 61.29 ;
E 8 0.81 0.20 24.82 i
f 9 1.69 ' ? .
(Total) 1588.91 26.70 1.68
No. 46 2 51.01 1
3 313.95
4 545.20 ’. x
5 475.04 21.53 4.53 ’
6 468.47 11.66 2.49
7 68.13 1.68 2.46
8 2.70
9 1.66
(Total) 1926.16 34.87 1.81
No. 50 2 478.72 0.43 0.19
3 548.00 9.86 1.80
4 436.10 1.74 0.40
5 214.50 12.18 5.68
6 123.50 24.57 19.90
7 12.12 7.29 60.12
8 0.78 0.52 66.28
9 1.12
(Total) 1814.83 56.59 3.12
No. 53 2 957.71 11.71
3 1131.70
4 598.70 120.25 20.08
5 135.50 71.10 52.50
6 47.22 33.15 70.20
7 8.22 7.35 89.38
8
9 2.92
(Total) 2881.97 243.56 8.45
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Size Weight of Weight of |Concentration Mean
Sample Location fraction total sample heavies in | of heavies in concentration
No. analyzed y in_size size fraction saond of heavxeos in
raction (gr) (gr) (%) sand (%)
No. 55 2 314.55
3 403.11
4 729.57
5 695.08
6 216.41
7 105.85 39.99 37.78
8 9.03 6.03 66.74
9 0.71 0.39 53.92
10 1.89
(Total) 2476.30 46.41 1.80
No. 57 | Abukuma R. 1 941.89 1.83 0.19
2 293.32 5.38 1.83
3 724.44 30.42 4.20
4 220.42 36.53 16.57
5 56.39 22.15 39.28
6 11.33 6.10 53.82
7 1.57 0.70 44.96
8
9
10 2.45
(Total) 2251.81 103.11 4.58
No. 59 1 205.26
2 150.23
3 191.21
4 845.76
5 268.11 7.16 2.67
6 374.83 27.06 7.22
7 39.96 10.80 27.03
8 2.84 1.96 69.16
9 0.96
10 4.11
(Total) 2083.27 46.98 2.26
No. 60 1 21.08 0
2 38.70 0
3 129.00 0.44 0.34
4 735.40 5.50 0.75
5 365.50 2.61 0.71
6 161.40 14.67 9.09
7 78.97 17.27 21.80
8 3.45 2.78 80.04
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Samol Size tvz’elight of] XVzngiht of C})n}fen‘:}'atign Metant. .
Nor'®| Location | fraction | “ FIPE | R 0 |7 Teand | of heavies in
analyzed | .o ction (gr) (gr) (%) sand (%)
9 0 0 0
10 10.15 6.18 60.90
(Total) 1543.65 49.45 3.20
No. 61 2 0.88 0
3 61.24 0.19 0.31
4 360.50 0.48 0.13
5 576.70 2.15 0.37
6 329.20 7.80 2.37
7 38.53 10.20 26.47
8 3.32 2.56 77.16
9 0.11 0.05 43.36
10 0.94 0
(Total) 1371.42 23.43 1.711
No. 63 2 8.95
3 140.50 0.54 0.38
4 1286.10 1.86 0.14
5 237.50 0.41 0.17
[ 29.70 7.05 23.72
7 1.86 1.41 75.70
8 1.05 0.66 63.54
9 0.58
10 1.08
(Total) 1707.32 11.93 0.70
No. 65 2 1.09
3 61.41
4 734.34 0.55 0.07
5 416.14 0.30 0.07
6 576.81 8.85 1.54
7 55.66 7.14 12.82
8 3.63 2.15 59.16
9 1.28
10 0.78
(Total) 1851.07 18.19 1.03
No. 68 | Yoshidahama 2 1.50 0.03
3 105.80 2.35 2.22
4 1122.80 14.30 1.27
5 262.32 2.77 1.06
6 193.22 18.57 9.61
7 19.07 6.68 35.02
8 1.92 1.61 83.64
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Sample Size t(‘)}::]aﬁigs};noﬁe xz,zivgilé; (l)rf g(f)nl;:ee:\g:sti?r? conclgneta;‘gtion
Nol.) Location af;zftion in sizep size fraction sand of heavies in
vzed | fraction (gr) (gr) (%) sand (%)
9 0 0
10 1.54 0.97
(Total) 1708.17 47.27 2.77
No. 71 1 357.68
2 71.00
3 120.00 0.12 0.10
4 517.50 9.56 1.89
5 29.61
6 86.50 12.20 14.10
7 19.62 8.90 45.38
(Total) 1201.91 30.78 2.56
No. 72 1 5.61 0.02 0.41
2 40.95 0
3 231.70 1.29 0.56
4 298.70 5.38 1.81
5 257.50 8.07 3.13
6 145.50 19.26 13.24
7 27.47 19.47 70.86
(Total) 1007.43 53.49 5.31
No. 73 1 21.21 0 0
2 32.01 0 0
3 180.70 3.18 1.76
4 860.70 48.51 5.64
5 616.20 44.09 7.15
6 448.70 122.19 27.23
7 71.75 43.00 59.92
8 0.71 0
9 0 0
10 39.43 8.24 20.90
(Total) 2271.41 269.21
No. 74 2 1.18 0
3 37.04 0.50 1.36
4 489.15 5.98 1.22
5 581.92 6.51 1.12
6 651.74 28.64 4.40
7 102.17 28.48 27.88
8 14.56 8.26 56.75
9 0
10 4.01 1.77 44.04
(Total) 1881.77 80.14 4.26
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Table—6 Concentration of Thorium in Heavy Minerals of Each Size Fraction

Symple | Size fracion | CPUmE raie | WOt | oo
¢ w (gr) (p-p.m)
No. 6 2
3 57.7 0.689 83.8 8.4
4 101.5 2.879 35.3 3.5
5 45.2 2.023 22.3 2.2
6 86.8 5.983 14.5 1.5
7 38.0 2.530 15.0 1.5
8 20.5 0.159 12.9 1.3
9+10 53.0 0.400 13.2 1.3
No. 18 2 87.0 0.103 837 | 83.7
3 103.0 0.576 179 17.9
4 50.6 0.778 65 6.5
5 41.4 0.190 218 21.8
6 13.0 6.331 41.2 2.1
7 0 0 0 0
-8 57.0 0.239 238 . 23.8
10 0.241 14.9
No. 29 1 34.6 0.154 22.5 2.25
2 45.6 0.605 75.4 7.5
3 88.0 2.173 40.5 4.1
4 93.8 3.641 25.7 2.6
5 70.0 4.512 15.5 1.6
6 71.0 2.700 26.3 2.6
7 93.5 3.237 28.9 2.9
8 35.0 0.174 20.1 2.0
No. 38 3 68.0 0.557 122 12.2
4 80.9 1.550 52.2 5.2
5 87.2 3.290 26.5 2.7
6 80.3 7.975 10.1 1.0
7 161.1 9.053 17.8 1.8
8 90.6 0.854 106 10.6
9 82.0 0.730 112 11.2
No. 46 5 152 5.326 28.5 2.85
: 6 218 - 9.913 22.0 2.20
7 102 1.398 73.0 7.30
No. 50 2 141.0 0.423 333 33.3
3 164.0 9.064 18.1 1.8
4 59.0 1.725 34.3 3.4
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Sample | Size fraction | PGSR | Yoo | ow | Cof thoram
) ¢ w (gr) (p.p.m)
5 170.1 8.705 19.5 2.0
6 143.0 | 9.688 - 14.8 15
7 226.0 7.220 31.3 3.1
8 77.8 0.510 15.3 1.5
No. 57 2 242.0 1.820 133 13.3
3 155.0 8.293 18.7 1.9
4 97.0 8.660 11.2 1.1
5 103.0 8.185 12.6 1.2
6 133.0 6.089 21.8 2.2
7 3.0 0.699 4.3 0.4
No. 68 3 125 2.348 53.2 5.3
4 140 - 10.384 13.5 1.3
5 78.1 2.758 28.3 2.8
6 97.9 10.724 9.1 0.9
7 94 6.636 14.2 1.4
8 63 1.559 40.4 4.0
10 67.2 0.959 70.0 7.0
No. 72 3 116 1.94 59.8 6.0
4 153 5.35 28.6 2.9
5 142 8.035 17.7 1.8
6 133 7.008 19.0 1.9
7 117.7 9.102 12.9 1.3
No. 74 3 90.2 0.502 18.0 1.8
4 182 5.97 30.5 3.1
5 113 6.51 17.4 1.7
6 100.1 10.562 10.0 1.0 .
7 21 10.056 2.1 0.2
8 165.8 8.212 20.2 2.0
10 115 1.735 66.3 6.6
Cf. In Table 6, Figures of the Size Fraction in the Column 2 denotes;
1 above 1.0 mm 2 0.71~1.0mm 3 0.5~0.71 mm
4 0.35~0.5mm 5 0.25~0.35mm 6 0.177~0.25 mm
7 0.125~0.177 mm 8 0.088~0.125 mm 9 below 0.088 mm
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Table—7 Concentration of Thorium in Heavy Minerals and Sands

Sample . Concentration of Concentration of
No. Location thorium in heavies thorium in sand
(p.p.m) (p.p.m)
6 Hichikita R. 2.64 2.21%1072
29 Natori R. 2.27 2.38
38 Kamakita 2.97 5.79
46 2.84 5.20
50 2.25 7.01
57 Abukuma R. 2.05 9.39
63 4.80 3.35
68 Yoshidahama 1.79 4.95
71 0.66 1.68
72 Shinhama 1.87 9.93
73 3.17 37.60
74 Rachihama 1.73 7.28

in order to estimate sources and direction of sand drift. The estimation of
sources and predominant direction of sand drift in the case of the Sendai Coast
with the index of the concentration of thorium in sands in Fig. 19—(a) is be as
follows:

According to the geological map in Fig. 17, the main sources of thorium
supply to the coast are the Abukuma River and the rivers opening to the coast
from Soma to Tomioka. From the distribution of the concentration of thorium
in sands in Fig. 19—(a), the supply of sands discharged from the Abukuma River
is limitted several kilometers to the south and most of sands discharged from
the Abukuma River is transported to the north. Although this supply of sands
from the Abukuma River is predominant as far as the Natori River, beach sands
north of the Natori River are supplied mainly by the Natori River because the
concentration of thorium along the coast north of the Natori River is as low as
the background and changes very little along the coast. The high concentration
of thorium in sands at the southern coast from No. 71 to 74 will originate in the
rivers opening to the coast from Soma to Tomioka because thorium discharged
from the Abukuma River are transported to the north and, therefore, there is
no source of thorium supply except these rivers. Consequently, the predominant
direction of sand drift along the Sendai Coast is northward except the coast for
several kilometers south from the Abukuma River.

9. Conclusions

The use of natural radioactive tracers for the estimation of sources and di-
rection of sand drift was examined in the case of the Sendai Coast on the pre-
sumption that the predominant direction of sand drift along the coast north of
the Abukuma River is northward.

The conclusions of the present study are as follows:

(1) The sources of thorium supply in the coast like the Sendai Coast which has
somewhat simple geological features can be estimated with the geological
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map which shows the geological features on the outcrop of plutonic rocks.

(2) The concentration of thorium in heavy minerals increases in the direction
of sand drift along the coast like the Sendai Coast where minerals rich in
thorium content are lighter than the averagé heavy minerals.

(3) The concentration of thorium in sands decreases in the direction of sand
drift. This will indicate the direction of sand drift more clearly than that
in heavy minerals because the specific gravity of the minerals rich in
thorium content is always larger than that of sands but may ‘be smaller
than that of some heavy minerals. -

It should be noted that in estimating the sources of thofium supply, the
employment of only geologital maps is enough for the case in’ 'which geological
features are simple like the Senda1 Coast. In the case that geologlcal features
are complicated, the detailed sampling accompamed by the detailed geological
maps will be necessary for the estimation of sources and direction of sand drift
with natural radioactive tracers :

1 |
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