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The wriler, before proceeding with this paper, wishes it to be clear-
ly understood that neither seismic prospecting nor geophysical operations
of any kind directly indicate the presence of oil or coal, nor measure
their properties. All they can do is to indicate the character of the
geologic formations that are associated with oil or coal. In the case of a
coal field, neither its thickness, depth, nor the number of the ccal seams
themselves can be directly determined, but the general geologic forma-
tion of the ccal-field, such as the thickness of the coal-bearing stratum
and the presence of faults, are ascertained by the seismic method. The
_ most important information available by this method is the structure of
the coal-bearing stratum, that is, its thickness and the extent to which
it is developed, which information ‘enables us to form a rough idea of
the coal that is hidden under the surveyed area.

In most of the coal-fields so far explored by us, it has been our
experience that, as a rule, the coal-bearing strata underlie certain super-
ficial low-speed layers of a young geological formation. In some fields,
this low-speed layer was found to consist of two or more strata—a
condition often noticed in drawing up the time-distance curves for the
seismic waves. In other fields, there was no such overlying layer, the
coal-bearing stratum being developed directly on the surface.

In our cases, all the coal bearing strata met with were rocks of
Tertiary age, underlain by rocks of older age, the Cretaceous for
example.

Practically speaking, to interpret a seismographic record of this
kind is nothing but simple mathematics, by means of which the problem
of multiple layers is solved. We assume a simple geologic formation in
which the strata consist of several horizontal layers of thickness Z,,
Z\, Z, etc., although in most cases, so far, there was no need, in field
practice, to assume the presence of more than three layers, namely, the
coal-bearing stratum and two other layers, one lying above and the
other beneath this stratum. If this actually happens to be the case, the
interpretation is much simpler than if otherwise.
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The time-distance curve for such an ideal case as that just mention-
ed is shown in Fig. 1. We shall here introduce the term “delay time,”
so widely used at the present, and write down the times for the various
wave paths shown in the same figure, namely,
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The delay time may be written in terms of the velocities, for
example,
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For brevity, we shall use the notations
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whence expression (3) may be written ‘
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Thus, the general expression for the time taken by a ray to pen-
etrate a layer is written by substituting the delay times in terms of
the velocities from expression (5), namely,
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The intercept times are the values of T, which are given by put-
ting =0 in Eq. (1). These times can be determined graphically by
projecting back the segments of the time-distance curves on the zero-
distance axis, as shown in Fig. 1, in which the intercept times are
designated as T, T, T, ete.

The thickness of the first layer is calculated by the formula for
the case of a simple two-layer, namely,
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Z, is solved in terms of the previously determined value of Z, by
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is solved for the thickness of the last penetrated bed Z,_; by
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Geologic conditions of the coal-fields.

The following examples are chosen from areas where the geologic
sections included materials of very different lithologic character, with
marked effects of the seismic wave.

(1) A submarine coal-field in the Tyugoku district.

The exploration was done on the sea over an area of 36km?2 The
measurements were made along five lines, the longest of which was
50km. The result showed that the coal bearing stratum had a thick-
ness of about 150 m, the bottom of which extended down to a depth of
300m from the sea floor.

(2) A coal-field in Holkkaido.

sAlthough, superficially, there was no direct indication here of the
presence of coal, the {irst exploration made by the seismic method show-
ed the presence of a thin stratum which was expected to be the coal bear
ing layer. . '

The second exploration, which was made over a larger area than
in the first, showed the presence of a coal bearing stratum about 100 m
thick, as the result of which a boring was made at a suitable point
down to such a depth that it penetrated the coal bearing stratum, yield-
“ing coal from a number of seams in the layer, exactly as seismic pros-
pecting had predicted.

In this field, the uppermost layer was loose soil, the second a sand
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layer about 130 m thick, and the third the coal bearing stratum (Ter-
tiary age) about 150 m thick. Below this there lay a bed rock of
Cretaceous age.

(3) A coal-field in the Kyushu district. (a)

Exploration was done on five main lines chosen on the field, these
lines ranging between 435 km and 2:50 km. On the whole, the geologic
and velocity conditions prevailing in this field were fairly regular, it
being often possible to mark out clearly on the seismograph records the
refracted waves that were propagated along the paths, penetrating
various beds. The layers, however, were not ideally horizontal, there
being considerable changes in their thickness, while in some places they
were down-faulted to a certain extent.

(4) A coal-field in the Kyusyu district. (b)

In this coal-field, lying southwest of the preceding one, the thick-
ness of the coal-bearing stratum was smaller than that in the preceding
field (a), while in places the stratum thinned out or disappeared, the
uppermost layer (soil) overlying directly a bed rock of Cretaceous age.

In this coal field, the exploration involved a somewhat smaller area
than in the preceding field. Six lines of measurement were chosen, the
longest of which was 2:0 km.

(5) A submarine coal-field in the Kyusyu district.

The sea was between 40 m and 20 m deep in this area. The longest
line of measurement exceeded 8 km. Exploration showed that the Ter-
tiary rock layer, the coal bearing stratum, was about 600 m thick, its
bottom ranging in depth from 1100 m to 700 m from the sea floor.
This coal bearing stratum was overlain by superficial soil about 300 m
thick, maximum.

(6) A coal field in the Kai district.

The area of this coal-field was about 4 km?, very small compared
with the fields just mentioned.

The surface layer was a Pliocene conglomerate, containing thin seams'
of coal, underlain by quartz-porphyrite which geologists ascertained had
intruded the conglomerate layer in the neighbourhood of this coal-field.

EXxploring over a wide area, the geology of the underground proved
very simple; a conglomerate layer of nearly uniform thickness of about
100 m overlay the bed rock.



234 o N. Nasv. - [Vol. XX,

.The thickness and depth of the layers,k the delay-time. |

In calculating the thickness and the depth of the layers, as described
in the foregoing pages, actual values of the wave velocities in the
respective layers and the delay-times must be substituted in the formula.
The mean velocities” of the waves, the mean thicknesses of the layers
that were obtained for the six coal- fields mentioned above, the calculated
delay-tlmes, and the crltlcal distances will be found in the annexed
Table :

Table 1. Wave velocity, thlckness of the layer,
intercept tlme, crltlcal distance.

No. | District of | wave velocity VS HinIchnesS | Intercept time | Critical dis-
field. © (m/sec) (m) (sec) | tance (m)
( T K - Vo=1520 Zy=150 ‘
“¢194 Tyugoku . - _ » — P
(1)  (submarine) | -V‘_MIO._ Z,f150 Ti;=0-153 x1=630-3
S * Va=4800" T=029 | x2=6816
S ' i V=515 Zy=20 o
O R V1=1320 Z,=130 Ty =0-072 ®1=60-4
(2) | Holdkaido. CVe=2960 | Ze=170 | Te=0947 | y=4253
s=3660 | Ts3=0:269 25=984-9
Vo=1520 Zy=210 '
(3)| Kymsyw oy s000 Zi=970 T4 =0-233 @1 =733-7
Ve=4230 Tiy=0-385 @y =1511'5
. 1 Ve=1600 | Z;=130 ; ‘ o
(4) | Kl(’}‘)‘)syu | Vi=3200 Z1=160 Tiy=0-141 #,=450-3
B ’ Va=4500 ) Ti=0222 |  x:=902-0
Vo=1400 Zo=300 . .
: Kyusyu _ oy . i —<on.
(5) | (subumaring) V1i=3700 Z1=600 Ti,=0-397 2, =893+4
Vo=5400 Tiz=0-650 €2=2977-8
Kei L Ve=230 Z,=100
R R e, T=0-075 0=3449

- In actual field practice, care must be taken in choosing suitable
lengths for the lines of measurement, otherwise the refracted waves
penetrating the deeper bed may be recorded much faster than the-other
waves associated. with shallower refracting beds, the former waves being
thus masked by the latter, resulting in possible’ failure to indicate the
presence of the deeper bed. In actual coal-field exploration it is desir-
able to ascertain the thickness of the coal bearing stratum in- detail,
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so that in every case the segments of the time-distance curves giving
the velocity through the layer underlyirng the coal béaring stratum is most
essential. In other words, if there were three layers, the first, second,
and third, and the second one contains seams of coal, we extend the
line of measurement to a distsnce greatly exceeding the critical distance
at which the times of the waves refracted respectively at the first and
second discontinuities become equal. Sometimes it must be extended S0
far as to become several times the crltxcal distance. The Tablevenables
determination of the measurement-line. .

It must be borne in mind that the step-by-step calculation of Z,
or T;, is not very accurate, as small errors in each step tend to mul-
tiply and cumulate in computing the later steps, the calculation, be-
sides, being applicable only to an area of very regular and simple geo-
logic formation.

Lastly, since the refractlon method may be apphcable to areas of
steep discontinuity, such as faults, which are often met with in the
subterranean structures of coal fields, the methcd gives useful informa
tion regarding the general geology of a coal-field, such as the thickness
of the layers and their dips.
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