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PREFACE. 

The economic history of the method for the investigation of under
ground formations and mineral deposits by means of elastic waves be
gins with the patent application of Reginald A. Fessenden,· of Boston, 
U. S. A., on April 2nd, 1914, referring to "Method and Apparatus for 
Locating Ore-Bodies". Fessenden mentions in the patent description 
that by means of his method he sueeeeded in determining the position 
of a hidden ore-body. 

Fessenden's method may be described as follows: Bore-holes are 
sunk and filled with water in the area wh ich is to be investigated for 
the occurrence of hidden ore-bodies. A submarine sound transmitter 
will be lowered into one bore-hole while in a seeond, sunk in some 
distanee from the firs t one, a sound receiver is plaeed. Sender and 
receiver are connected with one another by cables. Fessenden now 
observes the time which elapses between the emission of the sound 
impulse in the first bore hole and the arrival of the sound wave 
in the second. The distanee between the two bore-holes being 
known, the average velocity of the sound waves in the area between 
the two bore-holes i obtained. So far it remains unknown whether an 
ore-body exists in this area, as only the average velocity of the waves 
along the whole path between the two bore-holes is determined. Fessen
den therefore drills two more bore-holes, in such a way that all those 
now brought down form the corners of a quadrangle. Sound receivers 
are also placed in the two new bore-holes and they are connected with 
the sound transmitter. Thi enables Fessenden to determine the trav
elling time and the velocity of the sound waves in the conneeting lines 
between the various bore-holes. As long as equal velocities so result it 
can be assumcd thar the formations occurring between the bore-holes 
are homogeneous. ShouId the formations~ however, eontain inclusions 
of different elasticity, for instance, ore-bodies, then there will result 
unequal wave velocities along the connecting lines of two bore-holes 
each. In a first approximation the loeation of the ore-bodies ean be so 
determined. For a more accurate loeation Fessenden lowers both a sub
marine sound transmitter and a sound receiver into one of the four 
bore-holes.. which allows to observe th e reflexions of the sound waves 
on the ore-body. The directions of the emitted and refleeted waves 
are· determined, the intersection of the wave rays then allows to de
termine the location of the rcflecting ore-body. By changing the vertical 
distance between sender and receiver there can also be determined the 
angle of total refleetion. This angle, the vertical distanee of sender and 
receiver, and the normal velocity of the sound waves in the area under 
investigation, allow to determine the lateral distanee of the ore-body 
from the bore-hole. In certain cases FessEnden believes it necessary 
to sink an additional bore-hole closer to the ore body assumed. 

Fessenden's method has not obtained any eeonomic importanee, 
primarily due to the fact that the sinking of bore-holes is very expen
sive and requires much time. 

Another epoeh in the eeonomic history of the method of elastic 
wavcs begins with the application of the author, on D ecember 7th, 1919, 
for German Reich Patent No. 371 963 referring to " Verfahren zur Er-
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mittlung des Aufbaues von Gebirgsschichten".l) The patent description 
mentions two instances of the application of the method, in one in
stance a hard formation was determined under a top layer of loose 
sands which was 9 m thick. 

The method may be described as follows. In the area the geological 
underground of which is to be explored seismic waves are generated at 
the surface, f. i. by an explosition. At various distances from this ex
plosion the waves are recorded by means of a seismograph. The times 
used by the waves for the bridging of the distances are taken from 
the seismograms. Distances and respective tirnes are plotted in a 
rectangular coordinate system, and furnish the "time-distance graph". 
The velocities of those formations which are visible at the surface, as 
weH as the velocities of the invisible subsurface formations, are taken 
from the time-distance curve. As each geologicial formation has an 
individual and characteristic velocity, the character of the subsurface 
formation can be found out by means of the wave velocity. Further
more the time-distance curve aHows to calculate the depth of the hard 
formation underground. The time-distance curve also allows to deter
mine the character and to calculate the depth of a succession of layers 
of different elasticity. The author here follows the theory of the propa
gation of seismic waves and its application on the time-distance curves 
of natural earth quakes as first developed by Wiechert in 1907. 

Contrary to Fessenden, the author avoids the sinking of bore
holes. For this reason the new method has had 'a far greater success 
than the method of Fessenden. The progress brought about by the 
method of the author was reported on by the American geologist Don
ald C. Barton in the book "Geophysical Prospecting", 1929, published 
by the American Institute of Mining and Metallurgical Engineers in 
New York. Among other things Barton mentioned, that the introduc
tion of the seismic method has thrown forward the exploitation of the 
salt-dome district of Texas and Louisiana by 75 years. 765 wildcat wells 
had been sunk in this area between the years 1919 and 1924, costing 
about 20 million Dollars. Only one salt-dome was so found. On the 
other hand, since the introduction of the seismic method by the Seis
mos Company in 1924, about 60 new salt domes were found in depths 
going down to 2000 m. American professional publications estimated 
the cost of this seismic exploration work to be about 30 million Dollars. 
To explore by wildcat drilling the area seismically investigated (about 
300000 squ. km) would have required at least 30000 weHs, costing 
about 1 billion Dollars. 

In consideration of the world wide economic importance of the 
seismic method, which is protected in 26 countries, and in view of the 
attacks made by German scientists on the German patent, it appears 
necessary to give an account of the development of the method; and 
to quote the remarks of scientists and practical men, both before and 
after the application for patent, as they appeared in professional pub li
cations. The account begins with suggestions for measuring seismic 
velocities, made by Mallet in 1846/48, and considers all professional 
publications until today. Furthermore some letters to the author are 
published, as they constitute a material contribution to the history of 
the seismic method. An alphabetic list of all authors mentioned pre
cedes the text. 

Hannover, Germany, October 25, 1929. Mintrop. 

1) Method for the determination of the structure of rock-strata . 
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The problem to draw conclusions on the structure of the earth 's 
crust from observations of carthquake waves has long moved the 
thoughts of seismologists and geologists. Robert Mallet already suggest
ed (session of the Royal Irish Academy, February 9 th, 1846) to equip 
the numerous already existing magnetic observatories with suitable 
instruments for the observation of earthquakes. At the same time hC? 
suggested to cause to detonate large quantities of powder under water, 
and to observe the so created tremor with suitable instruments at 
distances of many miles fron1 the exploSlion point. The following is 
an abstract of the Transactions of the Royal Irish Academy, Vol XXI, 
1848, pag. 96: 

"lt would, therefore, seem very desirable that suitable instruments 
for earthquake registration were, at least, added to all the magnetic 
observatories now so widely extended over the earth, accompanied by 
proper instructions to the ob servers, unless, indeed, separate geological 
observatories be established in favourable localities for taking cogni
zance of all movements of the earth's crust. 

But another, and much more rapid, and perhaps even certain, 
method, remains to be noticed, for obtaining part of our data as to 
the specific period of wave transit, viz. by direct experiment, which 
in all matters of inductive science may be pronounced, whenever it 
is pos.sible better than mere observation. 

l have already stated that it is quite immaterial to the truth of m y 
theory of earthquake motion what vicw be adopted, or what mechanism 
be assigned to account for the original impulse; so, in the determination 
of the time of transit of the elastic wave through the earth's crnst, if 
we can only produce a wave, it is wholly immaterial in what way, or 
by wh at method, the original im pul se be given. 

Now the recent improvements in the art of exploding, at a given 
instant, large masses of gunpowder, at great depths under water, give 
us the power of producing, in fact , an artificial earthquake at pleasure; 
we can command with facility a sufficient impulse to set in motion 
an earth wave that shall be rendered evident by suitable 
instruments at the distance, probably, of many miles, and there is no 
difficulty in arranging such experiments, so that the explosion shall be 
produced by the ob server of the time of transit hirnself, though at the 
distance of twenty or thirty miles, or that the moment of explosion 
shall be fixed, and the wave period registered by chronometers, at both 
extremities of the line for transit. 

For this alone very moderate charges of powder will answer, but 
if the explosion be made out at sea with sufficient energy, there will 
not only be produced the transit of the earth wave and the sound 
waves through the sea and air, hut the accumulation and subsequent 
coming in of the great sea wave, so that all the phenomena of the 
natural earthquake are thus placed within our power of production, 
observation, and control. 

These are experiments, the value of which, to general physJics as 
weil as to geology, will be admitted ; but they cannot be made without 
the aid and appliances which our Government can afford, through the 
Admiralty and Royal Engineer departments. It cannot be doubted, but 
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that application made for such assistance, through the Royal Irish 
Academy, or some other of our learned bodies, to the proper authori
ties, would meet with a favourable reception. 

It is to be remembered, however, that these direct experiments 
can only give the time of wave transit for the substances forming the 
very uppermost crust of the earth. That earthquake shocks often come 
from profound depths is in a high degree probable; and while down 
to a certain depth we may expect to find the dens;ity and elasticity 
of the earth's crust continually increasing, below this again, we must 
suppose the mineral masses in a more and more softened or even party 
condition, as they approach the lower fluid region, and hence possessed 
of lower elasticity. While, therefore, we cannot draw direct conclusions 
as to the time of transit of the wave in the rocks thus circumstanced 
at profound depths, from its time of transit In the solid rocks or super
ficial deposits of the surface, we may reasonable expect to derive in
formation as to some of the physical characters and molecular condi
tion of the deep rocks themselves, by comparing observations of the 
actual time of wave transit of natural shocks, coming from great 
depths, with that of natural or artificial shocks traversing at the sur
face or near it." 

Mallet discussed in this firs t paper his plans with artificially pro duc
ed earthquakes and emphasized that no information about the condi
tion of deeper layers could be expected from velocity measurements 
of superficially produced and observed earthquakes. However, Mallet 
expected some information about subsurface rocks by comparing those 
waves which are artificially produced at the surface and travel only 
through the upper layers, with those wh ich emerge from the depths 
during natural earthquakes. This shows that Mallet had not yet 
reoognized the essence of Wiechert's method of calculating character 
and depth of layers from observations of natural earthquakes alone, 
nor did he conceive Mintrop's method of artificial earthquakes. 

In a second paper by Mallet, in 1859, the results of velocity 
measurements in sandstone and granite are given. The velo city in 
sand was 825' (about 250 rn/sec), in weathered granite 1306' or 398 rn/sec, 
in solid granite 1665 ' (51 0 rn/sec) , furthermore an average value of 1320' 
or 402 rn/sec was obtained in the quarries near Holyhood. These values 
are extraordinarily low and certainly do not refer to the first impeti 
of longitudinal waves which penetrate into the depth, but refer to 
surface waves, as we know today. 

In 1873 Dr. Fr. PfaH, Professor at the university of Erlangen, took 
up MaUet's investigations in so far as they dealt with the determination 
of the depth of the focus of an earthquake. He did not take up Mallet's 
measurements of velocities. Concerning the latter Pfaff merely said: 
"The velocity of propagation (of the earthquake waves) corresponds 
exactly to the one calculated from the elasticity of the rocks, 1600-2000' 
per second, i. e., the amount corresponds with the one that could be 
determined by experiment if tremors were produced in a rock by a 
violent concussion." Nothing was said neither by Pfaff nor by Mallet 
about an application of velocity measurements on the determination 
of formations deep under the surface, nor was anything said about a 
method which would have allowed this determination. May it be added 
that the velocity values given b y Mallet as weIl as by Pfaff do not! in 
any way check with the correct values, which are up to ten times 
greater. 

In 1878 Abbot published a paper "On the Velocity of Transmission 
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of Earth Waves", American Journal of Science and Arts, Vol. XV, 1878. 
He reported on velo city measurernents made at the oeeasion of a 
dynarnite explosion of 50000 lb = 23 000 kg, on September 24th, 1876, 
near Hallet's Point, N ew York. A wave velocity of 2500 rn/ ee was 
observed at a distanee of 13 km and a velo city of 1600 rn/sec was 
observed at a distanee of 22 km. 

Attaek made by Mallet in "Philosophicai Magaz ine, London, Edin 
burgh and Dublin," Oetober 1878, doubtif1g the results of Abbot's 
observations near Hallet's Point, eaused Abbot to arrange detailed 
experiments in the vieinity of Willet's Point, whieh eovered distanees 
of 2- 20 km and powder eharges ranging from 30 to 180 kg. 

Using 15 different measurements an average yeloeity of 5900 I = 
1800 rn/sec was obtained. The lowest velocity amounted to 380 m, the 
highest to 2700 rn /sec. Though these \Talues appear to be quite plau
sible, their spread is such that its eau e was sought in the varying 
eharaeter and size of the charge, Abbat did not draw any eonelusions 
from his measurements as to the eondition of the subsoil. 

None of the authon·:, neither )\1allet 110r Abbot, referred even 
easually to an intention to determine unknown formations in the sub
soil by means of the yarious yeloeities. The ob ervation rather 
referred to deterrninatior ~ s of veloeitic ,; in known beds. in thc ease of 
Mallet f. i. sand and granite are determincd scparatcly. In no ca e was 
granite eo-{ered up by sand in such a w ay that it was foun d by Mallet's 
shooting. As a eomparison of the resu!ts of Mallet and Abbot , and as 
the eonc1usions of Abbot show, not even thc problem was solved to 
determine accurate veloc~ti s in known formations. The atternpt to a 
solution failed in its very beginnings. 

In 1885 Milne published the results of vcloeity measurements from 
altogether 17 explosions in the "TransactlOn of the Seismological 
Society of Japan, Vol. VIII" . At three explo , ion the ground consisted 
of blaek mud with a one foot eoveri ng of earth; the velocity was 
105 rn /sec. At a seeond experiment the ground was eornposed of 5-6 
feet of reddish earth with boulders, underlain by hard blaekish c1ay. 
Frorn the average of 7 detona tions therc resulted a velocity of 83 rn/sec; 
arepetition gave a value of 91 ml sec. J\li lne deseribed in detail the 
eonstitution of thc ground formations, but he did not distinguish be
tween upper and lower stratum, he merely gave an average velocity for 
both strata. Nothing wa . said about a differentiation of the layers by 
means of seismie measurements. 

In 1888 there appcared a paper hy Profe, or A . Sehmidt in Stut -
gart on "Wave propagation and earthquakes", a contribufion to the 
dynamics of earthquakes. lt was puhlished in "J ahresheffe des Vereins 
für vaferländische Naturkunde in \17 ürftemberg" (A nnual publicafions 
of fhe association for natural science, of W uerttembcrg), E. Schweizer
barfh, publisher, Stutfgarf. In this publieation the theory of the propa
gation of earthquake w aves was developed, whieh was Iater on dealt 
with by Rudski and Benndorf, and e. peeially in 1907, mueh more in 
detail, by \ Viechert and Zoeppritz. Sehmidt already distinguished be
tween ve]ocities in the depth, veloeitie in spaee. and apparent surfaee 
veloe ities , and diseussed in detail the eonstruetion and interpretation 
of hodographs (time-distanee eurves). The data of ~ typical ease 
'\\'cre ealculated; the first ease referred to the Central German 
earthquake of M.areh 6th, 1872, with foeal distanees of 30 to 500 km , 
and a ealeulated foea l depth of at lea . t 40 km; whilc the seeond ease 
referred to the earthquake of Herzogenrath, Oetober 22nd. 1 73, with 
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focal distances between 3 and 150 km and a maximum of depth of the 
hypocentrum of 3 km. 

The publicatioil of Schmidt abandoned the idea, so far considered 
valid, of a concentric propagation of earthquake waves with straight 
rays of propulsion, it abandoned the conception of a hyperbolic shape 
of the hodograph and deduced a velocity of propagation of the earth
quake waves that increased with the depth, the rays of propulsion 
being convex towards below. This new conception explained, as 
Schmidt elaborated, the great difference in the experimental results of 
Pfaff, Mallet and Abbot. Schmidt wrote as follows: "Another circum
stance that renders the determination of the focal depth difficult is 
the lack of information on the true (not the apparent) surface velocity, 
certainly the latter must be sm aller than resulted from the smallest 
powder charges in the experiments of Pfaff, Mallet and Abbot, because, 
as already shown, these must give greater results the farther away 
from the centrum the measurement is made." 

With regard to experiments which might be made in the future 
Schmidt wrote: "Let us hope that the increasing interest in the earth
quake problem of large se"ctions of the public may provide us with 
plenty and reliable observations, that sensitive seismographs in connec
tion with accurate chronometers may give us in the future a precise 
determination of the arrival of impeti, including the shock directions 
and intensities, in order to approach, by such observations, a law that 
connects the velocity changes with the depth, a law that certainly 
exists. Particularly much could be gained for the finding of this law 
by the repetition of artificial experiments, because the best informa
tion about the different velocities appertaining to the individual depth 
sections might be obtained from hodographs of a superficial hypo
centrum". 

A. Schmidt said here, that, though the law of change in velocity 
with the depth was still unknown, information about the velocity of 
propagation in the different depth sections would be obtained frorn 
hodographs of artificial earthquakes. However, Schmidt did not con
struct any hodographs of artificially produced earthquakes, and did 
not say either that he hoped to be able to determine the various rocks 
in the depth by this means. In this respect it must be assumed from 
the paper of Schmidt that he did not believe in this possihility, 
because on another page (pag. 249) he said: 

"Though now the propagation of energy from one point in the 
interior of the earth's crust will be irregular in detail, .f/on account 
of the many ways of stratification and cleavage, it may yet be expected 
that by the combined action of the elementary waves the smaller 
irregularities will be balanced out, while those repeating themselves in 
the same trend will combine obeying to special rules, in such a way 
that a regular feature, interrupted only by minor disturbances, can be 
found in the propagation of the total wave, quite similar to the propaga
tion of a wave in homogeneous material. " 

It may be taken from these remarks that A . Schmidt did not think 
it possible to explore individual rock formations, he merely expected 
average values as the result of observations which he proposed. 

Much more likely results than those of Mallet, Abbot and Milne 
were obtained by Fouque and Levy, Memoires de l' Academie des 
Sciences, T . XXX, Nr. 2, 1889. They made their velocity measurernents 
both on the surface and in amine 143 m deep, employing automatie 
registration of the waves produced by explosions. Fouque and Levy 

10 



did not conceive the idea to determine the velocities of deep forma
tions by observations on the surface, as it would have been possible by 
using the time-distance curve method; instead of this they determined 
the velocities separately at and below the surface, even in rocks already 
known. At the elose of their publication they thus represent the 
results of their work: 

"Summing up, these experiment seem to indicate that the propa
gation of the vibrations does not evolve itself in the same way at the 
surface of the earth, and by avoidance of the surface way. In the firs t 
case, aseries of maxima follows upon one another and the phenome
non keeps on for a long time. 

In the second case there i only one observable maximum, and 
the vibrations extenuate rapidly. 

In one word, the records ob tained at distant points in a mine are 
similar to those which are obtained at the surface ne ar the mercury 
mirror. The different geological formations give very variable velo ci
ties, here it may be interesting to list and compare the principal veloci
ties which we have obtained. In granite velocities of 2450 to 3141 rn/sec. 
In Permian sandstone (little compact) 1190 rn/sec. In compact sand
stones (charbon-sand tone) 2000 to 2526 rn/sec. In Cambrian marble 
632 rn/sec. In the sands of Fon tainebleau about 300 rn/sec. The values 
which we obtained from our experiments approach very elosely those 
calculated by Abbot, but they differ greatly from those which we 
owe to other ob ervers. The results which are obtained by an analysis 
of the phenomenon partly explain the differences, because they show 
the complication of the probl m and cause us to understand that only 
one ingle shock generates vibrations of equal intensity which propa
gate in the ground with different velocities." 

From the works of 1\1. P. Rudski which appeared 10 years after the 
publication of A . Schmidt it may be seen that Rudski exeluded the 
possibility that individual rock formations might be determined. These 
papers are : "On the apparent v elocity of the propagation of earth
quakes" and "On the form of elast ic wave in rocks", Gerlands Bei
träge zur Geophysik, Band TIl , 1898. The purpose of the first publi
cation of Rudski was the mathematical treatment of Schmidt's theory 
of curvilinear earthquake rays. On page 517 Rudski wrote: "It ap
pears to be somewhat delicate that no account can be taken of the 
notorious irregularity of the construction of the upper layers, and that 
it is impossible to account for it. As for the rest, we believe that the 
time has not yet arrived to attempt adetermination of the function n 
(= index of refraction) for the interior of the earth, based on available 
observations". At the elo e of the second publication, on page 540, it 
may be read: "Let us say concludingly, th at the purpose of this treatise 
consists only in the investigation of a certain aspect of the theories of 
earthquakes. Consequently the reader should not think that the author 
considers the ideal medium investigated here to be a model perfeet in 
all respects." 

Twice, nine and eleven years respectively after the publication of 
the treatise of A. Schmidt on wave propagation and earthquakes, 
O. Hecker made velocity measurements with the aid of artificially 
produced earthquakes. The re ult of the ob ervation of the first 
detonation, which was made at Kummersdorff on May 6, 1897, with 
1500 kg dynamite, are reported in "Gerlands Beiträge zur Geophysik", 
1900, Val. IV. Hecker had nine horizontal sei mographs placed in line, 
70 m apart fro m one another; the moment of detonation was electri-
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cally transmitted to all recording apparatus. The velocity of the longi
tudinal main wave was found to be 205 rn/sec. No change in velocity 
with increasing distance could be found out, as not all time marks 
were c1ear. Hecker remarks that the main waves were preceded by 
very small vibrations, wh ich were, however, too weak to be reproduc
ed in the reproductions of the seismograms. 

The change observed in the character of the main wave with 
increasing distance from the point of detonation was discussed by 
Hecker as follows: " If this dismemberment of the main wave into 
minor ones is due to heterogeneity of the ground - in the vicinity 
of the line in which the instruments were placed there was a short 
ditch ab out 2 m deep and a small elevation about 3-4 m high - then 
this will prove that the longitudinal tremor wave goes only into very 
shallow depths in the ca se of explosions in the surface, otherwise the 
main wave could not have changed so much by diffraction, interference 
etc:· It may be inferred fr om this that Hecker did not think it possible 
that "longitudinal tremor waves" might give information about the 
character of formations in the depth, for the reason that they do not 
penetrate into the depths, but remain at the surface. 

Apart from the measurement of the main wave in the vicinity of 
the detonation point up to a distance of 631 m, a mercury mirror was 
observed by the Japanese Omori in a distance of 6200 m; there resulted 
a velocity of 1430 rn/sec, calculated from the time difference between 
detonation and first tremor, and from the distance of 6200 m. With 
regard to this Hecker remarks: "The e observations prove again, how 
extraordinarily different the velocities of propagation of the various 
wave forms are, and how diverging results are obtained dependin g 
upon whether the apparatus used is sensitive for this or that wave 
form of ground movement." All in all it may be taken from Hecker·s 
work that the ideas about the propagation of artificially produced 
earthquake waves were still quite vague in 1900. It is especially impor
tant to note that an effect of the detonation into the depth , that is, a 
propagation of the earth vibration produced by the detonation into 
great depths, was not believed in. 

On October 12th, 1899, also in Kummersdorf, Hecker observed a 
deton ation o,f 1500 kg gelatin-dynamite with horizontal and vertical 
component seismographs observing in 5 different distances of 70 to 
350 m from the point of detonation. These observations were reported 
on in 1904 in "Gerlands Beiträge zur Geophysik", Vol VI. The velocity 
of propagation of the "main wave" was found to be 238 rn/sec as 
against 205 rn/sec at the first detonation on May 6th, 1897. Before the 
arrival of the main wave minor waves appeared which could be 
recognized on some records , wh ich, however, could not be reproduc
ed on the copies of the seismograms on account of their diminu
tiveness. Their speed of propagation could not be deduced, becausc 
their beginning could not be discerned c1early enough. It could only be 
said that the velocitv of these waves was much greater than the one 
of the main waves. The time of one period was very short. In about 
500 m distance from the point of detonation the retardation of the 
main wave against the minor waves was weH noticeable. Immediately 
after the flashing of the explosives there occurred the characteristic 
trembling of the ground, marking the passage of waves of short period 
through the ground, then the hollow report in the air caused by the 
explosion was heard, and not until then was the large movement of 
the ground feIt. 
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Hecker now supposed that the forerunning waves were com
pression waves, while the main waves were displacement waves. "In 
order to obtain conclusive evidence that the first wave of the record of 
seismic instruments in the case of distant earthquakes consists of 
compression waves and that the second, or, as it is now commonly 

I'h e / " r9R a"'rl , I'"..Jf,s, 
called, the third phase,vrepresents olsplacement waves, this experiment 
is of the greatest importance. With the aid of improved instruments 
wh ich are now at the disposition of seismic research such investiga
tions should be carried out in places with as much homogeneity of the 
upper layers of the earth's crust as is possible. If it could be proved 
with certainty that the first phase of the wave motion is formed by 
compression waves, as it seems, then a good step ahead in the enlarge
ment of our knowledge of the interior of the earth has been made. 
Should the observation show that the velocity of propagation of the 
displacement waves measured along the greatest arc is const ant or at 
least very nearly so - actual con tancy cannot exist, because the velo
city must be essentially influenced by the different geological constitu
tion of the layers passed through - then it would follow that the 
displacement waves propagate only in the upper layers of the earth's 
crust, if one does not want to introduce quite unlikely assumptions. 
The compression waves, however, will always pass through apart of 
the interior of the earth, may it be solid or fluid, and further they will, 
in general, not propagate in the direct -connecting line between the 
focus and the pI ace of observation, but will choose another path, the 
course of which will depend upon the ratio of elasticity and density 
in the different depths of the interior of the earth. Investigations made 
by various research workers already reveal with some certainty that 
the velocity of propagation of the first pha e of the earthquake move
ment increases considerably with the distance from the focus. Should 
the constant velocity of the displacement waves, which apparently 
exists, now be found out with certainty, we would have one proof 
that the interior of the earth is not solid. This proof, however, can 
only be made in case the globe is enclosed with a network of observa
tion stations, all equipped with standardized instruments as sensitive 
as possible, which furnish arecord material that can be compared, a 
thing which is only attained to a very small measure up till now." 

Compared with the first treatise of Hecker which appeared in 1900 
those results which were published in 1904 denoted a progress in so 
far , as the problem to explore the interior of the earth with the aid 
of seismic waves was much clearer conceived. On the other hand 
Hecker failed both times to construct a time-distance curve of those 
compression . waves wh ich penetrate into the depth. Accordingly 
nothing was mentioned, so far , pertaining to an exploration of the con
stitution of the subterranean formations. 

Between both treatises of Hecker in the years 1900 and 1904 there 
appeared a note from A. Belar in 1901 "On a new practical application 
of seismometers" in the periodical "Die Erdbebenwarte" (The earth
quake station), Ist annual volume, monthly paper 4/5, page 59. The note 
says: "I t is a weIl known fact in the case of local tremors , that under 
otherwise equal conditions those edifices which stand on loose ground, 
be it broken stones or clayey soH, have much more to suffer than those 
structures which are on rocky ground. Also during the strong earth
quakes in Laibach it was noticeable that the houses standing on rock 
ground - for instance on the slope of the Schlossberg - were in 
general much less shaken than those Iocated in the plain on the boul-
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der field . The observations made during the earth tremors by persons 
being on the one or the other kind of ground differed just as much. 
In general, one and the same tremor was characterized either as a 
short trembling or as a swinging and rocking, depending upon wh ether 
the ob server stood on rock ground or, in the latter case, on loose 
terrain. Now, the difference in the character of the movement is inher
ent in the nature of the ground waves, which propagate quite differ
ently in rocks than in loose ground ; or in other words: form and 
character of the ground vibrations depend upon the elastic properties 
of the medium which is traversed by the ground waves. 

At the present time where a beginning has been made to record 
in detail by means of extremely sensitive instruments the faintest tre
mors of the ground as weIl as slow change of the level, which might 
be compared with pulse beats, it has already been found out that 
ground movements give an unequal record on identical instruments 
located at different points of the globe, and it has been found that the 
underground On which the instruments are placed influences to a large 
degree the character of the record. In this connection, experiences 
were gathered with one and the same instrument which had been 
mounted in Padua for te ting, and was then transferred to Laibach. At 
this occassion it was found out that the manyfold artificial ground tre
mors caused by traffic in the town of Padua affected the instrument 
in a quite different way as compared with identical movements in 
Laibach. Even in one and the same locality diffellent seismograms 
might be obtained, if one instrument were placed on boulder fields and 
another one on rock ground. Without great difficulty it would then be 
possible to determine by means of seismometers the type and compo
sition of the ground on which the instrument is located. Based on these 
facts we can now derive a practical advantage from these modern 
sensitive instruments, especially where we want to know, right in the 
beginnin~, the composition of the earth's crust in order to undertake 
advantageously a tunnel boring. Aseries of experim ents conducted 
~dong the surface following the projection of the tunnel path would be 
sufficient to form at once an opinion on the ela ticity conditions or, let 
us say, on the ground stability of a certain underground way which is 
not otherwise accessible. The experiments could be carried out easily, 
by placing suitable instruments - sensitive, transportable seismo
meters - at the different points to be investigated. At the same time 
artificial explosions would have to be caused, preferably by mines, 
wh ich would have to detonate in a certain required depth. Now, the 
ground tremors caused by an explosion will be recorded - according 
to time and character - by the instruments located on the surface, and 
from the records, and some material for comparison, it will be possible 
to draw a conc1usion as to the ground condition of those places which 
were traversed by these artificially produced tremor waves. Today, 
where experimental seismology is endeavouring to explore the interior 
of the earth beyond those boundaries which exist since time unknown, 
it may no longer be doubted that it is possible to c1assify the compo
sition of the earth's cru t by means of instruments at the surface. Just 
now the good opportunity offered by the construction of tunnels along 
theTauern Railroad should not be allowed to escape, and the authorities 
concerned should earnestly consider these very promising experiments." 

Belar's proposition is the first concrete literary hint at the possibil
ity of application of artificial earthquakes and seismographs to the 
exploration of the geologie al underground of a certain area, in this 
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case the profile through a tunnel axis . Belar supposed that the tremor 
vaves caused by an explosion would give a different record on the 

seismographs, according to time and character, with chan ging geological 
underground. Belar does not say in what the difference is to consist. 
He intends to compare the times which are required by the waves in 
order to travel from the detonation point to the various observation 
points, and very probably he will assume that in the case of loose rocks 
these times will be longer than in the case of solid ones. Such con
clusions with regard to deep layers, which are important in the casc 
of tunnelling, are not possible without the construction and the inter
pretation of a time-distance graph. The latter is not mentioned in 
Belar's paper ; furthermore Belar proposes detonations in "a desired 
depth" , that is, not in the surface ; only the instruments are to be placed 
on the surface. As will be seen frorn the treatises of Hecker, the latter 
did not succeed in constructing a time distance graph in spite of the 
use ·of 1500 kg explosives for distances of 70-350 m and 70-631 m resp. 
There existed quite vague ideas in 1904 regarding the course of depth 
waves, ~ Hecker ~, so that the suggestions of Belar did not have 
any practical consequence. The question remains: What did Belar 
intend with his proposition? That he did not intend the construction 
of the time distance graph and especially not its use for the deter
mination of the depth and character of formations, foIlows without 
further explanation from Belar's deductions. An expert living today 
who is informed of the Mintrop Method and who kept his eyes open 
in the last years when the Mintrop Method became the common prop
erty of the professional world, could read the contents of the Mintrop 
Method into Belar's deduction , while the contemporaries of Belar and 
those experts following hirn fo r 18 years did not read it. In the end 
Belar has never carried out his proposition. 

In his "Handbuch der Erdbebenkunde" (Textbook of Seismology) 
A. Sieb erg printed, in 1904, more or less the whole of Belar's publication 
of 1901. He wrote the following in the chapter " Angewandte Seismo
logie, Untersuchung des Baugrundes und der Erdbeschaffenheit" 
(Applied seismo!ogy, investigations of construction grounds and ground 
conditions) page 333 and following: "Let us begin with the weIl known 
thesis of experience, that, other conditions equal, those structures 
wh ich stand on loose ground, be it boulders or clayey soil, suffer more 
than those structures which stand on rock ground (let us remember 
the so called "earthquake insulas") then we may say, in other words: the 
type and character of the ground oscillations depends upon the elastic
ity conditions of the medium wruch the earthquake waves traverse. 
Consequently the same seismometers, placed at different points of 
unequal geological ground condition, will give quake records which 
are accordingly unequally influenced. Consequently it is possible to 
determine, by means of seismometers, the composition of the ground 
that supports the instruments. The case may be, for instance, to form 
in advance an opinion on the solidity of the ground of an underground 
way not otherwise accessible, say a tunnel boring. I t is only necessary 
then to place transportable and suitably adjusted seismometers at the 
various points to be investigated and to produce artificial earth con
cussions, preferably by mines which are exploded at a desired depth. 
Then the ground oscillations will record individually according to 
time and character, at the various points to be investigated, and given 
some material for comparison, conclusions can easily be drawn now 
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on the geological condition of those pi aces which were traversed by 
these artificially released concussion waves. 

Still farther reaching and at the same time of the greatest im
portance for the perception of the dynamic events at the focus are 
the views opened by G. Tammann. The latter described the "diagram 
of state" of an ideal body, which is, so to say, the average of a 
number of real bodies; he first described it for a spherical body, for 
which, similar to our earth, the pressure increases with the depth. At 
the end of his treatise he derives the following conclusion: "If the 
diagrams of state of numerous bodies with high melting point 
were known, and if the position of the earthquake center were further 
known, from which there would follow the pressure and temperature 
of change, then in many cases the data would be given from which a 
determination of the type of body, the transformation of which caused 
the quake, could be made. From accompanying geological phenomena 
a conclusion might eventually be drawn on the energy and changes in 
volume of the transformation. A partial analysis of those earth for
mations which are not acce sible, based on comprehensive seismic 
observations and the working out of diagrams of state of all those 
bodies that enter the proplem, is a task the olution of which should 
not encounter unsurpassable difficultie . So it does hardly have to be 
doubted anymore today that it will be possible, in the course of time, 
to determine the composition and condition not only of the earth's 
crust but also of the interior of the earth by means of seismometers 
working at the surface." 

On page 74 Sieberg lists the theoretically calculated results of the 
velocity measurements of H. N agaoka which are reproduced below: 
H. Nagaoka: "Elastic constants of R ocks and the Veloc ity of Seismic 
Waves". No. 4 of the publications of the Earthquake Investigation 
Committee in Foreign Languages, Tokyo 1900. 

I 

Velocity of 
Type of Rock Form?tion Density propagation 

in km /sec 

Perodite-Serpentine . Paleozoic 2.786 5.86 
Marble " 2.654 4.09 
Clayey shale, decomposed 

" 2.490 2.25 
Idzumi-sandstone Mesozoie 2.236 2.93 
Idzumi-sandstone 

" 2.223 2.76 
Tuff-sandstone . .. Tertiary 2.321 3.35 
Rhyolite-Tuff " 2.316 3.18 
Rhyolite 

" 2.45~ 2.78 
Tuff . Pleistocene 2.557 4.44 
Andesite 

" 2.397 3.06 
Tuff 

" 1.838 2.75 
Andesite-Tuff 

" 1.400 2.50 
Andesite 

" 2.022 2.21 

In 1903 there appeared a paper by Kusakabe: "On the Modulus of 
Rigidity of R ock and an Explanation of the wide Difference between 
the Velocities of Propagatio,n of the T remors and principal Shocks in 
seismic Waves", No. 14 of the Publications of the Earthquake 
Investigation Committee in Foreign Languages, Tokyo 1903. The 
velocities found by torsion tests in the laboratory fluctuate between 
430 rn/sec in sandstone and 2580 rn/sec in eruptive granite. 

On page 75 of his book "Erdbebenkunde" (Seismology) Sieberg 
brought a comparative list of the results of the velocity measurements 
of Pfaff, Mallet, Milne, Fouque and Levy. 
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Velocities of Propagation at Ground Detonations. 

Velocity of p1"opagation in rn /sec, as found by I 
Type of Rock 

I I I F. Fouque and M. Levy F. Pfaff R . Mallet J. Milne 

Granite 539 398 - 507 800 - 1400 2450 - 3140 

Limestone 547 - 900 - 1260 -

Shale 737 331 1000 - 1600 -

Sand - 250 - 300 

In connection herewith Sieberg wrote: "Those values calculated 
from artificial earthquakes usually remain far below those theoretically 
calculated. That the force of the concussion should have such a great 
influence on the velocity of propagation would only be possible, if 
with each individual propagation of a concussion wave the velocity 
would decrease proportional to the decreasing intensity from the 
center to the periphery, however, such a decrease in velocity has never 
been observed at an actual earthquake. As it is seen, artificial earth
quakes do not give us satisfactory insight, mainly for the reason that 
the source of agitation of the ground oscillations is situated too near 
to the surface. 

The safest means for the determination of the velocity of propa
gation are the immediate earthquake observations; the matter thus 
observed are the long transverse surface waves." 

It follows that Sieberg did not doubt in 1904, three years after 
Belar's publication, that it would be possible "in the course of time" 
to determine the condition of the earth's crust, but he did not expect 
satisfactory insight from the observation of artificial ground waves. 

The attainments of seismic ground exploration have been very 
sharply characterized 13 years later by A. Sieberg in the chapter 
"Methoden der Erdbebenforschung" (Methods of Seismology) of the 
Lehrbuch der praktischen Geologie (Text book of practical geology) 
written by Privy Mining Councillor Professor Dr. Keilhack, depart
ment chief of the R. Prussian Geological Survey, Professor at the 
R. Technological College at Charlottenburg, and published in 1917. 
Sieberg assigned 55 pages of the book to seismology and wrote the 
following remarkable lines on pages 54/55: 

"It cannot be our task here to discuss the very difficult and still 
quite unexplored methods of the determination of the travelling times 
on the ray of propagation of the forerunners which traverse the in
terior of the earth, nor can we discu8JS the coordinated calculations of 
the 'true velocity of propagation'. Work in this department must 
remain the privilege of the mathematician and physicist. Whoever is 
somewhat interested in this may read the respective publications. This 
will obviate a discussion of the methods proposed for the calculation 
of the focal depth, as these are based on the aforementioned problems. 
While we are still groping in the dark concerning the physical con
ditions in the depths of the earth and the further influencing of the 
propagation of seismic energy by the geologic-tectonic construction of 
the earth's crust, we are not in a position to pass a fair judgment on 
the said methods concerning their value or demerits." Comparing these 
negative statements with the positive ones in Sieberg's "Geologische 
Einführung in die Geophysik" (Geological Introduction into Geo
physics) in 1927, it can c1early be seen what progress was brought by 
Mintrop to practical geology. 
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Belar 
1906/1907 

Six years after his first note Belar gives some more information 
about the then existing attainments of science and technique, especially 
in so far as his own knowledge is concerned; in an extensive treatise 
about "Was erzählen uns die Erdbebenmesser von den Erdbeben?" 
(What do seismometers tell us about earthquakes?) in "Gerlands Bei
träge zur Geophysik", Vol. VI, 1906/07. The introduction reads "Aided 
by the newest attainments of this science and further helped by the 
experiences gathered by hirn on the classic'al earthquake ground of 
Laibach and in cooperating with railroads, mines and other industrial 
undertakings, the author will endeavour to explain in as plain and easy 
to be understoDd terms as possible that which the observer must know 
of the mechanical relations of an earthquake in order to become a good 
earthquake ob server who forwards this science." Among other things 
Belar then tried to explain the different phases of a seismogram, aided 
by illustrations, writing on page 108: "It has already been remarked 
previously what explanation might be given to the regular attenuation 
of the shock groups in mining, by using simultaneous observations. 
Even though this hypothetical presumption of the origin of the shock 
groups by successive breaking of individual earth layers, may be suffi
ciently supported in mining observations, the author believes he should 
mention here another possible interpretation. At the occasion of the 
powder explosion in the Laibacher Felde, which occurred on June 27th, 
1906, and left distinct traces on all our earthquake recorders, the rec
ords allowed to identify a regularly decreasing series of shock groups, 
which however was not as distinct as on an earthquake record. Now 
shock groups were recorded on the instrumental records of the con
cussion due to the explosion, which were on the other hand opposed by 
the statements of hundreds of observers, who all stated that the explo
sion did not occur in several sections, but that only one single detona
tion comparable to the report of a gun was heard. As an explanation of 
the earthquake-like explosion record it could be said that the elastic 
waves which at the time of the explosion start from the surface and 
propagate towards the interior, are reflected from several depths in 
such a way that these regularly attenuating shock series would CDnsti
tute an echo of the explosion at the surface from various depths of the 
earth. We must leave open the possibility that the oTiginal idea about 
the inception of the shock series will have to be changed in this direc
tion, also for earthquakes. In any case this would lead the way to 
approach this problem, and it is certain that artificially produced earth
quakes, by means of mines or explosions, are qualified to finally solve 
this problem." 

"Investigating the seismograms which were gathered in the area 
which is immediately adjoining the zone of main concussion, it will be 
found that first of all the habitus of the diagram shows much similarity 
to the seismogram of the primary concussion zone; it only strikes at 
first view that the whole record appears to be drawn lengthwise; quite 
similar as if the picture of the primary concussion zone were drawn on 
a rubber band and then stretched in longitudinal direction. 

The farther away from the focus the observations a;re made, the 
more stretched the quake record appears, as the sampie diagrams for 
10, 20 and 30 km show (Table 1). Another thing will be noticed when 
comparing the diagrams, namely, that with increase in distance from 
the focus the short periodic movements appear especially in the first 
shock groups, even before the first shock group, initiating the latter 
on es as so called forerunners . These forerunners are the impulses of 
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the quicker propagating waves which are at first longitudinal, and which 
radiate directly from the focus to all points of the surface. They are 
intermingled with just such surface waves (already previously called 
compression waves) which will arrive nearly simultaneously in the 
immediate vicinity of the main concussion zone, which the author called 
secondary concussion zone." 

Diagrams of loca1 earthquakes in the 
Primary concussion zone and secondary concussion zone 

-

A. Belar: What do seismometers tell about earthquakes? 

It follows from the preceding text that Belar in 1906 had no clear 
conceptions of the individual phases of a seismogram, especially wheth
er reflexions existed or not. Belar also had absolutely wrong ideas 
about the propagation of the forerunners, wh ich he believed propagat
ing directly from the focus to all points of the earthquake area. In 
the accompanying illustrations Belar draws the rays straight from 
around the focus to the surface, while in reality these rays are curved, 
as had already been theoretically deduced by A. Schmidt in 1888. Consid
ering the pieture of the course of the rays drawn by Belar it will now 
appear clearly what he intended to say with h is remarks in 1901. It is 
now certain, that in 1901 Belar did not know that waves generated at 
the surface penetrate into the depth and are refracted at planes of dis
continuity there, and then return to the surface where they can be 
recorded by seismograph, as Mintrop showed for the first time. On 
account of his being unaware of this fact (wh ich was first discovered 
by Mintrop) Belar requested in his suggestion of 1901, that the artificial 
earthquakes were to be produced in a "desired" depth, while the seismo
graphs were to be located at the surface. Nothing, however, indicated 
in Belar's note of 1901, that he intended the construction of a time
distance curve, nor that he conceived its importance for the determina
tion of the depth and constitution of the rock formations. 

The journal "Die Erdbebenwarte" (The Earthquake Station) 2nd 
annual volume, 1902, the editor of which is Belar, carried the following 
note on page 39 under the heading: "Seismometers working for mining" : 
"On April 15th and 16th there was in session in Oberleutersdorf 
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(North Bohemia) a joint commission of mining experts, architects and 
earthquake experts, which was called in by the mining office of Brix, 
in order to find out whether and if, to what a degree, conc'Ussions due 
to coal mining had affected a factory building th.ere. The 1. a. R. Dis
trict Mining Office invited Professor A. Belar as earthquake expert, 
while a German seismologist, Dr. O. Hecker, cooperator of the Royal 
Prussian Geodetic Institute, participated in the commission as a private 
expert in the same fieId. As observations with a mechanically record
ing seismometer had already been made for years in this locality, it 
was the task of the seismological experts to determine first of aIl the 
instrumental records, and to find out what influence had been exerted 
on the factory building by these disrurbaQces of the ground unrest." 

From this note it may be seen that H ecker was already in imme
diate touch with Belar in 1902. Therefore Belar's suggestion of 1901 
should not have remained unknown to hirn, all the more as it was 
published in the "Erdbebenwarte". (Belar's periodic publication). In 
spite of this Hecker did not draw any conc1usions as to the geological 
subsurface from the velocity measurement in Kummersdorf which he 
made in 1902, and did not publish until 1904. It may be taken from this 
that neither Hecker nor Belar conceived the means and ways necessary 
for such a conclusion. This perception was still far away at that tim2 
and not until 25 years later did Prof. Angenheister determine the geo
logy of the subsurface in the vicinity of Kummersdorf with the Min
trop Method, publishing the results in the "Zeitschrift für Geophysik", 
No. 1, annual volurne 1927. Likewise not before this year, did Schwey
dar and Reich determine the velocity of the longitudinal forerunners 
in Kummersdorf to 1000 rn/sec (see Gerlands Beiträge zur Geophysik, 
Vol. VXII, 1927, pag. 121 foll.) 

In view of Belar 's suggestion in 1901 , to predetermine seismically 
the formations along a tunnel axis, the following letter from Prof. R. v. 
Klebeisberg, director of the geological institute of the University I)f 
Innsbruck, dated Nov. 9th, 1922 and addressed to the Seismos Company 
headed by Dr. 1. Mintrop, is of s13ecial interest. The letter reads: "With 
the greatest interest I have taken cognizance of your communication 
'Exploration of strata and mineral deposits by the seismic method'. 
Considering the very good experiences you gathered with the new meth
od in plains and hilly country, the question c mes up in how far the 
same can also be applied in mountainous regions, f. i. in our Alps, 
namely, for practical as well as for theoretical geological questions. 
Among the problems which offer themselves to the investigation by 
the seismic method there is one of special interest that could be solved 
without difficulty, according to the impressions gained from your com
munication. Th e question is how deep the large vaHeys in the alps are 
buried. The solution of this problem would not only have great theoret
ical importance but practical importance just as weH; it is only 
neceSSMY to remember the dis aster at the construction of the Loetsch
berg Tunnel. 

A second doubtless more difficult problem refers to the tectonic 
structure of mountains; the question is whether the new method would 
allow to find out over- and underbedding of such rock-complexes which 
do not differ very much in density; f. i. the underbedding of a mass of 
1000 m thickness of cristalline silicate rocks by carbonate rocks. 

In our mutual interest - the proof that your method could also 
be employed" in these cases would figuratively speaking crown the pres-
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ent experiences - I would like to ask you whether you are inclined 
to try a couple of tests In this direction." 

This letter is remarkable for the reason that the geologie al institute 
at Innsbruck also considered the Mintrop !v1ethod new in 1922, that is, 
20 years after Belar, and that it considered the method suitable to ob
tain the required information on rocks to be expected in tunnel borings, 
information which was never gained following the suggestion of Belar 
in 1901. 

In 1905 there appeared an extensive theoretical treatise by Lieuten
ant-Colonel H arboe on "The v elocities of propagation of earthquake 
waves" in "Gerlands Beiträge zur Geophysik", Vol. VII. About those 
observations of artificial earthquakes carried out up to this year Har
boe wrote: 

"Considering the observations of Robert .Mallet , H. Abbot, F. Fou
que and Michel Levy, lohn l\1.ilne, O. Hecker and F. Omori, which 
were carried out with detonations, it can at once c1early be seen that 
the velocities found for the fir st waves rely for the major part on the 
condition of the apparatu used fo r the ob ervations. 

The observations of Fouque and Levy at detonations in Montvicy 
and Commenty showed that the waves with small velocities of propa
gation belonged to the upper layers while those with greater ones be
longed to deeper layers. because the main range of waves with a veloc
ity of less than abou t 1000 m - which occur at detonations in the sur
face - do not occur in a depth of 142,79 m. One item checks complete
ly, which was encountered in the investigations of Abbot, and which 
was also confirmed by 1 he observation of Milne, as weIl a by a com
parison of the latter with the observations of H ecker , also by a com
parison of the observations of Fouque and Levy with the above ment
ioned ob servation of Omori (at the former ones detonative char es of 
le s than 15 kg of dynamit were used, but at the latter 1500 kg of gela
tin dynamite was used) that is to say, that the amount of the velocity 
of propagation varies with the charge. It will appeal at once that the 
effect of the strong charge will reach into greater depth of the ground 
than the one of a weaker charge, for which reason the deeper, hurriedly 
traversing waves will grow stronger with stronger detonations than 
with the weaker ones." 

Harboe, in 1905, already calcul ated with an increase of the wave 
velocity with the depth, without discerning the law of this increase, to 
say nothing of using it for the determination of the formations occur
ring in the depth. Harboe merely explained the fact that former authors 
obtained different velocities with different charges, by stating that the 
velocity will increase due to the greater depth penetrated · on a~count 
of the stronger charge . 

In the years 1905/1906 there appeared two publications by H. Benn
dorf in Graz "On the character of the propagation of earthquake waves 
in the interior of the earih". These were followed in 1907 by the c1assi
cal book of E. H7 iechert and K . Zoep pritz "Ueber Erdbebenwellen" (On 
Earthquake Waves), Nachrichten der Gesellschaft der Wissenschaften 
zu Göttingen, Mathematisch-Physikalische Klasse. For the first time 
these publications led to a c1ear perception of the path of earthquake 
waves in the interior of the earth. 

Benndorf also proposed an experimental determination of the 
angles of emergence, "because these on the one hand give a good check 
on the time-distance graph, and on the other hand they render possible 
the calculation of the velocity of propagation of longitudinal waves in 
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the outer crust of the earth, at the same time affording a means to find 
out geological anomalies in the vicinity of the surface of the earth". 
However, Benndorf spoke only of the time-distance graph of natural 
earthquakes. 

On the strength of time-distance graphs based on observations of 
natural earthquakes Wiechert determined the depth of the earth's crust 
to 1500 km, and below it he found asolid core. Supplementary obser
vations in the following years led to the conoeption that the earth's crust 
is 1200 km thick and that an intermediate layer folIows, while the core 
of the earth should not begin before a depth of 2900 km. 

The publication of Wiechert's book in 1907 initiated a new epoch 
in scientific seismology in so far as therein the arrangement of strata 
in the earth is for the first time determined, based on a time-distance 
graph plotted from observations of natural earthquakes. While in the 
crust there is found a rapid and steady increase, from above to below, 
in the velocity of the earthquake waves, from 7-12 km/sec, the 
velocity increases only slowly to 13 km/sec in the intermediate (depth 
1200-2900 km) layer, in order to decrease abruptly to 8 km/sec in a 
depth of 2900 km. 
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Concerning the difficulty of the construction and interpretation of 
a time-distance graph K. Zöppritz wrote the following on page 126 of 
Wiechert's book: "The time-distance curve therefore must have a point 
of inflexion right elose the origin. The relation between this point of 
in flexion and the focal depth has often been discussed, as so far no one 
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has succeeded to fix the turning of the time-distance curve by means of 
(actual) observations, free from objections." (The observations of 
Schmidt in 1888 on the hodograph of the earthquake of Herzogenrath, 
with a foeus elose to the surface, are still ambiguous, as Schmidt him
seH wrote). 

On the probable influence of dissimilarities of the outer layers of 
the eart~Zoeppritz wrote on page 129: "One item will be of importance 
here, i. e., that the earth is presumably homogeneous not in concentric 
spheres, but in concentric ellipsoid shells. On the other hand this modi
fied law will not be fully complied with, especially not in the outermost 
layers; local deviations, changes in elasticity within one shell, from 
place to place, will maintain their influence. However, the deviations 
so caused, after all, will be extremely insignificant and will probably 
be smaller than those errors in earthquake observations which are still 
unavoidable at this time. Consequently it will be a long time until a 
much more refined earthquake observation service will elarify such 
details. In the meantirne we must be content to u e the seismic observa
tions for conclusions which refer to the earth as a whole, in which 
connection it must surprise that, evidently, our assumption of homoge
neity in concentric spheric layers prove true to a very far reaching de
gree, which is very useful for the purpose in mind." 

From the deductions of Zoeppritz it may be taken that according 
to the attainments of seience and technique in 1907, at the time of the 
publication of Wiechert's book wh ich is so fundamental for the develop
ment of seismology, there was no thought of a construction of time
distance graphs for the determination of the structure of the outermost 
layers of the earth. Nothing was said in Wiechert and Zoeppritz' book 
about the time-distance curves of artificially produced earthquakes, 
wh ich are even more difficult to construct and to interpret. On page 
42 and following Wiechert merely discusses that it is possible to deter
mine the thickness of a self-oscillating surface layer by determining the 
period of oscillation, presuming that the velocity of propagation of the 
surface waves is known. Bv no means does this suggestion of Wiecheu-t 
refer to velocity measurements, nor does it refer to the time-distance 
curve method. 

Coincidently with the publication of the book "On earthquake 
waves" by Wiechert-Zoeppritz, Prof. Haussmann published an article 
in "Glückauf", 1907, No. 26 entitled "On the seismograph station of 
the Technische Hochschule Aachen". Haussmann wrote: "My assist
ant, mining surveyor Mintrop, was instructed to call for the instru
ments in Göttingen, to study the arrangements of the Göttingen seismo
graph station and then to instal the Aachen station. Mintrop eagerly 
took care of this task and carried it out with ability; he became quickly 
familiar with the matter formerly quite unknown to hirn, he put up 
the instruments within a short time and set them going". The purpose 
of the station, "which is a seismograph station, built for the Rhenish
Westphalian College of Technology in Aachen from donations of Mr. 
Moritz Honigmann in behalf of the pit Nordstern near Herzogenrath, 
and of the Vereinigungsgesellschaft für Steinkohlenbergbau im Wurm
revier, is to serve the mining industry" and is characterized by Hauss
mann (after extensive remarks about arrangement of the station): 

"Not infrequently earthquakes oceur in Germany, which according 
to magnitude and duration as weIl as due to the varying type of their 
occurrence, are quite capable of causing damage. These earthquakes 
are not feIt and they would remain unnoticed in practical life if they 
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were not recorded by seismograph instruments. The seismograph sta
tion of the College of Technology in Aix-Ia-Chapelle (Aachen) has 
undertaken the investigation of these earthquakes and their effects for 
the benefit of technical establishments. The basis for this exploration 
shall be made by an arrangement whereby the station reports the 
major earthquakes that occur in Germany to the authorities and indus
trial concerns, and asks for areport on damages perceived". 

It is interesting that this s.eismograph station which was donated 
by the mining industry did not yet know, in 1907, the seismic method 
for the exploration of strata and mineral deposits. 

von dem Borne In 1907 there also appeared an article in the "Zeitschrift des Ober· 
1907 schlesischen Berg- und H üttenmännischen Vereins", Kattowitz, (Journal 

of the U pper Silesian Mining and Metallurgical Association), describing 
the Silesian Main Station for Seismology at Krietern, near Breslau, 
written by Lecturer Dr. Georg von dem Borne. v. d. Borne wrote: 
"What is our aim in recording the movements of the ground simul
taneously at numerous points? We aim at the solution of geophysical, 
geological and technical problems. Other geological conclusions of 
extraordinary importance will probably be drawn from a study of cer
tain details of the seismograms. Though an earthquake fr om a certain 
place of origin, say the East Indies, gives a nearly corresponding record 
at different European stations, some characteristic divergencies occur, 
for instance between a seismogram recorded in Göttingen arid one 
recorded in Leipzig. Similar to the recording of a given type of ground 
movement by a certain apparatus (which may look different from thc 
record of another apparatus), the subsurface - of different geological 
composition, i. e. mechanically different - responds in different ways 
to the same seismic agitation. There is still a lack of methodic explora
tion of these dissimilarities in recording. However, in my opinion, there 
can be no doubt that we shall gain a means here to draw conclusions, 
from the manner in which a certain rock complex reacts on a certain 
seismic agitation, on its geological s ucture, f. i. on the condition of 
the rocks, or on the direction of the strike7üf''Ün the presence and the 
character of dislocations of the layers." 

Von dem Borne listed the individual problem to be worked out by 
the Silesian Seismograph tation : 

1. The precise investigation of form and composition of seismo
grams, 

2. The dependence of the variations of these seismograms from the 
geological structure of the observation point, 

3. The investigation of the seismic properties of artificial struc
tures, f. i. buildings, or mining workings, and the study of arti
fieial concussions. 

Though von dem Borne touches the scope of the Mintrop Method 
in this treatise, he does not yet perceive it, but merely confines him
self to the general allusion that conclusions as to the tectonics might 
be drawn from the manner in which a certain complex of rocks reacts 
on a certain seismic agitation. 

von dem Borne Also, von dem Borne confined hirnself to the following general 
1908 remarks, in 1908, in his article in "Gerlands Beiträge zur Geophysik", 

1701. IX, Leipzig: "The physical foundations of tectonic theories", page 
403, published after the publication of the Wiechert book: 

"Just as the observations of the seismic occurrences give us some 
information about the mechanic relations of the entire globe, they will 
also give us similar information about those tectonically important 
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parts of it which are close to the surface. This will have to be done 
through the instrumental study of tht:{c"'oci~ earthquakes, of artificial 
disturbances, and of ground movements due to meteorological actions". 

Vor.. dem Borne did not answer the question of how this could be 
done, nor did he solve the problem himself. 

In 1909 Mintrop wrote a very comprehen ive article in the Mining 
and Metallurgical Journal "Glückauf" on the seismograph tation in 
Bochum, bringing numerous observations of artificial earthquakes, and 
discussing the purpo es of the seismograph station which is maintained 
by theRhenish-W estphalian mining industry, without, however, mention
ing the possibility of the exploration of trata. As there is also mention
ed in this article the publication of von dem Borne (1907) and 
Wiechert's book, it will be seen that Mintrop did not at that time per
ceive the possibility of applying Wiechert's law of the propagation of 
natural earthquakes to artificial earthquake . Also, in the de cription 
of the same seismograph station in "Gerland's Beiträge zur Geophysik" 
1912, in which Mintrop said that the main ta k of the station would be 
the observation of artificial earthquakes, nothing was said of the ex
ploration of strata and mineral deposits, nor of the later Mintrop Meth
od. Mintrop, however, approaches the matter in his publication "On 
artificial earthquakes", Reports of the International Congress of M in
ing, Metallurgy, Applied Mechanics and Practical Geology, at Düssel
dorf, 1910, wherein numerous sei mic record of artificial earthquakes 
were published and analysed. 

On page 111 of this report may be read : "If the relatively quick 
progres of such an 'artificial earthquake' is Ieh out of consideration, 
it looks quite similar to a natural earthquake that came to us from a 
distance of several thousand kilometers. The ground consi t of dilu
vial clay, sand and glacial drift with boulders, in varying thickness from 
1- 10 m. Below it there occur in a shallow trough a clay bed with 
spherosiderite about 3 m th ick, on which water pools often tagnate." 

The summarizing conclusion of thc treati e reads: "Seismic science, 
and geology too, consider as very important the investigations of the 
propagation of impul es in thc earth's crust, where intensity and time 
of arrivini can freely be elected, if reliable data on yelocity of propaga
tion and absorption can so be gained, which will in turn give informa
tion on the elasticity of the matter penetrated. Furthermore there are 
of interest the reproductions of the individual phase of the movements 
as a function of the distance from the place of origin of the concussion, 
and the reflexions of the various type of wayes. Observations of arti
ficial earthquakes c10se the chain of inve ti~ations on the propagation 
of ea!'thqu akes. The purpose of thi trea tise is attained if it has given 
a general conception of thc character of the propagation of artificial 
concu s:ons of the ground, and if it has encouraged further eHorts." 

As the report was printed not only in German, but also in Engli h 
and French, one might assume that, if not in this country, cienti ts in 
foreign countries might have been induced to strive at a olution of 
this problem which forms the content of the later Mintrop patent. 
Foreign countries, as will be explained in detail later, did not make use 

f the method until 13 year later , and it was Mintrop himself who 
used it abroad for the first time. It is noteworthy that in the di cussion 
of the Dü seldorf lecture, which was held before several hundred min
ing experts and geologists of thi cO'Untry and from abroad, nobody 
pointed at the possibility of such a method though the geological condi
tions under which the observations took place were communicated; 
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this fact proves that the solution, after all, was not so obvious. More
over, during the lecture Mintrop showed the instruments which are also 
described in the publication, and with which it was for the first 
time possible to obtain a very distinct record of all phases of the 
seismogram of an artificial earthquake, that is, longitudinal, transverse 
and surface waves up to 700 m distance. The solution of the instru
ment problem so necessary for the future successful application of 
the Mintrop Method was therefore already accomplished at that time. 

How unfamiliar theoretically orientated geologists were with the 
later Mintrop method, follows also from the book, published in 1909, 
" Seismo[ogy, a review of the present attainments of seismography, of 
the more important earthquake hypotheses and of the international 
earthquake observation service" by Dr. Edwin H ennig, Assistant at 
the Geological-Paleontological Institute and Museum of the Univer
sity of Berlin. Hennig wrote in the chapter "Seismophysics", page 127 
and the following pages: " If we now want to comprehend the true veloc
lty of propagation, the problem is found to branch out into several 
questions. First of all this velocity is not a homogeneous one, it de
pends upon the condition (material and constitution) of the media to 
be penetrated. Further it is not homogeneous in so far as movements 
of qu ite different character come into existence through the concussion, 
each one of which, as already said, has a velocity which differs consider
ably from the other ones. Furthermore the velocity stands in relation 
to the intensity of the shock. Finally the focus is never confined to a 
point, there are many sta-rting-point , not only this, but each particle 
of the earth partaking of the commotion radiates again waves of its own, 
from which, however, only a few are of importance to uso Hoernes and 
Sieberg compiled the result of the investigations on the velocities of 
propagation made by several parties in various types of rocks. There 
only follows from the widely diverging data what might have been 
expected, namely that denser media conduct the energy faster than 
looser ones. The discrepancies in the results are ascrib ed by Hoernes 
(Seismology, Leipzig 1893) to the force of concussion applied in each 
case. lt has further to be considered. if conditions are to be transferred 
to the surface crust of rocks, that resistances will oppose a movement 
vertical to the strike of the lavers, resistances which do not exist in 
the direction parallel to the strike; that areas with tectonic disturb
ances will impede the velocity more than it would be the case with 
undisturbed stratification and so on. This is only offered as an ex
planation that it must be impossible in an individual ease to calculate 
the distance of the epicentre from the time of arrival of the ground 
movement, especially if the intermediate geological areas are not, or 
poorly, known. Even then the reading of the apparatus (seismograph) 
allows adetermination of the epicentral distance with sufficient 
accuracy, in such a way that, given a knowledge of the eismic active 
areas, the zone of concussion can usually be surmised with great 
prob ability." 

In these rernarks not even a possibility ha been mentioned of 
exploring by means of artificially genera ted seismic waves "the geo
logically unknown or poorly known areas", though Wiechert's work, 
which Hennig call full of genius, is already two years old. 

In 1910 there appeared in the Year Book of the Meteo rological 
Observatory at Zagreb (Ag ram) a paper from Dr. A. Mohorovicic on 
the earthquake of October 8th, 1909. In this paper Mohorovicic 
distinguishes two kinds of forerunners : the normal primae P and the 
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individual primae P. He found the first ones at foeal distanees of 
300-400 km:~;'hi1e up to this distanee there were only found the 
individual primae, whieh in their turn eould only be observed up to a 
focal distanee of 700 km, from where on only the normal primae 
appeared. Mohorovicic explained this phenomenon by saying that the 
individual primae only traversed the upper crust of the earth, while 
the normal primae found an abrupt change in materid at an approxi
mate depth of 50 km, as at this depth there must oeeur an abrupt 
change of the velocity of propagation of the seismic waves. The time
distanee curve of the normal primae is (as Mohorovicic states) nearly 
straight, up to 1650 km, then it suddenly turns downward. "The break 
is probably still more pronouneed than it ean be shown in the curve, 
however, the data between 1000 and 2000 km were not satisfactory 
enough in order to draw the eurve still more downward." 

The normal pTimae correspond to the depth waves, while the 
individual primae correspond to the waves which expand in the upper 
layers of the earth. The proof, or the explanation, given by Mohoro
vici6 of these two wave forms oceurring in natural earthquakes, has 
either not been understood by seismologists for a long time, or no 
attention has been paid to it. At artifical earthquakes these two wave 
forms exactly correspond to the surface and depth waves whieh Min
trop describes in his patent application of December 7th, 1919, and the 
velocity of wh ich he measUJred. With regard to the observations and 
explanations of Mohorovici6 on normal and individual primae Dr. E. 
Tams, Professor of the Hamburg Seismograph Station, wrote in the 
Transactions of the Naturhistorischer V erein under the heading: "Recent 
developments in the science of seismology", in 1913: "Endeavours have 
also been made which aim at an exploration of the outer erust of the 
earth and the proving of a magmatie zone which might possibly exist 
in such ernst. These considerations, however, are yet of a preliminary 
character so that a diseussion of these may be omitted here. In spite 
of mueh uncertainty in the results there already exists many a general 
agreement between the different investigations and it should be borne 
in mind that the science of eismophysics, due to its youth, still has 
to create its own methods, or has to develop and to test them." 

In 1910 there appeared the enlarged edition, in German translation, 
of the book "Earthquakes, an introduction to Seismology" by William 
Herbert Hobbs, Professor of Geology at the University of Ann Arbor, 
Michigan, U. S. A., a friend of Professor Mainka, who eontributed a 
chapter to the book of Hobbs. In the first chapter "Modern Seismo
logy, Robert Mallet", which compri es 21 pages, Hobbs reprodueed in 
two illustrations (in the paragraph "The N ew Seismology") the focal 
theory of Mallet, from which follows that Mallet still assumed spherical 
propagation of the vibratory energy. With this type of propagation 
the determination of deep layers is excluded. The final sentence of 
the ehapter whieh bears the heading "The N ew Seismology" reads: 
"The term new seismology refers to the transformation of this science 
through the possibility of distant observation. In this meaning it does 
not draw enough attention to the great changes through which this 
scienee is now passing. OU1l' time is a very remarkable period of 
transition in seismology, and evolution points into two directions. On 
the one hand the geologists recognize more and more that an important 
part of their own domain of research has been given back to them, 
which offers at the same time the possibility to push the limits of the 
unknown farther and farther back by direct application of geological 
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observation methods; this is the modern study of earthquakes in the 
field. On the other hand the new instrumental methods introduced into 
science require men who are experienced in the manipulation of the 
instruments, and who are trained as physicists. The researches carried 
out by seismologists of this school lead to far reaching conclusions as 
to the condition of the interior of the earth; the phenomena studied 
by them are essentially astronomical, their subject is the physics of 
the earth considered as a whole, that is , the study of earthquakes by 
distant observations. 

Unfortunately there is great dang er that the two classes of 
scientific workers, geologists and geophysicists, follow diverging paths. 
For that reason nobody can do the best work alone, and the specific 
interpretation of the instrumental records is rendered difficult or even 
impossible if the information is missing which has to be gained by 
direct observation in the field." 

These remarks show very clearly the "new seismology" as it was 
in 1910. On the one hand purely geological study of the effects of 
earthquakes in the field, and on the other hand a study of the " astro
nomical phenomena", that is, the study of earthquakes by distant 
observations. Not even a word was said about the application of 
artificial earthquakes, neither in the extensive chapter "The study of 
earthquakes in the field", where it would have fitted in particularly 
weIl, nor in the equally comprehensive chapter "The analysis of the 
earthquake autograms". 

It is remarkable that the book of Hobbs had the cooperation of 
Mainka, three years after the appearance of the fundamental work of 
\Viechert-Zoeppritz "On earthquake waves". 

One year after Mintrop's lecture at the International Congress, 
Dr. Löwy, one of the founders of the "Erda Gesellschaft zur ph ysika
lischen Erderforschung" (Erda-Corporation for the physical exploration 
of the earth, chartered in Göttingen in 1910) lectured at the annual 
meeting of the Association of German Mining Surveyors in Essen
Ruhr on "Application of electric wave for the exploration of the 
interior of the earth w ith special consideration of the mining industry" 
(Mitteilungen aus dem Markscheidewesen, dritte Folge, 1911, Heft IX). 
At the same meeting Mintrop reported on Wiechert's seismic method 
for the exploration of the interior of the earth. It is now very interest
ing to note that neither Mintrop nor Löwy conceived the idea at that 
time to use the Wiechert method for the determination of the con
stitution of the uppermost strata which are of importance to the min
ing industry and to practical geology. The audience to which the 
lectures were read were conceivably the most suitable one, all the 
more as the meeting was held in the center of the Ruhr mining indus
try, and in the presence of representative of the Prussian Geological 
Survey. 

In 1911 Mintrop' s thesis was presented in Göttingen : "On the 
propagation of the oscillations of the ground produced by the pressures 
of the m~ss of a large gas engine", in which is also reproduced the 
seismogram of an artificial earthquake produced by the striking upon 
the ground of a steel globe dropping from a height of 14 m on rock. 
In this seismogram there. can already be discerned the same wave 
types as in natural earthquakes. At that time neither Mintrop nor 
Wiechert knew what to do with this seismogram. This can be under
stood, because it was the first ever obtained and published complete 
seismogram of an artificial earthquake. 
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In 1912 there appeared in Petersburg the book "Lectures on seismo
metry" by Prince Galitzin which was published in German translation 
by O. Hecker in 1914. Among other things Galitzin published illus
trations of the seismographs for the recording of artificial ground 
vibrations shown by Mintrop at the International Congress at Düssel
dorf and wrote on page 153 in the chapter "The main problems of 
seismometry": "For the investigation of the velo city of propagation 
of the longitudinal and transverse waves in the uppermost layers of 
the earth as weIl as for the study of their individual pecularities, it 
would be very important and interesting to arrange accurate measure
ments with suitable seismographs at artificial earthquakes. as, for 
mstance, detonations by means of larger amounts of dynarnite; it 
would be necessary to place suitable instruments in different distances 
around the point of detonation. Doubtless the velocities of propagation 
of the longitudinal and transverse waves must depend in a high degree 
on the physical properties of the upper layers of the earth; for instance, 
these velocities must have quite different values in igneous rocks as 
compared against sand or alluvial soil. By such experiments these data 
could easily bc ascertained. Some experiments in this direction were 
formerly already made, wh ich, however, do not satisfy, especially on 
account of the use of insufficient instrumental means which alone were 
available at that time. It would be worth while to carry out systematic 
and rational investigations of this kind. That such observations are 
indeed possible is confirmed by the fact that a very sensitive seismo
graph set up in Göttingen with anormal amplification of 2000 times, 
recorded an explosion which occurred in Besan90n, that is , in a 
distance of 600 km:" 

Galitzin, who, together with Wiechert, is regarded as one of the 
most eminent sei molo oists, confined hirn elf, still in 1912. to the gener
al proposition to measure velocities in various rocks, as had already 
been done before with unsatisfactory results by Mallet , Abbot, Fouque 
and Levy, Hecker and others. Galitzin, however , did not draw the con
clusion that such measurements, if the results are assembled in a time 
distance graph, enable the determination of the tectonic and the indica
tion of mineral resources. Galitzin in no way solved this problem, 
which is so important for technics. 

Galitzin not even made those velocity measurements wh ich he 
considered so appropriate, as will be seen from a publication of his 
assistant J. Wilip in Petersburg (now in Dorpat), in 1914 "On an arfificial 
earfhquake recorded in Pulkow". Wilip wrote on page 173: "The proper
ties of the elastic waves in the uppermost layers of the earth are very 
little explored. In the vicinity of the focus such waves are indeed caus
ed by earthquakes and for the investigation of such movements local 
earthquakes, the focus of which should not be located too deep, would 
be most suitable. However, two facts, very troublesome, have to bc 
considered, which also influence the obtaining of accurate results in 
seismometry, that is, the great exten ion of the epicentral area, which 
may attain several thousand square kilometers in some cases, and the 
depth of the focus, the determination of which is still very unsafe. 

With artificial earthquakes, i. e., concussions caused by some kind 
of explosive or through the dropping of a heavy weight, the epicentral 
area might be considered a point, and this would very much simplify 
the investigation of the movements of the uppermost layers. Un
fortunately such experiments are very expensive, and it has not been 
attained so far to determine the hodograph (time-distance curve) of 
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the seismic rays for shorter distances and for the uppermost layers 
of the earth's crust. But just the properties of the vibrations in the 
uppermost layers of the earth might become of great practical im
portance, by giving us information on those regions of the earth's crust 
where mines operate. It may be pointed out here that in 1897 and 1899 
Professor Hecker carried out experiments on the artillery range of 
Kummersdorf, where in the latter case 1500 kg nitrogelatin were brought 
to explosion. The records were taken with comparatively simple and 
sensitive instruments and in rather short distances (about 0,,5 km). In 
1910 Mintrop carried out experiments of somewhat different type in 
Göttingen. He caused a weight of 4000 kg to drop from a height of 
14 m on rock ground and took photographic records of the concusS:ion 
up to distances of 2 1(2 km by means of a very sensitive seismograph. 
The magnifioation of the apparatus was up to 50000 times." 

On page 180 it goes on: "With regard to the uppermost layers of 
the earth's crust the prospects of seismology are not so good at present. 
It can only be supposed, that the seismic energy in the longitudinal 
waves also suffers an absorption similar to the surface waves. There 
is hardly a trace of numerical data in the professional literature. " On 
page 182: "It will be seen from this that for these cases the energy of 
the explosion should be a couple of thousand times greater (than 
4900 kg as with the casual observation of an explosion) in order to ren
der visible the ingress of longitudinal waves. If this enormous charge 
is considered, it seems as if the experiment would require several 
million rubles worth of explosives to enable the construction of time
distance curves up to 1000 km, which implies that it is absolutely use
less to consider such expensive experiments, the results of which, after 
all, would be a few data on velocities of propagation, coefficients of 
absorption of the seismic waves a. s. o. As at all tim es, the experiment
er will endeavour to avoid expen es which are too high. It may be 
r:oted here, first, that, for such experiments old remainders of explo
~; ives might be made use of which are no longer used in the technique of 
blasting and which cannot be used anywhere else; second, it is known 
from the practice of seismometrie observations, that a strong resistance 
will considerably increase the effect - which is quite plausible per se. 
Volcanic eruptions are very often preceded by strong earthquakes, 
while during the eruption the concussions are of less catastrophic effect. 
The earthquake swarms of Alaska in 1912, for instance, ceased after the 
tremendous volcanic eruptions in the Aleutian Islands. I twill there
fore be endeavoured to bury the charge as deep as possible, by choosing 
a suitable Iocation, where the earthworks can easily be carried out. 
Thirdly, there is nothing to prevent us from increasing the sensitivity 
of the apparatus as far as possible. When there are no continuous seis
mic registrations to make, as in this in tance, one could easily increase, 
in such exceptional cases, the ratio of magnification to a million by 
me ans of mechanical and long optical levers. In this way it could be 
attained that these seismographs would already show the first prephase 
with acharge of 5000 kg of artillery powder, up to distances of 1000 km. 
It can therefore be supposed that the above mentioned quantity of ex
plosive energy will suffice for the determination of th~:ctistance curves, 
by an artificial earthquake, up to distances of 1000 km." 

According to the above Wilip proposed in 1914 - on the occasion 
of the casual observation by the seismograph station of Pulow of an 
explosion of 4900 kg artillery powder - to construct the time~distance 
graph up to 1000 km by the seismic observation of detonations, a meth-
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od that has first been partially applied by Wiechert, not before 1926. 
Wiechert, in Geologische Rundschau, No. 5, Vol. XVII, 1926, wrote 
that he had been encouraged to make these experiments by the suc
cesses of Mintrop with time-distance graphs for very short distances. 
While Wiechert wants to investigate the depth and the character of the 
formations, it follows from Wilip's allusions that he intended to deter
mine the velocities of the different wave forms, longitudinal and trans
verse waves; he did not intend the determination of the structure and 
the composition of the underground rocks. Besides, a time-distance 
graph of 1000 km gives already information about depths of at least 
100 km, thus naturally passing over all details in the first few kilo
meters, which alone are of irnportance to mining and practical geology. 
Wilip's idea that great expenses would be necessary for the carrying 
out of his proposition, with only a few data on velocities of propaga
tion, coefficient of absorption, and so on, resulting, shows the attain
ments of science and technique at that time. 

In 1914 there was published by S. Mohorovicic - a son of A. Moho
rovicic whose paper from 1910 was already mentioned - a treatise in 
Volume XIII of "Gerland's Beiträge zur Geophysik" on "The reduced 
time-distance curve and the dependence of the depth of the focus of 
an earthquake from the distance of the inflexion point of the primary 
time-distance graph". It reads on page 231 : 

"It might be reproached to me that my work is based on the indi
vidual primae P which were firs t discovered by my father. He tried to 
explain this type of rays in a very simple manner by assuming that 
there exists an interface of strong discontinuity in a depth of about 
50 km below the surface, where the velocity of the longitudinal waves 
is suddenly increased. The individual primae P are longitudinal waves, 
which expand only into the uppermost layers from the focus, while the 
normal primae P are tho e longitudinal waves which penetrate from 
the focus through the uppermost layer to the interface of discontinuity, 
then travel part of their way in the lower layer, and finaliy reach the 
surface by way of the interface of discontinuity and the uppermost 
layer. As the normal primae P undergo a twofold refraction they reach 
the surface much attenuated. From this we can see that in a certain 
area around the epicentre no n ormal primae can reach the surface. In 
a farther distance both types of waves reach the surface, first the nor
mal primae P as aseries of very weak waves, then the strong impetus 
of the individual waves or upper primae P folIows. The diagrams of 
the South German earthquake which were gathered by my father con
firm this statement. Up to an epicentral distance of about 180 km 
the begin of the quake is seen at all stations as a strong impetus. Mu
nich is the first station which shows the normal primae P as a weak 
emersio whereupon after a few seconds the first impulse of the upper 
primae P follows. All following stations show very nicely this biparti
tion of the longitudinal waves. 

If, however, the individual primae according to this conception 
should not exist, if they should be a type of rays of their own, this 
would not change anything in the matter, the calculation of the focal 
depth based on them would remain correct, only the interface of dis
continuity would not exist. ' 

From the exposition of S. Mohorovicic there will be seen the uncer
tainty which still existed in 1914 as to the character and the meaning 
of the normal and individual primae, i. e., the depth and surface 
waves observed by A. Mohorovicic in 1910. 
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Leimbach 1915 In 1915 there appeared, in the Mining and Metallurgical Journal 
"Glückauf" No. 14, an article frorn Dr. Gotthelf Leimbach, then direc
tor of the Erda G . rn. b . H. for the exploration of the interior of the 
earth, in Göttingen, on "Physical rnethods of exploration in rnining", 
wh ich 'does not rnention the seismic rnethod, though one chapter is 
entitled "Old and new phy ical m,ethods for the exploration of the 
interior of the earth". Only the methods are dealt with applying 
electrical currents and radioactive measurements, gravity measure
ments not being mentioned, because these were not introduced by 
Schweydar into the geophysical subsurface investigation of Northern 
Germany before 1918 (see Zeitschrift für praktische Geologie, 1918, 
No. 11). 

Keilhack & Krusch In the Lehrbuch der praktischen Geologie (text book on Practical 
191 6 Geology) by Keilhack , 3rd edition, 1916, the weIl known geologist 

Krusch , at that time department chief, now president of the Prussian 
Geological Survey, described magnetic prospecting and prospecting 
by means of electrical wave in the chapter "The finding and investiga
tion of minerals used in technology" but he did not rnention seismic 
exploration and did not even indicate the possibility of a future devel
opment. 

Mintrop 1917 In 1917 the German R eich Patent No. 303344 on a "v ibration indi-
cator" was granted to Mintrop, and the German Gebrauchsmuster 
(protected design ) No . 670330 "Field seismograph", and also the Ger
man Reich procedure patent No . 304317 "Method for the determination 
of the location of arti{icial concussions". 

Fessenden 1917 In the same year the U. S. Patent No . 1240328 was granted to Re-
ginald A . Fessenden, referring to "Method and Apparatus for Locating 
Ore-Bodies", in which thc finding of orc-hodics and similar ob jects in 
the sub urface i proposed by means of the observation of acoustic 
waves. According to this patent. the full text of which follows below, 
bore-holes are sunk in the four corners of a quadrangle in the area to 
J e investigated and filled with water. Sound transmitters and sound 
receivers are th en placed into these bore-holes and the tra veIl ing times 
of the sound are measured between the variou bore-holes, as weIl as 
the reflexions that oceur on ore-bodies that might be hidden within the 
area. These measurement are made in the horizontal plane through 
the four bore-holes, and in the vertieal plane through one bore-hole and 
the reflecting ore-body. In this latter bore-hole one transmitter and one 
receiver are vertically moved against each other until the angle of total 
reflexion is reached. The so determined approximate position of the 
ore-bodv is then reexamined bv a new weIl, and the measurem ent i 
repeatecl from this hole, if the body should not have been encountered 
by the first hole. 

Fessenden was the first one who developed a method for the deter
mination of strata by mean of the generation and observation of 
clastic waves. To b sure, the method still depended upon bore-holes. 
Following there is given the text of the patent, which, by the way, be
came publicly known in G ermany, due to the blockade, not until several 
years after the war. 
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UNITED STATES PATENT OFFICE. 
Reginald A . Fessen den , of Brooklin e, Massachusetts, Assignor t o Submarine SignßI 

Company, of Waterville , Maine, a Corporation of Maine. 
Method and App ar atus for Locat ing Ore~Bodies. 

1,240,328. Specification of Letters Patent. Paten ted Sept. 18, 1917. 

Original application filed April 2, 19 14, Senal No. 828,972. Divided and this application filed January 15, 1917. 
Seria! N o . 142,421. 

To all whom it may concern: 

Be it k nown that I, Reginald A. Fessenden, of Brookline, in the county of Norfolk 
and State of Massachusetts, a cit izen of the United States, have invented a new and 
useful Improvement in Methods and Apparatus for Locating Ore-Bodies, of which the 
following is a specification. 

This application is a division of my United States application Sedal No. 828,972 
filed Apri l 2, 1914. 

The invention described herein relates to methods and apparatus whereby, being 
given o r having ascertained, tw o o r more of the following quantit ies, 1. e., time, distance, 
intensity and medium, one or more of t he remaining quant ities may be determine J . 

For example, being given the distance between two points in amine, and having 
determine d the time taken by aso und w ave t o travel between the two points, it is 
possible t o draw conclusions in regard to the probable nat ure of the rock between the 
two points, or if an e c h 0 be observed, o r are fra c t ion 0 f t h e sou n d, it is 
possible t o estimate the d is tance of the reflecting or refract ing vein. 

Heretofore only such ore bodies have bccn discovered as have had an edge of 
the mineral vein extenJing to the surface of the eart h and not covered by debris to 
such an extent as t o be hidden, or such as have been reached by drill holes sunk at 
random in 1ocat ions where minerals were suspected. The ore bodies so d iscovered 
must form an extremely small fraction of the total of such bodies and it is the ob ject 
of the present invention to disclose me thods and apparatus for discovering such hidden 
o re bodies by means of measuremen ts made on the veloci ty, direction, reflection, 
refraction, absorpti on and othe r phenomena, of sounds transmitted through the medium 
containing t he ore bodies, i. e., the earth . 

By the method here in described I have been able to de tect and determine the 
locat ion of a body of mineral, invisible to the eye, at a distance of two and a half miles, 
an d farther, the test being witnessed and verified by a number of skilled engineers. 

In the drawings accompanying and form ing apart of this specification, 
Figure 1 is a diagrammat ic plan, and 
Fig.2 an illustrative section showing also a differen t source of energy, 
Fig.3 is a modification of the receive r, these views being in part di agrammatica1 

an d showing apparatus and methods suitable for carrying out my invention . 
In Figs. 1 and 2, 50 represents a territory, which may b e as umed to have an area 

of 25 square miles, within which it is desired to determine the presence or absence of 
mineral veins. 

Four d r i 11 hol e ,11, 12, 13, 14, shown in plan in Fig . 1 and t wo of them in 
sect ion in Fig.2, are firs t drilled at the four corners of the t erritory, approximately 
five miles apart , andofa depth sufficient to secure th.e desired result·s. 
These holes are fille d with water 51, 52, Fig. 2. ound detective devices, 15, 16, 17, 18, 
such as m i c r 0 p h 0 n e s 0 r p r e f e r abi y s m a 11 0 s c i 11 a tor s , as described in 
U nited States Patent No . 1,167,366, January 4, 1916, are suspended in t hese holes below 
the water line. 

T hese soun d receiving devices are connected by the p airs of leads, 19, 20, 21, 22, 
23, 24, 25, 26, to the secondaries 31, 33, 35, 37, of t ran formers, as shown, and to oscillo 
graphs of the usual photographic reco rding ty pe, but preferably with the galvanometer 
elements of the quart z fiber, described by applicant at the American Association for 
the Advancement of Science, 1894, and commonly known as Einthoven galvanometers. 

49 is aso und pro du c i n gap par a t u s, p r e f e r abi y 0 f t h e s a i d 
o s ci 11 at 0 r t yp e, connected by its leads , 39, 40, to the primaries 32, 34, 36, 38, 
of the t ransformers in the oscillograph circui t , and to the alternating current dynamo 
42, when the key 41 is depressed . 43, 44 are ore bodies. 

The prima ries 32, 34, 36 and 38 of the transformers are adjustable with reference 
to the secondaries, as shown, and are so adjusted that when the k ey 41 js depressed 
a moderately strong indication is produced on the photographie records of the oscillo
graphs 27, 28, 29, 30, which fixes on the photographie records the instant at which thc 
key is depressed , and at the same time asound is send out from the oscillator 49, which 
after be ing reflected as at 45 by the ore body 43, or reflected back as fro m 55, Fig.2, 
hy the ore body 44, or reflected as from 46 b y the ore body 44, or refracted as at 47, 
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48, by the are body 44, or proceeding directly through the earth, as shown by the dotted 
lines 56, 59, reaches the indicators 17, 18, 16, 15, and is recorded on the oscillographs 
29, 30, 28,27. 

Since the oscillograph photographic strip moves wi th a regular and known velocity , 
determined in the manner weIl known in the art , the distance on the strips between 
the records produced through the transformers when the key 41 was pressed down, 
and the records made by the sounds received w h e t her di r c c t , 0 r b y r e f I e c -
ti 0 n 0 r re fra c t i 0 II 0 r b y t he e c h o, will indicate the distance b etween the 
drill holes and the ore bodies. 

For example, if the distance between the record made on the oscillograph 30 by 
the transformer 37, 3 on depressing the key 41, an d the record made by the arrival 
of the sound di rectly along the line 59 (which would be easily ident ifie d., being the first 
sound to reco rd itself after t he depression of the key), is five inches, then one inch on 
the record corresponds to one mile in distance, since 11 is five miles from 14. This 
establishes the standard of mea uremen t on the oscillograph. 

H, then, the leng th between the key depression record and the record made at 30 
by the sound refl ected at 46 is 9 inches, it is evident that the sound proceeding out 
horn 49 and reflected at 46 and final1y reaching 14, has traveled 9 miles. H, again, thc 
length between the key depre ion record on the oscillograph 27 and the record made 
by the soun d sent out from 49 and reflected back from 55, Fig.2, is eight inches, then 
it follows that the ore body 44 is approximately 4 miles horn the point 11. The ore 
body therdore lies at the intersection of the sphere described about 49 with radius 
4 miles, with the sphere described ab out 18 with radius 9 minus 4, i. e. , 5 miles. 

The exact point on the line of intersection may be found in a number of ways. 
For example: 

1. By placing 49 in the drill holes 12 or 13 or 14 an d tak ing other set s of reco rds 
another line of intersections may be found . The point of interseetion of the two lin es 
of intersection will give the point at which t he ore body is, o r sufficiently elose thereto . 

2. By determining , by means of the ap paratus of applicant's U nited State applica. 
t ion Se ri al No. 54,556, file d October 7, 1915, shown diag rammatically in Fig . 3, and 
referred to below, the exact direct ion of the reflect ion points 46 of Fig. 1 and 55 of 
Fig. 2, thus kn owing the directions and the distances obtained as given above, the ore 
body is located . 

3. By drilling a t est hole, pas ing nea r but on the far side of the line of intersection 
obtained as above. 

Other modifications of applicant's method may be used. In fact, the mere deter: 
mination of the t ime elapsing between the key depression record and the echo record 
made by reflection at 55, Fig. 2, together with adetermination of the direction frorn 
which the echo i received is suffi cient. 

T he exten t of the ore body can be obt aincd by readings made by transferring 49 
to t he drill holes 12, 13, 14, and taking reading on the oscillographs on sending out 

sounds at these drill hole ; or it may be determined by the rehact ion of t he sound sent 
out from 49 and received at 16, or by the echo obtained at 16 when the sounder 49 is 
ope rated at the drill hole 12. 

In plaoe of using an al tern ator 42, a condenser discharge may be u ed to actuate 
the sounder 49, as shown in Fig. 2. Here the condenser key 66, on being dep resse d, 
charges the condense r 67 from the battery 6 an d on the k ey being released and 
coming up against the t op key con tact, d ischarges the condenser through the trans
former secondary 32 and sounder 49, thus making a ingle sound impulse, or a rapidly 
oscillating one, if the discharge is an os.cillatory one. 

The vertical angle of reflection may be determined by hauling the transmitter 49 
or the receivers 18, 15, up or down in the drill holes. 

In Fig. 3 is shown the apparatus for deterrnin ing the di rect ion of the sound receiv
ed. Here 15, 15', are two sound receive rs, preferably small oscillators, conn ected in 
series preferably, their leads being the conductors 19, 20, connected t o the oscillograph 27. 

53 is a rod supporting the two receivers, 1.5, 15', by which they may be turned in 
any direction . Onturning them., the sound will be a maximum jf they are connected 
so as to assist each other, when they are in a plane at right angles to the direction of 
the received so und. If t hey are connected so as to oppo e each othe r, the sound will 
be a minimum when they are in this plane. In this way by drawing a perpendicular to 
the plane so determine d., the direction from which the sound comes may be determined. 

By the term "s 0 und in fl e c ti 0 n" I me an bending of t hel i neo f so u nd 
pr o p a ga t i 0 n , ei t h er b y re f I e c t ion, 0 r b y re fra c ti 0 n. 

What I elaim is : 
1. That method of determining the locat ion of ore bodies which consists in 

gene rating so u n d w ave sand 0 b s e r v j n g t h ei r in f lee t ion. 

34 



R. A. FES SENDEN . 
METHOD AND APPARATUS FOR LOCATING ORE BODIES . 

APPLICATION FILED JAN. 15, 1917. 

1, '240,328. Patented Sept. 18,1917. 

d~ --(§);; 
I I 

/ 

/ 

.f9 

'\. 

" 
','[6 

'-
'- "- // 1"'; 

..... 

26 

35 



Sieberg 1917 

Kayser 1918 

Evans 1919 

2. That method of determining the location of ore bodies by gene rating sou n d s 
and 0 b se r y i n g t h e ir in f 1 e c t ion by the ore bodies, and t he ir ye 1 0 c i t i e s. 

Reginald A. Fessen den . 
Copies of this patent may be obtained fo r five cents each, by addressing the .,Commissioner oi Patents, 
Washington, D . C ." 

In 1917 Sieb erg expressed his opinion as appended below, in the 
Lehrbuch der praktischen Geologie (Text book of Practical Geology), 
published by Privy Mining Councillor Dr. Keilhack, Department Chief 
at the R. Prussian Survey in Berlin, and Lecturer of the R. College of 
Technology in Charlottenburg: "It cannot be our task here to discuss 
the very difficult and still quite unexplored method of the determina
tion of the travelling times on the ray of propagation of the fo rerunners, 
which traverse the interior of the earth, nor can we discuss the coor
dinated ' calculations of the true velocity of propagation. Work in this 
departrnent must remain the privilege of the mathematician and physi
eist. Whoever i somewhat interested in this may read the respective 
publications. This will obviate a discussion of the methods proposed 
for the calculation of the depth of the focu , as this is based on the 
aforementioned problems. While we are still groping in the dark con
cerning the phy ical conditions in the depths of the earth, and the 
further influencing of the propagation of seisrnic energy by the geolog
ic-tectonic construction of the earth' crust, we are not in a position 
to pass a fair judgment on the said method concerning their values 
or demerits." 

In 1918 Professor E. Kaiser, in the 5th edition of his weIl known 
text book Allgemeine Geologie (Gene ral Geology), given to the press 
in September 1918, al 0 described the results of observations of the 
velocity of propagation of artificially generated earthquake waves, with
out drawing any further conclusions (see the extensive chapter "Earth
quakes and Seismic Phenomena"). It read , in part: "The velocity of 
propagation depends in the first case on the petrographie condition of 
the rocks in the area of concussion. The den er the rocks are and the 
freer they are of crevices and ca vitie the qu icker the propagation will 
progress. R. Mallet determined the velocity of propagation of the con
cussion for wet and to 250.5 rn/sec, for creviced granite to 395 rn/sec. 
for solid granite to 507.5 rn /sec. Similar but somewhat higher values 
were obtained by Pfaff. N ew experiments very carefully carried out 
by FO'Uque and Levy in French mine resulted in: 646 rn/sec for Carn
brian marble, 1190 rn/sec for Permian sandstone, for solid carboniferous 
sandstone 2000-2526 rn/sec, for solid granite 2450-3141 rn/sec. The last 
mentioned data approach those of the long superficially propagated 
earthquake waves, which have a rather uniform velocity of 3.5 km/sec. 
as before mentioned." 

Kayser in 1918 confined hirnself, as we saw, to the quo tat ion of 
results of velocity measurements in known rocks, partly 70 years old, 
without drawing any attention to the determination of the tectonics. 

On October 2nd, 1919 there appeared in the English Journal 
"Nature" (contained in the Report of the 87th Meet ing of the British 
Association) the Opening Address by J. W. Evans D . Sc. L. B. F. R. S., 
President of the section. Among other thing it reads: 

"It deserves consideration, however, as to how far it may be 
possible to add to our knowledge of the earth's crust by experimental 
work with a view of the determination of surfaces of discontinuity 
by their action in reflecting vibrations frorn artificial explosions, a 
procedure similar to that by means of which the presence of vessels at 
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distance can be detected by the reflection of submarine sound waves. 
The ordinary seismographs are not suited for this purpose, the scale of 
their record, both of amplitude and of time, is too small for the minute 
and rapid vibrations wh ich would be expected to reach an instrument 
situated several miles from an explosion as to distinguish between 
direct vibrations and those that may arrive a second or two later aft er 
reflection at a surface of discont inuity. As the cylinder on wh ich th e 
record is made would be only in motion while the experiment was in 
progress, there would be no difficulty in arranging for a much more 
rapid movement. At the same time it would be desirable to dispense 
with any arrangement for damping the swing of the pendulum wh ich 
would be unnecessary with small and rapid vibrations and would tend 
to suppress them. It is possible that it might be better to employ a 
seismograph which records, like that described by Galitzin shortly be
fore his death, variations of pressure expressing terrestric acceleration, 
instead of one which records directly the movements of the ground. It 
would, however, probab1y be found desirable to sub titute for the piezo 
electric record of pressure employed by Galitzin arecord founded on 
the affect of pressure in varying the resistance in an electric circuit. 
This is, in fact, the princip1e of the microphone and most modern tele
phone receivers, not matter so much for the r resent purpose, whcre 
the time of transmission is the most important featu re in the evidence, 
but satisfactory results even in this respect appear to be given by 
Brown's liquid microphone, from which the record could be taken, if 
desired, by means of the reflection of a mirror , attached to the needle 
of the galvanometer." 

"In this review of some of the pos ibilities of geological research I 
cannot claim to have done more than touch the fringe of the subject. 
In every direction th ere is room for the development of fresh line of 
investigation, as weH as for renewed activity along paths already 
trodden. Whether my particular suggestion proves fruitful or not, they 
will h ave served their purpose if they h av e stimulated anyone to look 
for new fields of work." 

The above suggestions of the weIl known English geologist Evans 
show that the problem of the seismic investigation of the subsurface 
was not yet solved in 1919. 

On December 7th. 1919, lT'vlintrop applied for the German Reich 
patent No. 371 963 "Method for the exploration of strata and mineral 
deposits", the text of which follow here: 

GERMAN R EICH, REICH PATE; 'T OFFICE. 

Patent No. 371 963, class 421, group 13. 

Dr. Ludger M {n t r 0 p of Bochum. 
Method for the determination of rock structures. 

Paten ted in the German R eich since December 7th, 191 9. 

In order to accuratcly determine the tructure of the rocks of a cer t a in a rea it 
is necessary to resort t o the drilling of bore-holes if there are no natural exposures: 
the sinking of bore -holes , h owever, always means an expensive and elaborate work, 
which all the more cannot be ca rr icd ou t everywhere. Where th e problem is to 
ob t ain at first preliminary information of the approximate composition of the strata , 
the divining rod has been used a is weil kn own. H owever, according to "Glückauf" , 
1919, page 893 and following ones, it has not yet been possible to ascertain a connec
ti on of un iq ue meaning between the indicat ion of the divining rod and the geological 
parti cularities of the sub soi l. ...... nother work ing procedure for the similar purpose of 
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approximate information exists in the use of electric waves, from the behaviour of 
which certain conclusions can be drawn as to the tectonics and as to the charac
teristics of the formations. 

According to my invention waves are also to be used for the determination of 
the tectonics of the formations, not electrical waves., but mechanically generated 
elastic waves based on the conception t.pu~t J.P-~ cR.}!n~~~0t'90'Bf. ,{,p.echanical waves with 
the characteristic properties of the stratavis HU:l:eh ~pe immediate and therefore much 
closer than the interconnection with electrical waves. For this purpose mechanical 
waves are artificially generated at a suitable place in the area to be examined, -
for instance by detonating a certain amount of explosives - their elastic propagation 
through the various formations is recorded by a seismometer located at a suitable 
distance. These diagrams are used, as this is known in the science of seismology, in 
order to construct the so called time-distance graph and in order to calculate the 
velocity of the waves in the various depths; in the science of seismology it was al ready 
tried to draw certain conclusions on the general construction of the earth as a whole. 
In the case to be treated he re it is of importance that the ob server is not compelled 
to wait for the occurrence of natural earthquakes, but that he can at will cause earth 
concussions., which circumstance alone gives the possibility to make such measurements 
in a specified place and at a specified time. The fact that we now have a means for 
convenient comparative measurements for the determination of the propagation of the 
elastic waves within the formation and of their time of arrival at the seismograph 
respectively, is of essential importance, by using for the determination of the moment 
of the generation of the elastic waves either the sound waves whieh are produced 
in any case with the blasting of the detonative charge, or a transmission by means of 
light, electric current or electric waves. 

Conclusions can be drawn as to the elastic properties of the formations traversed 
by the waves, from the so determined surface and space velocities of the waves, as 
weil as from the depths into which the waves have penetrated the formations, and also 
from the ratio of velocity of the longitudina~ :n~s transverse waves. In particular, dis
continuities in the elastic properties of the o" r?<or: ,,;{s well as diffractions, refractions 
and reflexion~-;6a9"r6't'round from the points of in flexion and breaks in the time-dis
tance curve. Thus) for different localities, the graphs result as shown in the appended 
illustrations No. 1. and 2. The different development of the velocities and also their 
relation to the depth can be seen here. By comparisons carried out with such time
distance curves and velocities gained in localities of known geological structure a valu
able check i obtained on the reliability of the conclusions drawn with regard to the 
sequence of layers and their thickness, as the different types of rock show very 
different elastic properties. For instance, the pronounced break in the velocity curve 
in fig . 2 obviously allows to recognize, that a change in the formations must occur in 
a depth so determined at the same time . As a matte r of fact borings show diluvial 
sands for thelitotal length in fig. No. I , whereas in the case of fi g. 2 hard mari follows 
below a bed öf 9 m of loose sands. By a suitable arrangement of the measurement of 
the artificially produced elastic waves, the direction of the strike and dip and dis
locations of the strata can also be determined. 

Even if this will not always enable adetermination of the particular kind of 
rocks, it often suffices to know into what depth vlsibly exposed formations reach , and 
in what thickness harder or looser formations follow undern~ath, or whether the 
succession of beds follows the normal geological structure . Thit,:/is very important in 
supplementing t~e geological mapping )f sites are to be selected for bore holes and 
shafts in a certain area. Then again, F~'l( salt, brown coal and rocksalt deposits show 
such characteristic elastic properties that , with the use of other observations, such de
posits can be directly found by the new method. The method itself is extraordinary 
simple and cheap, as only a few kilograms of explosives are required for a measure
ment, and the seismometer to be used can be constructed as a simple, light and handy 
instrument; nor is it necessary that scientifically trained persons be present when the 
records are taken, as the cientific interpretation of the mcasurements can be don e 
afterwards . 

Patent Claim: 

Method for the determination of the structure of geological formations, charac
terized as follows: In the area to be investigated elastic waves are artificially produced, 
tor instance by the blasting ot an explosive charge, these are recorded by a seismometer 
placed at a suitable distance; from the records of the latter the velocities of the 
various waves and the depth to wh ich they penetrated can be determined, which 
allows conclusions as to the succession, thickness, density as weil as the direction ot 
the strike and dip of rock formations, especially by comparisons with measurements in 
places of known geological structure. 
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Nine months after his paper appeared in "Nature" and seven months 
after Mintrop's application for patent, Evans applied for the Brifish 
patent No. 174095: "Improvements in and relating to Means for Investi
gating the Inferior of the Earfh's Crusf". The following is the text af 
the Evans patent: 

PATENT SPECIFICATION. 174,095 
Applieation Date: July 9, 1920. No. 2'0,225/20. Complete Left : May 9, 1921. Complete 

Aeeepted : Jan. 9, 1922. Provision al Speeifieat ion. 
Improvements in and relating to Means for Investigating the Interior of the Earth's Crust. 

Wc, John William Evans, of the Imperial College of Scienee and Technology, 
South Kensington, S. W. , Fellow of the Royal Soeiety, a British subject, and Willis 
Bevan Whitney, of 21, Victoria Road, Surbiton, Surrey, Associate Member of the Insti 
tute of Civil Engineers, a naturalised British subject, do hereby declare the nature of 
this invention to be as follows : -

This invention relates to means for investigating the interior of the earth's crust and 
eonsists in novel eombinations of apparatus (said apparatus per se b eing eithe·r new 
or old) and in the new apparatus per se for carrying out a method of investigating 
the interior of the earth's crust by whieh it is possible, without making extensive exca
vations or borings, to determine the nature and position of hidden strat a such as eoal. 
oil shale, water, petroleum, surfaees of rock and other st rata or deposits or surfaees of 
discontinuity in tOO earth's crust. 

The invention has for it s objeet to faeilitate the exploitation of mineral wealth , 
engineering operations, the investigation of the available supply of water, petroleum, 
and the like. 

The method is based on the moulding and modifying influenee which strata or 
surfaees of diseontinuity in the earth's crust exert upon waves or vibrations, which pass 
through them or are reflected by them. 

The novel eombinations of apparatus according to the presen1: invention comprise 
means for generating the waves or vibrations, at least two and preferably three or 
more apparatus for receiving the vibrations and one or more apparatus for reeording 
the vibrat ions when reeeived, the said reeeiving apparatus being in electricaI or other 
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suitable form of connection or communication with the generating means and with the 
recording apparatus. 

The aforesaid combinations of apparatus may be employed in various ways of 
which the following are examples : -

1. Waves or vibrations are generated by the generating means at or near the sur
face of the earth and are automatically received at a plurality of stations and recorded. 
The receiving apparatus is placed in StIch positions at or near the surface of the earth 
that some of the waves are received after and others before they have traversed the 
stratum under examination, or they may all be received after they have traversed the 
stratum. 

2. Waves are generated as before and having travelled down ward to the surface 
of the stratum to be examined the )" are in part refracted and in part reflected back 
(owing to the properties possessed by surfaces of discontinuity between media of different 
densities and elastic moduli). The reflected \'.:aves, which may (:omprise both distortion
al and longitudinal waves are received at a plurality of stations and recorded. 

3. The waves are genera ted below the stratum to be examined and having 
travelled upward to the stratum they are, as in the second case, in part reflected and 
in part refracted. The refracted waves are then received at a plurality of stations and 
recorded . 

4. The waves are generated at or near the surface of the earth and are rceeived 
at a plurality of stations and recorded after having been refleeted and refracted a num
ber of times between the stratum under examination and the surface of the earth. 

In employing the aforesaid combinations of apparatus in the manner described 
the receiving apparatus of whieh, as stated, there should be at least two, are preferably 
so placed that they lie approximately on lines radiating from the gene rating apparatus 
as cent re and between 90 and 120 degrees apart and are in electri eal or other suitable 
form of connection with the said generating apparatus. It is not necessary that there 
should be three or more reeording apparatus as the receiving apparatus may be connect
cd electrieally or by other sui table means with one reeording instrument placed in an y 
eonvenient position. Reeords of the vibrations at the gene rating station and at the 
various receiving stations are ob tained and a eomparison of these re~ords enables the 
ob server to distinguish between the different refleetions and aseertain the time intervals 
between them even when they are so elose together as to form composite waves and, 
owing to the different properties of refleetion, refraetion and absorption possessed by 
various media from the nature of th e vibrations reeorded and the time intervals be
tween them the nature and po ition of the media under examination is determined. 

For gene rating the waves the following means or means eapable of generating the 
following kinds of vibrations may be employed :-

Vibrations gene rated by means of sound for instanee, explosives, blows struck by 
hand or meehan ieal means and the like. 

For reeeiving the vibrations the following ins truments , for ex ample, may be 
employed aeeording to eireumstanees :-

Mierophone-earbon, liquid or jet: 
The following are examples of recording apparatus that may be used aeeording to 

eircumstances: 
Telephone receivers in eombination if necessary with automatic make and break 

deviee such as a commutator. Einthoven String Galvanometer fitted with automatie 
photographic recording deviee. 

Apparatus based on the piczo-eleetrie properties of quartz, steth oseope, oseillograph 
and the like in combination with automatic reeording devices . 

In stead of the above mentioned known apparatus a new receiving apparatus 
here in after describ ed may be employed. 

The new apparatus, according to the present invention, comprises essentially a 
easing whieh ean be firmly embedded in the ground, a mas resiliently supported or 
suspended within said casing in such a manner that when the portion of the stratum 
in whieh the casing is fixed is se t in motion by the passage of a vibration from the 
generator there will be relative motion and variation in pressure between the casing 
and the mass, and means whereby said relative movement or variation in pressure may 
be detected. . 

The apparatus may be constructed in several forms. 
In one preferred embodiment it comprises a heavy mass, for example, a hollow 

steel sphere filled with lead. Sai d mass is surrounded on all sides by a elose fitting 
rubber ·envelope having a thickness of say two centimetres. It must be thicker below 
unless the mas.s is partly supported by aspring or springs. The rubber envelope is 
cnelosed in a cast-iron or steel casing with a hollow spherical interior. This casing is 
fixed in a large and solid block of concrete firmly embedded in the ground both 
vertieally und laterally at a depth where it is compact and undisturbed. 
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The rubber envelope and casing are divided into hemispberes or smaller seg
ments which can be fixed together over the sphere by screws working in Hanges so 
a to exert everywhere a gentle pressure upon it. 

Passing through cylindrical holes in the casing and envelope are one or more 
ho rt cylindrical steel rods, say three millimetres in diameter and five cent imet res in 
ength. These fi t loosely in the hole in the casing and envelope. On the outer side 

the surface is Hat while on the inner it has the same curvature as tbe sphere. The inner 
end of t hese pins presses lightly against the sphere, and the outer end against the 
diaphragm of a sensi tive microphone so adjusted that a very slight variat ion in the 
pressure between the pin and the diaphragm will cause a sensible variation in tbe 
cu rrent passing through the circuit of the microphone, and these variations are record
ed on a rotating drum. The microphone is rigidly fixed in the same concrete block 

the casing of thc sphere. 
If there is on ly one pin, it should be vertically above or below the cent re of 

the sphere. If there are three, the other two will be horizontal and at right angles to 
each other, and all three are connected with different microphone . 

It m ay be convenient to have pins in pairs opposite each other so that there 
will be two or six in the cases describe d ab ove. The microphones associated with the 
opposite pins may then have a common circuit so arranged that an increase of 
pressure on t he diaphragm of one microphone will cause the current to How in the 
ame direction as a decrease in the other. Alternat ively they may be independent , 
urnishing a check on one another. For ome purposes, and especially for the obser

vation of vibration arising from points at horizontal distances similar to t he vertical 
di tance at which reflection s take place, it will be convenient to have either in place 
of or in addit ion to t he pins already described, four or eigh t pins at the poin ts which 

ould be in the same position as the angles of a cube with thc centres of its faces 
opposite the fir st men tioned pins. The heavy mass may have differen t forms. Instead 
of being spherical it m~\' h avc thc shape of a regular polyhed ron with envelopes and 
ca ing of corresponding form. The octahedron will be that most suited for the pur
pose, but the tri angular triakis oct ahedron and the cube mayaiso be employed. In 
this ease the pins will be at the anglcs of the polyhedron which will be truncated 
o that the pins may b e in complete con tact with them. Springs may be substituted 

wholly or partially for rubber for keeping the mass in posi tion especially vertically 
whe re a suspending spring is advan tageous. Lateral varia t ions of pressu re may aiso 
be recorded even if the mass be suspcnded by an inextensible cord. 

Any charcoal microphone may be employed and so me form of relay are also 
sui tab le for the purpose. Also a liquid microphone which acts by the varying resistance 
at a minute hole in a diaphragm in an elect rolytic fluid such as copper sulphate or the 
piezo elect ric properties of quartz mayaiso be employed for the purpose. 

In a second embodimen t of the inven t ion the apparatus consists of a brass or 
gunmetal casing made in two parts and proddcd wi th circular flanges and bolt holes, so 
that the upper and lower portions ma)' be drawn t ightly ta gether by means of bolts. 
These flanges when drawn together grip amica, or insulated steel diaphragm which 
has a weight of at least eight ounces firml y attached to its cen tre. To this weight 
a re attached two platino-iridium or other metallic point1:, one on the upper side and 
one on th c lower, said points are connected to a conductor which passes out of the casing 
along the surface of the diaphragm and completes the circuit . of the telephone or 
other recording ins trumen t. Through threaded holes in the centres of the upper and 
lower face of the casing adjust able screws pass, these carry at their ends carbon or 
metallic shoes which are connected by conductors through a primary battery and if 
desired through a commut ator ar rangement to the remaining terminal of a telephone, 
Lin thoven string galvanometer or other suitable recci \' ing or recording devicc. 

In one method of employing this apparatus it is placed in rigid connection with 
the surface of the stratum to be investigated upon one of the lines radiating from the 
generat ing apparatus as hereinbefore described. The screws are adjusted so that the 
faces of the shoes are just ou t of con tact with the t ops of t he pins , in this state of 
affairs the circuit will be incomplete and no effect will be registered on the recording 
instrument. 

When however the portion of the stratum to which the casing i att ached, is set 
in motion by the passage of a wave from the generator, the vertical component of the 
motion will cause the casing to move bodily upwards or downwards while the mass 
owing to its inertia will remain fixe d in space and will not move appreciably with the 
casing. As a result there will be relative motion between the casing and the mass and 
one of the shoes will come in contact with one of the platino-iridium points comple
ting the circuit in the recording apparatus. 

The make-and-break or commutato r device is not essent ial to the circuit when 
single isolated waves are being detected. It is however essent ial when the generator is 
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sen ding out wavcs at regular intervals of Lime. In one me thüd of using the commuta
tor device under such circumstances it is arranged automatically to break contact at 
intervals co-inciding with the arrival of say that portion of the wave travelling along 
the surface so that the arrival of this wave produces no effect on the recording 
apparatus, the reflected portion on thc other hand of the wave whieh has travelled 
downwards and upwards and therefore by a longer path will arrive after contact has 
been made again and will therefore leave it record on the recording instrument. 
Thus by adjusting the speed of the commutator wheel or the make-and-break device a 
very accurate determination of the interval between the arrival of the direct and 
reflected wave can be obtain ed and thu the depth of the reflecting surface determined. 

In another method of using the apparatus, the screws may be so adjusted that 
when no wave is passing one of the shoes is in contact with one of the platino-iridium 
points while the other is out of contact, the arrival of the wave will then be shown 
by a complete break of eorutaet in the cireuit. 

In a rnodifieation of trus second form of receiving apparatus the casing and thc 
diaphragm are simila r to that already described above, the platino-iridium points and 
the lowe r adjusting screw a re however omi tted. In place of the upper point a hemi
spherical elastic body is firmly attached to the inertia mass. The spherical surfacc of this 
elastic body may-if the body itself is not of the requi red res istance-be coated with 
a layer of conducting substance of high specific electric resistance. In the same wa)' 
the shoe of the upper adjusting screw may be provided with a fLat or spherical surface 
of similarly high resistance. 

In one method of usin g this form of receiving appa ratus the adjusting screw is 
screwed down until the surface of the shoe is in Stufficien t con tact with the hemispheri
cal elastic body to distort the diaphragm to such an extent that whatever the motion 
of the casing the surface of the hemisphere will always be in conrtaet with the shoe. 
Upon the arriyal of a wave, th ere will be relative motion between the shoe and the 
inertia mass but owing to the adjustment already made this will not cause break of 
contact but only variation of pressure. This vari ation of pressure will cause a flattening 
or bellying of the surface of the hemispherical elastic body resulting in a considerable 
change in the area of contact between it and th e shoe and causing considerable va ria
tion in thc resistance. Since the resistance will under these cireumstances be a function 
of the area of contact and thus of the pressure and motion of the gro-und, this form 
of receiver may be used to obtain quantitative results. 

Dated this 7th day of July, 1920. 
C lern e n t L e an, B. Sc., 

Chartered Patent Agent, Thanet House, Temple Bar, 231 & 232, 
Strand, London, W. C. 2. 

COMPLETE SPECIFICATION. 
Improvements in and relating to Means for lnvestigating the Interior of the Earth's Crust. 

We, John William Evan-s, of the Imperial College of Seience an<! Technology, South 
Kensington, Fellow of the Royal Society, a Bri tish subject, and Willis Bevan Whitney, 
B. Sc., A. M. lnst. C. E., of "GIen Doon", Bull Lane, Gerrards Gross, Bucks, formerly 
of 21, Victoria Road, Surbiton, Surrey, a naturalised British subject, do hereby declare 
the nature of this invention and in what manner the same is to be performed to be 
particularly described and ascertained in and by the following statemen t :-

Trus invention relates to a method of and means for investigating the interior of 
the earth's crust and consists in novel combination of apparatus (said apparatus per 
s e being either new or old) and in the new apparatus per se for carrying out a 
method of in~estigating the interior of the earth's crust by whieh it is possible, without 
making extensive excavations or borings, to determine the nature and position of 
hidden strata such as coal, oil shale, water, petroleum, urfaces of rock and other 
strata or deposits or surfaces of discontinuity in the earth's crust. 

An object of the invention is to faei litate the exploitat ion of mineral wealth, 
engineering operations, the investigation of the available supply of water, petroleum 
and the like. 

The method is based on the moulding and modifying influence which strata or 
surfaces of discontinuity in the earth ' crust exert upon sound waves or like pressure 
vibrations whieh pass th rough them or are refleeted by them. 

According to a previous method of this nature, in order to investigate the interior 
of the earth, asound is emitted frorn a suitable source and its echo or return or the 
sound which arrives at a distant point is observed by a receiving mechanism and the 
time elapsing between the emission of the sound and the reception of the echo or 
between the emission of the sound and its arrival at the distant point is also measured, 
the sound producer and the receiver being electrically inte rconnected for this purpose . 
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From the observa tion obtained concl usions are drawn as to the probable nature of 
the medium whieh has been traversed by thc wave. 

ow the method to whieh the presen t invention rclates as di tingui hed from 
the method heretofore proposed, i eharaeterized in that the ound waves, after having 
been modified b y the medium under examination are received imultaneously or 
approximatcly so at a plurality (a t least two and preferably t hree or more) of receiving 
stations placed at a distance from the tran mitting tat ion, and the novel combinations 
of apparatus, in aeeordance with the pre~nt invention, comprise means for generating 
the waves or vibrations, a plurality of apparatus for reee iving the waves and one or 
more apparatus in eonneetion with aid reeeiving apparat us and in eonneetion, 
preferably eleetrieally, with the gene rating means for reeording said waves or 
vibra ti ons when received and thei r times of transmi ssion an d reeeption . 

The use of at least two recei ving apparatus by whieh the waves are reeeived 
approximately simultaneously is essen ti al for the following reasons : -

Even in the simplest ease when it i known th at the stratum to be examined is 
horizontal there ale two unknown quantitie namcly (1) the average veloei t y of the 
reflected wave (whieh is not the same as th at of a surfaee wave) and (2) the depth 
of the reflecting stratum and therefo re two equations conneeting them are required 
and t\ 0 obse rv ations are eonsequcntly neee sary. These two observations are made 
simultaneously in aeeordanee with thc present invention and mu t be 0 made b eeause, 
as is wellk nown, the surfaee of the earth, when examined by dclieate reeording instru
ments is found t o be in a eonstant state of movement , for example, the condition of 
the surfaee lavers of the earth' crust varies with differenee of temperature and baro
metrie pressu~c, thc strains in the rocks vary with the tides in the earth's erust and 
in th c ncighbourhood of thc eoa t they vary with thc marine tides as weIl, there 
are also diurnal changcs of unknown ori11in of cvcn grea ter magnitude, the earth's 
er st i continuously traverscd by miero cisms of varying intcnsity, vibrations are 
also eonstantly being eauscd by loeal traffie, slight landslips and distant earthquakes. 
The pre ence of the e phcnomena. thereforc. makc it essen tial that the arrival of the 
waves should be reeorded simultaneously and prcferably on the same drum if the 
artifieial vibrations from the transmitting stat ion are to be clearly di tinguished from 
the natural vibrations of the earth' s erust. 

Further, espeeially when the waves are generated by means of explosive, the 
eonditions vary eonsiderably with each ex perimen t and this also makes it essential 
th at there hould be at lea t two receiving sta t ion at whieh reeoros are ob t ained 
simuIt aneously . 

In more general eases when the strata are not horizontal, t here will be more un 
kn own quanti t ies and further reeeiving stations will he required. 

The employment of a plurality of rccciving statio . therefore, has the advantages 
that the na ture and position of thc underground trata or media undcr examina tion 
can be determined with greater eertainty th an has heretofore been po iblc and there 
is a great saving of time since the records are obtained imultaneously. 

The aforesaid eombinations of apparatus may bc employed in various ways of 
whieh the following are examples:-

1. W aves or vibrations are gcnerated by the genc rat ing mean at or near the 
urfaee of th c earth and are au tomatieally received at a plurality of stations and 

recorded. The receiving apparatu is placed in uch positi ons at or near the surfaee 
of th c earth th at some of the wave . are received after and others before the)' have 
traversed the stratu m undcr examination, or they may all be received after they have 
traversed the stratum. 

2. Waves are generated as befo re and having travelled downward to the surface 
of the tratum to bc cxamined thc y are in part refraeted and in part reflected back 
(owing to the properties po essed by surf aces of diseontinuity betwee n media of different 
den ities and elastie moduli). The reflected waves, whieh may eomprise both distor
tional and longitudinal wave , are reeeived at a plurality of stations and recorded. 

3. The wave are genera ted below the stratum to be examined and having travelled 
up\-\'ard to the stratum they are, as in the second case, in part refleeted and in part 
ref racted. The refraeted waves are then reeeived at a plurality of station ar..d recorded. 

4. The waves are generated at or near the urface of the earth and are reeeived at 
a plurality of statiens and recorded after having been reflected and refracted a num
ber of times between the stratum under examination and the surface of the earth. 

These methods are illustrated diagrammatieally in Fig . 1-4 of the accompanying 
drawings. 

In these fig ures A - B represen t s the surfaee of the earth and C-D the stratum 
under examination, G represents the generating station an a Rl, R2, reeeiving st ations, 
whieh are suitably eonneeted with the generating and reeording station . For the sake 
of simplicity only two receiving tat ion are hown in the diagrams. 
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Referring to Fig. 1, which illustrates method 1 hereinbefore described, waves or 
vibrations are generated at G and received at the receiving stations Ri, R2 on either 
side of the stratum C-D which is under examination. 

In the second method illustrated in Fig. 2, the waves or vibrations are received at 
the receiving station R\ R2 after having been reflected from the surface of the stra
tum C-D. 

In the third method, illustrated in Fig. 3, the waves or vibrations are genera ted 
below the stratum C-D and are received at the stations Rl, R2 after having passed 
through the stratum and having been refracted by it. 

F"~.:< . 

c . 

G 

Fig. 4 illustrates the fourth methoo according to which the wave-s generated at G 
are received at R\ R2 after having been reflected between the stratum under examina
tion and the surface of the earth a number of times. 
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It will be understood that the waves may comp rise both longitudinal and 
clis tortional waves, but as they are gene rally elose toge ther, they are represented as 
SlIlgle lines on the diagram. 

The distance apart of the gene rating and receiving st ations will generally be 
considerable, say one mile, but may be greater or less, depending upon the nature of 
the earth's crust which is under examination . 

In employing the aforesaid combinations of apparatus in the manner describ ed 
the receiving apparatus of which, as st at ed., there must be at least two, are preferably 
so placed that they lie approximately on !ines radia t ing from the generat ing appa ratus 
as cent re and between 90 and 120 degrees apar t . It is not necessary that there should 
be three or more recording apparatus as the receiving apparatus may be connected, 
for example, elect rically with one recording instrument, which . s in connection, 
p referably electrically , with the generat ing apparatus, and may be placed in any con
ve nient position. Records of the vib rat ions at the generat ing station and at the 
va rious receiving stations are ob tai ned and a comparison of these records enables 
t he observer to dis t inguish between the different reflections and ascertain the time 
in te rvals between them, even when they are so elose together as to form composite 
wavcs and, owing to the different velocit ies in different media and the differences in 
eflec tion, refraction and absorption, the nature of the vibrat ions recorded and the 
ime intervals between them will enable t he probable nature and position of the media 

undc r examination to bc de termined, (provided there are a sufficient number of 
ta tions) for example, in the following manner:-

The t ime of arrival of the waves at each receiving station will be recorded and 
on the same record the time of genera tion of the wave at the transmitting station 
will be reco rded b y direct telegraphy au tomatically from the transrnitt ing station. lf 
the instrumen t at the receiving st ation records the actual wave , shapes, these can be 
rcsolved by harmon ie analysis into their componen ts and the time of arrival of the 
diffe ren t types of waves sorted out. The "sharpness" of the reflected waves will give 
info rmat ion regard ing the nature of the reflec ting surface and comparison of velodties 
an d time of arrival will ive informat ion relating the nature of the medium traversed. 

For gene rating the waves, t he following means or means capable of generatin ~ 
the following kinds of vibrati ons or oscilla t ions may be employed~vibra tions generated 
by means of sound, for inst ance, explosives, blows struck by hand or mechanical 
means and the like. 

For receiving the vibra tions the following instruments fo r example, may be 
mployed according to circumstances:-

Microphone, -carbon, liquid or jet . 
Telephone receivers, in combinat ion if nccessa ry wi th automatie make and break 

deviee such as a commutator. 
The foll owing are examples of recording apparatus that may be used according 

to circumstances:-
Einthoven str ing galvanometer fitt ed with automatie photographic recording device. 
Apparatus based on the piezo-elect rie propert ies of quar t z, st ethoscope, oscillo

gr aph and the like in combination with automatie recording devices. 
Instead of the above mentioned known apparatus a new receiving apparatus 

herein aft er described may be employed. 
T he new apparatus, according to the presen t invention , comp rises essentially a 

casing which can be firmly embedded in t he ground, a mass resilien tly supported or 
suspended within said casing and one or more pins or the like inser ted in an electrical 
circuit between the mass and a microphone or other apparatus whereby the relative 
movemen t between the casing and the mass, which occurs when the portion of 
the stratum in which the casing is fixed, and therefore the casing itself, is set in 
motion by the passage of a vibration from the generator while the mass owing to 
its inertia tends t o remain fixed in space, may be detected. Instead of pir:s a hemi
spherical elastic body, as herein after described, may be employed. 

The apparatus may be constructed in several forms. 
In one preferred embodiment it comprises a heavy mass, for example, a hollow 

steel sphere filled with lead. Said mass is ~urroC1nded on all sides by a elose fittin g 
rubber envelope having a thickness of say two cen timetres . It must be thieker below 
unless the mass is partly supported by aspring or springs . The rubber envelope is 
enclosed in a cast-iron or steel casing with a hollow spherical interior. This casin g 
is fix ed in a large and solid block of concrete firmly embedded in the ground both 
vertically and laterally at a depth where it is compact and undisturbed. 

The rubber envelope an d casing are divided in to hemispheres or sm aller segments 
which can be fixed together over the sphere by screws working in flanges so as to 
exert everywhere a gentle pressure upon it. 

Passing through cylindrical holes in the casing and envelope are one or more 
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short cylindrical steel rods, say three millimetre in diameter and five centimetres 
in length. These fi t loosely in the hole in the casing and envelope. On the outer side 
the surface is flat while on the inner it has the same curvature as the sphere. The 
inner end of these pins p resse lightly against the phere, and the outer end against 
the diaphragm of a sensitive microphone so adjusted that a ve ry slight variation in 
the pressure between the pin and the diaphragm will cause asen ible variation in the 
current passing through the circuit of the microphone, and the e variations are recorded 
on a rotating drum. The microphone is rigidly fixed in the same concrete block as 
the casing of the sphere. 

If there is only one pin, it should be ver t ically above or below the cent re of the 
phere. If there are three., the other two will be horizontal and at right angles to each 

other, all'd all three are connected wi th different microphones. 
It may be convenient to have pin in pai rs opposite each other so that there 

will be two or six in the cases described above. The microphones associa ted with the 
opposite pins may then have a common circuit so arranged that an increase of pressure 
on the diaphragm of one microphone will cau e the current to flow in the ame direc
ti on as a decrease in the other. A lternatively they may be independent, furnishing 
a check on one another. For some purposes, and e pecially for the observation of 
vibrations arising from points at horizontal dis t ances similar to the vert ical di s.tances 
at which reflection takes place, it will be convenient to have either in place of or 
in addition to the pins already described, four or eight pins at the points which would 
be in the same position as the angles of a cube with the cent res of its faces opposite 
the first mentioned pins. The heavy mass may have differen t forms. Instead oi being 
spherical, it may have the shape of a regular polyhedron with envelopes and casing 
of corresponding form. The octahedron will be that most uited for the purpose, but 
the triangular triak is octahedron and the cub e may be employcd. In this case the 
pins will be at the angles of the polyhedron which will o~~ truncated so that the 
pins may be in complete contact wi th them. Springs mayvbe ubstituted wholly or 
partially for rubber for keeping the mass in position especially ver tically where a 
uspending spring is advall'tageous. Lateral varia t ions of pressure may aiso be 

recorded even if the mass be su pended by an inextensible cord. 
Any charcoal microphone may be employed and some forms of relay are also 

suitable for the purpose. Also a liquid microphone which act by the varying resistan ce 
at a minute hole in a diaphragm in an elect rolyt ic fluid such as copper sulphate or 
the piezo electric properties of quartz mayaIso be employed for the purpose. 

A preferred embodiment of an apparatus of the aforesaid t ype is illustrated by 
way of example, in Fig. 5, which represents a sectional diagram of the apparatus. 

Refer rin g to Fig. 5, 1 is asolid sphere of lead enclo ed in a steel casing 2. The 
casing 2 is surrounded by a rubbe r envelo pe 3 which i8 enclosed by the two hemi
spherical teel casings 4, having Hanges 5 by means of which they are bolted together. 
The whole i encloscd in a concrete block 6 which i embedded in t he ground. T he 
casing 4 and rubber envelope 3 are provided with circular holes 7 in which the steel 
rods 8 fit loosely. The inner ends of the rod 8 are rounded to the same curvature as 
the sphere and press lightly agains t the casing 2, while the oute r en ds are fl at alld in 
connect ion with the diaphragm or a microphonc or with a piezo-clectric apparatus 
which is fitted in sui t able openings 9 left in the concrete block, whe reb y slight varia
tion in pressure may be measured. 

A second preferre d embodiment is ·llustrated diagrammatically by way of 
example in Fig. 6. The apparatus consists of a brass or gun metal casing a made 
in two parts and provided with circular flanges and bolt holes, so that the upper and 
lower po rt ions may be drawn tightl)' together by means of bolts f. T hese flanges 
when drawn toge ther grip amica, or insulated steel diaphragm b which has a weight c 
of at least eight ounces firmly attached to its centre. To this weight c are attached 
two , platino-iridium or other metallic point s g one on the upper side and one on the 
lower, said points are connected to a conductor h which passes out of the casing a 
along the surface of the diaphragm and completes the circuit of the telephone or 
other recording instrument j. Through threaded holes in the cen t res of the upper and 
lower faces of the casin g a adjustable screws k pass, the e carry at their ends carbon 
or metallic shoes n which are connected by conductors 1 through a primary battery p 
and if desired through a commutator arrangement e to the remaining terminal of a 
telephone, Einthoven string galvanometer or other suitable receiving or recording device. 

In one method of employing this apparatus, it is placed in rig id conne ction with 
the surface of the stratum to be investigated upon one of the lines radiating from 
the generating apparatus as hereinbefore described. The screws kare adjusted so 
that thc faces of the shoes n are just out of contact wi th the tops of the pins g, in 
this state of affairs the circuit l-j- h-g-n will be incomplete and no effect will be 
registered on the recording instrument at j . 
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When howeve r thc po rtion of the stratum to whi.ch the casing a is attached, is 
set in motion by the passage of a wave from the gene rator, the vertical component of 
the motion will cause the casing to move bodily upwards or downwards while the mass 

4 

5 

l 

F'ig.6 . 

FLg.7. l 

(j p 

a 
"c" owing to its inertia will remain fixe d in space and will not move appreciably with thc 
casing. As a result there will be relative motion between the casing a and the mass c 
and one of the shoes n will come in contact with one of thc platino-iridium points g 
completing the circuit in the recording apparatus j . 
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The make-and-break or commutator deviee e is not essential to the eireuit when 
single isolated waves are being deteeted. It is however essen t ial when the generator 
is sen di r gout waves at regular interval of time. In one me thod of usi ng the 
commutator device under such circumstance it i arrange d automatically to break 
contact at intervals coinciding with the arrival of say that portion of the wave travelling 
along the surface so that the arrival of this wave produces no effect on the recording 
apparatus, the refleeted portion on the other hand of the wave which has travelled 
downwards and upwards and therefore by a longer path will arrive aft er contact has 
been made again and will therefore leave its record on the recording instrument. Thu 
by adju ting the speed of the commutator wheel or the make-and-b reak device a very 
aecurate determination of the interval between the arrival of the direct an d reflected 
wave can be obtained and thus the depth of the reflecting surface determined. 

In another method of using the apparatus, the screws k may be so adjusted that 
when no wave is passing one of the shoes n is in contact with one of the platino
iridium points g while the other is out of eon tact, t he arrival of the wave will then 
be hown by a complete break of contact in the circuit . 

A modification of this econ d form of receiving apparatus is illustrated dia
gram l111l t ically by wa of example in Fig. 7. In this apparatus the casing a and the 
diaphr agm b are imilar to that already described above, the platino-iridium points g 
and the lower adju ting screw kare howevcr omitted . In place of the upper point a 
hemispherical elastic body q is finnly attached to the inertia mass c. T he spherical 
surface of this elastic body may-if the body itself is no t of the req uired resistance- be 
coated with a layer of conduct ing ub tance of high pecific electric resis tance . In 
the same way the shoe n of the uppe r adj usting crew k may be provided with a flat 
or spherical surface of similarly high resist ance . 

In one method of u ing thi form of receivin g apparatus the ad just ing serew k 
is scr wed down until the surface of the shoe n is in sufficient cont act wi th thc 
hemispherical elast ic body q to di tort thc diaphragm b to such an extent that whatevcr 
the motion of the casing a the surface of the hemisphe re q will always be in contact 
with the shoe n. Upon the arrival of a wave, there will be relative motion between 
the shoe n and the inertia ma s c but owin g to th e adjustmen t already made this will 
not eause brea of eontaet but only variation of pressure. This variation of pressure 
will eause a fla ttening or bellying of the surface of the hemispherical elastic body q 
resuHing in a eonsiderable change in t he area of cont aet between it and the shoe n 
and causing considerable variat ion in the resis t ance. Since the resistance will under 
these circumstances b e a funct ion of the area of contact and thus of the pressure and 
motion of the ground, this form of receiver may be u ed to obtain quantitative results. 

We are aware that, for the purpose of detecting sounds by means of ground 
vibrations, it has hitherto been proposed to employ various device of the microphone 
type. such a , a casing adapted to be fixed or embedded in the gro und and containing 
two electrode one of which is fixed an d the other is attached to a diaphragm or 
supported by means of springs so a to be capable of vibration. The vibrating electrode 
is set in mot ion by the ground vibrations and varies the resistance in a hearing circuit 
in the usual manner. 

Having now particularly de cribed and a certained the natu re of our said invent ion 
and in what mann er the same is to be performed, we declare that what we elaim is : -

1. Means for carrying out a method of inve tigating the interior of the earth's 
erust based on the moulding or modifying influenee whieh st rata or surfaee of 
diseontinuity in the earth's crust exert upon sound waves or like pressure vibrations 
which pass through them or are refleeted by them comprising in combination means 
for generating the said waves or vibration , a plurality of apparatus whereby said 
waves or vibrations are received simultaneously or approximately so, and one or more 
apparatus in connection wi th said receiving apparatus and in conneetion, preferably 
electrically, with the generat ing apparatus for recording said waves or vibrations when 
received and their t imes of transmission and reception, ub t antially as described. 

2. A combination in acco rdance with Cla im 1, in which the receiving apparatus 
comprises a casing which can be firmly embedded in the ground, a mass resiliently 
supported or suspended within said casing, and pins or the like inserted between the 
mass and the sensitive portion of a microphone or other apparatus, whereby relative 
motion or va riation in pressure between the casing and the mass may be detected. 

3. A combination in accordance with Claim 1, in which the receiving apparatus 
comprises a heavy mass, a elose-fitting envelope of elastic material , such as rubber, 
surrou nding said mass, a casing enelo ing said envelope, a concrete block or the like 
adapted to be embedded in the ground in which said casing is end osed , and means 
whereby relative motion b etween the mass and the concrete block may be detected. 

4. In apparatus in accordance with Cl aim 2, the feature that pins are arranged in 
pairs opposite each other, for the purpose specified. 
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5. A combination in aeeordanee with Claim 1, in " hieh he re ivin app r tu 
ub t ntially a de eribed wi h r fe rence to Fig. 5 of he aeeompanying drawing . 

6. A eombination in acco rdance with Claim I, in whi h he r ceiving appar tu 
ub tanti ally a de eribed w ith r ference 0 Fig. 6 of the aecompanying dr wing . 

7. A eombination in aeeordance wi h Claim I, in which the receiving apparatu i 
ub tantiall; a de eribed with re erence t o Fig. 7 of the a ompanying dr wing . 

Dated thi 20 th day of December, 1921. 
element Lean, B. c., A. M. I. e h. E., 

Chartered Pa ent Agen , 
Thanet House, 31, Strand, W. C. . 

One year after th patent appli ation of Mintrop and three year 
after th publication of th F end n pat nt the weIl known Am ican 
e 10 i t and Prof or at th niver i y of Texa in u tin, J. dden, 

Director of he Bur au of Economic G 10 y and T chnology, publi hed 
a aper in the Bulletin of the American A ociation of Petroleum 
Geologi t Val. 4, 1920 o. 1, on ' ug e fion of a new Method of 
making U nderg ound Ob ervation '. Herein he propo d 0 make a 
d tona ion at th ur ace and 0 up a ei mo raph which hould 
regi ter in ertain p troliferou area the wave wh ich would be r flect
ed by lim one overed with oft bed and which would h n return 
to the urfa . dd n thou ht it would be po ible by this method to 

termine the d pth of the lime ton at variou place of th ar a, thu 
plotting line of equal d pth on the urface of th Iim ton . U dd n 
wrot : 1t ha u ted it elf to th wri er that it ou ht to be po ible 
with pr ent refin ment in phy ical apparatu and their u ,to con-
truct an in trument that would re ord the refl tion of ear th wave 
tarted at the urface, a they encoun er uch a well-marked plane 

of difference in hardness and ela f city a that eparatin the Bend and 
the Ellenburger formation. ome ueh instrumen a a ei mo raph, 

ecially con tructed to be en itive to v rti al wa e po ibly a 
li ht adap ation of ome of the pre n ei mo raph would b ample 
uitable for the purpo e. A i mic wav mi ht be tarted by an ex

pI ion at the rface of the earth, and a re ord of the mer d r flec
tion of thi wa from the upp r urface of th Ellenbur r lim ton 

h b re i tered on an in rument placed at ome di tanc from 
point of explo ion. The record would, of cour e, be a compon nt 
h dir t and the reflected wa e . It ought to be po ibl to notice 
poin at which he . fir t reflection from the EIl nbur rapp ar on 

a ontinuou record. Th time of h record bein known, it ou ht to 
be po ible to fi ure the depth to the plan of r fleetion. 1t eem to 
m that by makin a number of ob ervation at point where h 
distance to the upper urfa e of th Ellenbur er i nown, i would be 
po ibl to learn to inter r the r cord correctly. It mi ht be found 
nece ary to make new adaptation on the working part of th 
in trum ·nt. The difficultie ou ht not 0 be in urmoun able. f er 

rva ion could be made anywher pr ba
bt ith quite rapid pro r , and the n ire upper urface of th Ellen
burg r mi ht b mapped over wide area with r lativ ly mall Hort. 
,The opography of the EIl nburger could, 0 to peak, b eon oured 
dir etly by any number of ob rva ion d ired. With ueh a opo raph-
ie map of th urface of h EH n ur er, it eem to me tha million 
of dollar worth of drillin could be eliminated which, ill otherwi 
have to be done before all of the pool in the Bend hall have been 
1 eated. 

Wh not pay tw nty thou and dollar for 't eoretical experiments, 
if by 0 doin a million in expen e on 'prae ical' work ean be aved?' 
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The publication of U dden, illustrated by the figure here also re
produced, is remarkable in several respeots. U dden gives a complete 
rule for technical action and explains at the same time the economic 
advantage that the application of this rule would bring; contrary to 
Belar, von dem Borne, Galitzin and Wilip, who confine themselves to 

s 
. . / ... .' .. • ::.:. ':!". 

general allusions which were not understood by their contemporaries, 
without showing the way to the solution of the problem. Furthermore 
Udden explains unmistakably the purpose of the method. However, 
U dden did not solve the problem. 

Udden's paper proves that Fessenden's method, published three 
years before, did not meet the practical requirements, because Udden 
emphasizes that by using detonations and seismographs at the surface 
millions of dollars, otherwise spent for wells, could be saved, while 
Fessenden's method is compelled to use bore-holes. The importance 
of a method that avoids bore-holes follows from a paper of E. Bowles 
in "The Oi! and Gas Journal", November 19th, 1925, on "Economic 
significance of new Wells". According to this paper 302,541 weHs had 
heen brought down in the United States for the purpose of oil explora
tion in the twelve years between 1913-1925, costing 4,910,500,000 
Dollars. Of this number 65,564 were dry holes, -that is, useless, and the 
expenses of 719,300,000 Dollars were fruitless. 

Krusch 1920 In the 3rd edition of his book "Die Un tersuchung und Bewertung 
von Erzlagerstätten" (lnvestigation and Valuation of are Deposits) 
given to the press in October 1920, Privy Councillor Krusch, then 
department chief, and now President of the Prussian Geological Sur
vey, assigned extensive space to the magrretic and electric methods of 
prospection, to · the prospection by means of wireless telegraphy, to the 
"Eötvös Torsion Balance" and to the divining rod, but did not mention 
the seismic method, wh ich proves that the Mintrop Method was not 
known in 1920. On the other hand the mentioning of the us~ of the 
torsion balance - which was not introduced into Germany until 1917 
by Professor Schweydar, at the suggestion of the Director of the 
Deutsche Bank, von Stauss - proves that Krusch included the newest 
publications in his considerations. 

Heise/Herbst 1920 The "Lehrbuch der Bergbaukunde" (Text book on Mining Engineer-
ing) by Heise and Herbst, which , is weIl known in Germany and 
abroad, does not mention the seismic method in its 4th edition, 
completed in September 1920, while the magnetic and electric methods 
of prospecting are mentioned. In contrast to this the 5th edition, 
published in 1923, contains aremark referring to the seismic method. 

Mainka 1919 On December 15th, 1919, .Professor Mainka wrote in the 
"Physikalische Zeitschrift" a paper on: "Angle of emergence of seismic 
rays and Poisson's constant in the uppermost layers of the earth"; 
which reads in part: "From laboratory experiments and from the ratio 
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of longitudinal and transverse aves approximate values for T 
(Poisson's constant) are known which are in the neighbourhood of 0.26. 
In any case T will depend upon the geological condition of the sub
surface of the upper layers of the earth, at the locality of observation:' 
"According to the experiences gathered up to now all ground move
ments of artificial or seismic nature seem to have a vertical component, 
in so far as concussions of short period are concerned. In experimen
ting with artificial concussions (tests with falling weights and detona
tions) on rock ground of uniform type the experiment should be made 
to determine Vlong and V trans as the elastic properties of different 
rocks could then be determined with the dynamic method. According 
to the above, purely seismic observations could then be used for pur
poses of physics". 

At the time of the application for the Mintrop patent, Professor 
Mainka still discussed the possibility to determine the velocities of 
longitudinal and transverse waves on rock ground of uniform type in 
case of artificial concussions, in order to detennine the physical con
stants of various rock types, whereas Mintrop had not only already 
measured these velocities, but had made a technical use of them by 
determining the various underground formations of the subsurface. 

Mintrop's patent application is dated December 7th, 1919, it was 
made accessible to the public in November 1920; however, Mintrop 
read a public lecture on his method on August 15th, 1920, before the 
Main Meeting of the German Geological Society. It is therefore quite 
instructive to review the publications of experts before and after the 
publication of the method, that is before the 15th of August 1920 and 
after such date. 

On April 30th, 1920, Dr. Richard Ambronn, later on Director of 
the Erda G. m. b. H. and Erda A . G. respectively (Corporation for the 
physical exploration of the earth) wrote a paper in the "Zeitschrift der 
Bauingenieure" (Journal of construction engineers), under the title "The 
investigation of the subsurface by means of physieal measurements". 
In this paper the seismic exploration of the subsurface was not mention
ed, though it appears obvious, that this method deserves first considera
tion for the judging of the construction ground, because it permits to 
determine the elasticity of the underground layers. 

In August 1920 . Professor Mainka wrote the following in his 
pamphlet "Short demonstration of the necessity of the erection of a 
seismograph station in the U pper-Silesian I ndustrial Distriet": 

"In the course of the la t two decade it has repeatedly been point
ed out in the publications of the mining and metallurgical industry, that 
it is necessary to accurately and continuously observe the various 
ground movements occurring in the mining and metallurgical districts, 
as wen as to introduce the recording of distant and local earthquakes, 
or of the elastic waves radiating from them. The publications coming 
from the practical field therefore show that in such areas the presence 
of such a place of observation - seismograph station or geophysical 
observatory - is required for practical as weH as for scientific reasons. 
Such an establishment i certainly not a uperfluous one, the results 
of which are coveted only by a limited number of persons. In such 
areas, the scientist, the mining engineer and the industrial producer 
are very much interested in the records mentioned. 

N aturaHy the instruments must be correctly constructed and set 
up, and they must daily be controlled by an expert. If such an 
establishment is not to become illusory in its results, then certainly the 
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discussion and interpretation of the records can only be entrusted to 
an expert scientist trained in this work, and cannot be given to some
body who for certain reasons made himself familiar with such observa
tions only shortly before. 

As will be seen from the above lines, not only mining and 
industrial, but scientific points of view have to be considered, which 
however are all closely interconnected. Without claiming a complete 
listing, some departments shall be referred to here. Detonations in 
shafts, sudden rock slides in mines, cave-ins, subsidences, engine and 
steam hammer works and still other causes of mining or industrial 
origin cause movements of the . ground which may be large enough to 
endanger structures above or below the surface. But not every move
ment of the ground is damaging in its effect. Sometimes certain plants 
are unjustly made responsible for damages the cause of which must be 
looked for in quite another place. A safe collection of evidence, how
ever, can only be made by an expert by means of apparatus similar to 
seismographs, more or less sensitive, according to the specific purposes. 

Very slowly progressing inclinations, which are often a conse
quence of subsidences, can also be determined by means of instruments. 
This will be quite welcome in many cases. 

Other useful investigations can also be made by means of instru
ments which are similar to the seismograph. For instance, the oscilla
tions of a chimney 160 m high, caused by the wind, were investigated 
recently. Investigations of bridges and running rall road cars also 
belong to this department, and the oscillations of engine foundations 
and of the supporting ground must not be forgotten either. 

The short-periodic shock-like concussions, caused by daily traffic, 
especially on bad roads, very much influence the buildings located on 
traffic bearing roads. In mining and industrial areas more attention 
should be paid to these ground oscillations, by means of suitable 
observation. 

The elastic movements released by an earthquake in the interior 
of the earth's crust propagate through the layers of the earth and along 
the surface and cause movements of the ground, the amplitudes and 
periods of which depend, among other causes, on the distance and 
bring about corresponding accelerations. Mining interests especially 
pointed at the effect of such movements on mining. It has to be borne 
in mind here that the effect does not have to take place immediately, 
but may do so some time later. Special consideration must be given 
to natural earthquakes that have occurred in mining areas or their 
vicinity ; and the case may have happened that strong artificial con
cussions occurred nearly simultaneously, damages being then attributed 
to the latter which were actually due to the former. In such cases the 
claim question comes up and the establishment of a seismic observatory 
would be of great use and importance. -

Observations which are coincidently made in the mine, and in the 
seismic observatory above, are of special interest. The results of such 
comparative measurements mayaiso be of advantage to the practical 
man. 

Due to meteorological actions seismic movements often occur, 
which last some time, though their presence can only be indicated by 
instruments. This is the so called microseismic agitation. This also has 
received attention by the mining industry, as many events, for instance 
choke damp and sudden rock slides are said to be connected with it. So 
far the interrelation has not been thoroughly dealt with. Regular 
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indisputable observations at a seismic observatory in the mining district 
and their correct interpretation should furnish the foundation for 
further researches in this direction. 

In this case, as weIl as with regard to the registrations of the earth
quakes, the graphical records of other observatories outside the Upper 
Silesian Mining District must be used for comparison; though special 
attention must be paid to the correct and unobjectionable working of 
the instruments of such observatories. 

The seismic observatory can also undertake other measurements 
which are useful for the Upper Silesian Mining District, for instance 
meteorological observations and those on terrestrial magnetism, with
out first requiring a greater number of observers. 

In Bochum and Aix-Ia-Chapelle there exist such seismic observato
ries which do not only serve scientific interests, but just as much those 
of the mining and industrial plants. 

As will have been seen, the program of a seismic observatory in 
the U pp er Silesian Mining District is very comprehensive and will 
certainly be of great use". 

Mainka lists everything in this memorandum that could conceiva
bly be done by a seismic observatory in a mining qistrict. However, the 
most important field of action, that is, the exploration of strata and 
mineral deposits, is not mentioned at all by Mainka. The reason for 
this is that Mainka did not know the methQd at that time, in August 
1920. The application for the Mintrop patent was not yet publicly dis-
played. . 

On August 15th, 1920, at the occasion of the main meeting of the 
German Geological Society, Mintrop, in a lecture with photographic 
slides, reported in detail on his method: "Determination 'Of the struc
ture of geological formations by means of seismic observations." 

In his lecture Mintrop showed the following photographic slides: 
1) Horizontal component seismograph by Wiechert (1200 kg pen-

dulum). 
2) Seismogram of a natural earthquake in a distance of 2500 km. 
3) Time-distance graphs of natural earthquakes. 
4) Path of the first forerunner (longitudinal) under the assumption of 

a homogeneous and of a heterogeneous interior of the earth. 
5) Different wave forms in the earth, longitudinal, transverse and 

surface waves. 
6) Paths of the first forerunners up to a focal distance of 5400 km 

and 10000 km. 
7) Scqematic sketch of the operation of the Mintrop pendulum 

D. R. P. 303344. 
8) Cross section and perspective view of the Mintrop pendulunl. 
9) Photographic recorder of Mintrop, in perspective view, opened. 

10) Field seismograph consisting of pendulum and photographie re
corder, in opened tent. 

11) Field seismograph on transport (2 men carrying the apparatus). 
12) Seismograms of an artificial earthquake caused by a falling weight 

in a distance of 1300 m. 
13) Seismograms of artificial earthquakes caused by falling weights in 

distances of 1300, 1600 and 2000 m. 
14) Apparatus for the transmission of time by means of electric current. 
15) Seismogram with forerunner of an artificial earthquake caused by 

a detonation. 
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16) Complete seismogram of an artificial earthquake produced by a 
detonation at a distance of 900 m. 

17) Time-distance curve in diluvial sand. 
18) Time-distance curve in tertiary clay. 
19) Time-distance curves in diluvial sand and tertiary clay, compared. 
20) Time-distance curve in triassic sandstone (Buntsandstein). 
21) Time-distance curve in rock salt. 
22) Time-distance curves in tertiary and rock salt, drawn on one slide. 
23) Path of the rays of concussion in diluvial sand and tertiary clay, 

shown in contrast to each other. 
24) Path of the rays of concussion in tertiary clay, in Buntsandstein, 

and in rock salt' comparatively demonstrated. 
25) Ground-plan and profile of a salt-dome. 
26) Determination of aburied salt dome. 
27) Time-distance curve with at first increasing and then decreasing 

velocity. 
28) Time-distance curve with abrupt changes in velocity. 
29) Time-distance curve with at first increasing and then decreasing 

velocity, as weIl as with abrupt changes in velocity. 
30) Path of the rays of concussion in aburied saltdome. 
31) Path of the rays of concussion in the case of at first increasing, 

then decreasing velo ci ty. 
A short abstract from this lecture is published in the Zeitschrift 

der Deutschen Geologischen Gesellschaft (Journal of the German 
Geological SOciety), Vol. 72, 1920. The lecture caused an extraordinary 
sensation. Unfortunately no minutes of the discussi0n are kept at 
the main meetings of the German Geological Society, but it can be 
taken from the newspapers of those days and from the weIl known 
Mining and Metallurgical Journal "Glückauf" that the lecture actually 
brought something new. "Glückauf", on August 18, 1920, brought 
the following lines by Privy Councillor Keilhack, of the Prussian 
Geological Survey: "Then Dr. Mintrop (Bochum) read an extra
ordinary interesting lecture on the determination of the tectonics 
of geological formations from seismic observations. Beginning with the 
theory of seismic waves in the interior of the earth as it had been 
developed by Wiechert especially, the lecturer explained a method 
developed by hirn, which renders it possible with simple means to draw 
conclusions from the records of tremor waves produced by small de
tonations at the surface, on the type and structure of the formations in 
the depth. According to the entire design of the method and the results 
already attained it can be accepted that a valuable aid for the search 
for and investigation of mineral deposits has been gained". 

The "Hannoverscher Kurier" (newspaper), August 16th, 1920 re
ports on the geologist's meeting, in part: "Then followed what we 
consider the most interesting lecture of the meeting, read by Mr. Min
trop (Bochum) on the determination of the tectonics of formations 
from observations oi. earth concussions. In the researches of A. Schmidt 
and Wiechert the na't~ral earthquake waves had already been used for 
the exploration of the interior f)f the earth. - Professor Salomon 
(University of Heidelberg) said that much is expected of this new meth
od. The representative of a mining company said that he had seen 
the experiments in the field, adding that the results were still more 
astonishing than hl;1d been said in the lecture. If the method would be 
further developed it would certainly bring surprises. Professor Pom
pecki (University of Berlin, at that time president of the German 
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Geological Society) reported that he witnessed the first experiments 
in Göttingen, he could not but offer his sincerest congratulations to 
the inventor for his successes in the field". 

Soon after the first public lecture of Mintrop on his method the 
Physikalische Werkstätten A. G. in Göttingen - active in the field 
of exploration of the subsurface - wrote the following letter to Dr. 
Mintrop, dated September 13th, 1920: 
Dr. L. Mintrop, Hannover. 
Dear Sir: - 'Please find enc10sed a letter which was delivered to us 
due to incorrect address. We kindly beg you to excuse that it was not 
given to themailsearlier.This was due to the absence of Dr. Ambronn 
on an exploration trip. 

We take this opportunity to inform you that we were very much 
interested in your expositions at the meeting of the G eological Society 
in Hannover, which were brought to our notice, regretting that none 
of our representatives could attend there. We would be very pleased 
to occasionally hear directly on the progress of your work, because, in 
view of the great extension whieh the application of our methods has 
taken in the present year, we would frequently have an opportunity 
to recommend the application of your method, or to work out c1earer, 
by a suitable combination of preferably different methods, the geologie 
conditions whieh are often difficult to analyze, especially in the finding 
of rock salt potash domes. Due to the great extension which our work 
has gained in consequence of the introduction of several new physical 
methods of exploration which are very efficient, we are just now trans
forming the former department for the exploration of the earth of the 
Physikalische Werkstätten, Aktiengesellschaft, into aseparate company 
which is to be equipped with very considerable funds , in order to 
embrace the application of the physieal method in as great a number 
as possible, methods which will be of very great importance for the 
solution of problems wh ich are becoming more and more difficult. By 
suitable combination of the methods to be applied in each individual 
case their value will be even more increased. As physical methods of 
prospection will always remain an indirect course only for the finding 
of such objects as the mining engineer is interested in, the treatment 
of a problem from different approaches by the combination of several 
independent methods will, in our opinion, be connected with an 
especially great promotion of the knowledge to be gained. Physikalische 
Werkstätten (signed: Dr. Leimbach, Dr. Ambronn)". 

On May 21st, 1921, Dr. R. Ambronn, G öttingen, wrote the following 
on the use of elastic waves, in his paper "Physical methods of explora
tion as an aid to geological research", in the Mining and Metallurgical 
Journal "Glückauf": "From observations of the path of earthquake 
waves it has for a long time been known that the waves propagate in 
the rocks with different velocities according to their elasticity. From 
phenomena observed on the occasion of great earthquakes the exi tence 
of a core of the earth was followed, which is harply defined against the 
hell, and the elasticity of wh ich may be compared to that of steel. 

Following a proposition of von dem Borne these determinations of 
elasticity are applied to smaller proportions by means of artificial elastic 
waves and from the velocity of propagation of artificial earthquake 
waves - produced by Mintrop by means of the falling of heavy masses, 
or by means of dynamite explosions which were already extensivei} 
used for this purpose formerly - conc1usions are drawn on the dis
tribution of elasticity and thereby, on the tectonics of deeper Iayers. 
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Extremely sensitive autorecording seismometers of various design may 
be used as recording apparatus for the concussion waves". 

1t may be added to Ambronn's account of the development of the 
seismic method that the Erda G. m. b. H. fo r the Exploration of the 
1nterior of the Earth, founded in the meantime, and headed by Dr. 
Ambronn, had lodged a protest against the taking out of the Mintrop 
patent. 

In cooperation with Phoenix, A. G. for Mining and Metallurgical 
Works in Hoerde, now Düsseldorf, Gelsenkirchener Bergwerks A. G. 
in Gelsenkirchen (now Essen-Ruhr), Deutsch-Luxemburgische Berg
werks- und Hütten A . G. in Bochum (now taken over by the Gelsen
kirchener A. G.), Eisen- and Stahlwerk Hoesch in Dortmund, Rheinische 
Stahlwerke A. G. in Duisburg-Meiderich (now ig Ess~.n;Ruhr) , Min
trop, for the purpose of economic exploitation,~ founded the Seismos, 
Limited, for the Exploration of Geological Strata and Mineral Deposits, 
in Hannover. This is the first company in the world to organize for 
the purpose of the application of the seismic method. From the fact 
that the move to this foundation came from the largest German mining 
concerns, with concerns of international interests endeavouring to ob
tain the method simultaneously, conclusions can be drawn on the 
originality and on the economic value of the Mintrop Method. 

After the great economic advantage of the method was proven, 
other geophysical companies sprang up in Germany and abroad, who 
made use of the method. The success of Mintrop has also been the 
cause for the inclusion of "practical seismology" into the research and 
teaching curriculum of the respective scientific institutes and professorial 
chairs, as was m entioned by Wiechert and others,1. c. Since the publica
tion of the Mintrop Method a new period of development of applied 
seismology has started. 

In the June number (No. 12), 1921, of the review "Kali" Dr. R. 
Ambronn, Göttingen, among other things, said the following on the 
seismic method in hi paper: "On the use of physieal methods of 
investigation for prospecting in potash mines". "The difference in 
elasticity and consequently also in the amount of sound velocity of 
hard salt against the frequently much softer sand and clay beds of the 
younger formations is often very considerable, especially where the 
salt penetrated the harder sand tones and limestones of the trias and 
where a cap rock was formed from the debris of younger rocks, gypsum 
and so on. This difference is used by the Mintrop method (L. Mintrop, 
Determination of the tectonics of geological fo rmations from seismic 
observations, leeture read at the 59th main meeting of the German 
Geological Society, "Glückauf", 1920, p. 752), following a suggestion of 
von dem Borne (Von dem Borne, the physical foundations of tectonic 
theories, Beiträge zur Geophy ik IX, page 403, 1908) by drawing con
clusions on the distribution of elasticity from the character and the 
type of propagation of artificial earthquake waves underground, caused 
by dynamite explo ions which are in use for this purpose (compare 
Fouque and Levy, Experiences sur la v itesse de propagation des se
cousses dans fes sols divers. Memoires de l' Aeademie des scienees de 
France, Tome XXX, 2, Paris, 1889, II. page 57-77). (Experiments on 
the velocity of propagation of concussions in various kinds of ground). 
Mintrop's conclusions are drawn in just the same way which Wiechert 
and Zoeppritz (Wieehert und Zoeppritz: On earthquake waves, Göttin
ger Nachrichten 1907, page 533 and following), used for the determina
tion of the distribution of rigidity in the whole globe, that is, by means 
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of a discussion of the propagation of the waves emanating from strong 
natural earthquakes. Thus the existence and the approximate depth 
of salt bodies can be ascertained, in case it is known geologically that 
the hard layers cannot consist of sandstones, limestone banks or heavily 
calcified or silicated sands". 

In this article Ambronn justly traces the method back to the 
researches of Wiechert and Zoeppritz, without however having under
stood the essential points of the Wiechert method. This follows from 
Ambronn's exposition on "The application of physical methods of ex
ploration to minir.~ engineering, undergroiind workings and hydraulic 
engineering" a lecture at a meeting of the members of the "Association 
for the Exploration and U tilisation of Central German subsurface de
posits", Halle, Province of Saxony, on March 19th, 1921 , issued in print 
1922. Ambronn explains the propagation of elastic waves in a loose 
overlayer and in the harder underlying formation in the following way, 
in which case the loose formation would correspond to the shell of the 
earth, while the hard formation would correspond to the core of the 
earth: "The energy which closely clings to the elastic medium arrives 
at the receiver quicker than the one which remained in the upper layer. 
If with each consecutive test the distance between sender and receiver 
is increased, as indicated in the illustration for points I and II, and if 
further the distance is divided by the running time of the energy wave 
as measured in each individual case, whereby an average velocity of 
propagation of the elastic waves in the intermediate medium is ob
tained, the latter remains constant and~dependent upon the distance, 
just as long as the energy which fi rst arrives runs only in the upper 
layer. 

Sender 

t Um 
sec m/sec 
~o 14-00 

0,8 7200 

0.6' 

I 

Receiving stations. 

II III Ij/ JI/ 

1/ = 3000 rn/sec 

Just as soon, however, as the circuitous route through the layer of 
greater velocity of propagation is more quickly traversed than the 
direct route, the average wave velocity as above calculated, increases 
abruptly, until , when the distance between the stations is very great 
compared with the thickness of the top layers, it approaches the sound 
velocity in the lower harder medium, as the short stretches from the 
stations through the softer overlayer to the lower layer can be neglect
ed towards the long way in the hard underlying rocks." Ambronn then 

57 



Mainka 1921 

brings a numerical example, assuming that the velocity of the elastic 
waves in the soft overlayer amounts to 1000 rn/sec, in the hard under
layer to 3000 rn/sec and that the upper layer has a thickness of 300 m. 
Ambronn then remarks: "At a distance of 10 km between the stations 
the average velocity would be calculated to be 2570 rn/sec, that is, it 
would already approach the value of 3000 rn/sec assumed as characteristic 
for the deep rocks". The fact that the velocity of propagation of elastic 
waves in a certain area depends upon the distance of sender and receiv
er carries as a consequence that a layer of different e1asticity must 
exist under the superficial cover of the surface, if the surface layer 
does not change its structure between these points. If the sound 
velocities in the layers are already known from preliminary geological 
work, then the depth of the interface can be calculated. It is evident 
that these conditions do already essentially limit the applicability of 
the method." 

With these r~marks, which, in 1922, were in all essential points 
repeated in the "Zeitschrift für angewandte Geophysik" (Journal of 
applied geophysics) Ambronn, who had not yet occupied himself with 
seismology, proved that he did not understand the essential features 
of a time-distance graph. For instance, he drew the part of the time
distance curve representing the deep formation as a straight line, and 
then he calculated the average velocity V m instead of using the velo ci
ty given by the time-distance curve itself. Consequently he gained the 
"above mentioned wrong conception on the very limited applicability 
of the method. The knowledge of the essential features of the time
distance curve is a preliminary condition to the understanding of Min
trop's patent description and can be expected from every expert. 

In March/April 1921 Professor Mainka wrote an extensive article 
in the review "Kohle und Erz" (Transi. Coal and Ore) on "Same chap
ters on seismology, with its relations to mining and industrial work." 
Though Mainka discussed in detail the methods of seismology, especially 
the time-distance graphs, in this article, he did not mention the possibili
ty to use these methods of scientific seismology for mining purposes. 

On page 154 of this publication Mainka wrote: "In explosions, 
wh ich in some regards form also apart of this 0. e., disturbing con
cussions) a distinction must be made between effects of the explosion 
wave and actual concussions of the ground. We are only interested in 
the latter ones here. Again nothing is known about how far such con
cussions penetrate into the depths. Information about this would be 
valuable in some problems." 

It follows that Mainka did not know the seismic method for the 
exploration of geological formations and mineral deposits at that time. 
This also follows from his fetter to Mintrop, dated August 3rd, 1921. 
His letter reads: "When I was asked a that time regarding your plans 
I reserved my opinion, as I do not know any details about these, and 
as I do not have experiences. of my own which would enable me to form 
my own objective judgment. Could'nt you write me about the working 
procedure of your method in more than 2 or 3 lines? Everything is 
covered by patent, that conforrns to modern usage. I am thinking of 
the possibility to obtain a representation in Silesia, U pper-Silesia and, 
if you agree, in the Polish Industrial District, wh ich is larger than our 
own. What about the protection of your matter abroad? You cannot 
do anything against an exploitation of your idea there, I guess, YOU 

know that, be it that you have other tricks. It would be necessary for 
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me to get acquainted with your method in order to be able to 
represent it." 

N otwithstanding that Mainka emphasized in this letter that he did 
not yet know the Mintrop Method in August 1921, he doubted the 
method in his expositions in "Kohle und Erz" (Goal and Ore), Dec. 5th, 
1921. Here he wrote: 

"The artificial concussions, as we are going to call them in order 
to define their origin, have a very short period, their amplitudes 
decrease with the distance. It still appears necessary to carry out 
suitable investigations, free from objections, on the exact amount of 
their velocity of propagation. Other questions of a pure physical nature 
have also to be answered with a higher degree of certainty, questions 
which are also of interest for the practical man, on the type of the 
waves, whether dilatation al or torsional, cakulation of the elastic 
constants of the material forming the construction ground by this, i. e., 
the dynamical method". "In the case of explosions, which in certain 
respects belong to this departmen t, there must be distinguished 
between effects of the explosion wave, and the actual concussions of 
the ground. Only the latter ones are of interest here. Also, in the 
case of these ground concussions nothing is known about how far they 
penetrate into the depth, which, however, would be valuable to know 
for a good many questions. Concluding, two possibilities of using 
seismometers shall be touched. It has already been reported above 
on the use of ground oscillations, caused by artificial concussions, 
detonations, explosions on and below the surface, for the determina
tion of the physical properties of the ground. In case of explosions 
on the surface or especially under the surface we can also think of an 
exploration of the layers located between place of explosion (sending 
station) and place of apparatus (receiving station). An analogous case 
is found in potash mining, with physical exploration methods for the 
determination whether lye or water is adjacent to the workings, by 
means of electric waves and oscillations. In our case where elastic 
oscillations are to be used experiments must still be made in order to 
become acquainted with the accuracy of these methods, Not every 
theoretically possible experiment is applicable to practice. It would be 
good to be more careful in this respect, especially in recent times." 

The comparison between the use of electric and elastic waves is 
quite interesting here, the use of the former ones being considered as 
fu lly developed, while the latter were still considered to be in an 
experimental stage, so that caution wa recommended. 

In spite of these doubts regarding the applicability of the Mintrop 
Method, or its usefulness, Professor Mainka rendered an extensive pro
fessional opinion on "ls the application of Dr. L. Mintrop, method for 
the determination of the tectonics of geological formations, qualified 
to be patented?" under date of November 25th, 1921, in a patent fight 
brought up by the "Erda" against Mintrop. Even in this professional 
opinion, which represented the method as being known a long time, 
Mainka doubted that the method could actually be carried out, by 
writing: "The use of artificially produced elastic waves for the mapping 
of the tectonic structure of the earth's crust in major and minor scale 
is not without doubts and difficulties. Dr. Mintrop does not seem to 
find any adverse features in the application of artificial seismic waves. 
In general, one does not think so. For that reason recourse has been 
taken for the geological exploration of sm aller areas to those elastic 
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waves which are, so to say, produced the natural way, i. e., seismic 
" waves. 

"Once more examining the possibility that Mintrop's application 
might be qualified for patent", Mainka continues, "the result is 
obtained that it is not the application of artificially produced elastic 
waves, nor the possibility to study the stratification of the earth's 
crust by means of other geologie al knowledge, but the method to 
discover discontinuities of some kind in the earth's crust by means of 
the time-distance graph. This working procedure, however, is taken 
from seismology, as will be seen from Wiechert's work ("Earthquake 
waves"), already cited by Mr. H. Wagner who is protesting against 
the application. Also, with regard to the application of artificial waves, 
experiments have already been made prior to Mintrop with several 
(nine) receiving stations, as cited above; however, the construction of 
time-distance graphs based on the time-data directly furnished by the 
individual instruments was not mentioned. 

The qualification for patent of Mintrop 's claim is at the best a 
very restricted one, based on this line of thought, which goes a long 
way to meet hirn, a qualification that refers solely to the application 
of time-distance curves (time curves, hodographs). According to this, 
Dr. Mintrop would have to change somewhat the wording of his patent 
claim". 

It follows that Professor Mainka had fully understood the essential 
features of the Mintrop patent in November 1921. Nevertheless he 
hesitated to apply it in practice. A clearer acknowledgment of the 
newness of the method than by Mainka's own expositions is hardly 
conceivable. 

Four days before Mainka rendered the above professional opinion 
the application No. E 27359/421 was submitted to the German Patent 
Office, referring to: "Method for the determination of the three 
dimensional distribution of the elastfe properties in the uppermost 
layers of the earth". The application was filed by the Erda A. G. and 
Prof. Mainka, the latter in his capacity as inventor. The patent claim 
runs: 

"Method for the determination of the distribution according to 
three dimensions of the eIastic properties in the uppermost layers of 
the earth, by means of artificially produced elastic waves, the elastic 
waves, expanding into three dimensions from the place of agitation, 
b . d d . I f b . b .su//"qLJ/~ . elng recor e In one or more p aces 0 0 servatlOn y eBe er FAote 
receiving instruments, characterized in such a WrlV . ~at from the (1/ /'lite~prou/7d'" O'rl'/C' t!s 
records of the components of displacementnneasure in t ree directions 
preferably perpendicular to one another, at the place of reception, or 
places of reception respectively, the corresponding angles of incidence 
of the wave rays are calculated." 

The description of this claim reads : "An elastic wave artificially 
generated in or below the surface · propagates, similar to the elastic 
waves created by earthquakes, into all directions in the subsurface. 
From the distribution of the wave rays in space, especially from the 
angle of incidence of the rays at several points of reception, a con
clusion can then be drawn on the distribution of elastic properties, 
according to three coordinates, in the subsurface. Instead of emitting 
elastic waves only in one place, observations can be combined with 
one another which are made on waves which have been emitted from 
different points suitably distributed. By such a procedure all time 
measurements whatsoever are avoided, requiring ~ neither the time of 
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beginning of the disturbance l or of the disturbances, nor the time 
differences between the begin of the disturbance, or of the disturbances, 
and the time of arrival at the place of ob ervation. For the reception 
of the waves and for the determination of (their) position in spa e 
apparatus are necessary which resemble seismographs, allowing to 
measure the displacements of the ground occurring in the direction of 
the wave rays at the place of observation. Such apparatus which allows 
to determine quantitatively the direction and the amount of the ground 
displacements, consists of preferably uniformly constructed individual 
instruments receiving one each of the linear components of the ground 
displacement, which are pr ferably selected in three directions per
pendicular to each other. As directions for the three components there 
are suitably chosen the NS, the EW and the vertical compon nt of 
the ground movement, which are then recorded by the three in
struments in proportion to their true amounts. From the amplitudes 
of the ground di placements SOo?~t~1l~,<;L~.t"t9,.~r~12,1jxig,Hal instruments 
the different angle of incidenceffor the vanous po mt to be examined 
then result according to known rules of calculation. The quantities 
called angles of apparent emergence in eismology are then deduced 
from these, without any measur ment whatsoever of time quantities 
having been necessary. From the distribution in space of these angles 
of emergence there can then be concluded at once on the distribution 
of elastic properties in the subsurface." 

The Reich Patent Office rejected this application in its pre
examination procedure, in view of the application of the Mintrop 
patent No. 371963, two years older. The Erda was succe sful in 
protesting against this rejection, as the following decision of the 
department for appeals of the Patent Office hows, dated October 9th, 
1924: Reasons for the decision : Subject of Patent o. 371963 is a 
method for the determination of the tectonic of the upper layers of 
the earth, based on the measurement of the velocity with which elastic 
waves propagate in these layers. The arrival of the series of waves i ' 
recorded at the place of ob ervation by means of ei mometer , and 
from the time-distance curves obtained conclusion are drawn on 
changes in the elastic properties of the formations passed through and 
on deflections, refraction and refl ction of the wave at interfaces of 
various layers traversed by them. The applicant has found out that 
important conclusions can be drawn on the structure of formation ._ 
encountered by the waves, not only from the velocity of propagation 
of elastic waves in the subsurface, hut also, independently, from the 
deflection of the waves from the straight direction. For this purpos , 
according to the invention, the di placement of the ground particle is 
measured in three directions orthogonal to each other by means of 
suitable instruments, and from these da ta the angle of incidence of the 
wave rays is calculated. This method is neither the ubject of Patent 
No. 371963, nor i it described in the Am rican Patent Description 
1240328 (Fessenden), nor in the revi w "Glückauf" of the years 1920 
and 1921, nor has it been mentioned el ewhere. In all these ca es the 
u e of velocities of propagation of artificially produced waves for the 
purpose mentioned is dealt with. The objections raised in the decisions 
of March 2nd, 1923 and April 19th, 1923 have to be supported in so 
far , that the method claimed was not sufficiently described in the firs t 
papers submitted. The extensive delineation of the method contained 
in the description received here on July 5th, 1923, however corrected 
this deficiency, without changing the features of the invention an-
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nounced, which were already discernible to the expert from the first 
papers submitted. According to paragraph 20 of the Patent Law the 
invention was already made known on No ember 22nd, 1921, from 
which such day follows as the day of announcement." 

On October 30th, 1922, the Erda A. G. filed a patent application 
for another seismic method worked out by Professor Mainka, under 
No. E 28652/42. The claims of the latter are: 

1) Method for the determination of discontinuities in those 
portions of the earthts crust which are elose to the surface, characteriz
ed in such a way, that displacements of the ground of aperiodie or 
unperiodic nature are simultaneously artificially generated at two 
places, thus influencing simple receiving instruments, located on the 
lines that perpendicularly bisect the connecting line of the places where 
the disturbances occur, which are then suitably observed. 

2) Method according to claim No. 1, characterized in such a way, 
that the receiving instruments are aligned on both sides of the pro
longation of the line connecting the localities of disturbance, and allow 
d determination of the disturbances arriving. 

3) Method according to 1 and 2, characterized in such a way that 
the instruments are located at will, but in such a manner that to each 
observation point another one is coordinated symmetrical to the line 
perpendicularly bisecting the connecting line and another one sym
metrical to the connecting line, and that both can simultaneously or 
successively be adapted for the observation of the disturbances arriv
ing." 

The introduction to the description of these claims reads: "For 
the finding of discontinuities in the uppermost crust of the earth 
various working procedures have been selected in recent tim es, which, 
for instance, are commercially used for the determination of deposits 
in the ground, that is, for example, for the location of deposits of ores 
of any kind in ordinary layers, faults which contain water and the 
iocation of which is therefore important for fresh water supply, coal 
deposits in otherwise sterile areas and so on. For such determinations. 
ground movements i. a. were generated at certain points in the field, 
for instance by detonations, the time of arrival of which was observed 
at points located farther away, equipped with suitable receiving in
strumentst vibration meters, or similar apparatus. From time observa
tions of this kind a time-distance curve was then constructed, from the 
further interpretation of which the indications for the location of the 
discontinuities in the earth's crust were obtained. However, the inter
pretation of the time-distance graph is connected with many trouble
some and uncertain details, and in addition to this the exact arrival of 
the disturbance must be observed at the place of disturbance. The 
points raised against such a procedure and especially the use of a time
distance graph shall be eliminated b y the new method which introduc
es an advantageous working procedure. Just as the application of the 
time-distance curve is taken from the physics of earthquake waves, 
so the time difference method applied below is taken from the same 
branch of science." 

In this application of Erda-Mainka the statement is quite remark
able that the time-distance curve method has been introduced "in re
cent times", though connected with troublesome detail and uncertain
ties, and that it is therefore objectionable. Mainka's statement in the 
present patent dispute, that the Mintrop Method had already been 
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known 25 years aga, does not conform with his own exposition in his 
own patent application. 

Against this patent application the Seismos G. m. b. H. in Hanno
ver appealed for the reason that the subject of the application had al
ready been previously submitted as Mintrop Patent No. 371963, and 
for the further reason that the application in question refers to the use 
of abstract geometrical rules for an individual case, a matter that is not 
qualified for patent. Apart from the Seismos Company, the "Gesell
schaft für praktische Geophysik", (Practical Geophysics, Limited), Frei
burg, had lodged an appeal agains t the application of the Erda claiming 
that her own previously submitted application K 80 369 lXI 42 1 contain 
claims, equivalent to those of the Erda. The Pre-Examiner rejected 
both appeals and granted a patent on the application of the Erda. The 
protest lodged by the Seismos Company against this decision was not 
carried out. 

In the "Zeitschrift für Geophysik", 1926, page 141, Professor Mainka 
wrote that the above mentioned patent applications of the Erda A.G. 
"cover everything outside the time-distance curve." 

While the group Ambronn-Mainka on one side tried to have the 
Mintrop patent application cancelled, it endeavoured on the other hand 
to obtain patents in the same branch, to be safe in all cases. In the 
meantime the work of Mintrop and his priority were generally recog
nized in the professional papers. 

Wiechert hirnself, to whom the credit for the seismic method for the 
exploration of the interior of the earth goes, even according to the 
statement of Mainka, Gutenberg and others, said the following in a 
meeting of the Committee on Ores of the "Verein Deutscher Eisen
hüttenleute" (German Metallurgical Association), on December 15th, 
1921 (see report in the review "Stahl und Eisen"), speaking after lec
tures of Dipl.-Bergingenieur Gornick on the torsion balance and of Dr. 
Mintrop on the seismic method : 

"For 25 years I have occupied myself with the application of phys
ics on the exploration of the interior of the earth. During this time 
two methods were used in my researches, one using gravity and one 
using seismology. I was using the same phenomena which are now used 
by technology! Strange to say, it was a much easier problem to ascer-
ainthe conditions of the earth at great depth. But nowthephysicsof the 

earth, which I represent, must give its consideration to the crust. We are 
preparing to investigate the crust from our point of view. You see, to 
what a high degree our science is interested in the researches which are 
made here. It would indeed be our greates~'oy if those methods wh ich 

r. 'fhe <l.(/71.i P/.1>.f/';7> .5oenre 
we have partly prepared and partly execu edvano wnicn we applied to 
the physics of the earth, could now be put to the use of technology. 
That would be a new justification of our researches. In the reverse 
order it is quite safe to assume that the results of the gentlemen frorn 
technology will be of great value for our scientific researches. I am speak
ing of matters which are just as important for science as for technology. 
I would be more than glad if technology would continue to work in this 
direction and if a little of that which we created would be of use for 
technology. 

I would like to say one more thing: Both methods, the one using 
gravity and the one using seismology, have their advantages and their 
disadvantages, bath can be applied. I may be allowed to compare seis
mology with the application of X rays. The X rays made our body 
transparent, they show its bones, tissues, and foreign bodies. Seismolo-
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gy is qualified to make the body of the earth transparent. It has already 
now been made possible to look through the depths of the earth. I hope 
that it may be equally possible to obtain a detailed view of the crust 
with earthquake rays." 

From these remarks of \Viechert in 1921 it can be seen that he did 
not think of the Mintrop Method in 1907 when publishing the book 
"On earthquake waves". As will be seen from the exposition of Zoepp
ritz on page 22 the method was considered to be far out of reach 
of technical possibilities at that time. Zoeppritz even welcomes the so 
caused simplification in the construction of the time-distance graph, as 
at least the major featut:"es of the structure of the earth could now 
be deduced. 

The construction of the time-distance .graph at places where the 
succession, depth, and thickness of the various layers is accurately 
known, as this can be attained by observing artificially generated con
cussions in areas known to geology and mining engineering, gives ä 

firm foundation to the theory of the propagation of the earthquake 
waves. Such a foundation is found lacking in the theories advanced by 
A. Schmidt, Rudski, Benndorf, Wiechert and various others, as it is not 
possible to explore the actual structure of thc deeper interior of thc 
earth by means of weHs and shafts, which would give immediate infor
mation. The experimental check is lacking in the theory of earthquake 
waves. Mintrop for the firs t time applied the theory to a succession of 
layers known to geology and mining engineering and so made acheck 
possible. That such acheck is absolutely necessary follows most clearly 
from the dissenting results obtained by a great many scientists in the 
construction and interpretation of the time-distance curves of natural 
earthquakes. Schmidt already regretted in his paper in 1888 on "Wave 
mov ement and earthquakes" that the law of increase in velocity with 
the depth was not known. Wiechert and Zoepprit? _in 1907 determined 
the depth of the core of the earth under the outer -~hell to 1500 km, 
while two years later Zoeppritz and Geiger assumed a first surface of dis
continulty in a depth of only 1200km,with a secondsurfaceofdiscontinuity 
foHowing in a depth of 2900 km. Another two less pronounced surfaces 
of discontinuity were said to occur in a depth of 1700 km and 2450 km. 
The idea of abipartite earth of 1907 had already been changed, two 
years later, to a tri- or quadripartite earth respectively. What is right 
now? The application of Wiechert's theories on formations known to 
geology and mining engineering enables pure science to check these 
theories, as may be seen from the many scientific papers which followed 
after the publication of Mintrop's researches. To say that these 
researches have caused a revival of the entire science of seismology is 
not claiming to much. Mintrop's rnethod, apart from bringing great 
engineering and economic progress, has also brought great profit to 
pure science, which is pointed out by many authors. 

The economic importance of a method that does not need any bore 
holes also follows from the remarks of Bergassessor Baum, president 
of the Committee on Ores of the German Metallurgical Association, at 
the meeting in Düsseldorf on December 15th, 1921 (also see report in 
the review "Stahl und Eisen" ("Steel and Iron"). He said: "May I add 
to the remarks of Mining Councillor Bartsch that the exploration of 
the overlying formations caused great expenses to all companies who 
own mines on the left bank of the Rhine. The great number of borings 
which had to be made by these companies in order to arrive at an un
objectionable decision about where to sink shafts, caused very great 
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cxpenses. Not until quite recently we found out that for instance my 
company, which sunk about 20 weHs on the Ieft bank of the Rhine in 
order to obtain information for the selection of one shaft site, would 
only have to use about one hundredths of the expenses by employing 
the methods which have just been explained by the lecturers." 

The reporter for geophysical methods of prospecting at the Prussian 
Geological Survey, District-Geologist Dr. H. Reich, wrote the following 
concerning the Mintrop Method: in the Annual Rev iew of the Survey, 
1921, in his "Attempt at an application of seismometry on geology": 

"Not only for these problems which are of more scientific interest 
but also for practical work, a combination of geological and geoph sical 
methods has great importance. For such short stretches which we are 
concerned with in practice. ar tificial earthquakes can be produced by 
rneans of detonations, as Mintrop showed, and seismometric deter
minations can be applied to these. Here also we are at a very promising 
beginning. It is only necessary to imagine what prospects, for instance, 
are opened for our North-German Plain. Geology and geophysics 
combined will ome day solve its enigmas and open its mineral deposits:' 

In the Publications of the R. Academy of Sciences of Göttingen, 
Department of Mat hematics and Physics, 1921, Reich published a paper 
on "The intensity of the main phase of an earthquake in its relation to 
tecton ics", the concluding words of which are: .,The further develop
ment of these seismometrical and geological methods promises great 
advantage to both the geophysicist and geologi t. The geophysicist will 
more and more approach the problem of elastic ground waves consider
ing geological details, and the geologist will receive information on 
areas whieh would always remain hidden to hirn, be it that they arecovered 
by the sea, or that they are covered up with recent formations; he will 
al 0 be able to express in exact physical term uch important theoreti
cal conceptions as quantitative figures etc. Finally these things are also 
of great practical value, as Mintrop' experiments with artificial tre
mors prove (see .i\1introp's lecture at the meeting of the German Geo
logical Societ~T, 1920)." 

In the review "Stahl und Eisen", April 21st, 1921, Reich wrote on 
"Elastic ground waves as an aid in the search for mineral deposits": 

"It has for a long time been known that the distribution of intensi
ty of an earthquake depends very much on the geological qualities of 
the subsoil. With great advantage to geology, observations on the 
intensity of the occurrence of individual earthquakes in various places 
were therefore gathered and made use of, especially in areas which are 
frequentl y disturbed by earthquakes. As only estimate (macroseismic 
methods) are concerned here, the dependence of the distribution of 
intensity from geological conditions could only be a certained in its 
major features. Details which are important for mining could not be 
found out. The possibility to do this exists only since instrumental 
registrations of earthquakes (seismograms) are organized in a larger 
degree, whieh is especially due to Wiechert's fundamental researches and 
construction of instruments. On account of this it has further become 
possible to carry out such measurements in areas where earthquakes 
are not feit, be it by the observation of distant natural quakes or by 
the observation of artificially produced quake. It was found that thc 
elastic ground waves cau sed by an earthquake are of a very complicat
ed nature, which render very difficult their analysis. In the first 
instance one succeeded in determin ing more closely the velocities of 
propagation and thereby the angle under which the earthquake rays 
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hit the surface. In scientific geophysics very interesting information 
about the construction of the interior of the earth was so obtained. 
For this reason a great deal of attention was paid to the matter. The 
influence of the uppermost layers of the earth which alone are of im
portance to mining was again and again ascertained, but was not 
investigated in details. It is Mintrop's merit to have first applied the 
so gained knowledge to practice. He reported on his so far obtained 
results in a lecture at the meeting of the German Geological Society in 
Hannover (Zeitschrift der Deutschen Geologischen Gesellschaft 1920, 
monthly reports, page 269). The elastic waves which Mintrop uses for 
his measurements are artificially produced by detonations, a procedure 
which has already been used by Milne, Mallet, Fouque, Hecker, 
Wiechert and others for the measurement of the velocity of propaga
tion etc. in tl1e uppermost layers of the earth. Mintrop's method is 
principally based on velocity measurements and on determinations of 
the angle of incidence of the longitudinal waves which first arrive. The 
applicability of Mintrop's method will at first extend to the exploration 
of such deposits which are connected with a pronounced change of 
rocks, and where the essential features of the tectonic and geologic 
construction are known and relatively simple: For instance it will be 
possible, as was already proven in practice, to determine the extension 
and the depth of salt domes; the method will also be successfully tried 
in the exploration and investigation of sedimen tary ore deposits of the 
type of the lias and cretaceous ores of Northern Germany. The meth
od will also be suitable to determine the depth of the older formations 
in the subsurface of the North German Plain, which would be im
portant for the discovery of new co al fields etc. Apart from these 
problems of a general nature questions which daily arise in mining 
could also be solved in thi way, if the assumptions gi\'en above are 
complied with. There are now in :l seismogram quite a few quantities 
- apart from those interpreted by Mintrop - that could be used, 
wh ich, if duly considered, would essentially supplement our conception 
of the condition and of the structural position of the uppermost layers 
of the earth. To be sure, artificial quakes are at present less suitable 
for a elose investigation of these quantities, because the various types 
of waves too quickly follow upon one another and the intensity is so 
weak that the area shaken up is not extensive enough. For that reason 
such researches had at fir st to begin by utilizing natural quakes. This 
problem has been followed up by the author in the last two years and 
quite remarkable results were obtained." Reich then discussed ex
tensive measurements of the intensity of natural earthquakes and 
continues: 

"N aturally the results gained with natural earthquakes would 
have to be checked and continued with artificial ones. In my opinion 
there is no doubt that in such a way a method will be found in time, 
which will constitute an extremel~l valuable supplement to the know
ledge gained in deep borings, especially if a combination with other 
physical methods is considered. In such a way the applicability of the 
method worked out by Mintrop will be essentially enlarged, as it will 
then also be possible to approach deposits with smaller differences in 
rock and complicated structure and composition. It will further be 
advisable not to neglect the observations of natural quakes, as with 
one glance they give us information on large areas for which individual 
investigation s with artificial quakes would be prohibitive. Many prom
ising outlooks are now opened for the investigation of large areas, 
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the deeper subsurface of which is unknown to u on account of the 
covering with recent sediments, as this is the case in the larger part of 
Northern Germany." 

In July 1922, still before the granting of the Mintrop patent, there 
appeared the "Mitteilungen ]" der Seismos-Gesell chaN "Erforschung 
von Gebirgsschichten und nutzbaren Lagerstätten" (Publicatio ns, Part I, 
of the Seismos Company, on Exploration of geological formations and 
mineral deposit s.) In this publication the paths of rays for the normal 

Excitation , propagation and scismo~raphic rc~istration of concussion waves. 

and individual primae (Mohorovicic) are hown for artificial earth
quakes, as weIl as the results of the application of the method on nine 
different obj ecL , with thc name of th c location and the name of the 
companies for which the investi . at ion werc carried out. 

Privy Councillor Beyschlag, at that time pre ident of the Prus ian 
Geo:ogical Survey, wrote an article in the /t1ining and Metallurgical 
Review "Glückauf", under date of September 9th, 1922, on "The pre
sent attainments of the exploration of German underground deposits", 
page 1090. "The ela ticity of the formations, i. e., the graduated propaga
tion of elastic waves according to intensity and veloc ity, as it has for 
instance been discerned in concu sions by earth quakes, is ju t a 
successfully used by Dr. Mintrop (as the torsion balance is used by 
Eötvös). Mintrop determines artificially (i. e. by detonations) produc
ed elastic waves according to velocity of propagation and intensity 
and then draws conclusions on the Iocation of boundarie of the rocks 
and on dislocations, ba ed on agraphie repre entation of the differences 
in velocity of the media traversed." 

Writing in the "Zeitsch rift f iir praktische Geologie" 30th annual 
volume, 1922, No. 3, Professor Königsberger said the following on the 
method of elastic waves in his paper: "T he application of physical 
methods to practical geology": "Not considering oider experiments, 
L. Mintrop was the first to work out a useful practical method. From 
the time records of concu sion waves, wh ich, produced by detonations 
at a point of the surface of the earth, propagate in the ubsurface, he 
draws conclusions on the condition and extension of rock formations 
in the depth. The method i ' ba ed on the theorie worked out in seis
mology. The instrument, protected by German Reich Patent, are 
suitably adjusted to the recording of artificial concus ions of short 
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periods. Mintrop says little about the character of the method and 
about the calculations. He only says that, with the most recent pro ce
dures, it was possible to find buried salt domes in a very short time, 
and that their depth and extension could be determined etc." 

The following was written by C. A. Heiland in his thesis at the 
U niversity of H amburg: "T he natural gas occurrence at Neuengamme, 
in the light of geological and geophys ical science, a contribution to a 
critical study of geophysical methods of exploration in the North Ger
man Plain." " It appear that the microseismic investigations according 
to the Mintrop method determined the existence of a salt dome of 
hercynian strike with a maximum depth of 50 m, about 500 m southwest 
of the weIl. The so-called Min trop weIl, started on the strength of 
this at the location indicated, showed only anormal sequence of layers 
down to a depth of 125 m. However, while the weIl was brought down, 
Mintrop arrived at the result that the study of the curves also allowed 
the interpretation that the salt dome might be hit in several hundred 
meters. The au thor does not know what caused this failure , or the 
wrong interpretation of the seismogram ; in other pi aces he had how
ever an opportunity to convince hirnself that the method furnishes 
results which in part contradict the already known geologie al condi
tions. In the prospectus issued by the Sei mos Company the statement 
is also found, that a ub surface connection has been determined, by 
mean of the sei mic method, between the saltdome of Wietze and 
Hambühren, in a depth of about 100 m. According to kind information 
from Dr. Monke, who was in charge of the geological mapping of the 
area, a deep weIl, which was apparently not known to the Seismos 
Company, proved that the two salt domes are not connected under 
the surface, at least not in the dcpth deterrnined by the Seismos 
Company. l) On the other hand it must be emphasized that in other 
locali ties the rnethod worked with excellent result, a the prospec tu s 
of the Seismos show ." 

"If the question is to be answered where an uplift of the gas 
bearing formations is to be expected according to the geophysical 
methods of exploration, the results of radioactivity, and of rnicro- and 
rnacro-seismic invest igations must be eliminated, as they do not give 
any results that could be used." In a general review of the seismic 
method Heiland wrote: 

"The distinction between surface waves and depth waves is with
out sense in view of the ever changing elastic properties of the upper 
crust of the earth. It will hardly be possible to determine such a clear 
sequence of longitudinal an d transverse depth waves and of the trans
verse surface waves as in the seisrnogram of a distant earthquake. In 
any case the longitudinal waves radiating from the center of concussion 
will be first to arrive at the receiver, the time of arrival obtained frorn 
these will be used to construct the time distance curve." 

In 1923 C. A. Heiland still considered it senseless to distinguish 
between surface waves and depth waves, while four years earlier, Min
trop had based his seismic method on this difference and had applied 
it with increasing success. 

In No. 17 of "Glückauf", April 20, 1923, Dr. lng. H . Quiring, of the 
Geological Survey, wrote an article on "The torsion balance as an aid 
to mining prospecting in the Siegerland", dealing with the seismic 

1) Geology has now accepted as corrcct the seismic determin,ttion of the subsur
face connection between the salt domes of Wietze an d Hambühren. 
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method as follows: "The eismic method of Dr. Mintrop ha been 
used with considerable success in parts of Germany which are geologi
cally simpler. Coal seams on the Lower Rhine, brown coal eam , salt 
domes and oil deposits, iron ores in jura sic and cretaceous forma
tions and tertiary depo its of quartzite were inve tigated as to position, 
extension and thickness under younger covering. I t was further 
pos ible to determine thickness and form of deposit of younger tran -
gressing and folded formations f. i. of tertiary or diluvial age, overlying 
oider rocks. In how far, however, it will be possible to deterrnine by 
sei mic measurement lodes and deposits occurring in old paleozoic rocks, 
strongly folded and fissured, must be shown by the further develop
ment of the method. Perhaps ome day thi will be pos ible, but, accord
ing to my opinion not until the geology of the area concerned ha 
been so clearly understood that it ill be possible at all to interpret 
the picture obtained by the sei mic determination." 

In the "Handbuch der geologischen Arbeitsmethoden" Abt. X, 
No. 4, (Encyclopedia of geological working procedures), Prof. H. Philipp 
(Greifswald) wrote the following, in the section "Methods of geological 
surveys", published 1923 : 

"Sei mic surveying method (Mintrop Method): The method is 
based on the physical fact that rocks tran mit earthquake aves with 
different velocity according to their elasticity. F or instance, the veloci
ty of the elastic waves in rock salt is a multiple of the one in tertiary 
sands. For the determination of the character and depth of a rock 
formation underground the following method i used: At one end of 
the profile line to be investigated a light field seismograph is set up; 
at various distance from this instrument mall detonations are then 
succes ively made in the profile line. These are made in the surface, 
that i , without borings. The so produced concu ion waves traverse 
the su"Flä'e8 in all direction and are al 0 recorded by the seismograph. 
The travelling times of the waves pertaining to the various distances 
from the detonation point to the in trument are then plotted as a 
time-di tance curve. In the case of uniform elastic condition of the 
rocks the time-di tancc curve is nearly a straight line. Howe er, if, at 
a certain depth, a change occurs in rock , for in tance from tertiary 
to cretaceous or salt, such change will be found as an inflexion point 
in thc time-distance graph. This in flexion point is brought about in 
the following way: imilar to th optic waves, the elastic wave do not 
propagate along the geometrically shorte t path, but along the path 
of the shortest time. Coincidently with the wave arriving from, sa , 
tertiary bed , waves app ear, beyond a c rt ain di tance from the de
tonation point, which first penetrated into the depth, traversed th e 
fast conducting layer found there, and then returned to the urface. 
Inspite of the circuitous wa T through which they have pas ed, they 
arrive coincidently with the urface waves, because they gained t ime 
on the quicker path through the olid rocks. From the in flexion poin t 
on, the depth waves arri e first with further increa ing distance, th 
surface wave following later. From the shape of the time-distance 
curves the velocities of the surface wave and depth Vov .lves can be 
taken, and the depth can further be calculated in which the transition 
frorn one layer to another occurs. A thoroughly substantiated theor. T 

of this method applied to · the earth a a whole may be found in the 
treatise of Wiechert and Zoeppritz "On earthquake waves", N achr. d . 
Ges. d. W iss. Math.-phys . Klasse 1907. (The author owes this informa-
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tion to Dr. L. Mintrop, Director of the Seismo G . m. b. H . for the ex
ploration of r0ck strata and mineral deposits, Hannover.) 

Also see R. A mbronn, Jahrbuch des Hallesehen V erbandes für die 
E rforschung der mitteldeutschen Bodenschätze usw. , Vol. III , page 
39-41. vVhile the pre ent paper was printed a description appeared 
with good illustrations: Exploration of rock strata and mineral depo
sits by the seismic method, published by Seismos G. m. b. H. Hanno
ver 1922." 

Petraschek 1923 In the Zeitschrift de Internationalen V ereins der Bohringenieure 
und Bohrtechniker (Journal of the international association of driliing 
€ngineers and technicians), Dec. 15, 1923, Prof. W. Petra chek, Leoben, 
discu s ed "Experiences w ith physical methods of prospecfing". He 
wrote : "Seismic investigation made by the Mintrop Method show 
plausible re ults in the Fohnsdorf district, in the Mürztal their error 
was not great, but they failed totally near Leoben. It appears that the 
elasticity of the rocks was no t always correctly estimated." 

Sieberg 1923 The progre s attained by Mintrop's researches in the theoretical 
knowledge of the propagation of earthquake waves, and in the technical 
application of this knowledge, i strikingly reflected in the books of 
A. Sieberg. While Sieberg, as already said, did not yet know the seis
mic method in 1904 and 1917, he was very uncommunicative about his 
opinion in 1923, at a time when the Mintrop Method had still to fight 
its way in industry, and when numerous scientists thought very scepti
cal about it. In the book, 500 pages thick, "Geologische, physikalische 
und angewandte Erdbebenkunde" (Geological, phy ical and applied seis
mology)which appeared in 1923, nothing is contained that refers to the seis
mic method for the exploration of rock strata and mineral deposits. except 
the two sentence : "The seismometrie method alone led to satisfactory 
results in the course of time, and these did not only benefit the ca1cula
tion of the epicentre, hu t they al 0 make it po sible to throw light on 
thc inner construction of the globe. Simultaneously endeavours are 
made to solve problems with the sei mometric method which are of 
importance to mining." In comp ari on to thi s, Sieberg's book in its 
1927 edition contains a whole chapter on the eismic method. 

Gutenberg 1923 Benno Gu tenberg, Sieberg's cooperator in the 1923 edition of the 
book, confined himself to the two entences (in the chapter "The sur
face waves in local earthquakes"): "Artificial concussions (detonations) 
were al 0 u ed for the determination of Vm, the results, however; were 
mostly kept ecret (l\1introp). Older observations are available from 
H ecker and E. Wiechert, who in the sands of the artillery ranges 
of Kummersdorf found Vm = 238 rn/sec and at Meppen Vm = 240 
rn/sec ." Compared to this, 30 pages in a special chapter are devoted in 
Gutenberg 's text book on geophy ics, which app ared in 1926, to the 
application of elastic waves for the exploration of the uppermost layer 
of the ear th. 

Wiechert 1923 Wiech rt was the fir st one who recognized the great importance of 
the Mintrop method for cience. Already in 1921 (see page 63) he called 
attention to the great value of the method, and two year later the first 
scientific publication on "In ' es t igation of the earth' s crust with the 
seismometer, using arfif icial earthquakes", appeared, (Nachr. d. Ges. 
d . Wis . zu Göttingen). 

Wiechert 1924/25 A second publication of Wiechert's followed in Vo l. I of the Zeit-
schrift für G eophysik , ann ual volume 1924/25, No. 1/2, in which atten
tion was drawn to the particular difficulties which Mintrop had to 
overcome in the development of this method. Wiechert wrote: "While 
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seismology succeeded to obtain far reaching information on the condi
tion of the deep interior of the earth, not so favorable results were ob
tained in the sei mic exploration of the earth 's crust. Here it is nece sa
r to observe local quakes. If natural earthquakes are used, all those 
difficulties have to be dealt with which are given by the uncertainty of 
the focus and the focal time. The artificial concussions caused by ex
plosions offer better conditions in many respects, but even the greatest 
explosion are such minor events against natural earthquakes, that the 
seismographs in use are mo tly in ufficient. Accordingly it cannot be 
surprising that seismology furnished but few reliable data on the 
stratification of the earth's crust, and still this involves a problem, 
which is of great importance for the physics of the earth. In view of 
this I asked myself in 1905 whether it would be po sible to achieve pro
gress by the use of artificial earthquakes, if extraordinary sensitive 
instruments were to be u sed. I constructed a horizontal eismometer 
with a magnification of 50 000 and u sed it in 1906 to detect concus ions 
of the ground du e to gun shot at a di tance of 16 km, on the artillery 
range in Meppen, but the reception of the concussion was al ready 
near the limit of the observable, although conditions were unusu ally 
favorable. The sandy water- oaked sub soil near Meppen was a much 
better conductor to ground concussion than rock ground. After thi 
the instrument wa used by Mr. L. Mintrop for the inve ti ga ti on of 
earth concussions du e to engine , o r due to thc fall of weights etc., but 
no appreciable information on the geological depths of the earth' crust 
was so obtained. Later on Mr. M introp constructed vertical eis
mometers, easilv portable and suit able for field use, and he ucceeded 
in using these in truments for the inve tiga ti on of the layers of th ~ 
earth down to a depth of 1 km , with the h elp of deton ations. The 
re ult for mining purpo es must be e timated very highly, even today, 
concerning as it does an application of seismology of far reaching im
portance. Through th e successes of Mintrop I was call ed fo rth to 
resurne my former researche . I now aw clearly that my aim, the eis
mic exploration of those depth s of the earth's cru t which are of 
importance to geology, could only be attained by increas ing the 
sensitivity of the instrument to the uppermost possible limit." 

In No. 4 of the first annual volume (1924/25) of the "Zeitschrift für 
Geophysik" F. Hubert Ca sistant at the geophysical in titute of the 
University of Göttingen) published a treatise on "The recording of 
oscillations of the ground produced by fall ing weighfs, by means of 
W iechert' s verl ical seismomefer of a magnificafion of 2 million". The 
introduction is quite intere ting a it r efer to the history of the Min
trop Method. 1t reads, in par t : "In the year 1921/22 a vertical eis
mometer was built w ith an amplification of 2 million in the G öttingen 
Geophysical In titute, fo r the purpo e of recording fa t 0 cillations 
of the ground. Funds for this purpose were furni shed by the Emergency 
Committee of German Science. With thi eismometer I undertook 
the investigation of the concussions of the ground produced by free 
falling weights. The result 0 obtained are to be reported on in the 
following paragraphs. Two reports on the seismometer and a number 
of experiments have already been publi sh ed. (E. Wieche rt "lnvesfiga
tion of fhe earth' s crusf w ith a seismometer w ith special consideration 
of artificial earthquakes") ( N ach r. d. G es. d. W iss. zu Göttingen, Math. 
Phys. Kl. 1923). The same : "Observation s on air-concussions in Göttin
gen at the occasion of detonations in J üterbog. (Seismic investigations, 
first communication) Zeitschrif t für Geophysik, 1924/25). The experi-
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Deubel 1924 

ments consisted in the registration of concussions of the ground, caused 
by detonations in a basalt quarry 17 km away, and in the registrations 
of sound waves of a detonation in Jüterbog." 

"Similar experiments with a horizontal seismometer amplifying 
50000 times were already made by Privy Councillor Wiechert in 1906 
on the artillery range in Meppen for the investigation of concussions 
of the ground caused by naval guns. (The same: On earthquake waves I , 
Page 53, N achr. d. Ges. d. W iss. zu Göttingen, Math. Ph ys. Klasse, 
1907.) With the same seismometer 1. Mintrop investigated the oscilla
tions of the ground which were caused by the large gas engines of the 
Göttingen electric power station (L. M introp, thesis: On the propaga
tion of the oscillations of the ground caused by the pressures of the 
masses of a large gas engine). In this thesis the diagram of an artificial 
earthquake caused by the fall of a steel ball weigh ting 4000 kg from 
a height of 14 meters will also be found. On further experiments with 
falls of the same type recorded at v[l rious distances, on microseismic 
unrest of the ground, caused by carriages, railroads and the various 
activities of a large city, on concussions of the ground caused by ram 
blocks, blasting of rocks and similar causes, Mintrop read a lecture at 
a meeting in Düsseldorf (L. Mintrop: "On artificial earthquakes", 
International congress of mining, metallurgy, applied mechanks and 
practkal geology, Düsseldorf 1910, Reports of the Department of Practi
cal Geology). Similar experiments of Mintrop's are also mentioned in 
his report on the seismograph station at Bochum. (The same: Th e 
earthquake station of the Wes tphalian Berggewerkschaftskasse at 
Bochum. "Glückauf", Mining and MetallurgkaI Journal, 45th annual 
volume, Essen-Ruhr, 1909). Later on Mintrop assembled one vertical 
seismometer, as counterpart to this horizontal seismometer of 
Wiechert's, and two horizontal seismometers in such a way, that the 
registration of the three components could be done on one recording 
strip. Illustrations of these instruments and of the registrations obtain
ed may be found - apart from the treati es referred to - in Galitzin 
"'Vorlesungen über Seismometrie" (Lectu res on Seismometry) page 205 
and followin g. Mintrop then designed easily portable seismometers 
which are successfully used for purposes of practical geology of mining 
by the Seismos Company, Hannover, of which Mintrop is director. (Ex
ploration of rock strata and mineral deposits, by the seismic method. 
Publications of the Seismos Company, Hannover, 1922. Published by 
Seismos Co.) Photographic recorders for the registration according to 
Mintrop were lent to the In titute b y the Seismos Company, Hannover." 

In the Publkations of the Geologkal In stitu te of the U niversity of 
Greifswald, Vol. V, 1924 ,Dr. Deubel wrote the followin g on page 17 
of his paper on "N ew methods for the exploration of the subsoil and 
their importance fo r the province of Pomeran ia": 

"For conditions in Northern Germany Dr. Mintrop 's seismic meth
od has recently been adapted to the application in field practice, and 
it is of considerable more importance (than the electrical methods). It 
is based on the results of modern seismology, with the exception that 
the natural earthquake waves are substituted by artificial concussion 
waves, which are produced by means of detonations or falling weights. 
The velocity of propagation of concussion waves depends in an extra
ordinary degree on the condition of the underground. It amounts to 
several hundred meters in loose masses (gravels and the like), it may 
however re ach many kilometers in hard and dense rocks (eruptive 
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rocks). The registrations are made by instruments especially designed 
for this purpose, particularly with the Mintrop field seismograph. 

Concerning the diffioulties in the way of a successful application 
of the seismic method, Dr. H. Reich wrote in the Zeitschrift für Geo
physik, No. 3, 1924/25, page 121, in areport on his lecture: "Seismic 
instruments and geology": "One aim of the application of seismic in
struments must be to make clear the connections between goology and 
seismology which have again and again been pointed out by A. Sieb erg, 
and to apply the results to the uppermost layers of the earth. The 
Seismos-Method of Dr. Mintrop represents already one application of 
seismometric observations on geological problems which has been 
carried out in practice with much success. The method uses chiefly 
time-distance curves of artificially produced waves. Not only discon
tinuities parallel to the surface of the earth must be considered, as in 
case of the interior, but, due to the complicated structure of the upper
most portions of the earth there are faults and bedding planes, over
thrust~s and similar planes which may have very different inclinations 
towards the surface of the earth. Structural positions parallel and ver ti
cal to the surface must only be considered as extreme cases, with all 
possible transitions between them. This results in a great multiplicity 
in the shape of the time-distance graphs , which however , by a certain 
arrangement in the experiments, admits of a unique interpretation. 
Such investigations can mainly be applied to the determination of the 
depth of certain layers , to the tracing of faults, to the delineation of 
synclines and anticlines in folded rocks, provided always that sufficient
ly great differences in the elastic properties of the various strata exist." 

C. A. Heiland, who judged the seismic method so sceptically in 
1923, (see page 68), wrote in an extensive publication on "Instruments 
and methods for the finding of useful deposits" (Zeitschrift für In
strumentenkunde, 1925, page 427 and foll.): 

"Passing on now to the second grea t group of geophysical methods 
of investigation, which deal with the properties of deposits in artificial
ly produced fields, it will be necessary to begin with the discussion 
of those measurements, which make use of the observation of elastic 
waves. There either may be used acoustic waves here, as proposed by 
the American Fessenden, or seismic waves as suggested by Mintrop. 
The Mintrop Method is more in connection with the working proce
dures familiar to seismology, hut does not depend upon the sinking of 
bore-holes in the area to be investigated, in contrast to Fessenden's 
method. The Mintrop Method works very rapidly, and has a very com
prehensive field of application, nearly all problems occurring in practi
cal geology can be solved with it." 

During the Cologne Exhibition in the autumn of 1925 (Kölner 
Herbstmesse) scientific lectures were read and later on published by 
the exhibition office (Messeamt Köln). Dr. Ritter, of the Reich Bureau 
of Chemistry and Technology, contributed a paper on "Measurements 
of explosions and application to mining", of which the following is a 
part. "The seismograms allow to determine the depths of the planes 
of discontinuity and the physical constants of the layers traversed, 
according to Wiechert's theories. The method was first practically used 
by Dr. Mintrop, in order to determine at the surface depth, character 
and thickness as weIl as strike and dip of layers and deposits. It has 
proven a valuable aid to practical geology and mining, that gives in
formation on structural conditions quickly and inexpensively and 
which efficiently helps in geological projections. E. Wiechert used the 
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method for the scientific exploration of the earth's crust and construct
ed for this purpose a vertical seismometer with a magnification of 
11fz million." 

The priority of the seismic method for the exploration of strata 
and mineral deposits was awarded to Mintrop by E. Wiechert in the 
latter's paper on "Investigation of the earth's crust by means of de
tonations" in the Geologische Rundschau, N o. 5, Vol. XVII, annual vol. 
1926. This paper is the printed report of a lecture held at the Natural 
Scientist's Association in Düsseldorf, in September 1926. Wiechert 
emphasized the great difficulties which had to be overcome in the 
application of the method and wrote: "Seismology succeeded in obtain
ing far reaching information on the condition of the deeper part of 
the interior of the earth, making the earth transparent. It might be 
thought now, that by using the same methods it would be especially 
easy to examine the condition of the crust of the earth, on which we 
walk. Strange to say, this is not the case. Two difficulties are in the 
way. In the first line the earth's crust is much more complicated than 
the deep interior. The earth as a whole ~howed two planes of division 
to seismology, one in a depth (If about 1200 km, the other in a depth 
of about 2900 km, planes which divide the earth in regular arrangement 
into three parts: a shell of rocks, an intermediate layer, and a metallic 
core. Much more complicated is the cun~truction of the outer crust 
of the earth which surrounds the body :)f the earth as a comparably 
thin skin of 100 or 200 km thickness. Continents and oceans, moun
tains and plains indicate the heterogeneity of its construction, geologi
cal and geophysical insights intensify this opinion. 

The fact that natural earthquakes occur only very infrequently, is 
another reason which makes it difficult for seismology to explore the 
earth 's crust. So it "is equally impossible to care for the maintenance of 
a sufficient number of seismograph tations and to find enough earth
quakes in order to study the details of the condition of the earth's 
crust. - Already in the beginning of my seismic researches I realized 
these difficulties. For this reason I constructed, in 1906, a seismometer 
with a magnific ation of 50000, but I was very much disappointed 
when applying it to the observation of gunshots at the artillery range 
of l\.lep.pen and on the island of Heligoland, because I realized tha t 
the resources at my disposition were not sufficient for an investigation 
of the earth's cru st. Later on one of my students, 1. Mintrop, who was 
associated with the mining industry, and who made his thesis using 
the highly sensitive instruments, had the lucky idea the seismic methods 
might be capable, with suitable adjustment and arrangement, to investi
gate those layers of the earth 's crust which are ne ar the surface, and 
in which practical mining is interested. It is known that Dr. Mintrop 
achieved great successes. In particular , it was possible to determine 
extent and depth of salt bodies which are often connected with the 
occurrence of oil. Mintrop's successes and deliberations of my own 
caused me to come back to the problem of "minor seismology" or 
"experimental eism ology" as we might call it. I now knew that it 
would be necessary to give a much higher sensitivity to the instruments 
than I had anticipated. After some experiences gained in the meantime 
this necessity did not fri ghten me at all. The wonderful results wh ich 
had been gained by the cooperation of geology and geophysics, with 
gravity particularly leadin g, gave me a new impulse. To the sc ientific 
considerations the thought was added, that these researches might be
come valuable to economic problems. Indeed, I had to consider, that 
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long and expensiv~ researches might be neces ary, but here, in an 
ideal way, I found the help of the Emergency Committee of German 
Science, with its leader, Dr. F. Schmidt-Ott." 

After extended and very remarkable notes' on the difficulty of 
con tructing and interpreting a time-di tance graph, Wiechert wrote : 
"It appears as an aim of experimental eismology, worth attaining and 
quite within r'each, to explain each dent and each wave of a seismo
gram, and to use it in clearing up the condition of the earth 's 
crust." Wiechert concluded his lecture with the following words: 
"Gentlemen, I regret very much to ay that I could bring only 
so !ittle today. Again and again I had to acknowledge that we have 
only insignificant observations and that I could not answer obvious 
questions. Please consider, that we are still in the beginning of the 
work in spite of all endeavours already mad . We are still fighting for 
a suitable arrangement of the apparatu and of the methods. What is 
required i learnt tep by step, during the work itself! Consider how 
much human work is neces ary to bring a single weIl down to a depth 
of 1 or even 2 kilometers; consider to what an enormous amount of 
details geology owe its proud achievement! I must consider that my 
task today has been done, if my audience under tand that this i a 
scientific method rich in prospec ts. "1entally I see ei mic urveying 
developing to an aid which will lead geology and geophysics to new great 
succe ses. \ \fe beginners mu t be content to do the preliminary work, 
laboriously, hut full of hope ." 

In annual volume 1926 of the Zeitschrift für Geophysik, No. 8, 
B. Kühn, department chief at the Pru sian Geological Survey, published 
an extended treatise on "T he hearing of geophysical methods on geolo
gy and mining". It reads, in part: 

"N ow geophysical methods can also pass beyond the field where 
geological methods can be applied, and certainly we shall not value 
them le s becau ~ e - theoretically expres ed - we can no longer check 
them with a hammer in our hand; all the more as we ourselve , as 
scientific argumentation shows, do not alway pass be ~ ond a certain 
degree of prob ability in our opinon on the structure of areas which are 
in a high degree accessible to immediate geological observation, and 
which are even opened up by bore-hole . A pecial position under the 
geophysical methods, it might even be said a position of preference, is 
occupied by the seismic method. This method, which i able to furnish 
data on depths which cannot be reached by drilling tools, by mea uring 
the velocity of the propagating movement of elastic waves, hould be 
best qualified to give fairly reliable information about conditions in thc 
depths. For instance, it appears promising to obtain gradually, follow
ing this method, a comprehen ive picture of the depth of the cristalline 
base rocks rising to the surface in individual blocks, or of the more or 
less metamorphic old paleozoic in tho e areas of Germanv which are 
covered by mesozoic tratified rocks. This would be o( very great 
importance to our knowledge of the laws which govern the process of 
mountain building. However, we are already entering the domain of 
theoretical geology, the relations of which to geophysics go beyond the 
scope set for this paper." 

"It will not indicate an~ depreciation of the value of geophysical 
methods, if, in the preceding remark on its application to problems of 
geology, unforeseen difficulties were empha ized. and if the limit of 
it capacity were stressed. There remains a vide and appreciative field 
of activity for them. Numerou . problem remain, to the solution of 
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which a geologist capable of a critical estimation of their faculties and 
results can use it. Pure geophysics has already given to theoretical 
geology a safe foundation for the conception of the laws governing the 
formation and transformation of the earth's crust, and a later historian 
of geology may find a characteristic feature of its present phase in the 
fact that now applied geophysics becomes an aid to mapping and practi
cal geology, with torsion balance and magnetical variometer, vibration 
meter and electrical instruments of many kinds being added to its so 
far available tools." 

On the occasion of the main meeting of the Association of Ger
man Metallurgical and Mining Engineers in Heidelberg, Dr. H. Reich 
published a paper, in June 1926, in the review "Metall und Erz" 
on "The present attainments and the prospects of further development 
of the geophysical exploration of the underground". His lecture at the 
meeting was also based on this paper. Concerning the Mintrop Method 
he wrote: "The last of the more important great groups of geo
physical methods is the seismic method, on wh ich Professor Weigelt 
will report more in detail. This method has been used least of all in ore 
mining. Unfortunately only very little is known about results in this 
department, because the Seismos Company, which so far nearly exclu
sively occupied itself with it, is extraordinarily reserved. After all that 
leaked out it can, however. hardly be doubted that the attempts to direct
ly locate ore deposits with the seismic method have not succeeded so 
far, or, in any case, have not succeeded in such a way that the second 
requisite advanced in the beginning, namely to delineate ore deposits 
by the direct method, is complied with. In contrast to this the method 
scored weIl in problems where the thickness of overlayers is concerned, 
and cannot be urpassed in this respect. In the Swedish publication 
(K. Sundberg, H. Lundberg and J. Eklund, Electrical prospecting in 
Sweden, Sver. Geol. Undel's. Sero C. Nr. 327, Arsbok 17, No. 8. Stock
holm, 1925) already so often referred to , it is reported that the method 
allowed to determine the thickness of the diluvium above the base 
rocks with an accuracy of 1 m; it is also mentioned by Sundberg that 
the investigations were carried out in January and February 1923 by 
the Seismos Company, or rather per onally by Dr. Mintrop. (The snow 
lying 1-2 meter high, with temperatures of 30-40 centi-degrees below 
zero). The same favorable opinions are heard from the Aix-Ia-Chapelle 
and Limburg coal districts. Quite a number of experimental and 
theoretical researches in this discipline were carried out and published 
recently. Among Wiechert's students I especially mention F. Hubert, 
J. Brand and G. Krumbach. Besides, F. Ritter dealt with these things 
comprehensively. The Mintrop Method, so far exclusively employed, 
uses the velocity of elastic waves for the required determinations. 
The latter depends upon the density and the elasticity constants of a 
rock. If these change considerably along a preferably regular plane 
(interface between layers, base of transgression, fault , overthrust etc.), 
then it is possible to delineate these planes of discontinuity; it is, however, 
a condition that the elastic waves traverse a not too small fr action of 
their total path in each of the various media which are different from 
one another, and that the velocity increases with the depth, which is 
generally the case. With ore deposits in a more or less vertical position 
this path will usually be too short in relation to the measurements at 
the surface. In addition to this the constant of elasticity and the 
density may change in such a way, that both increase in the same 
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degree. Then the velocity of the seismic wave remains the same 
inspite of the change in structure. 

Another procedure eems to be feas ible here. With each refraction 
or reflecti on which the elastic waves suffer at the dividing plane of 
two different media, a loss in energy occurs, wh ich is in part due to 
the fact that f. i. a longitudinal wave, both through refraction and reflec
tion, is di ided into one longitudinal and one transverse part each, with 
different velocit ies. Therefore, observations of intensity must also 
allow to determine the location of planes of discontinuity. This is a 
fact which is known and has also been applied in sei mology for a long 
time. That it may aiso have a practical value has been pointed out by 
Reich in a short paper in "Sta hl und Eisen", in 1921. 'Recently this 
method is said to have been put into practice by a newly founded 
company (Prospect ion, Göttingen). I regret to say that no data on 
inves tigations already carried out are available, which makes it im
possible for me to say to what a degree these endeavour were success
ful. Theory and practice have often gone a long way until they met. 
In any ca e I would like to point out that the ei mic method in the 
last form mentioned has at lea t a chance al 0 to accomplish som ething 
in ore mining. The method can at any time be carried out under the 
surface without any difficultie, 0 that it bid fair in this direction. 
As the investigation of elastic con tant of rocks and ores are only 
known to the public to a very small extent, it is h ardly po ible to form 
an opinion on the poss ibil ity of these method and it will be necessary 
to wait for the results.'· 

The general impression to be ga in d from the preceding remarks of 
Reich is, without doubt , that the seismic method represents a new 
domain in the exploration of t rata and deposits, which was opened 
by Mintrop. 

In hi book " j'1ethoden der angewandten Geophy ik" (Methods of 
applied geophys ics), Vol. X V of the series \f/ issenschaftliche Fo rschungs
berichte, which appeared in 1926, Ambronn descr ibed the t ime-di tanct! 
curyc method correctly in the chapter "The investigation of the s truc
tu re of t he 'ubsurface by means of ela tic [ eismic! waves". However, 
hc did not mention that his pre entation of the matter in the Halle 
publication in 1921 (see page 57) \ as wrong. In particular Ambronn 
understood in 1926, that the \ elocitie of the deep layer can be taken 
from the time-distance curve. while in 1921 he thought that the time
distance curve would furni h an average value between urface and 
depth velocities. About the origins of the method Ambronn wri te on 
page 1 1 and follo\ving : "Earthquake \vaves artificially produced were 
first used by Mallet in order to measure the velocity of propagation of 
elastic wave in various types of rock and ground. Abbot worked in 
the ame direction with very large charge , Milne produced concussions 
by mean of fallin g weight ; exten ive investigations of thi kind were 
also carried out b. T Fouque, Levy and Nogues. The re ults of the e 
older re earches, however, allow ambiguous interpretations;~nöt enough 
distinction seems to have been drawn between the longitudinal fore
runner waves and the later followin g and usually much stronger acting 
surface waves. The measurement of reception are u ually carried out 
with a m ercury mirror microscope. The time of sending wa, calculated 
by mere!y counting back from the time of arrival of the ound, which 
naturally will never satisfy exact requirements. Nogue also used 
detonat ions underground and detcrmined differences in the velocit ies 
parallel and perpendicular to an o re vein. He then referred to various 
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Hems which are of influence to the wave velocity in the subsurface: 
The individual character and the composition of the rocks, their 
molecular condition, the orientation of the mineral masses, the manner 
of deposition, their density, their water contents, the position of the 
wave planes in space and the type of concussion itself. Careful in
vestigations on the velocity of propagation of elastic ground waves 
wh ich are caused by detonations , have been carried out by Hecker in 
the sands of the artillery range at Kummersdorf. Pendulums with a 
ma'ss of 2 kg, which recorded on sooted glass panes, were used as 
receiving instruments. He found 1430 rn/sec as the velocity of propaga
tion of the (longitudinal) wave which cause the first impetus, for the 
surface waves of greatest amplitude he found 238 rn/sec. Attention was 
also paid to the influences of the geological structure of the subsurface. 
Wiechert reported that the velocity of the main (surface) waves in the 
sands of the artillery range near Meppen was found to be 240 rn/sec. 
The measurements were made with a vibration meter amplifying 
50000 times, which allowed to record the step of a person in 100 m, a 
flock of sheep in 500 m, and a railroad train in a distance of 10 km. 

From the theoretical side von dem Borne showed the great im
portance of seismic investigations by ar tificial elastic waves for geologie 
exploration of the uppermost formations of the earth, writing: "As the 
observations of seismie phenomena afford us some indications regard
ing the mcchanical relations of the earth and, it is true, first on the 
geologically speaking deep-Iying portions of the same, so they will also 
give us corresponding explanations on the tectonically more important 
portions near the surface. Above all, the instrumental study of slight 
local quakes, of artificial disturbances and ground movements of 
meteorological origin, will have to intervene. Galitzin also emphasizes 
in his "Leetures on Seismometry" the practical importance of investiga
tion on the propagation of artificially produced waves in the under
ground. 

lYlintrop then sought to apply the method which determines the 
focu of earthquakes from the time path of earthquake waves, in order 
to ascertain the place of artificially excited tremors, for instance of 
field gun locations. For this purpose he constructed his tremor meter 
described on page 176. However, the practieal execution of this method 
failed, for the reason that the shots must fall very poradically in order 
not to make the general ground unrest too great, and that the discharge 
of a modern gun with recoil chambers transmits a much slighter amount 
of energy into the ubsoil than the impact of a projectile, especially one 
with a delayed fu e. The principal ob truction to this method, however, 
is the very great difference in velocity of propagation of the elastie 
waves in different ground, which varies from several hundred to about 
6000 In per sec. This hindrance is changed into just as great an ad
vantage if the problem i reversed and if now, according to Fessenden, 
Mintrop and others, the observed wave velocitie at known distances 
between pI aces of explosion and recording apparatus are used, in a suit
able way, to determine the unknown geological structure of the under
ground. 

Fessenden used submarine sound transmitters as the exciters of 
the tremor waves, whieh, dependent on events ("dependent on events" 
or "evfl. auch" in German, was added by A mbronn, Fessenden does 
not use this term 1), he also sinks in bore-holes to th e desired depth. 
Sound receivers are arranged as receivers , and can also be lowered 

J) Author's annotation. 

78 



into bore-holes to the required depth. The regi tration of the incoming 
tremor waves as wen as the registration of the time of sen ding of the 
waves are made by means of tring galvanometers. The use of mem
brane sound transmitters and tuned submarine ound receivers, on the 
principle of the telephone, ha the added disadvantage that the onsets 
are more or less sharp depending upon the damping of the system s of 
the instruments. How far his methods can actually be carried out in 
practice must remain undecided." 

Concerning the Mintrop Method Ambronn wrote: "In close connec
tion with the researches of Wiechert and his students, on the relations 
existing between the formational structure of the interior of the earth 
and the form of the time-distance curve, lintrop, for instanee, applie 
the time-distance curve method with use of arti fici al waves to the 
analysis of the structure of the layers of the uppermost crust of the 
earth. 1t comes in very favorably here that, in the maj ority of cases, 
the boundaries of formations are evidently very sharpl y defined in 
nature, in such a way that fr quently extended layers with very differ
ent wave velocities bound one another, while within the e formations 
- due to the long times in wh ich the condition of sedimentation were 
apparently essentially the same - the wave velocity remains nearly 
constant." 

In an extended paragraph which begin s with the words: "The 
seismic methods are especially qualified to investiga te the tectonic 
strueture of a stratified subsurfaee" A mbronn di cusse the va rious 
possibilities for applications, using specimen cases, wh ich he bases in 
the main on the Seismos publication of 1922, "Exploration of rock strata 
and mineral deposits with the se ismic method." 

Dr. H. Reich , district geologist with the Pru s ian Geological Survey, 
discu sing Ambronn's book in the Zeitschrift fü r prakti che Geologie, 
1926, No. 11, said that Ambronn did not duly appreciate the researches 
of Mintrop. Reich wrote: "Apart from a general introduction into thc 
essential features of each method the contents of the book repre ent 
areport, without special valuation, of all the re searches in this discipline 
which became known to the author. Only those methods are not dealt 
with which are obviously specul ative. It has, however, an unpleasant 
effeet that the certainly existing merit of the author in many of these 
methods are put into the foreground very much, while other personali
ties, who, it seem , are inopportune to the author, are either not 
appreciated as they hould be due to their actual importance (f. i. 
1introp), or are sharply criticised (f. i. Krahmann) in a way which is 

otherwise not customary." 
In his Lehrbuch der Geophysik (Text book of Geophysics) wh ich Gutenberg 1926 

appeared in 1926, Gutenberg wrote rega rding the Mintrop Method : 
"While the acoustic methods (of the Arnerican Fes enden) for the 

investigation of the structure of the uppermost layers of the earth have 
not been further developcd, the seismic method have been developed 
more and more. The first one to point at their application, I believe, 
was von dem Borne. The first practical application appears to be due 
to Dr. Mintrop." On page 500/01 of the same book Professor Ansel Ansel 1926 

wrote: "As an equivalent (to the inve tigat ion of the gravity fi eld or 
of the magnetic field of the ear th) the method of Dr. Mintrop mu t be 
added, the element of which have partly been prepared by seismology. 
In Dr. Mintrop 's m ethod concu ssion produced by the detonation of 
small amounts of explosive are transmitted to the surface and further 
to the sequence of layer below, propagat ing accordin g to the laws of 
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elastic wave propagation. From the time values measured at the surface 
depth, type of depo it , as weIl as faults in the layer s of various elasticity 
which were agitated, can then be calculated. Though simple in principle, 
the method requires a complicated apparatus and much experience in 
the field, if the results are to be reliable." 

On page 596 Gutenberg wrote: "Nothing became known so far as 
to the practical execution of the methods; in the method patented by 
Mintrop the use o( time-di tance graph i only spoken about in general 
terms. In the following paragraphs we shall therefore try to discuss 
individual cases somewhat more in detail." 

Regarding the application of the method Gutenberg wrote on page 
609: "As each use of time-distance graphs comes under the Mintrop 
patent, there can at present only be considered, for a practical applica
tion, the determination of the onset of reflected waves (echo sounding 
method). - Usually time-di tance curves mu st be constructed horn 
earthquake registrations, that is, the procedure called "Mintrop Method" 
must be applied. The accuracy attained with the Mintrop Method is 
said to average (according to Ambronn) 2-4 % in depth data and 
% % in angles of incidence. However, two cases were published by 
Heiland, in which profile. calculated by Mintrop were proven to be 
wrong by actual drilling. Cnfortun ately material that could be checked 
is hardly published at all." 

On page 616 it goes on: " In actual practiee the exploration work 
is carried out by several companie , . who are unfortunately , but quite 
naturally, more intere ted in the realization of rational management 
than in the promotion of science. Though they certainly have gathered 
special experiences with their specific methods. it must be considered, 
in judging the results published by them, that prospectuses are usually 
written in an especially optimistic way. It would certainly constitute 
a progre s if experiences, also unfa\·o rahl e ones, would be exchanged 
between the individu al companics and , cicncc. The then developing 
greater certainty of re, ult would certainly rai e the prestige of the 
methods as weIl as the number of interested par ti es, with practice and 
science stimulating one another. aso for in stance . thi is th e case in 
meteorology. 

The geophy ical methods of exploration are also of manyfold im
portance for purely scientific investigations. Refercnce is m ade to the 
determination of buried tectonics by m ean s of eismograph regi tra
tions (§ 332), and to the conclusions which can be drawn from magneti
cal anomalies on the geological tructure. Furthermore E. \Viechert 
(compare page 602i03 ) began to determine the formational structure 
near Goettingen by m eans of time-distance graphs whieh had been 
constructed from registrations of detonations in distan ces up to about 
200 km from Goettingen. He found that the velocity of the longitudinal 
waves increases to 5.9 km/sec in a d epth of about 2- 3 km, and further, 
that another plane exists between the said plane and the layer boundary 
in a depth of 60 km, in which the wave velocity increases by a small 
amount. Whether the vari stic base rock begins in a depth of 2 - 3 km, 
as Stille assumed, and what importance n1ust be assigned to the other 
surface of discontinuity, can only be found out by further investigations. 
In any case it can now be expected that the tectonic structure of the 
continents will be elucidated by these means down to the Sima limit, 
while earthquakes will give us information on the deeper layers." 

Gutenberg's statement concerning the almost total lack of publica
tions of material that could be checked can hardly be admitted. because, 

o 



in 1922, in the publication of the Seismos Company, not less than 
9 different specimen cases were included, all of them being explained 
by illustrations. 

Regarding the reserve exercised by mining and exploration compa
nies in respect to publications, Professor Koenigsberger wrote in the 
Zeitschrift fuer praktische Geologie, No . 5, annual volume 1926, dis
cussing the limits of the applicability of geophy ical methods: "It would 
be interesting to learn on what experiences and studies the opinions of 
l\1r. Z. on geophysical method are based, which were published in this 
scientific journal. This would be especially valuable in regard to seismic 
methods, because nothing has been published by Mintrop on his seismic 
method, apart from two short papers right in the beginning. We have 
nothing to rely upon but vague reports from hearsay. Other seismic 
methods, on the other hand, have not yet been tested out according to 
my information. Variou reasons allow to understand that Mintrop did 
no t publish anything from the beginning, and Schlumberger not since 
6 years. One reason for non-publication might also be that following 
this mode the scientific and practical geophysicist doe not waste his time 
in an wering critiques, which have often been written without expert 
knowledge, without participation in the research work, from personal 
motives and not from objective one , which are however written with 
so much more posi tivene s." 

In the "Korrespondenzblatt der Deutschen Wissenschaft und Tech
nik, Forschungen und Fortschritte" No. 14, July 15, 1926, Professor 
Angenheister reports on "Geophysics at the 14th meeting of the Inter
national Congress of Geologists at Madrid", writing: "The great Ger
man mining concerns founded geophy ical re earch companies which 
today are workin g in the important mining and ore areas of the world. 
Among these must e pecially be mentioned the "Seismo ", which was 
founded due to the energetic initiative of Dr. Mintrop, who was the 
fir tone to utilize the sei mic method employing artificial tremor for 
exploration work." 

In the Zeitsch rift fuer Geophysik, annual volume 1927, No. 1, 
Professor Angenheister published a paper on "Observations of detona
tions" (Thi paper belong to the eries of detonation research es which 
are ub idized by the Emergency Committee of German Science). H e 
wrote: "Seismograms of detonation were recorded up to a di tance 
of 1500 m. From the record time distance curves are deduced for 
various phases, their interpretation is attemp ed. Artificial explosions 
cause elastic vibrations of the underground, which can be recorded by 
suitable seismographs. The diagram of this experimental seismology 
show quite distingu ishable onsets, similar to earthquake diagrams. In 
considering such individual seismograms it is very natural to call these 
on ets longitudinal, transver e and surface waves, analogous to .earth
quake diagrams. However, in comparing the records taken within the 
variou distances of everal hundred meters, considerable difficulties 
arise , as, for instance, if it is attempted to identify the various corre
sponding onsets, and in increasing measure, if a physical interpretation 
of the nature of the waves i attempted. This is e pecially the case if 
records of one component only are available, much is then left to 
arbitniry choice. If the experiments are made on a subsoil which already 
shows pronounced tratification in the depths traversed by the waves 
recorded, the onsets multiply, and consequently there is increasing 
difficulty in their interpretation. Certainly the so far used time distance 
curve of the first impetus already affords a very important clue to the 
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stratification of the subsoil. lf it should be possible, however, to inter
pret the nature of the waves of further onsets and to recognize and 
identify the corresponding onsets in the records taken at va rious 
distances, then new way for the seismic exploration of the under
ground are opened. To study the above problem, it is necessary to 
systematically investigate the regi t rations. i. e., th e movement at v arious 
di stances from the point of detonation, a three component record being 
nccessary at each pi ace. Experimental researches of this type are of 
great importance to the theory of ear thquake waves, because thc 
ph ysical nature of earthquakc waves has by no means been determined 
with certainty for all on sets. 

The practical valu e of the sei mic method of exploration for mining 
does not have to be empha iz ed an y more. I t is sufficiently known du e 
to the fine results of Dr. Mintrop. 

Apart of thc elastic waves wh ich can be recorded at detonations 
penetrates still dceper than the form ations that can be opened through 
mining. This is uggested by the r esearches which have been carried 
out in the last yea rs by the Geophysic al Institute in Goettingen, direct
ed b y Professor Wiechert, on which comprehensive reports have been 
made b y the latter. Conscquently there is good reason to expect that 
the seismic method as an aid to geological exploration w ill help to solve 
the great problems of the tectonics and of the formational structure of 
the earth's crust." 

These remarks of An ,genheister's are qui te interesting in 0 far as 
the cienti st s express thc hope that the experiments subsidized by the 
Emergency Comrnittee might help to develop th e seismic method to 
becorne an aid to geological research work for the great problems of 
the tectonics. Simultaneously reference was m ade to the successes 
already ga ined by f.1introp. Thcrcforc f.1introp was also leading science 
in the fi eld of the application of artifici ally produced earthquakes . 

In 1926 Professor Schweyd ar bcgan working with the Mintrop 
Method. At first he undertook experiments with detonations, toge ther 
with H. R eich and the Prussian Geological Survey. A report on the 
first r esults is publi hed in 1\/0. 8 of the A nnual Vo lume 1926 of the 
Zei tschrift fuer Geoph ysik, undcr thc heading: " Registration of ar ti f icial 
earthquakes." The report reads. in part: "The experiments were 
at fir st made in Kumm ersdorf. on loose sands. The surprisin,g 
resu lt was found that at the short distance of 200 m the waves 
already came frorn bclow. The arne phenornenon was found in 
Ru edersdorf in limestone. and also in Sperenb erg in gypsum. In 
Sperenberg the shor test focal distance was 5.2 rn , the fir st shock being 
inclined about 76° against the surface. The waves arriving at short 
distances are either not pure longitudinal waves, or t h e upperrnost layer 
does not par ticipate in the osc illation , frorn which' would follow that 
refr acted waves are already observed at the shortes t distances. In 
Kummersdorf the period of th e ground waves was 0.06 sec, their veloc
ity of propagation was about 1000 rn/sec ; in Ruedersdorf the period 
arnounted to 0.02 sec, and th e velocity of p ropagation was 4100 rn /sec."' 

A comprehensive report of Schweydar and Reich on their ex
perimental work appeared in Vo l. XV II, NO.1 of Gerland's Beifraege 
zur Geophysik, annual volurn e 1927, under the heading: "Artificial 
elasf ic waves as an aid to geological exploration". Regarding the origin 
of the seismic method the authors say in the introduction: "The 
English seismologist Mallet and Abbot have first suggested to use 
art ificial earth quakes for the study of the velocity of elastic waves in 



the uppermost layers of the earth. Linking up with their researches, 
A. Schmidt suggested to construct time-distance graphs of artificial 
earthquakes, in order to study the law of change in velocity of pro
pagation with the depth. Belar intended to utilize such investigations 
for practical purposes, for instance in order to find out at the very 
beginning the composition of the earth formations in tunnel boring. 
He suggested to set up transportable, sensitive seismographs for (the 
recording of) artificial explosions, hoping to be able to draw con
clusions on the geological condi tion from the records. Among other 
seismologists, for instance Benndorf, von dem Borne, Mintrop and 
others it is especially Galitzin who has repeatedly suggested artificial 
earthquakes by explosion in order to study the velocity of pro
pagation of the longitudinal and transverse waves in the uppermost 
layers of the earth. He points out that these velocities depend in a 
high degree upon the phy ical properties of the upper layers of the 
earth, and that conclusion a to the composition of these layers could 
be drawn from the variation of the velocities. Measurements of 
velocities of artificial earthquakes were carried out in recent times by 
E. \Viechert and his student, especially by Mintrop. Nothing became 
known as to the results of the work of the last named." The last 
statement is not correct, in view of Min trop's already mentioned 
lecture at the Main Meeting of the German Geological Society in 1920, 
in view of the report (also published) before the Committee on Ores 
of the German Metallurgical Association in Duesseldorf, 1921 , and, 
finally, of the publication of the Seismos Company in 1922, which 
contains many specimen cases of application of the method. It is 
further incorrect to say that Galitzin pointed out that conc1usions as 
to the composition of the layers might be drawn from changes in 
velocities. Galitzin (see page 29) merely speaks of the determination of 
velocities in eruptive rocks on the one hand, and in sand and alluvial 
soil on the other hand, whereas he does not speak of the determination 
of a rock formation that is covered by another kind of rock. This 
determination is the object of the Mintrop Method. 

In Mintrop ' patent description of 1919 depth waves were already 
mentioned. If, seven years later, Schweydar and Reich determinc 
experirnentallx . that the waves come almost perpendicularly from 
belo~;vQd1en'lhis' cärtönly"prove that, in 1919, Mintrop conceived ideas 
which were unknown to other experts. 

As a matter of fact, for years Schweydar did not believe in the 
applicab ility of the Mintrop Method, wh ich follows from a letter of 
the Exploration, dated August 29, 1929, which is published below: 

Exploration Hannover, Augu t 29, 1929. 
Boden-Un tersuchungs- und Verwertungs

Gesellschaft mit beschränk ter Haftung 
(Exploration, Limited, for the exploration 

and exploitation of the subsurface) 

Prof. Dr. L. Mintrop, 
Hannover. 

Dear Sir, 

Koen igshof. 

In view of thc charges made b y Professor Dr. Mainka against the patent covering 
your seismic method, we wouId like to gi e you so me information which we think 
would b of importance for the judgment of the position of this branch of seien ce at 
the time of your application for patent. 

Before the shares of this company were tran ferred to the Seismos, which took 
place in November 1927, we tried to t ake up the seismic inve tigation of the sub
surface, apart from our main work , which consisted in gravimetrie methods for thc 
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exploration of the subsoil. Our scientific adviser for gravimetrie work was, until 1924, 
Professor Dr. Schweydar in Potsdam, who became kn own on account of the Schweydar
Eötvös torsion balance and on account of other researches. At first Mr. Schweydar, 
with whom we discussed our sei mic plans , dissuaded us frorn this on account of the 
difficulties, both theoretical and practical, which would be in the liay of an application 
of the seismic method. In particular Mr. Schweydar told the undersigned literally: 

"1 do not thi nk that Mr. Mintrop receives the waves which he believes to receive." 
Howeve r, Mr. Schweydar made up his mi nd to go to see Privy Councillor 

Wiechert in Goettingen , in order to hear the latter's opinion on the possib ilities af 
the seismic method. On the result of his tr ip to Goettingen Mr. Schweydar reported 
to the undersigned in approxirnately the following words: 

"Wiechert h as outl ived himself, his opinions can no Ion ger be considered 
authoritative." 

This pessimistic point of view taken by Professor Schweydar, who is also well 
acquain ted with se ismology, essen ti all y cont ributed to our decision not to include the 
seismic exploration of the subsurface into the range of our activi ties. Not until after 
the resign at ion of our scientific advi er, M r. Schweydar, and after the results of your 
method became k nown in the lorth German Potash Distri ct and especially in the 
Gulf Coa t of the nited t ates, did we consider the seismic field again. 

Mr. chweydar later on went into seismic exploration of the subsurface himself, 
his first report in the matter appea ring in the Zeitschrift fu er Geophysik, in joint 
authorship with Dr. Reich. 

V ery sincerely yours 
"Exploration" 

Boden -Untersuchungs- und Verwertungs-Gesellschaft 
mit beschränkter Haftung 

(signed) Gornick. 

The sentence " I do not think that Mintrop receives the waves 
which he believes to r eceive" is easy to understand in view of the first 
experimental results of Schweydar and Reich in 1926. As a matter of 
fact Schweydar up to that time did not believe that the depth waves 
refcrred to in Mintrop' s patent description actually existed. Schweydar, 
who became quite known in the field of the application of the Eötvös 
Torsion Balance for the exploration of the geological subsurface. 
especially in petroliferou s areas, only turned to the seismic method 
when the latter threatened to displace the torsion balance. 

Profe ssor V. La ka , Prag, wri te ~ "On the importance of recent 
seismometry for the geology of oil" on July 1st, 1927, in "Petroleum", 
Vol. XXIII: 

"The determination of a horizontal di cordance, i. e. , of a layer in 
which the velocity of sei mic wave is di continuous, without doubt 
belongs to the mo t difficult as weH as to the most important problems 
of practical geophysics. Recently a pa er appeared in the Geologische 
Rundschau, 1926, No. 5, which brings us much nearer to the practical 
solution of the problem. It is written by the weH known geophysicist 
Professor E. Wiechert. It is also known that L. Mintrop achieved 
considcrable results with the seismic m ethod, by successfully determin·
ing the extension of salt domes." 

In the Mining and Metallurgical Journal "Glueckauf" of January 8, 
1927, Dr. M. MueHer wrote on "Geophysical methods of prospecfing" 
(subtitle: Communication s of the Geological-Mineralogical Institute of 
the University of Cologn e): "In elose connection with the results of 
Wiechert's researches a method was developed by Mintrop for the 
seismic exploration of the subsurface, wh ich was applied with much 
success. He chiefly uses the already mentioned time-distance graphs 
of artificial earthquakes, the release of which is caused by explosions 
or by the falling of weights, with place of origin, time and force of the 
released quake being accurately known. The Mintrop Method is 
primarily used for the investigation of the tectonics of a stratified 
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subsurface. The seismic investigations are of a most simple nature in 
such cases where the layers which are to be investigated are parallel 
to the surface. They become more difficult as soon as the position of 
the planes of the various layers assurnes any angle against the surface. 
For reason that can be understood Mintrop has published very little 
about his method. As the main field of application we must consider 
the determination of faults and overthrusts, as well as the deter
mination of synclines and anticlines in folded rocks." 

In Sieberg's book "Geologische Eintuehrung in die Geophysik" Sieberg 1927 
(Ge ological in troduction to geophysics), which appeared in 1927, thc 
author discussed "the seismic exploration of local deep geology" in the 
chapter "Some working procedures in seismology". He recognizes the 
merits of Mintrop with the sentences: "L. Mintrop's method which 
was protected by German Patent in 1919, became especially known on 
account of it succe ses. Enlarging E. Wiechert's researches, artificial 
earthquakes are here produced by mean of detonations, falling weights 
and the like." 

Figure No. 235 in Sieberg's book is in all essential features identical 
to Fig. No. 1 of the Seismos publication of 1922 on "Exploration ot 
rock strata and useful deposits by the seismic method." Sieberg also 
u es the same title "Excitution, propagation and seismographical record
ing of tremor waves" which i used under the Seismos figure. 

While Sieberg (Jena) admits Mintrop's successes, O. Meisser and Hecker, Meißer, 

H. Martin (Jena) do not mention Mintrop's researches in their paper: Martin 1927 
"On experimental seismology, [" , Zeitschrift fuer Geophysik, 3rd 
volume, 1927. The director of the Reich Institute for Earthquake 
Researches in Jena, O. Hecker, writes in the preface to the paper of 
Mei er and Martin: "In 1915 I made the first experiments to use 
seismic-acoustic apparatus for the mea urement of ground tremors 
instead of the usual tremor meter . However, the lack of means during 
the war und in the po t war period did not allow the continuation of 
these much promi ing experiments. Now it has become possible, due 
to support from the Emergency Committee of German Science, to 
work out the seismic-acoustic method in a systematic way." 

Mintrop and the Seismos Company respectively financed Hecker's M introp 1925 
post war researches for years, before the Emergency Committee of 
German Science came to the aid. Then, for a time, the Reich Institute 
for Earthquake Re earches, directed by Hecker, received funds from 
the Emergency Committee as well as from the Seismos Company. 

The method called seismic-acoustic method for the exploration of 
rock trata by Hecker, Meis er and Martin in 1927 was already patented 
by Mintrop in 1925, with priority going back to November 2, 1920, as 
German Reich patent No. 417010. The text follows: 

GERMAJ'\f REICH, REICH PATE TT OFFICE. 

Patent description No. 417010 Class 42 1, Group 13. 
Dr. Ludger Mintrop in Hannover. Method for the determination of th e structur.e 

of rock strata. Addition to patent 371 963. Patented in the German Reich since 
. ov. 2, 1920. Longest duration: Dec. 6, 1937. 

The invention refers to a further development of the method for the determination 
of rock strata according to patent 371963, the elastic waves artifi eially produced in 
the area to be investigated, being received by a microphone, which makes these 
audible in a telephone or similar appliance by means of electric current; frorn the pitch 
of the tune and from characteristic by-noises the requi ite conclusions are then drawn 
as to the formational structure of the area under investigation. This arrangement is 
especially suitable, due to its simplicity , to check the investigations which are made 
according to the main paten t , and for preliminary inve t igations respectively, in order 
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to obtain the requircd general reconnaissance survey for the subsequent in dividual 
inves ti gat ions by means of the working procedure of thc main paten t . phON!/" <.)jJ'I ' ~ eIl,) 

The oscilla t ions of current gene rated in the micro phone mayaiso bcvrecorded by 
me an of an 0 cillograph or similar appliance , while the telephone i only used for 
listening purposes. 

The u e of a microphone allows, at the same time, to determine the beginn ing 
of the artificial tremors, which is, for instance, calculated from the soun d waves 
transmitted through the air. If a microphone is used which responds to the sound 
t ransmitted through the ground as well as to the one transmitted through the air, 
then two on sets succeeding one another are fo un'd in the curve recorded , which ea ily 
allow to calculate the exact in tant of occurrence. Of course two rnicrophones can also 
be connected to the oscillog raph or to the reco rding device respectively, one for the 
sound t ran mitted through the gro und, and one for the sound t ransmitted through 
th e air. By means of this arra ngement a working procedure is obtained which is 
cquivalent to the procedure of paten t 371 963, wi th respect to t he accuracy of the 
measurements, while the arrangemen t here used is still simpler and lighter in weight . 

Patent-Claims: 
1) Method for the dete rmi nation of the structure of rock strata accordin.g to 

paten t 371 963, cha racterized in uch a way. th at thc artificially produced elastic wavcs 
are received by a rnicrophone, and are made audiblc by means of a telephone, wi th 
the requisi t e conclusions being made from the pitch of the tune and frorn characteristic 
by -noises. 

2) Method according to Claim 1, characterized in such a \Vay that the art ifi cially 
produccd elast ic waves received by a microphone are photographically recorded as 
current oscillations by an oscillograph or similar device. 

3) Method according to Claims 1 and 2, characterized in such a way that 
simul taneously with the recording of the sound transmitted through the ground , the 
sound transmitted through th e air which i due to the blast ing charge, is also recorded 
in the curve , in such a way that either one microphone respon ding to the ground sound 
alul 9He miGre'ph~~e<./'" respsflding to the ai r-sound ~ used, or two microphones 
connec ted wi th the same oscillog raph, one being uscd for the ground sound , and one 
being used for the air-sound. 

F. Deubel, the geological cooperator mentioned in the publication 
of Hecker, Meisser and Martin , fully recognized the priority of l\1introp 
in his paper on "New Mefhods fo r fhe invesfigafion of fhe subsurface 
and their importance for the Province of Pomerania" which appeared 
in 1924 in the series "Communicafions of the Geological Institute oi 
the U niv ersity of Greifswald". 

Quite recen tly Meis er also emphasized the priority of Mintrop. 
The reader is referred to Meis er's paper on "N otes on experimental 
seismology", wh ich appeared in the "Pu blications of the Reich In
stitute fo r Earthquake R esearches in Jena, 1929". O n page 62 Meisser 
wrote: "Another method, which is formed after the working procedures 
of the seismology of the earth, and which was first systematically 
appl ied to experimental inves tigations by Mintrop 1) consists in the 
shooting of time-distance graphs." 

Profes or Dr. A. ieberg wrote in the journal "Steinbruch und 
Sandgrube" (R ock quarry and sand-pit), June 15, 1928: "Prospecting by 
geophysical methods, with special consideration of the seismic method": 
"The seismic exploration of local deep geology in those portions of the 
earth's crust which are clo e to the surface is based on the intelligent 
application of the working procedures in use with instrumental seismo
logy. - The whole r ange of ideas was already clearly developed by 
A. Belar in Laibach in the beginning of 1901 , in so far as this was 
possible at all, considering the theoretical know edge existing at that 
t ime. By means of self-constructed special instruments he made the 
first groping experiment for a practical applicabon. Not until 1914 

1) Mintrop, L. D. R . P . 304317, dated May 17, 1917. The same: Exploration of 
rock strata and mineral deposit s, by the seisrnic method, Hannover, 1922. Note: Meisser 
refers to the wrong pat en t de cript ion , as also does Gu tenberg in his "Lehrbuch de r 
Geophysik ". 
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was the idea successfully transformed into practice, through the 
American patent of R. Fessenden. Submarine sound transmitters are 
used as exciters, while variou electro-acoustical receivers in connection 
with photographically recording string galvanometers or the like are 
used as receiving device. Sender as weIl as receiver are contained in 
more or less deep bore holes which are filled with water. Through the 
tracing of the sound waves, which can be exactly determined as to the 
moment of their excitation, and from possible reflections, refraction 
and absorptions, conclusions are drawn on the structural position and 
condition of the conducting medium. In 1915 Hecker began his ex
periments which were later on successful, using an acoustic-seismic 
apparatus instead of the usual tremor meters. The method of L. Min
trop (Seismos, Hannover), protected by German patent of 1919, becamc 
especially known on account of its successes in nearly aIl parts of the 
globe. Enlarging E. Wiechert's (Goettingen) researches on the inner 
structure of the earth, artificial earthquakes are here produced by 
detonations, falling weights and the like. Tremor meters are used as 
receivers. The travelling times (similar to Fessenden) of elastic waves 
in the subsoil are measured, with the velocities of propagation resu~ting 
from these. The time-distance curve for some special cases was drawn 
by B. Gutenberg. Deduction and discussion of the fo~mulae are found 
especially in the papers of O. Meisser and H. Martin and of W. Schwey
dar and H. Reich, who are systematically carry·ng out detonation 
experiments, just as E. Wiechert and his students. Meisser and Martin 
work at the Reich Institute for Earthquake Researches in Jena, develop
ing E. Hecker's acoustic-seismic method; Schweydar and Reich are 
also investigating the angles of emergence of the rays. Besides, faults 
so far unknown were already determined in 19] 2 by micro-seismic 
methods applied by Sieberg and Lais to the investigation of the Central 
German earthquake of November 16, 1911; it might be worth while 
also to exploit this principle for prospecting, by the development of 
suitable instrumental means. The practical exploitation of the seismic 
method for the exploration of mineral deposits is protected by patent to 
L. Mintrop (Seismos, Hannover). However, a number of research 
institutes and scientists are also working with these methods, because 
the latter mayaIso be expected to render information of particular 
bearing for the theory of earthquakes and related na ural phenomena." 

In the review "Metall und Erz", July 1928, Dr. H. Reich wrote on 
"Notes regarding fhe further developmenf of applied geophysics": 
"Nothing else became known to us during the la t year about seismic 
investigations in ore mining, except that renewed experiments on 
certain known ore bodies were made without anything regarding the 
results being made public. 

The conditions of stratification as weIl as the physical properties 
of most ores are not favorable to the application of this method, which, 
for the time being, can be of use to the mining engineer essentially 
only for the determination of the thickness of 100 e overlayers over 
solid rock. In this respect the method cannot so far be surpassed. It 
has had its main and so far unique successes, suitably acknowledged by 
Weidelt, Barton and others, in petroliferous areas and the Iatter will 
remain its main field of application for the present. The further 
development of this method in the theoretical and instrumental field is 
quite interesting. While so far the Seismos Company in Hannover 
occupied a monopoly in this branch of geophysics, quite a number of 
new instruments and methods were worked out in Germany and 
America within the past year and, in part, were also published. Barton 
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reports brieflyon the American innovations: The apparatus there 
invented are said to be in no way inferior to Mintrop's. New in
struments in Germany are described by Meisser in Jena and Schweydar 
in Potsdam. Both, and also Angenheister outline the main features of 
the application of the method. Quite recently Ambronn came out with 
a new seismic apparatus. Practice will show which of these apparatus 
will conquer the market. To explain the advantages and disadvantages 
of each method here would lead too far." 

The chief witness for the priority of Mintrop in the field of seismic 
exploration of the subsurface, Privy Councillor Wiechert, died in 
March 1928. In his place his disciples Angenheister, Gutenberg and 
Lin<tke testify to the history of the seismic method. 

In the obituary to Emil Wiechert in the "Zeitschrift fuer Geo
physik" 1928, No. 3, Angenheister wrote: "Already in 1905 Wiechert 
began with experimental seismic researches, with tremor meters. 
Transportable, highly sensitive seismographs for photographical record
ing were built. But not until after the war did seismology become an 
experimental science. Artificial earthquakes were produced by detona
tions; ground and air concussions were to be measured up to great 
distances. This advanced new instrumental requirements; a vertical 
seismograph with photographical registration magnifying 2 million 
times was set up, light transportable seismographs were constructed; 
sound receivers were built for soot and photographical registration, 
they were highly sensitive to sound pressure and indifferent against 
gusts of wind; flying observation stat ions were assembled for seismic 
and sound observations, equipped with wireless time control. Made 
possible by large-scale support of the Emergency Committee of G erman 
Science, a systematic inve tigation of great extent came into existence. 

Great success favored these experimental researches of the last 
years. Ground movements cau ed by detonations could be observed 
more than 200 km · distant, the air sound could be followed up to a 
distance of 400 km. Here also time distance curves were deduced, the 
velocity at the highest point and the height of the latter were 
determined, discontinui ties were discovered, both in the subsurface 
and in the air. N ew ideas on the structure of the upper atmosphere 
and on the condition of the masses in the ground resulted. In an 
elevation between 30 and 40 km a warm layer begins which returns the 
sound to the earth. Possibly a new independent cycle begins there. 
A new aid to meteorology and geo]ogy was called into life, with great 
practical importance, as the results of Mintrop show." 

Professor F. Linke, Director of the Geophysical Institute of the 
U niversity of Frankfort on the Main, in his obituary to Wiechert in 
Gerland's Beiträgen zur Geophysik, Vol. XIX, No. 4, 1928, said: "lt 
is good to realize the position of seismology at the close of the last 
century, when Science tried to bring some clearness into the chaos of 
seismic registration , by means of statistical investigations. Seismology 
was mainly a geographical discipline. What important discoveries on 
the constitution of the interior of the earth and - of main interest to 
Wiechert - on the elastic properties of matter under the high pressure 
and under the high temperatures of the interior of the earth turned 
out weIl to Wiechert and to the students whom he inspired: His theory 
of automatie seismographs created the instrumental foundations. N ew 
methods of registration, to the development of which he devoted much 
time and consideration, came out Qf his institute. Through the founda
tion of the Samoa observatory by the Goettingen Academy of Science, 
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of which Wiechert was a member, he obtained access to important 
observation material from the seismica11y especially interesting areas 
of the South Seas, enabling hirn to crown his researches by the finding 
of the path which the earthquake waves take in the interior of the 
earth. Former investigations on the form of the earth, the subdivision 
of which he had at first theoretically deduced, were confirmed. Then 
he transferred his activity to the investigation of the movements of the 
outer crust of the earth, by producing artificial earthquakes. He there
fore became the father of applied seismology, which cannot be dispens
ed with today in the finding of mineral resources, and wh ich his student 
Mintrop was called to develop further." 

In B. Gutenberg's obituary to Wiechert in the "Meteorologische Gutenberg 1928 

Zeitschrift" of May 1928 we read: "It would lead too far to enter into 
a11 the successes which he (Wiechert) gained or inspired in the field 
of seismology. Of predominant importance became his idea to study 
the oscillations of the uppermost layers of the earth by means of 
artificial detonations. Under his direction Mintrop began to put this 
idea into practice at the Goettingen Institute, with the seismic method 
of exploration developing from this, and Wiechert cooperating in the 
perfeetion of the Iatter." 

As in Germany, Mintrop is also regarded abroad as the originator 
of the seismic method for the exploration of rock strata and useful 
deposits. In Germany no case of denying Mintrop's priority becamc 
known, not even on the part of the geophysicists Mainka, Gutenberg 
and Reich, at least not in publications. Indeed, these authors declare 
for Mintrop's priority in their papers, or they divide priority between 
\Viechert and Mintrop respectively. The geologists .md the mining 
engineers recognize without exception that Mintrop was the first one 
to develop the method and to apply it. Still quite recently Professor 
Dr. J. Stoller, of the Prussian Geological Survey, \-vrote a paper on Stoller 1929 

"Exploration of German petroleum deposits by means of deep wells" 
in the 1929 Almanac of the German Na tional Committee for the 
International Drilling Congresses. It reads , in part: "Here Dr. Mintrop's 
seismic method, which uses artificially produced earth tremors for the 
determination of the depth, character and thickness of rock strata and 
useful deposits, may come to the rescue, aiding and supporting. Besides, 
this method by itself can show good results in the finding and outlining 
of salt domes." 

The Mintrop Method also came to assurne great practical impor
tance abroad, especially in the United States of America. In American 
professional and scientific publications and in the Uni ted States Patent 
Office the priority of Mintrop is unreservedly recognized. 

The first report on the new method to appear in America was "Petroleum" 1923 

contained in the "National Petroleum News", April 11, 1923, written 
by the reporter of this paper, P.Wagner, under the titIe: "Seismographic 
system for exploration of undergl\ound formations". It reads: 

"Germans using Seismograph. In the last ten years, extensive ex
periments have been made in Europe, e'specially by the industrial 
branches of geology in Germany, for the determination and Iocation 
of coal, oil and other mineral deposits without going to the expense of 
drilling test holes. For the purpose of an accurate survey of the sub
terranean folds and formations, the seismographic method has been 
developed by Dr. Mintrop, an eminent scientist; this seismograph 
records photographically the wave Iengths caused by artificial disturb
ances of the earth's crust and from these wave lengths the nature, 
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density and distance of the different formations reached by the waves 
are accurately determined through the use of formulas developed for 
this purpose." 

The Oi! Weekly of December 29, 1923 wrote, under the headline 
"Extensive Explorations Made in Eastern Texas": 

"The Marland Oil Company, through its operating subsidiary, the 
Alcorn Oil Company, has been the most aggressive in the geologie al 
work that has taken place in the above mentioned counties during the 
past five months and has used the core drill extensively, besides hav
ing a squad of eight Germans imported from Germany on a year's 
contract to do subsurface work with an instrument somewhat like a 
seismograph. Prior to coming to Texas, these Germans were engaged 
by Marland in doing subsurface work in Oklahoma, and are contract
ed for until May, 1924. These Germans are considered authorities on 
the use of the seismograph 's recording waves in determining the 
approximate depth , thickness and nature of formations underlaying 
the earth surface when a large charge of dynamite or other explosive 
is fired off near the location of the instrument." 

In the Literary Digest, April 25, 1925 we read in the article: "Find
ing Oi! with Earthquakes": "Dr. L. Mintrop, a German seismologist, 
is the originator of the method." 

"Seientific Ameriean" of December 1925 referred to the seismic 
method in the article: "Buried Treasures", subtitle "Apparatus for 
Loeating Underground Minerals", and wrote: "This method was invent
ed by Dr. 1. Mintrop, a German seismologist." 

In "Engineering and Mining Journal Press" of January 9, 1926 Dr. 
C. A. Heiland, now Professor at the Colorado School of Mines, wrote 
under the heading : "Instruments and Methods for the Diseovery of 
U seful Mineral Deposits": "Acoustic waves can be used, as suggested 
by Fessenden, or else seismic waves, as recommended by Mintrop. 
Mintrop's method partakes more of the practice which is usual in 
seismology and does not necessitate boring in the area prospected." 
"Mintrop's method has a wide field of application; almost every kind of 
stratified deposit occurring in practical geology can be defined by its 
means." 

In "The Oi! Weekly" of June 11, 1926 Adam Wroblewski wrote 
under the heading: "Geophysieal Methods U sed in Loeation of Oi! and 
Other Mine rals": "Fessenden's acoustic method requires sinking or 
boring of shafts in the area to be investigated, therefore it is expensive 
and not in general use. The photo-type of the seismoscope was huilt 
in China 1790 years ago; the first to apply it in prospecting was 
Dr. 1. Mintrop, director of the Seismos Company Ltd., Hannover, 
Germany." 

In "T he Oi! Weekly" of Sept. 2, 1927 John F. Weinzierl discussed 
the introduction of the German geophysical methods in the great 
petroliferous areas of Texas and Louisiana, under the heading: "De
velopment of Geophysical Scienee in Gulf Coast Exploration." In 
the chapter "The Seismic and later Geophone Methods" we read: 
"N otwithstanding the fact that the torsion balance preceded the seis
mograph on the Gulf Co ast, the s·eismograph and the geophone were 
really the instruments to bring the greatest results. Contrary to the 
general belief, the seismograph was first applied on very difficult 
structural country instead of the more or less easily found shallow 
salt domes. Also in about 1922 microphone experiments were being 
tried out by Dr. Haseman for the Marland on Company and were 
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successful on the Hewington limes tone in the Mervine field in Oklaho
ma, hut not so in the Wellington shales in this vicini ty. 

It was probably due to Dr. van der Gracht's activities more than 
anyone else that the Marland employeq a scientific crew brought over 
from the "Sei mos" Company in Hannover, Germany, by Dr. Mintrop, 
its director. This company has had succe s on different kinds of 
structural work in Europe and especially on salt dome in Poland. In 
July 1923, upon arrival of Dr. Mintrop, the writer, at that time an 
employee of the Marland, was put in charge of this work. After various 
moves about the Mid-Continent from northern Oklahoma down into 
North Central Texas and vario-us results encouraging and otherwise 
had been obtained, it was finally decided to try the sei mic method 
on the Gulf Coast in the search of Salt Domes." 

In the article' "Seien ce Taking Hold of Gi! Finding" b y F. C. Brown 1926 

Brown, of the Bureau of Standards, see Gi! and Gas Journal of Jan. 7, 
1926, we read in the di cussion of an acou tic method: "This method 
is rather an improvement over the Mintrop seismic system (Germany)." 

On the great successes of the Mintrop seismic method information 
can readily be obtained by reading the numerous articles in "The Oi! 

. Weekly" and in "The Gi! and Gas Journal". It 'may be added that 
none of these articles were inspired by Mintrop, nor by associated 
parties. The first dome was found by the Seismos Company, near 
Orchard, Ford Bend County, Texas, in September 1924. (Sometimes 
referred to a Moore's Field). It was confirmed by a test weIl in 
November of the same year. The Gi! Weekly of Nov . 21, 1924, refer s Oil Weekly 1924 

to this in the article: "Seismograph Proves Succesful on Coast". "Pre-
vious to drilling this hole (on Orchard) existence of the dome was 
indicated through experiments with the seismograph, which has acquir-
ed the popular title of bla ting throughout the coastal counties." 

The Orchard Dome was the first dome to be discovered in America 
with the seismic method. In the first three years about 20 other domes 
followed. This is reported in detail by Logan in an article in T he Gi! 
Weekly of Oei. 21, 1927, entitled: "Coastal Operations Center on De- Logan 1927 

termined Domes, Volume of drilling now under way is result of dis-
coveries made by geophysical exploration." 

In The Gi! Weekly of Sept. 4, 1925 we read: "The first salt dome Oil Weekly 1925 

located in the Gulf coast by the seismograph was Orchard dome, in 
Fort Bend County, which was discovered by the Gulf Production 
Company's Moore Nr. 1, December 21, 1924." 

Already one year after the discovery of the Orchard D ome an 
article appeared in The Gi! Weekly: "Finding salt domes that formerly 
took years of drilling" in which we read: "All in all the coming of 
recent geophysical methods of finding salt domes has practically 
brought about a reawakening in the r oil] industry." And the American Mining and 

Institute of Mining and Metallurgical Engineers wrote in 1926, under Metallurgical 
"Development of the Gulf Coastal Area during 1925": "Geophysical Engineers 1926 

exploratory work has practically displaced wildcat-well drilling in the 
search for new salt domes in this area. The new scientific methods 
have proved much more efficient there than the slow process of 
drilling. " 

How much the seismic method brought to America by Mintrop in 
1923 surprised the experts there, may be seen, among other things, 
from ·an article by the well known geologist of the Standard on, 
Wallace E. Pratt, in the Bulletin of the American Association of Pe- Pratt 1926 

troleum Geologists in 1926, in which we read: "Two new salt domes in 
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Texas. There is something new under the sun." "For the first time in 
the history of the Gulf Coa t Oil industry it is possible to announce, 
with absolutely no ri k that any informed tudent of the salt-dome 
area will question the accuracy of the announcement, that a new salt 
dome has actually been discovered, without any weH having been 
drilled to prove the discovery or even to test the area. This is tan
tamount to the a sertion that our confidence in the eismograph (by 
means of which this discovery was m ade) in geophysical exploration 
has already come to be perfect. In other words, wherever the seismo
graph regi ter the presence of aburied salt dome, Gulf co ast opera
tors generaHy are now willing to accept the verdict just as confidently 
as though a weIl had actually been drilled into dome material. " 

Th extremely great importance of the eismic nlethod fo r the 
finding of new alt domes also follows from an article on "Seismograph 
Dome Discoveries come w ifh rush" by Wallace Davis in The Oi! 
lfl eekly of A pril 15, 1927, which reads in part: 

"Throu oh arecen t campaign of eismograph exploration, four 
major companie got resul ts which stand unparalleled in the history of 
the search for new potential productive spots by bringing to light six 
new salt domes and indications of two others within a radius of 
60 mile in Southern Loui iana during aperiod of a few weeks. By this 
unprecedented rush of di coveries the potential oil reserve of Coastal 
Louisiana is augm ented 36 per cen t, considering nonproductive domes 
already known on proven field , while the new domes ra i e the per
centage of previously di covered domes which are yet non-productive, 
72 per cent. The statement concerning the territory's possible oil 
reserve is of course an estimate arrived at on a basis of all domes 
having the ame production po ibilities. 

The area of the new discoveries borders in a general trend along 
the ~lississippi River, five of them lying on the west, one on the east 
side and a probable addition al dome on each side. O ne point of 
great significance in the new finds is that they extend the possibility 
of major production further ea tward ~ marking the fi rst coastal salt 
dome discovery east of the Mi issippi. Another point outstanding in 
the discovery is the value of geophysical in trument in locating pro
duction spots; knowledge of the presence of domes which before the 
coming of geophy ic were found and outlined after va t expenditures 
in rank wildcatting over periods of several year ." 

In the November number of "Economic Geology", 1927, Donald 
C. Barton, the weIl known American geologist, wrote on "Applied Geo
physical methods in A merica" (Page 650): 

" eismic Method. - The application of the eismic (or sonic) 
method to the determination of local geologic structure was fi rst 
work d out in 1913 by Fessenden, who in a eries of field experiments 
near Framingham, Mass., developed the instruments and technique to 
the point where he wa ab le to make practical application of the 
method. He tried to interest some mining companies in the method, 
but being unsuccessful , he dropped work with the seismic (or sonic) 
method for other lines of invention, and no practical application of 
h is results seems to have been made. Eckhart, Haseman, Karcher, and 
McCollom in 1921 experimented in Oklahoma with a seismic method. 
Their result s at the time eemed ra ther negative but very recent work 
shows that the apparent failure at that time was due largely to lack of 
encouragement and to limited financ ial resources. T he initial impetus 
to the present extensive use of the seismic (or sonic) method is due 
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very largely to L. Mintrop, and his "Seismos" Company of Hanno ver, 
Germany. Working as a junior colleague of Wiechert of Göttingen, 
he developed his instruments and technique during the war, and by 
1921 had demonstrated the potentiality of the method, ' but apparently 
had not done much actual surveying of geologic structure. Late in 1923 
his method was introduced into Mexico b the Ro 'al Dutch Shell, and 
about the same time he got the Marland Oil Company to try out his 
method in the Mid-Continent area, and slightly later, the Gulf Produc
tion Company to try out th method on the Gulf Coast alt domes. 
The success of the method in the Gulf Coast is due in very con
siderable part to the encouragement and support given to it from the 
start by 1. P. Garret of the Gulf Production Company, who previously 
had imaginatively fore een the possibilities of the method in reconnais
sance for new alt dome. The discovery by the seismograph of several 
alt domes late in 1924 gave great impetu to the use of the method. 

By the spring of 1926, Ricker, Eckhart, McCollom, Rieber and Karcher, 
all Americans, had perf cted seismographs, ome of them radically 
different from Mintrop's ei mograph, and had radically improved 
some of the instrumental t chnique of the method, and during thc 
year several additional ei mographs of American design were tried 
out in the field. The best American meth od is probably omewhat 
superior to Mintrop' . Up to 1926, the "refraction" method was thc 
only in practical use, although thcre had been some experimentation 
in the attempt to perfect a method of u. ing waves directly reflected 
back at a high angle. During 1926 the Geophysical Re earch Cor
poration perfected the in truments and technique of a r eflection 
method to the point of practical applicability." 

The Saturday Evening Post of March 3, 1928, contained a long Marcosson 1928 

article by Isaac F. Marco . on on "After Petroleum - What?" in which 
a sur ey of the whole oil industry was given. The chapter on the 
finding of new oil depo it contains the following pa sage, under 
the title: "Ar tificial Earthquakes": "Baron Mintrop, a German noble-
man, is largely re ponsible for t hc devclopment of the standard oil-
field apparatu now in use. His war experiences equipped hirn to 
employ it in geological formations. He made thc first urvey in this 
country, with his own staff of operators and instruments. Thus in-
directly the great confliet has made a valuable contribution to the 
petroleum indu try." 

In The Oi! Weekly of fan. 18, 1929 Mark C. Malamphy discussed Malamphy 1929 

"The Seismograph in the Gulf Coa t" in a eomprehensive article, writ-
ing: "While the eismograph ha been u ed for many years in the 
study of earthquake , only recently has the portable type of field 
instrument been built and adapted to the study of sub urface strata in 
the search for potential oil producing tructures. In 1923, l\1introp, a 
German scientist, fir t introduced the instrument to the oil fraternity 
on the Ameriean continent. There had been a con iderable amount 
of preliminary work done by American sei nti t prior to this tim e 
but no commercial work had been attempted. Working under contraet 
with the Gulf Production Company, Mintrop was uccessful in locating 
several salt domes in the Gulf Coa t in the ensuing year. The e di -
eoveries gave con iderable impetus to the dcvelopment of sei mo-
graph equipment, and in a few year many of the major companie ~ 
had developed instruments of their 0 'n." 

This paper was diseussed in the Information Circular, Geophysical Bureau of 

Abstract No. 1 ot May 1929 (i sued by the Department of Commerec, Mines 1929 
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Bureau of Mine ): "A brief review of the h istory of sei mographic 
exploration in Texas is followed b y an elementary description of the 
fundamental idea involv ed in the method, the principles on which the 
different types of ei mographs ar e ba ed, on a tatement of the main 
physical fact which determine the velocity and path of an explosion 
wave through the ground. Thi i followed by an outline of the method 
of working and of interpreting the re ult , illustrated by a diagram and 
graphs of the time-di t ance urv . The e graph are entirely imaginary 
and repre ent what the writer think hould happen under the assumed 
conditions according to the till popular "Mintrop theory"; no other 
method of interpretation i mentioned, so th at the reader is left to 
infer that these idea are universally accepted." With the la t sentence 
the Bureau of Mine allude to recent improvements of the seismic 
m ethod. 

In The Oi! Weekly of lune 26, 1929 lack Logan wrote an ar ticle on 
" Discov ery of deep dom e revises Gulf Coast Potentialities", which 
oives a ver y comprehen ive de cription of the historie and economic 
development of thc oil fields of Texas and Louisiana, due to the 
application of geophysieal methods of investiga t ion , especially of the 
eismic method. With reference to th last Logan wrote: "The first 
eismograph crew was brought to thc Gulf Coa t for th e l arland üil 

Company . Soon afterwards Gulf Production Company had three 
troops working in the G ulf Coast. A monopoly on the seismic work 
was held at that time by the 'Sei sm oc' G . m. b . H . of Hannover, Ger
many, directed by Dr. ·L. lin t rop . The .Marland üil Company and 
Gulf Produetion Company employed the 'SeL mos' troops for the early 
work. Moore 's fi eld (Orchard dome) , found the latter part of 1924, is 
the first discover y credited to the eismograph. Long Point and Moore's 
fiel d were the onl T geophy ical discoyeries in 1924 in the Gulf Coast." 

It ma. be mentioned here that the Seismo Company enjoyed the 
monopoly by n o mean c on account of a patent, b ecause the latter one 
was not awarded un til 1926. It po sessed the monopoly because the 
seismic m ethod wa new. 

In 1929 The American In stitute of Mining and l\1etallurgical 
Engineers, N ew York, published a book on "Geophysical Prospecting". 
Donald C. Bar ton contribu ted the part on "The Seismic Method of 
Mapping Geological Structure" and repor ted on the history of the 
seismic method. He emph asized that he ehiefly followed a presentation 
of the histor y by .. chweydar and R eich . The passage in Barton's 
article reads: "The fi rs t proposals for the use of artificial earthquakes 
in the stud of velocity o f elastic wave in the surface formations of 
the earth' s crust were m~de b efore 1888 by the English seismologists 
Mallet and Abbot. Partlyon the basis of their work A. Schmidt in 1888 
proposed the use of tim e distanee graphs of artifieial earthquakes to 
study the variation of velocity with dep th. Belar in 1902 proposed the 
practical application of such investig t ion in connection with boring 
tunnels. Galitzin r epeatedly (1912, 1913) proposed the use of explosions 
to study the velocity of the longitudinal and transverse waves in the 
uppermost formation s and pointed out that the velocity depended in 
a high degree on the phy ical character of th e beds and that from 
changes in the velocity , conclusions could be drawn in regard to the 
composition of the beds. Somewhat the same thought was proposed 
by von dem Borne (1908). b _ Benndorf, U dden and others. The first 
application of the use of artificially excited elastic earth waves to the 
determination of Ioeal strueture was worked out by Fes enden , who 
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in 1913 in aseries of field experiments near Framingham, Mass., 
developed the instruments and technique to a point of practical 
applicability and patented his method. He used an adaptation of sonic 
sounding for depth in water ; asonie sounder, immersed in water in 
a bore hole, was used to set up a controlled series of compression waves 
in the water, which in turn set up elastic earth waves in the surround
ing ground; sonic receivers were immersed in water in other bore holes 
and connected with photographically recording galvanometers ; frorn 
the reflection, refraction, and absorption of the waves, conclusions 
were drawn in regard to the character of the intervening ground. 

L. Mintrop and O. Hecker started experimenting early during the 
Great War, Mintrop with a mechanical seismograph and Hecker with 
a microphone and recording galvanometer. Working as a junior colleguc 
of Wiechert of Göttingen, Mintrop perfected his instruments and 
technique to the point of practicability and in 1919 received abasie 
patent, since revoked (Note: Barton mentioned here the German 
working-procedure patent), on the application of the eisrnie method 
to the working of local geologic structure. By 1921, he had demonstrated 
the potentiality of the method but apparently had not done much actual 
field surveying of geologie structure. 

In this country, Eckhart, Haseman, Karcher, and McCollom cx
perimented with a seismic method in Oklahoma in 1921. Their results 
then seemed rather negative but the apparent failure at that time was 
due largely to lack of encouragement, to limited financial resources, 
and to the attempted application of the method in an area of slightly 
too complicated geology. 

In the early summer of 1923, b1introp's method was introduced in 
Mexico by the Royal Dutch Shell. In the late summer or autumn of 
the same year, his method was introduced by the Marland Oil Com
pany in Oklahoma and in the fault line district north of Powell, Texas, 
and in the spring of the following year in the Gulf Coast Salt dome 
district of Texas. The discovery of several salt domes late in 1924 by 
a troop of Mintrop's 'Seismos' Company, working for the Gulf Pro duc
tion Co., gave great impetus to the use of the method. 

By the spring of 1926, Andersen, Eckhart, Kareher, McCollom, 
Ricker, Rieber and Trueman in this country had perfected seismographs 
of varying degrees of fieldworthiness and of varying types, ome of 
them radically different from Mintrop's seismograph, and some of the 
instrumental technique of the method being radically improved." 

In the same articIe Barton w ote on the success of the method 
introduced by Mintrop: "In the discovery of salt domes in the Gulf 
Coastal Plain region of Texas and Loui iana, the seismic method has 
scored the most brillant success. The general effect of the introduction 
of the seismic method into the salt dome area of Texas and Louisiana 
has been to speed up the discovery of salt domes about 75 years." 

The Italian Professor Arnaldo Belluigi wrote the following about 
the Mintrop Method in Echi e Cornenti, on July 5, 1927: 

" It is known how petroleum is searched for today, indirectly with 
the torsion balance, and in same ca ses with special seismographs, which 
are particularly sensitive. Seismic investigation has already made 
remarkable progress in the field of time registration by Mintrop. I t 
is, however, necessary, if the method is to be successful, that the 
tectonics be simple enough; otherwise it would be difficult (we prefer 
to avoid the word impossible) to find one's bearing in the seismo-
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grams, which how a ycry complicated way of acting of the elastic 
wave in the subsurface." 

In the , ame journal Belluigi, on Oct. 5, 1927, wrote: " lechanical 
waves produced by artificial explosion in the field , waves, which are 
sometime called pseudo ei mic, are u ed for inve tigations as an aid 
to mining, as i weIl known. The eismic method ha already had 
succe ses (however, not as many as the gravimetric method) , and its 
actual ucce ses were obtained by Dr. Mintrop in the outlining of large 
salt dome. We would like to POÜ1t out that the method under Dr. Min
trop , the director of the Sei mos Compan y, and a dis tingui hed seismo
logi t, only had ucce ses because Mintrop worked with the seismo
graph for mor than ten year and command an experience which 
cann ot be extemporized. H owever, the results which are known only 
refer to the determina tion of , alt domes or of bedding plane in 
general, which , imply throw back thc mechanical wave, . Nothing can 
be said about result in oth er casc , for in st ancc of in vestigations of 
discordant, or in ome \vay di turbed, area ." 

The British a! 0 acknowledge Mintrop's priority. For instance 
1. H. Haddock, F. G. S., A. M. I. M . E. wrote in "The Colliery Guardian" 

of A ug. 5, 1927: "Dr. }\1in trop has un dertaken observation collecting 
and developing usable mcthod ' of investigation through the firm "Seis
mos" Ltd., in H annover . All workcr in thi fi eld are indebted to the 
pioneering work of Wiechert and hi able pupil Gutenberg, the re ult 
of who e labour , combined with the very e., tensive experimental 
material of man y earthquake ob erv ations , have brought about prac tical 
conclusions upon which modern methods of location by means of time 
travel curves or course time cur\"es dcpcnd." 

The problem which was solved by the M in trop method was very 
clearly characterized by the Briti h Profes or A. O. Rankine, O . B. E. 
D. Sc. Rankine wrote in " Na ture" May 4/11, 1929: "The phenomenon 
with 'Yvhich we are dealin g is the am e as that which h as recently been 
recognized a operative in natura l ea rth q uakes. Even in near earth
quake. where the curvature of the ea r th plays no importan t part, the 
records of se ismograph how preliminary di splacements which 
apparently corre pond to ·'ray, " from the earthquake source which 
pas from an upper stratum (of low propagat ion v locity) at the critical 
angle into a lower stratum (of highcr propagation velocity), run parallel 
to the interface and eventuall y em erge again at the critical angle to 
reach the sei mograph on th e urface. Thi i. of course, an "optical 
path" of an extrem e character accordin g to the ordinary laws of refrac
tion , but since the initial incidence is at the critical angle, total reflec
ti on would occur according to the same laws, and no energy at all 
would be associated with the path in question. Dr. Jeffreys (On Com
pres ional Waves in Two Superposed Layers, Publications Cambridge 
Philosophical Society v ol. 23. p. 472, 1926) has however shown that if 
the problem be treated as one of diffraction instead of simple refrac
tion, the rather curious re ult emerges that a finite fraction of the 
initial energy ·may be expected to reach the seismograph (as in fact 
found in practice) at a time which is the ame as that obtained by 
considering the extreme optical path abov e described. This applie to 
longitudinal disturbances. There are in solids , of course, transver e 
disturbances as well , but th e e travel more slowly, and need not 
concern us here, ince, a has been already stre ed, the que bon is 
one of first arrivals . 

Prof. Mintrop was th e first to recognize the applicability of this 
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phenomenon to the smaller scale problem of the relatively shallow 
formations in the earth, using artificial explosions instead of natural 
earth quakes. As a result he has initiated a practical system which has 
been widely and successfully used to determine the depths of such 
formation s." 

Tbe recognition of thc l\lintrop lvle tl od is quite general. Neither 
in German nor in foreign publications can any passage be found that 
denies the priority of the seismic m ethod to Mintrop. The m ethod 
mentioned in the preface and described on page 33 (Fe senden Method) 
is not m entioned in any publication, exept in "Economic Geology" 
and in "Geophysical Prospect ing", where Barton reports that Fessenden 
in vain tried to interest mining companies in the m ethod. In view of 
the fact that the Fessenden Method uses bore holes, the rejection of 
this method by industry can be understood. 

The U nited States Patent Office recognizes the difference in 
principle between the methods of Fessenden and Mintrop, by grantin g 
to the last mentioned the seismic patent No. 1,599,538, under date of 
Sept. 14, 1926 with priority of the German application of D ecember 6, 
1919. The patent is called "Geological Testing Method" . Its text is 
appended: 

Patented Sept. 14, 1926. 1,599,538. 

UNITED TATES PATENT OFFICE. 
Ludger Mintrop, of Bochum, Germany. 

Geological Testing Method. 

A pplication filed December 13, 1920, Serial ' 0.430,432, and in Ge rman y December 6,1919. 

(G ranted under the provisions of the . ct of March 3. 1921,41 Stat. L., 1313.) 

My invention rda tes to a method of a ccr t aining the geological trueture of the 
st ra t a appertaining t o a partieular region such method heing useful in pa rticul ar for 
minin g operations whcn de"eloping a lode o r opening asea m . Up till now in all those 
ca es where the na tural forma tion of the ground does not throw ligh t upon t he suhject , 
reco urse must be had to boring . H owever, th e sinking of bore holes regula rly con -
titutes a t edious and expensive opera t ion wh ich moreover cannot even be employed in 

all cases. Again, when<:ver it has been me rdy a ques ti on of primarily obtaining an 
idea of the approximate composition of the strata, the divining - rod has been , as may 
be weil known, experimented with .. ' otwithstanding, as is weIl kn own t o th o e . killed 
in the art, it has been so far imposs ible to estahlish an indispu t able conneet ion be tween 
the ac tion of the divining rod and the geologieal peculiarities of the sub soil. A seeond 
method of working and serving the same end of securing merely approximate da t a, 
consis ts in the application of electri c waves from t he action o f wh ich certain definite 
inferences are then drawn as to the arrangement and thc peculiar na ture of the st rata. 

Now in aecordance wi th my invention it is likewise intended th at wave per se 
shall be employed for the purpose of ascer taini ng the ar rangement of the strata, 
however, not elect ric waves but elastic wa\'e , produced by mechanical means. I employ 
these waves in appreciation of the fact that the connection of such mechanically 
generated waves with the propertie of the strat a, such as densi ty an d elast icity, w ill 
be fa r more direet and therewi th far more intimate than the correlation to elect rie 
waves. To this end, there are gene rat ed in accordance \\'ith m y inven t ion wi thin the 
measuring area and at a sui t able point th ereof, a rtificial mechanical waves, say, for 
inst ance, by the de tona ti on of a ce rt ain quantity of explosives, t he elastic propagation 
of these mechanical waves through the different beds being recorde d by a seismograph 
se t up at a suitab le distance remote th erefrom. The records thus ob tained are then 
made use of in exact ly t hc same man ner eust omary in sei mology for the pur pose of 
se tt ing up the so-call ed "travelling time eurve" and in order to compute the veloci ty 
of the waves at the various depths. I am aware that in seismology, a tt empts have 
already b een made t o arrive at eert ain conclusions relativel y t o th c ge nera l geological 
forma t ion of the earth as a whole. 

For general information on thi s comparativel y recent ar t reference is ma de, 
especially with regard t o the use of " t ravelling time cu rves" or some t imes hortIy 
called "time cu rves" , t o "Modern e ismology" by G. W. Walker, published in 19 13 
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by Longmans, Green & Company, New York and London, where on page 53 and 
following, the function and use of t ravelling time curves in seismology is dealt with 
in detail. For t he present purposes the use of these curves will be hortly explained 
herein after. 

Thus far , however, the investigators we re able b y such observations to only 
draw approximate and general conclusions as to the structure of the entire eartb, and 
at that with observations based only on accidental natural earth shocks of un
controllable duration and origin. 

On the other hand, in the present instance, the noteworthy feature is that the 
observation to be effected does not rely upon the un certain occurrence of natural 
earthquakes, but that there are produced, purposely and by special me ans, artificial 
earth shock s, in consequence of which alone the possibility is created of carrying out 
observations of thi character for a particular locality and for adefinite period of 
time. Of essen t ial importance in this connection is moreover the fa ct that by means of 
my improved method there is now also provided a convenient form of comparative 
measurement fo r the purpose of determining the propagation of the elastic waves 
within the strat a and of their t ime of arrival at the eismometer, respect ively, by 
employing, for the purpose of ascer t aining the moment when the elast ic oscillations 
are excited, either the sound waves created in any case on the detonation of the 

- explosive charge, or el e b y effecting a transmission by means of light, electric 
current or electric waves, respectively. 

From the surface peed and the three dimensional speed of the waves, as also 
from the depth s down to which the waves have penetrated the st ra ta, but in particular, 
horn the mutual rela tion of the velocities of the longitudinal and tran versal waves, in
ferences m ay be drawn re pccting the elastic properties of the str at a tr ave rsed by the 
waves. It will thus be found that e pecially from the point of inflection and the bends 
in the "tra elling time curve", there may always be inferred that there ex ist fissures in the 
elastic propertie of the trata, as al 0 inflection , refractions, and reflections at the 
marginal level thereof. 

The manner in which my novel method is employed is illu trated in the 
accompan ying diagram in which: 

Figure 1 diagramma tically repre ents the e t-up of the apparatus prepara tory to 
making the observation; 

Figure 2 repre ent a port ion of the recording tape on which an observation of 
the artificially produced ca rth hock and its traveling time has been recorded; 

Figure 3 i a t raight line traveling time curve composed from a plurality of 
individual ob ervations uch aare recorded on the t ape shown in Figure 2; 

Figure 4 represents a straight line velocity curve re ulting from the traveling 
time curve in Figure 3; 

Figure 5 repre ents a bent travcling time curve as a rcsultan t of inc reasing 
den ity of t he ground under obse rvation; 

Figure 6 represent a velocity and a depth curvc ob tained from the traveling 
time curve in Figure 5; 

Fig ure 7 reprcsen ts diagrammatically a tr aveling timc curve with bends in it :lS 

a result of a sud den change in th character of thc undcrlying str at a; and 
Figure repre en t s t hc velocity and depth curves ob tained from the observa-

tions plot t ed in the t raveling time curvc Figure 7. 
Refer ring to Figure 1, 1 represents a recording field eismograph for the purposes 

of the pre cn t inven t ion and of a const ruction and cha raeter describcd and illustrat
ed in my U. . Paten t o. 1,451,0 0, dated April 10th , 1923. The recording 
seismograph hown in Figure 6 of that patent consists of a pendulum devicc and a 
photographic recorder, both of which inst rumentalities may be assumed to coopera tc 
in the pre ent case as described in the aforemen t ioncd patent, the pendulum device 
being den oted in the present Figure 1 wi th 2 and thc photographic recording device 
being diagrammatically indica ted at 3. A t a suitable di t ance from the seismograph 1 
a cartridge 4 filled with suitable explo ive i located and an electric circuit 6 is 
es t ablished between the car t ridge and t he recording device 3, including the battery 5, 
of such character that whcn thc cart ridge i explodcd the circui t is interrupted and 
thu ,by uitable means described in t hc aforementioned patent , a mark 9 is made 
on the reco rding t ape ilIustrated in present Figure 2. 

Rcfe rring to Figu re 2 a tape portion i hown at 7 and assumed to con tinuously 
travel at a certain rate of speed, mean being provided in the recording apparatus to 
make recording mark at st atcd cqual t ime in tervals, for ins t ance in seconds, a 
shown at the lower tape edge in Figure 2. 0 long a no shocks arrive at the seis
mograph a str aight cent ral line i recorded on the tape b y t he mean provided in the 
aforementioned apparatu. As oon a a hock dis tu rbs the equilibrium of the sei -
mograph pendulum, the mirror of the instrument oscillat es and instead of making a 
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straigh t line record on the t ape, oscill ati ons such as are shown at a or b or c are 
rcco rd cd . 

By other suit able means shown and described in aforemen t ioned patent, the 
interruption of the circuit 6 on the explosion of the cartridge records the vertical 
mark 9, ab ove referred t o, on the t ape shown in presen t Figure 2. The time which 
has elapsed between the ini ti al mark 9 and the appearance of the first oscillation a 
is called the "traveling time" of the elastic wave . A number of sepa rate sub equen t 
waves or 0 cillations are gene rally recorded on the t ape due to the ame explosion or 
shock. The firs t osci ll ati ons aare due t o t he elasti c waves tr aveling th rough the 
gro und, the second oscillat ions b are air waves and thc third oscillations c ale usually 
due to very long ground waves. 

Fo r the present explanation it is sufficien t to receive the first sharply defined 
shor t ground wave noted by th e oscillat ions a. Thc t raveling time t thus reco rded 
consti tutes t he time which these waves con umed in traveling from the point of 
origin t o the seismograph. 

This t ime will be the greater t he further t he seismograph is remove d from the 
origin of the shock . Thus if t hc reco rd ing apparatus be a sumed to remain stationary 
in Olle cer t ain place and if successively a number of cart ridges are exploded along a traight 
line furt her away from the eismograph, bu t at equal distances fro m each other, the 
t raveling time inc reases in homogcneou ground proportionate to these distances. 

ueh a traight line traveling time eurve i ho'\vn in Figure 3 in which the ordin ates 
represent the travelin g time t and the abscissae repre ent t he dist ances e from the 
se ismograph, at '\"hich th e shocks have bccn produccd. In the example given the 
shocks are produced at thc di t ances el, e2, f'3, .... fn and accordingly the values of the 
traveling times t l, l?, 13 •••• in, have bcen observed a t thc seismograph, the soil 
condi ti ons in -the presen t example bcing assumed to be of such character t ha t a str aight 
li ne traveling t ime graph is ob tain ed. From t hc mea ured distance and the observed 
t raveling times t hc speed o r vclocities of thc wavc for the different clistan ces are 
obt ained as: 

Bcing assumed that: 
e l f 2 e 3 ...... f n 

l t I ~ t 3 

, 
In 

[t follows that: .... 
VI V "1. -== " 3 -, Vn 

In o thcr words, the speed of thc waycs i constan t , and thcreforc, t his explains 
why the tr avcling time curve is a straigh t line. Thus in thc graph shown in Figure 4 
in wh ich thc speed of thc waves is pl ottcd against t hc inereasing distance e, the speed 
eurvc is a straight line in parallel to ahscissac line of thc graph. Since the peed 
curve shows a const ant speed, thc corrcspondin g depth curve would also show a 
con tant depth and would according ly be represcnted a a straight line eoinciding 
wi th t he abscissae linc, wh ich hows th at the depth is zero. In other words, this 
ind icatcs th at the waves haye travcled along the urfaee of the ground in the 
example ass umed in Figurc 3 and 4. 

In Figures 5 and 6 are illustratcd graphs which more elosely re emblc actual 
observations, even though it is assumcd in thi examplc , that on ly one trata i 
observed. The observat ion represcnted in Figure 5 are again assumed to havc becn 
made with shocks produccd at different di t anccs e l , e2 ..... en from thc poin t of 
observation . It will be notcd, howevcr, from the uniformly curved character of the 
tr aveling time curve that the traveling time doe not increase proportionat cly with 
t hc distance . In this graph the approximate paths of the clastic wave are indicated 
by lines provided with arrow, and it will bc noted that the deeper the hocks 
penc t ratc into t he ground the shorter become thei r traveling t ime, i. e., the more 
their speed increa es. Thc corresponding tr aveling speed curve is shown in Figure 6. 
Such an increa e in speed with increase in di tance between the point of shock origin 
and the point of observation would be caused for in tance in andy soil by th e fact 
th at quite naturally the sand is comparatively 100 e at and near the surface, whereas 
it in crease in density with t he depth owing to the increased pressure of t he upper 
layers of and . Thus thc curved pat hs of the elastic waves shown in Figure 5 are 
produ ccd, penetrating deeper and deeper into the ground as the distance is increased, 
whereas in Figure 4, which assurnes theoret ically uniformly loose soil, th e shock s 
woul d only travel along thc surface of the ground. It thus follows that t he traveling 
time curve will be curved thc more, the more the den ity of the sub -surface increases, 
in other words , the more th c traveling speed of the waves increases wi th the depth. 
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Inversely a definite increa e in speed ob erved cor responds wi th adefinite 
Increase in depth which the tr aveli ng waves have attained on t heir way from the point 
of origin to the poin t of obse rvation. Figure 6 illustrates the depth curve corresponding 
with the speed curve plot ted fr om the ob ervations . The different speeds observed at the 
diffe ren t distances are easily calculated from t he t raveling t ime curve originally 
ob tai ned from the ob e rvations and shown in Figure 5 as follows : 

el e 2- e l .... 
" 1=-;V2=---; Vn 

t l t 2 - t l 

In t he examplcs represented by the combined graph and subsoil diagram Figure 7 
and the grap h Figure ,the case is assumed that a str at a of considerable density, 
for inst ance limestone, underlie a compara t ively of t upper trata, for instan ce loose 
sand. When ob servat ions are made in such a case the tr aveling peeds, instead of 
gradually and uniformly increa ing with the distance as shown in Figure 5, increase 
abrupt ly from the point at which the elastic waves, heretofore traveling in loose sand, 
en ter the den e limestone. At such a point the traveling time curve suddenly shows 
a sharp bend (at k in Figure 7). While thu t he speed derived from the first part of 
the eurve shows the traveling pced in the upper 100 e strata , the port ion of the 
curve following the bend gives an in dicat ion of the propagation speed in the lower 
denser strata. Such observation re ult then in a peed curve as shown in Figure 8 
which shows a sudden increase in speed when the waves enter the denser str ab , 
and eorrespondi ngly the depth eurve assurnes a sudden downwa rd path at this point . 

These simple example given , plainly dcmol!strate tha t by thus ob erving Oll 

the surfaee of the ground the varying speeds of the elastic waves in underlying 
strata, the desired information a to the con-dition of the sub oil may be ascer ta ined 
without physically examining the diffe rent trata, such for instance as by bore holes. 
Such seismic observations give the very definite information th at in a eer t ain depth 
a strata of d iffe ren t eha racter underlies the stra t a visible at the surfaee. As explained 
hereinbefore, the character of such an underlying st rata, whe ther dense or loose, is 
ascertained from t he t raveling speed, obtained in direetly from t he traveling time curve, 
since t he speed is the greater the grea tcr the den ity of the trata. For in stanee limes tone 
propagates elastic waves at a much grea ter speed th an sandstone and in tu rn, sand
stone propagates at a much grea ter speed than for ins t ance clay. 

In tu rn, the foregoing clearly hows t hat thu al 0 the depth of the strata can 
be ind irectly ascer t ained from the ob erved traveling time curve. 

For example, referring to Figures 7 and ,let VI and Vt represent respectively 
the speeds of the ela tic wave in the upper and in the lower st rata and let k be thc 
distance of the bend in the tr aveling t ime curve from the tarting point of the t raveling 
t ime curve (0), then t he depth H of the lower strata is calculated from the equation : 

v 
wherein c represen t a functi on depending upon t he re lation -.-: and which is known 

"2 
to all those skilIed from the weil known mathematical development of th e earthquake 
theories. 

For instance if VI is calculated fro rn the observat ion as = 1000 rn/sec; V2 = 
2500 rn/sec, and thus 

"I .- = 0,4 
V2 

the value of c would be calculated as 0.32 aceording to weIl known formulae. If now 
the point k at which the traveli ng time curve bends is rneasured as 100 meters , the 
depth of t he denser strata would be 32 met er . 

For general information to those skilled in the art attention has already been 
called hereinbefore to the book en t itled "Modern Seismology" by G. W. Walker, 
which contain all information neee ary to make the required calculations referred 
to hereinbefore, t he present method being a novel embodiment and novel praet ieal 
use of the seisrnic theorie earlier developed. 

However, the fac tor c may in practice also be determined empirically by record 
ing traveling t ime eurves in a territory which has been eornplet ely explored as to its 
geological character by act ual drilling ope rations . Such empirical methods would 
obviate makin g use of man y of the forrnulae u ed in nat ural seismologie al observat ions 
and calculations. 

Observation of the above rnentioned charaeter also enable the ascer t aining of 
the presence of a numb er of differen t laye rs of different density. In the same manner 
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as explaincd hereinbefore the cha racter and dep th of the in di vidu al layers may be 
ascertained by obse rvin g the diffe rent bends in the t ravcling time eurve. 

Even th ough by these mean s it wi ll not in a11 eases be always possible to exactly 
de te rmi ne the pa rticular pecies of mineral per se, ye t it will in general suffice to 
ascertain to what dcpth the strata visibly appea ring on t he urfaee ex tend and what 
is the thickness of the more solid or looser layer following thereunder, respectively, 
whether t he manner in whieh the layers succeed each other corre ponds t o the normal 
geological forma t ion of th e region or not . Thi point is of paramount import anee in 
filling - in geolog ical maps or when it b ecomes a question of fixing th e pots in a ee r
t ain region whe re bore-holes and haf ts are to be sunk. Then again, for inst ance, 
depo its of lignit e and rock -salt evince such a characteri tic elastic react ion that 
deposi t of th is nature may be direct y a certained - while making due use of othe r 
observations - by means of my improved method . At the same time, the said improved 
method itself is ext raordinarily eheap and simple, since only a few pound of ex
plosives are all th at is required for each observation, while the seismometer employed 
in connect ion therewith i so constructe d as to constitute a simple, light and handy 
ins trumen t. Beside , the persons required t o earry out the Held opera tions need b y 
no means be scien tif iea11 y trained, as the computation of the results obtained b y the 
observa tions may be carried out along scien t ific lines ubsequcntly. In this manner the 
sub-surface cond it ion of several square mile ' of territory may be a cer t ained in a 
few wecks, in other words, at an extremely small fraction of time and cost re quired 
fo r the sinking of a single borc hole . The improved method may al 0 be made use 
of, when sinking shafts in quicksand, by means of thc freezing process, thus enabling 
the observers to ascer t ain t o what cxtent the soil has already become solidly frozen . 

In th c place of the sei mometer proper, ",h ieh mechanieally indicat es the shoeks 
produeed and records them by the aid of a heliograph , u e may likewise be made of 
a mierophone adapted to ren der the shocks audible by means of an e leetric current 
in a telephone or in a galvanome ter. Th is is based on an appreeiation of t he faet that , 
aecording to the clast ie properti es of the ubs oi l, the pitch of t he waves produeed by 
ar t ifieial shocks will vary , for instance more nc.:arly resembling a "ring" than a "thud" 
in which case frequcntly eharacteri tic accessory ounds will in addi t ion make 
t hemselves heard. By eomparison wi th the data ob t ained by means of a seismograph , 
or by direct rcference t o spots the geologica l structure of which is kn own, thc true 
inferences ma y then be drawn. 

To thi end, aeou tic appliances kn own a terre trial listening deviccs and wh ieh 
have been widc1y employed durin g the late war for the purposc of dctermining mining 
operat ions on t he part of t he enern)" may he direct ly made use of, sinee devices of 
thi s kind are already suitably desi gned or else may be easily adapted t o thc purpose 
had in view. It will thus be unders tood t ha t in the plaec of the pendulu m u e is 
made of a microphone, placed face down on th e ground or sligh t ly b ur ied therein, 
and, in tead of a photographic reco rder, a telephone or gah'anomcter o r the like is 
employed. I may however also reeord the "travclling time eurve" by pho tog raphically 
reeordin g t he f1 uctuations of current aris ing within the microphone by me ans of an 
osci llograph or a lik e apparatus, thc telephone heing mtrdy em ployed for t he reeeption 
b y sound. Thc u c of a microphonc furthcr pcrmits of a cer t aining the momen t at 
which thc ar t ifi cial concus 'ions t ake place. By employing a mierophone influence d 
b oth by the ter restrial an d by the air ",ave one obtains t wo marks, one succeeding 
the ot her, in the curve reco rded and whieh all ow of eas ily computing the said mo
ment. I may however also employ two sepa rate microphone , one for the t errestri al 
and one for the air soun ds and connect them with the 0 cillograph or the pho to
graphic recorder. 

A device of thi sort is fully equi valen t, as far as accuracy of measuremen t is 
eoneerned, t o the seismographic apparat us, but exceeds th is latter in poin t of 
simplici t y and light weight . 

The mcthods hereinbcfo re described may howcver also he employed in eomb ina
t ion, the acou t ic receiver being for instancc made u c of in carrying out ce rt ain 
p re limin ary tests furnishing general data as to the geological character of a region , 
whereup on more e. act special investigations are carried out with the aid of the 
se ismometer. 

I claim: 
1. The method of a 'cert aining geological tecton ic forma ti on which comprises 

genera t ing art ifi cial seismic wave so as t o cause them to be tr ansmitted through the 
ground from a poin t sclected at will and dctecting the characte ristic of aid w aves at ::\ 
determinable distan ce from said point. 

2. The me thod of ascer t aining geological tee tonic formations comprising generat 
ing artificial ei mic wave so as t o eause t hem to be tra n mitted through the ground 
from a po int selected at will , detecting the characteri tics of aid wave and from 
said de tected cha raeteris tics determining sub urface strat a. 
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3. Thc meth od of aseer t ain ing geologiea l tectonic forma t ions whieh eomp rises 
ea using an ex plosive cha rge to de tona te subst an ti ally at the su rfaee o f the ea rth so 
a to t ransmit a rtif ie ially generated e i mie wave t hrough the gro und fr om a po in t 
sclceted at will and de teet ing the eharaeteri tie of said waves. 

4. The met hod of asee rt aining geologieal tectonic formation wh ieh eompr ises 
gene ra t ing ar t if ieial sei mie waves ' 0 a to eause t hem to be tr an mitted th ro ugh the 
ground fro m a poin t seleet ed at will and a ee rt aining thc t ravell ing speed of said 
waves by ob ervat ions at everal di t ances from said po int. 

5. T he meth od a eer t aining geologie al tectonic fo rma t ions wh ich eompri ses 
generat ing fro m a point scleeted at will and subs tan t ially at t he su rfaee of thc ca rth 
ar t ificial sei m ic \vave thro ugh the ground and aseertaining the travcll ing speed of 
süi d waves so as to eau e t hem to be transmitted by mcans of a seis mograph se t up 
at a di t anee fro m said point . 

6. The me t hod of a eer t aining geo logiea l forma t ions whieh comprise cau ing 
an explosive ch a rge t o de tona te at a po in t subs tan t ia ll y at the surface of the ea rth 
so as to t ran mi t seism ie waves through the gro un d and aseert aining t he travelli ng speed 
uf said wave by means of a seismograph set up at a distanee fro m said gen eratin g 
poin t. 

7. T he me thod of asee rt aining geological formations whieh eompr ises ea using an 
explosive ch a rge to de tona te at a poin t sub st an t ia ll y at thc su rfaee of the ea rth so as 
to t rans mit se ismic waves t hrough the ground and reeeiving at a measur able d is t ance 
from said point t hose sei mic wave whieh preecde t he sound waves due t o said 
det on ati on . 

. T he method of asee rt aining geolog ieal forma t ions ",hieh comp rise ca using 
an ex plo ive ch arge to de tona te so ' a to tran mi t sei mic waves th rough the gro und 
from a poi nt elected at will and de tee t ing the eharac teristies of aid seismic waves 
as ' ... ·ell as of th e so und wa\"C gene rated b:-' said detonation. 

9. The method of aseer t aining geologieal forma t ion whieh eompr ises eausing an 
explosive eh arge t o de tonate so a to t ransmi t ~cismie and ound wave t hrough t hc 
gro und from a poin t selec ted at will and de tecting the eharact eristi es o f said seismic 
"" aves as weil as of the sound \\·ave genera tcd in thc ground by said de tonati on . 

10. The m ethod of asecrt ain ing gcologiea l formations ",hieh comprises ea using 
an explosive cha rge t o dctonatc so as to t ransm it seism ic und so und waves through 
the groun d fr om a poin t sclectcd at will and aseertaining the tr ave ll ing speed of said 
se i mie waves as weil a t he character of th c sound wa"cs generat ed in the ground 
by said deto nation. 

11. T he met ho d of determining subsurface st ra t a whieh comp ri es gene rat ing 
artificial se ismic wave 0 a to eause thcm t o be transmit ted thro ugh thc ground 
from a poin t se leeted at will ami a eerta ining the t ravelling speed of aid wave in 
the differen t underg round heds. 

12. The method of de termining ~b urfaee st ra t a whieh eomprises gen erating 
ar tif ieial se i mie waves so as to eau c t hcm t o be tran mitted thro ugh the groun d 
fr om a poin t selected at wi ll and aseer t aining the t ravell ing speeds of said waves in 
the diffe ren t undergr ound bcds by noting thc di tanee be t ween thc gene rati ng point 
and the point of obse rvat ion and by observing the running t ime of aid waves between 
sa id poin ts. 

13. T he method of determining ub surfaee s t ra t a whieh eompri ses gene rating 
a rtiFicial se ismie wave so as to ea use them t o be t ransmitt ed th ro ugh the ground and 
observing th e travelli ng speed of said wave for a plu rality of k nown distanees of 
tr avel mea ured at t he surfaee . 

14. The method of de termining sub u rfaee st ra t a whieh eomprises generating 
a rtifie ia l seismie waves so as t o ea u e t he m to be t ransmitted th rough the groun d and 
ob servi ng the tr avelling speed of sai d w aves ove r gradu ated k now n di st ances of travel 
measurcd at the surf aee. 

15. The method of de termi ni ng sub surfaee st ra t a which comprises causing a 
plurality of explosive eharge to de ton ate 0 as to tr ansmit art if icial eismie waves 
through the ground fr om point eleeted at will at a plurality of distanees frorn the 
deteet ing point and aseerta ining the t ravelling speed of said waves by reeording the 
running times of sa id wave on a se ismog r aph at deteeti ng poin t. 

16. The method of det e rm in ing the d ep th of sub surfaee trat a which eomprises 
eausing an expl osive charge t o detonate so as to t ransmit a rti fic ial seismic waves 
through the ground from a poin t eleete d at will and aseertaini ng the running time 
and the travelling speed of sa id waves by re eord ing on a seismograph. 

In t es tim ony whe reof I affix my sig na turc. 
Dr. LU DGER MI NTROP. 

104 



On June 5, 1928 the appended U. S. Patent No. 1,672,495, with 
priority of August 14, 1922, was awarded to Burton McCollum: 

Paten ted J une 5, 1928. 1,672,495. 

UNITED STATES PATENT OFFICE. 
Burton MeCollum, of Chevy Chase, Maryland. 

Method and Apparatus for Determining the Contour of ubterranean trata. 

Application filed August 14, 1922, erial NO.5 1, 66. Renewed Mareh 5, 1928. 

My invention relates to methods of determining the eontour of subterranean 
strata or boundaries of geologie format ions, and has among its objeets the study of 
the geologieal eonditions at depths that cannot be eonveniently and eeonomically 
reaehed by ordinary me ans. In partieular, I have found that by the use of my invention 
it is possible to determine the loeation of deposi ts of various ores, mineral oils, and 
other valuable materials. My invention depends on the weIl known prineiple that if 
asound wave be transmitted through the earth partial refleetion of the wave takes 
plaee at t he boundary b etween any two mas es whieh differ in respect to certain of 
their physical properties. By properly utilizing the transmitted and reflect ed waves 
I am able to determine aceurately the loeation, shape, and exten t of such b oundaries, 
which information is of great value for thc purpose stated above . My invention is 
furth er dcseribed in the following speeifieation, referenee being made to the aeeompany
ing drawing . 

Of the drawings: 
Fig.1 is a diagram showing the relation between the eontour of subsurface strata 

and the occurrence of eertain valuable mineral deposit. 
Fig.2 hows the principle of methods that have here tofore been unsucces fully 

t ricd to accomplish the object here sough t. 
Figs . 3 and 4 arc typical examplcs of records howing diffieulties confronting 

previou attempts to aceompli h the result obtaincd by my invention. 
Fig.5 shows in diagrammatic form a practical embodiment of my invention. 
Fig.6 shows a typical record obtainable throug h the u e of my invention . 
Fig.7 ho\\'s in diagrammatic form the principle of an acoustic shield \vhich I use 

to improve the charactcr of thc graphie reeords obtained in eonneetion wi th the 
applieation of my invention. 

Fig.8 hows a eombination of sound reeeiving device wh ich I have found par. 
tieularl\' valuable. 

Fig.9 shows an arrangement of por t ions of thc apparatus for determining thc 
veIocit\' of oun d in the earth . 

Fig. 10 sho \\'s a prefcrred method of fixing thc 'ound receiving device in eontact 
with the earth. 

Fig. 11 shows an improved form of asound reeeiving device which is useful in 
connection with my inven tion. 

Fig . 12 and 13 show diagrammatic arrangements of microphonie devices which 
I have fo und useful in eonnection with my invention. 

For the sake of clcarnes and brevitv mv invention is described below with 
particular reference t o but one of it s praetieal- applications, nameI)' , th e location of 
depos its of mineral oi ls and natural gases. It will readily be seen however, that the 
method may bc applicd to dctermining the loeation of man)' o ther ki nds of mineral 
deposits . 

It is weil known that in region where deposi ts of oil o r gas may be encountered 
the depo its are not distributed generally throughout the area, but are highly localized 
in pool occupying a relatively small portion of the total potential oil bearing area. 
Thc location of th ese pools is governed by a weIl known principle illustrated in Fig. 1. 
In this figure, (1) i thc surface of the ground and (2) a dense sub terranean stratum of 
irregular contour concave upward at (3) giving a synclinal fold, and convex upward 
at (4) giving an anticlinal fold. It is weil known that in a potent ial oi! b earing region 
the oi! and gas accumulate locally at (5) under the anticlinal fold (4), it b eing forced 
upward into this position by the heavier salt water stratum (Sa) beneath it. The 
problem of Iocating a pool of oil in a potential oil bearing region is therefore, one of 
dete rminin g the location of these anticlinal folds in the sub terranean rocks. This 
latter, as s t ated above, is one of the objects of my invention . 

Heretofore, numerous investigators have endeavored to determine thc contour of 
subtcrranean strata by the use of sound wave reflected from them, but up to the 
present time none of these methods has been successful. Fig.2 illustrates some of the 
fundamental diffieulties that have confronted aH these previous attempts and prevented 
their succcssful applieation. 
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In thcir fundamental principles these methods have all comprised a source of 
sound (7) wh ich has heretofore always been placed either on or below the urface of 
the carth. The theory is that sound t ravels out radially in all directions and is in part 
reflected fr om the boundary 2, 3, 4, 8, 10, and 12, the part of the wave incident at 
the poin t (8) being reflected to the poin t (9) , that part incident at (10) being reflected 
to the poin t (11), and so on, t he angle of reflection being equal to the angle of 
incidence. It is evident that if only this imple condit ion existed and if we could 
elearly distinguish at any point of known posit ion such as at (11) for example, between 
the direct tr ansmitted wave (14) which goes either directly or through shallow sub
surface strata to the point (11), and t he wave reflected to the point (11) from thc 
point (10), we could b y weil known means calculate t he depth of the point (10) on 
the reflecting surface. Serious difficult ies of a practical nat ure prevent the realization 
of thi s simple set of condition. In the first place, the veloci ty of sound in the rock 
layer (2) is practically alway much greater th an in the surface str ata. On this 
account when the slowly t ravelling sound wave reaches t he nearest point, as at (3), 
of the refl ecting rock laye r, asound wave of relatively high velo city moves along 
the rock layer as shown by the ar rows (15), and all the while a portion of the 
energy of the wave is being diff racted upward into the overlying strata as indicat
ed b y the arrow (16), and this diffracted ene rgy moves upward and may reach the 
point (11) before th e arrival of the t rue rcflected wave from the point (10), since this 
latter, although travelling by a omewhat shor ter path, must travel all the way through 
the medium of low velocih. Furt he rmore, it will be een th at this initial diffracted 
disturbance arriving at (11 -) will be immediately followed by others caused by the 
tr an mitted wave strik ing portions of t he rock layer (2) at (8) and other po ints 
intermediate bet ween (12) and (10), to that a con t inuou train of diffracted disturbances 
will be detected at (11) which will complc tely obscure the arrival of the t rue reflected 
wave. 

Fig. 3 shows a typical record ",hich reveals clcarly thc ser iousness of t his diffi
culty in prac ice . Thi i arecord of disturbance rcceived at thc detector placed at a 
point correspon di ng to the point ( 11 ) d uc to a single quick pulse of sound sent out 
fr om the source at the poin t (7). In conscquence of the combined effect of t he direct 
tr ansmi tted waves, of which there are t hree distinct types, namely, a compre sion 
wave, a tr ansverse wave , and a surface or Rayleigh wave, all of wh ich t ravel at 
differen t velocitie and t herefore reaeh the detector at different times , and fur ther, 
the innumerable diffrac ted waves due to the reaction on the two former b y the 
subterranean reflcc t ing surfaces as dcsc rib cd above, t he reco rd bccomes 0 complex 
t hat the effect of the arrival of any pure rcflcctcd wave is entirely obseured so that 
the reco rd is entirely worthless fo r the purpose desired. 

It will be evident that thi d ifficulty will be the greater the more remote is the 
detector at the poin t ( lI ) from the source (7) , and th at it can be diminished by 
placing the detector elose to the sourer. This is shown by comparing Figs. 3 and 4. 
Th ese two reeords are the result of t hc same sou ree of sound at (7) but in Fig. 3 the 
receiver was 150 feet from the ouree, while in Fig. 4 it was but 50 feet away. 
In te rchanging receivers give identical eHcet howing that the difference in form is 
not du e to t he influence of the receivers. The sensitivi ty of the rceording instrument 
was, of cour se, adjus ted to give ' uitabk sensi t ivity in the two eases. 

A lth ough these diffraction cffccts may bc thu s diminished by b ringing the 
deteetor eloser to the source, the disturbanees produced by the direc t tr ansmit t ed waves 
men tioncd above become mueh more violen t in eomparison with t he reflected waves 
so that if the di st ance is made . hor t enough to substantially climinate diffrac t ion 
effect s t he transmitted wans completely ohseure the adven t of any reflected waves. 
It is evi den t , thereforc, th at no location of th e detector can be found th at will permit 
it to dist inguish definitely be t ween t hc t rue reflected wave and d istu rbances due to 
diffr aet ion and dire et tr ans mi sion. Similar dis turb ances result in the case wave 
trains are used in lieu of singlc pulses. 

I have no\\' inven ted a very simple expedient whereby the foregoing troub les 
can bc entirely obvia ted. I accom plish this end by placing the detector o r the source, 
prefe rabl y the latter, high up in the air and so arrange the t wo that the direction of 
the rcflect ed waves reach ing the detector makes only a very sm all angle with the 
di recti on of the transmitted waves, prefe r ab ly no t more than a fe 1V degrees. This 
angle is made small , as in the arrange ment herein after described, by causing the 
d is ta nce, measured ver tically between the shot or soun d wave source an d the detector, 
great as comparcd with the horizon t al distance between the de tector and the sound 
wave source or sho t. By ke cpi ng thi s angle sl1)all the diff ract ion di turbances are 
avoided and b y placing the source at a considerable elevation above the surface of 
th c earth the diff icul tie due to the direct tr ansmitted wave are not only eliminated, 
but this wave becomes ve ry useful as will appea r from t he following detailed de
scripti on of the essential features of my invention. 
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My invention will be clea rly unders tood by reference to Fig. 5. The source of 
sound (17) is placed high up in the air. T his source may b e of any suitable kind, but I 
prefcr to use a short ab rupt sound such as th at produced by firing acharge of ex
plosive or by the sudden release of gas under pressure. A pproximately below the 
source (17) an d ei ther on or slightly below the surface of the earth, I place a 
detector Cl ) which may be of any type, such as a microphone, piezo-electric crys tal , 
or electromagnetic detector. Wi res extend from this detector to a reco rding device (19) 
of a type to reco rd the difference in time between two or more events. The weH 
known oscillograph h aving constants adapt ing it to this pa rticular work is typical of 
the recording devices which I have found suit able. It will be evident that if a sudden 
sound be produced at t he ource (17) t he wave will travel downward and strike the 
surface of the earth (20) where a considerable part of the ene rgy will be reflected and 
pass off into space. A part , however, will be transmitted to the ea rth and this portion 
immediately p ro duces an effect on the de tector (18) which is near the surface and 
this effect is reco rded on the recorder (19). This point on the reco rd is then used 
as the zero of time to which sub sequent reco rded events are referred. T h e wave then 
tr avels downward until it str ikes the fi rst reflecting surface (21) where a part of its 
energy is refl ected upward t o the surface, whe re it again affects the detector, and the 
time elapsing between the arrival of the reflected wave and the arrival of the 
t ransmitted wave will be de termined. The velocity of sound in the ove rly ing stratum 
can be determined and the dep th of t he surface fro m which reflect ion takes place 
can be readily calculated fro m this veloci ty and the measured time interval between 
the ar rival of t he d irect t ransmitted wave and the re flected wave. It will be evident 
tha t if the depth of t he re fl ccting surface b e de termined at a su ff icient number of 
points the con tour of this surfacc will be k nown. 

lt will be qui te eviden t that wi th thi arrangemen t of app aratus the effects on 
the detector of both the Rayleigh wave and thc tr ansve rse wave in the earth will be 
climi nated, and on ly those cffects due to thc compre si on wave will be recorded in 
ei ther the t ransmitted or reflected wave, t he reby greatly simplifying the reco rd. 
It will al so be ve ry eviden t th at all diffraction effect s, such as those described above, will 
not affcct the detector. In cO,nseq uence of t his a very simple fo rm of record, like 
th at shown in Fig. 6 is obt ained whe re the differen t even ts ca n be clearly dist ing ui sh
ed an d the t ime in tervals accura tely measurcd. 

A further con idcration of very grca t practical importancc has to do with the 
relative intensi ty as shown by the record of the direct wayc, ac t uat ing t he receiving 
dcvice, and of the reflec ted wave coming back from the surface under investigation. 
It will be seen th at thc sound wave emanating from thc source (17) t ravcls out 
sphcrically in all di rections, an d t he in tensi t y of the wave at any point is governed by 
the inversc square law. Suppose, for example, tha t t he heigh t of the source (17) ab ove 
the dctector (1 ) is equal to the depth of the reflecting surface (21) . In that event 
when the sound wave reaches the detector (1 ) it has a ccrt ain in tensity. Suppose now 
that 100 % of the energy of the wave is reflec ted from t he surface (21). It will be 
eviden t that when the reflec ted wave fron t has t ravelIed back again to the detector (18) 
the to t al distance which it wi ll have t raver ed from the ource (17) will be three 
t imes as great as the dis tance t raversed by the direct wave in going from the 
source (17) to the detector Cl ). The intensi t y of t he rcflec ted wave when it reaches 
t he detector wo uld the refore be only one-n inth of the intensi t y of the direct wave. 
If, as is usually the case in pract ice, only a frac tion of t he energy is refl ected fr om the 
surface (2 1), t he intensi ty of the reflected wave becomes st ill furth er reduced . If now 
the sensit ivity of the arrangement is made great enough to give a sufficiently large 
effect due to the refl ected wave, the dis turbance due to t he direct wave will be so 
great that they may interfere seriously wi th the proper inte rpret ati on of the reco rds. 
It will be evident, the refore, that in general it will be necessary to t ake steps to io
crease the amplitude of the reflected wave, relat ive to that of the direct wave. I have 
dcvised several means of accomplishing this res ult , each and all of which comprise 
a part of my invention. 

One of the means whereby I increase the intcnsi ty of the reflected wave relative 
to that of the dje~t )'''9,Vc, is by putting a ource of sound very hig,h up in the air as 
compared t o the~~tra't urrl under invcst iga tion . A seen fro m the example given above, 
if the depth of the stratum is substan tially eq ual to the height of the source, then 
assuming 100 % re flection the intensi ty of t he reflected wave at the receiver will be 
only one-ninth of the intensity of the di rect wave. Suppose, however, that the source 
be put to a height above the detecto r of say five times the depth of the reflecting 
str atum under stu dy. In that case the reflected wave t ravell ing b ack t o the detector 
will have t ravelled about 40 % fa rther from the source than the direct wave, whe n 
the two pass the detector. Applying the inverse square law it will be seen that in 
this case, assuming 100 % refl ection. as before, the intensity of the refl ected wave 
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at the detector will be L 1.96, or approximately one -h alf of that of the direct wave , 
as compared wi th the ratio one-ninth, when the source is placed at the lesser eleva
tion . It will therefore be seen that by putting the source very high in the air in 
comparison wi th the depth of the trat um under investigation , it is po sible, because 
of the inverse guare law of propagat ion of ound waves, to greatly increase the 
in tensity of the reflec ted wave in comparison with that of th e direct wave. In 
practice I prefer to elevate the ource to height at least as great as the depth of the 
reflecting str atum, and preferably to several t imes this heigh t. 

It is not to be understood that there is a cri tical height of the source 17 of the 
ound energy utili ze d which under all circumstances is to be exceeded, nor is it 

necessary to know either t he height of the source 17 nor the depth of th t reflecting 
stratum. In actual practice the procedure is sub tantially as folio ws : 

Asound wave is produced at any convenien t height , as by acharge exploded, 
say, 1,000 or 2,000 feet above the ea rth 's surface, and a suitable record, as photographic, 
is t aken of the waves actuating or influencing the detector. H upon examin ation of 
the record so t aken there is revealed a reflected even t elearly distin guishable from 
the after effect of t he direct wave, it shows that the explosion occurred at a sufficient 
height. The significant fact i the time interval between the arrival at the detector 
of the direct and reflected waves, and it is only necessary to know this time interval, 
which, when multiplied by the ve locity of sound in the overlying medium, gives a 
dis tance which is twice the depth of the reflecting str atum. H, on the other hand , the 
record shows no reflected even t elearly disting uishable from the after effect s of the 
direct wave, it is proof that the source of the soun d energy was not sufficiently high 
above the detector, and in such case it is only necessary to take another record with 
the source of sound at a greater elevation. 

A second means whereby I ecure an increased ratio of the intensi ty of the 
reflected and direct wave , is by the use of an acoustic shield interposed between a 
source and the detector . One form of this is shown in Fig. 7. The acoustic shield (22) 
which can be made up in any form to be substantially sound proof, is placed between 
the source (17) and the detector (1 ) and preferably elose to the la tter. In practice I 
prefer to pu t the sh ield (22) near or on the urface of the ea rth, ,as shown in Fig. 7. 
It will now be seen that the sound energy travelling downward from the source (17) 
str ikes the shield and the earth all around it. The shield (22) may be designed either 
to reflect or absorb the energy striking it, in which event it will be seen that no sound 
cnergy travels directly into the ea rth at the detector (1 ). However, in the region all 
around the shield, the ene rgy passes down ward into the earth as will readily be seen, 
and is gradually diffrac ted inward underneath th e shield in to the region (23). By the 
time the reflected wave from the surface (21) reache the detect or (18) the diffraction 
will have been sufficient to give nearly a uniform distr ibution of ene rgy in the reflect
ed wave, and the detector will therefore be actuated by the reflected wave with 
nearly as much intensity as if the acoustic shie ld (22) did not ex is t . At the same 
time there will be very litt le effect due to the direct wave, since only a ve ry small 
amount of the energy of the direct wave will be diffracted directly from the edges 
of the acoust ic shield to the source (1 ). I have found that in this way I can reduce 
the in tensi ty of the direct wave at the receiver to a sm all fraction of what it would 
be wi thout the shield, and at the ame time secure nearly as much effect on the 
detector from the reflected wave as if the shield did not exist . 

A third method which I have devised for reducing the amplitude of the direct 
wave in comparison with that of the reflected wave is shown in Fig. 8. It is wen 
known that because of the ve ry great difference in the acoustic properti es of the earth 
and air, asound wave travelling ei ther in the air or in the earth reaching the urface 
of the earth will be nea rly all reflected back into the medium in which it is travelling, 
thus, as pointed out above, the wave coming from the source (17) up in the air, has 
most of its energy reflected at the surface of the earth back again into the air and 
off into the atmosphere. Similarly, that part of the energy which goes into the earth 
and i8 reflected back toward the surface frorn the reflecting surface (21), will on 
arrival at the surface be again reflected downward, only a small fraction of its energy 
re tu rning again to the air. By taking advantage of this principle I arn able to reduce 
the in tensity of the effect of the direct wave on the detector to any desired degree 
wi thou t materially reducing the intensity of the reflected disturbance which it is 
desired to record. This is accomplished by the use of two receiving devices as shown 
in Fig. 8. H ere one receiving device (18) is placed in the ea rth as previously described, 
in which ca se it is actuated only by that part of the ound energy passing into the 
earth. The second receiving device (24) is placed to b e responsive to the direct air 
wave to a much greater deg ree than to the reflected ground wave, and very elose 
to the detector (1). In order to make c1ear the method of functioning of this 
agreement, let us ass urne that the sens itivity of the de tector (24) bears to the 
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sensitivity of the detector (18) the same nume rical ratio a the sound energy tr ans mit
ted to the earth bears to the total sound energy incident on the surface of the earth 
from the source (17). In that case it is obvious that the total effect produced on the 
detector (24) will be just equal to the total effect produced on the detector (18), due 
to the direct wave coming frorn the source (17). Consider now what happens when 
the reflected wave arrives again at the urface after having been reflected from the 
sub surface (21). This wave traveHing in the earth gives fuH effect on the detector (18) 
embedded in the earth, but on reaching the urface nearly all of its energy is again 
turned back in a downward direction, only a small fraction of it being transmitted 
to the air where it can affect the detector (24) . It will be seen, therefore, that the 
effect of the reflected wave will be enorrnously greater on the detector (18) th an it 
is on the detector (24), whereas the effect of the d irect wave on the two detectors will 
be substan t ially equal. If now the two detectors (1 ) and (24) are coupled together in 
such manner that they tend to neutralize each other as regards their effect on the 
recording device, then the direct wave will produce no effect on the records provided the 
two detectors are adjusted to give equal and opposite impulses, whereas the reflected 
wave will be recorded through the detector (18) at almost its full value. In practice I 
prefer not to completely eliminate the direct wave on the record 0 th at I do not 
ad just the detectors (1 ) and (24) so that they exactly neutralize each other. I prefer 
to adjust thern so that the resultant effect of the two, due to the direct wave, is only 
a small fraction of th e effect produced on either instrument alone, as this gives an 
indication on the record showing t he time of arrival of the direct wave, which is 
useful as a basis of reference for the time scale. It will be seen, therefore, that by 
proper adjustment of the relative sensitivity of the two detectors in Fig. , the relative 
in tensity as shown on the record of the direct and reflected waves can be controlled 
to an y desired extent. In practice any one of the above de cribed means for control
ling the relative intensity of the effect s of the direct and reflected waves may be 
used, or any two or all of them ma y be u ed in combination if desired. 

In order to measure the velocity of sound in the stratum between the urface 
of the earth and the reflecting surface under inve tigation I place two receiving devices 
in the earth as shown in Fig. 9, one (18) at a sui table di t ance below the surface, and 
the second (25) a known distance below it , substantiall y in line with the direction of 
propagation of the sound wave. The difference in time of arrival of the sound wave 
at the two receivers i measured by means of a recorder from which, and the known 
distance between the receiver, thc veloci ty i readily obtainable . In ome ca e wherc 
there is reason to believe that the velocity of ound in the overlying tratum may vary 
with depth, several indicating devices may be placed at vario us depths in order that 
the law of variation of velocity with depth may be dctermined. 

I have found that in order to secure a good sen itivity in the indicating devices 
and also in order to eliminate purious disturbances due to vibration of receiving 
devices themselves, it i desirable to hayc the microphones very firmly fixed in contact 
wi th the earth. This can be done by making a hole, placing the microphone in it 
filled ei ther with earth or other uitablc bin ding material and thorough ly tamping the 
filling material in place around and abovc the detector. Thi procedure, however, is 
difficult and time consuming and renders very difficult the recovery of the indicat ing 
device, especially when buried to a considerable depth, after the records have 
bcen taken. 

I have devised a very simple and convenient means of firmly attaching the rcceiv 
ing device to the earth which climinate the e trouble . Thi is hown in Fig. 10, 
where the receiving device is mounted inside of a rigid ca e (26) which may be of 
metal or other suitable material. In the base of th is ca e is firmly attached a large 
screw (27), suitable for sc rcwing into the ea rth. To place a receiving device in posit ion 
I first bore a small hole, large cnough to accommodate thc receiver and extending 
to the desired depth, af ter which the receiver is placed down in the hole with the 
sc rew down ward and by mean s of a sui table long handled wrench the receiver case 
is turned so as to drive the screw firmlv into the earth. After the records have been 
taken the receiver can readil y be uns~rewed from its posi tion and brought to the 
surface. As st ated above, any one of the usual types of receiving devices may be 
used. I have found , however, that instead of using a single receiving element it is 
of ten desirable to use a considerable number of such elements grouped in a single 
unit in order to increase the sensi ti ity and rcliability of the receiving appara tus. This 
is particularly true in case carbon microphones are used as receiving devices. These 
microphones, when used singly exhibit certain inherent instabilit ics frequent!y called 
fr ying, which gives rise to more or less erratic pulsations of currcnt flowing in t hc 
microphonc, which in turn produces di turb ances on thc record, especially where a 
very sensitive recorder is used. This trouble i especially serious if one attempts to 
use a very large current in the microphone in order to increase thc sensitivity. This 
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difficulty can be grea tly minimized b y usin g a large number of mierophone elemen ts 
connected in parallel, but such a simple arrangemen t cannot be used in practice. It 
is weil known that in order to u e a microphone uccessfull y an d secure goo d sensi tivi
ty in detecting di turbances of relatively low frequencie , it is necessary to use it 
in conjunction with a mutual inductance having an iron core, and further, that thc 
curren t flowing through the primary of this mutual inductance, which of cour e is thc 
eurrent flowin g through the microphone, must be kept small enough so as not to 
produee saturation in the ir on core. This fact places a limit on the number of micro 
phones that can be u ed in parallel on a single mutual in ductance, and wi th the usual 
forms of inductance practically nothing is gained by the use of more than one or two 
microphone in this way. I have, however, devised an arrangement whereby the 
ordinary forms of iron core mutual inductancc may be used effectivcly with a large 
number of microphone elemen t in proper combination. 

The e sential elemen ts are shown in Fig. 11. Inside the receiver ca se (26) is 
mounted a rigid plate (2 ), preferably tilted at an angle witb respect to tbe axis of 
the ca e (26). I prefer to make thi angle between 30° and 60°, but larger or smaller 
angles may be used if desired. A termi nal of each of the microphone elements (29) and 
(30) i generally attached to the plat e (2 ), and interposed between thi plate and the 
other terminal of each microphone i placed a cu hion of suitable fabric, such as cloth 
o r other material, to serve a a damping agent to prevent vibrations in the microphone 
when it i actuated. Any de ired number of such pair of microphone elements may 
bc mounted insi de the case (26). The receiver ca e is fixed to the ground with it s axis 
in the direction of the earth displacement wh ich it is sought to record, in this case 
being vertical. It will be eviden t tha t when the earth vibrates due t o the pas age of 
asound wave or pulse, the receiver ca e is moved up and down \,\·i th the earth while 
the heavy ca e of the microphone elemen t s (29) and (30) tend to tand practically 
tationary. In consequencc of this, it will bc een t ha t the pressure on the microphone 

elemen t (29) and (30) will vary a the wave passes, thus caU!'ii ng vibrations in their 
resis tance. It will be noted that when th c pres ure on the microphone element (29) 
is increa ed due to the down ward moyement of the ca e (26) , the microphone (30) 
will decre a e so that the pulsations of resis t anee on thc two microphone elements 
will be opposite. In o rde r t o make the effects of the two groups cumulative on the 
recording instrumen t , ei ther of two arrangement s may be u ed, one of which is shown 
in Fig. 12. Here all of the microphone element (29), (29') et c., which are similarly 
mounted with respect t o the plate (2 ) , are placcd in one arm of a Wheatstone bridge 
wh ile aU th ose (30), (30'), ct ., which are 0 mounted as to give resistance variat ions 
opposite to th c one in group (29), (29'), ete., are placed in thc adjacent arm of the 
bridge . It will be obvious that as the re i tance of one group increases and that of 
the other decrease " the t\\'o cffcct are cumulative in disturbing the balance of the 
bridge, and therefore in effecting the indieations of the 0 cillograph or other instru
ment (19' ) coupled acro the diagonal of the bridge. The mutual inductance (32) may 
or may not bc used, as dc ired. Thc second arrangement and the onc which I prefer 
to u e, is shown in Fig. 13. Here a mutual inductance is used , preferably one having 
an iron core (33) p rovided with two primary windi ngs (34) and (35) differentially 
connected, the winding (34) being in series with the group of microphone elements (29), 
(29'), etc., and the winding (35) being in se ries with the group (30), (30'), etc. With 
thi arrangement a large number of microphone elemen ts may be used in each group , 
and correspondingly large currents sent thr ough the two differentially wound primary 
co ils (34) and (35) without danger of saturating the magnetic circuit. When the 
current in one circuit increases while that in the other decreases, the effects are 
cumulat ive in causing changes in the magne ti zation of the iron core (33), and hence in 
ac tu ating the oscillograph (19'), which i connected to the single secondary coil (36). As 
here shown, the mierophone element (29), (29'), etc., are grouped in series. It will be 
evident th at parallel or eries multiple gro uping may be used with equal effect, 
provided the number of turns in the primary coils (34) and (35) of the mutual in
ductance are made to correspond to the number of microphone elements in se ries. 

A careful eon ideration of the foregoing discussion reveal that one of the 
fundamental features of my invention comprises the placing of a source of sound and 
a receiver in such relation to each other and to the reflecting surface, the depth or 
con tour of which is to be studied, that the angle between the direct transmitted and 
the reflected waves affecting the receiver is small, whereby the disturbanee due to 
the surface waves, transverse wa es, and the innumerable diffraction effects above 
discussed, are made to disappear. This might, of course, be done by placing both 
source and receiver in the earth, provided one is placed at a considerable depth, in 
order to h~ve the re ceiver remote from the source. It is, however, very difficult, ex
pensive, and time consuming to pi ace the instruments at a great enough depth to be 
effective. Furthermore, expericnce ha shown that if the source be placed in the earth 
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the available ource of a quick, sharp pulse, such a the firing of acharge of explosive, 
produce a violent disruptive effect in the earth immediately surrounding it, which in 
turn tends to change the character of the disturbance from a quick, simple pulse to 
a complex and greatly prolonged disturbance, thus defeating the object of the arrange
ment. I have found, however, that if the source of sound be placed high up in the air, 
preferably high enough so that the wave front striking the earth will be practically a 
plane wave, thi difficulty will be entirely avoided. If the wave front striking the earth 
be nearly plane, the subsequen t diminution of intensity with distance, both before and 
after reflection, will be relatively slight so that t he ratio of the intensity of the 
transmitted and of the reflected waves will be much smaller than if the wave front 
striking the earth has a small radius of curvature. For this reason if the ource be 
placed high up in the air, the intensity of the shock imparted to the earth at any point 
may be very slight, and nowhere suffieient to eause permanent deformation of the 
medium, and still give a reflected wave of am pie intensity for deteetion. On the other 
hand, if the source be placed on the surfaee or imbedded within the earth, the intensity 
of the hock at points very elose to the souree must be very great in order that the 
reflected wave may be of sufficient intensity, and in practice it is found that permanent 
deformation of the earth very close to the source alway occurs, thus giving rise to the 
increased complexity and prolongation of the wave above de cribed. It will therefore 
be apparent that the placing of the ource up in the air at a considerable distance from 
the earth, as hereinabove de cribed, is of fundamental importance in eliminating certain 
of the praetical difficulties that have heretofore been eneountered in attempting to 
cxplore ubterranean strata through the medium of sound waves . Any suitable means 
may be used for placing thc source at a proper elevation. Where cireumstanees are 
such that a height of no t more than about 100 feet is sufficient, a ligh t t elescoping pole 
or tower can be u ed successfullv. As a rule, however, I have found that it is desirable 
to place the source at a conside~ably greater elevation, and when this i desired some 
other mean can be conveniently used for putting the source up in the air. Any one of 
a number of devices may be u ed if desired, such a a captive balloon, a kite, an air
plane, or re course may be had to projccting acharge of explo ive into the air, the same 
being fired by a t ime fuse in accordance with principle weIl known to military 
ballistics. 

For the sake of bre ity in the appended claims, the term "aperiodic" as applied 
to the sound produced by the souree includes an abrupt sound wave or asound wave 
impulse or rapidly decadent ound waves, produced by a shot, explosion or equivalen t 
means herein described, as distinguished fr om sU'itained, continuous or undamped 
sound waves . 

I elaim: 
1. The method of determining the contour of a ubterranean stratum which 

eonsist of sen ding out asound wave from a souree of sound, causing the aid sound 
wave to bc transmitted through the carth to t hc said subtcrranean stratum and reflect
cd t he refrom. mcasuring the time interval elapsing between the passage of the said 
sound wave over a known point at a distance from said source and the pa sage of the 
reflected wave over the same point, measuring the vcloci ty of sound in the medium 
between the said known point and thc aid ubterrancan tratum and calculating the 
distance between the said known point and the said subterranean stra tum from the 
said time interval and the aid veloci ty, the said souree and the aid known point 
being so placed with respect tc the aid subterranean stratum that the path traver ed 
by the direct wave is sub tantially identieal with t he path traversed by the reflect
ed wave. 

2. The method of locating a subterranean stratum, which comprises producing 
an aperiodic ound wave, causing said wave to be tr ansmitt ed through the earth to the 
subterranean stratum and to be reflccted the refrom, measuring the time interval 
elapsing between the passage of said wave past a known point and the passage of the 
reflected wave past the same point, determining the vclocity of sound in the medium 
between said known point and said tratum, and determining the distanee between 
said known point and said stratum from said time interval and said velocity, the plaee 
of produetion of said ound wavc and said known poin t being 0 positioned with 
respect to aid stratum that thc paths traversed by the direet and reflected waves are 
substan tiallv identical. 

3. In "the art of exploring subterranean reglons, the method whieh comprises 
producing sound at a distance ab ove the surface of the earth, an d detecting, and whose 
distance horizontally from the source of said sound is small compared with its distance 
ver tically therefrom the sound reflected from a subterranean format ion. 

4. In the art of cxploring subterranean region , the method which comprises 
producing sound at a substantial dist ance above the surfaee of the earth, and deteeting 
the sound reflected from a subterranean formation at a point through which both the 
direct and reflected waves pas. 
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5. In the art of exploring subterranean regions, the method which comprises 
producing sound at a distance above the surface of the earth, and detecting, at a point 
adjacent the earth's surface and whose distance horizontally from the sou rce of said 
sound is small cornpared with it distance vertically therefrom the sound reflected 
from a subterranean formation. 

6. In the art of exploring subterranean regions , the method which comprises 
producing sound at a distance above the surface of the earth, and detecting at a point 
adjacent the earth's surface the sound reflected frorn a subterranean formation, said 
point being located adjacent substantially identical paths in which the direct and 
reflected wa ves are transmitted. 

7. In the art of exploring subterranean regions, the method which comprises 
producing an aperiodic sound wave at a distance above the surface of the earth, and 
detecting, and whose distance horizontally from the source of said sound is small 
compared with its distance vertically therefrom the sound reflected frorn a sub
terranean formation. 

8. In the art of exploring subterranean regions, the method which comprises 
producing an aperiodic sound wave at a di stance above the surface of the earth, and 
detecting, at a point adjacent the earth's surface and whose distance horizontally from 
the source of said sound is small compared with its distance vertically therefrom the 
sound reflected frorn a subterranean formation. 

9. In the art of exploring subterranean regions, the method wbicb comprises 
producing sound at a distance above the surface of the earth, and detecting, and whose 
distance horizontally from the source of said sound is small compared with its distance 
vertically therefrom the sound transmitted to and reflected from a subterranean 
formation. 

10. In the art of exploring subterranean regions, thc method which comprises 
producing sound at a distance abovc the sllrface of the earth , and detecting the sound 
transmitted to and rcflccted from a subterranean formation at a point adjacent 
substantially identical paths over which the direct and reflected waves are transmitted. 

11. In the art of ex plorin g subtcrranean regions, thc method which comprises 
producing an aperiodic sound wave at a distance above the surface of the earth, and 
detecting, and whose distancc horizontally from the ource of said sound is small 
compared with its distance ver tically therefrom the sound transmitted to and reflected 
from a subterran ean formation. 

12. In the art of exploring subterranean regions , the method which comprises 
producing an aperiodic sound wave at a di tance above the surface of the earth, and 
detecting the sound transmitted to and reflectcd from a subterranean formation at a 
point adjacen t sub tantially identical path over which the direc t and reflected waves 
are tran smitted. 

13. In the art of exploring subterranean regions, the method which comprises 
transmitting sound from a source to a ubtcrranean formation and reflecting it there
from , producing an effect by the direct sound wave, producing a second effect by the 
reflected sound wave at a point whose distance horizontall y from said source is small 
compared with its distance vertically therefrom, and producing a composite indicatlon 
by said effects. 

14. In the art of exploring subterranean regions, the method which comprises 
transmittin g sound originating at a di tance ab ove the earth to a subterranean 
formati on to be reflected therefrom, producing a plurali ty of effects by the direct an d 
reflected sounds, and producing a composi te in dication by said effects, said effects 
being produced at points adjacent substantially identical paths over which the direct 
and reflec ted sounds are transmitted. 

15. In a sys tem of the character descr ibed, means for transmitting sound through 
the earth to a sub terranean formation to be reflected therefrom, a plurality of 
detectors affected to greater extents, respectively, by direct and reflected s01lnd, indicat
ing means, and means for causing said detectors to affect said indicating means in 
opposi te senses. 

16. In a system of the character described, means for transmitting sound through 
the earth to a subterranean formation t o be reflected therefrom, a plurality of detectors 
affected to greater extents, respectively , by direct and reflected sound, indicating 
me ans , and means for causing said detectors to affect said indicating means in opposite 
senses, said detectors disposed adjacent substantially identical paths over which the 
direct and reflected sound is transmitted. 

17. In a sys tem of the character described, me ans for transmitting sound through 
the earth to a subterranean formation to be reflected therefrom, a plurality of detectors 
affectcd to greater extents, respectively, by the direct and reflected sound, and indicat
ing means con trolled by said detectors, the ource of said sound disposed at a distance 
above the surface of the earth. 

114 



18. In a system of the character described, means for tr ansmi tt ing sound thro ugh 
the earth to a subterranean formation to be reflected therefrom, a plu rality of detectors 
affected to greater extents, respectively, by direct and reflected ound, indicating 
means, an d means for causing said detectors to affect said indicating me an in opposi te 
senses, the source of said sound disposed at a dis tance above the surface of the earth. 

19. In a system of the character described, means for t ransmit ting ound through 
the earth to a subterranean formation to be reflected therefrom, a plurality of detectors 
affected to greater extents, respectively, by the direct and reflected sound, and indicat
ing means controlled by said detectors, the sound produced by said means consisting 
of an aperiodic sound wave. 

20. In a sys tem of the character described, means for tr ansmitting sound through 
the ear th to a subterranean formation to be reflected therefrom, a plurality of detectors 
affected to greater extents, respectively, by the direct and reflected sound, indicating 
means, and means fo r causing said detectors to affect said indicating means in opposite 
senses, the sound produced by said me ans consisting of an aperiodic sound wave. 

21. In a system of the character described, means fo r transmitting sound through 
the ea rth to and causing reflection of sound from a subterranean formation, a plurality 
of sound detectors respectively influenced principally by the direct and reflected sound, 
a time-indicating device, a t ran former in whose econdary circuit said device is con
nected, and said detectors connected in circuit with the primary windings of aid 
transformer, said primaries being differentially related. 

22. In a system comprising a device fo r determining the contour of a sub terranean 
st ratum and comprising a source of sound, sound detectors, and asound measuring 
device, the method which comprises placing said ource in the air above the surface 
of the earth, disposing certain of the sound detectors in cont act with the earth at 
points inte rmediate said sound source and the sub terranean st ratum, and substantially 
in line with the normal extending from the subterrancan st ra tum through said source, 
and placin g other of t he sound detectors so as to be actuated substantially only by an air 
wave, and so associa ted that its effect i opposed to that of sound detectors in contact 
wi th the earth, and coupling the time measuring device to said detectors in such 
manner as to mea ure the t ime interval elapsing between the arrival of a direct ound 
wave at the detectors in ea rth and air, and of one or more reflected sound waves at 
the detectors in earth. 

23. In a ys tem for determining the contour of a sub terranean stratum and 
comprising a source of sound , sound detectors, and a t ime measuring device, the method 
which comprises placing the source of sound in the air above t he surface of the earth 
at a distance greater than the depth of the sub terranean stratum, placing the detectors 
in contact with the earth substantially in line with the normal exten ding from the 
subterranean stratum through said source, and coupling the t ime measuring device to 
said detectors to measure the time interval elapsing between the arrival of successive 
sound waves at said detectors . 

24. A system for dete rmining the contour of a subterranean stratum comprising 
a source of sound, a time recording device, microphonic devices, and means for mount
ing said microphonic devices to effect oppo ite pha e relation of pulsating change of 
their resistance in their effect upon said recording device. 

25. A system for determining the contour of a subterranean stratum comprising 
a source of sound, a t ime reco rdin g device, microphonic devices electrically connected 
in parallel, a differentially wound transformer having primary coils connected 
respectively in se ries with said microphonic devices and a secondary connected to the 
time recording device, and means for mounting said microphonic devices to effect 
opposite phase relation of the pulsations of their resistances in their effect upon said 
recording device. 

26. In the art of exploring subterranean regions, the method wh ich comprises 
transmitting sound to a subterranean formation to effect reflection therefrom, produc
ing a plurality of effects at poin ts adjacent substantially identical paths over which the 
direct ar. d reflected soun ds are transmitted, and producing a composite indication by 
said effects. 

In tes timony whereof, I affix my signature. 
BURTON McCOLLUM. 
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Kareher 1929 The United State Patent Office further granted the appended 
patent No. 1,706,066, under date of March 19, 1929, with priority of 
March 30, 1926, to John Clarence Karcher: 

Patented M a r. 19, 1929. 1,706,066. 

U ITED STATE PATENT OFFICE. 
John Clarence Kareher, of Montclair, New Jer ey, Assignor t o Geophy ical R esearch 

C orporation, of ew York, N. Y., a Corporation of New Jersey . 

Method and Apparatus fo r Locat ing Geological Formations. 

Application filed March. 30, 1926. Serial No. 29,428. 

This invention relates t o methods of and apparat us for determining the charaeter, 
location and depth of geologieal formation beneath the surface of the earth and 
particularly to the locati ng of f rmation having sound tr ansmitting characteristics 
differing from those of the surro unding t errain. The invention has special application 
to the location of salt domes, an ticline and o thcr-& structures favorable t o the accumu
lation of petroleum under the earth 's s u rface. 

It has heretofore been recognized that subsurface forma t ions may be investigated 
b y ob erving the velocity of ound waves transmitte d through the same from sen ding 
.to receiving stations where one or more of the t a t iol1S are located in deep borings in 
the earth an d the stati ons are approximat ely on opposi t e sides of thc formation unde r 
exam ination. In my pre ent invention I make u e of ound waves transmitte d through 
th e earth, but I havc d iseovered that by a novel arrangement and combination of end
in g and receivin g deviee I am able t o take advan tage of principles of sound pro
pagat ion n ot heretofore used in thi or similar conneetion , so far a I am awa re , wi t h 
the re ult t hat I obvia te th e neee it y of dcep borings and by aseries of observat ions 
made at s t ations loca ted sub ' tantiallv at the surfaec of the earth I am able t o deter
mine accurately the loeation, ize, e"haraeter and depth of th e geological forma t ions 
under the u rfaee of t he earth. provided onl. ' that thc uh-surfaee formations have thc 
eha raeteris t ie o f tran mitting ound more rapidly t han the surroun d ing terrain and that 
the surroundin g terrain be onc through ",hieh sou d will travel with substan tially 
uniform veloeity. ueh eondition are often found in geologiea l explorations. Thu b y 
mcans of my invention I am able t o locatc valuablc mineral deposits associated with 
such geological formation whieh eould not o thcrwi e be loeated. 

In prac ticing my invention I makc use o f th c fact that sounds which are of long wave 
leng th (25 feet or more) are capable of being rcadi!y diffractcd. Becausc of thc nature 
of diffraetion, I havc found t ha t it i possiblc for uch ounds , originating at t he surface 
of the eart h, t o t ravel diagonally downward through a tratum of ear t h having t he 
charac tcri t ic of tra n mitting sound with comparatively low vcloci t y, thenee along 
a stra tum of high sound vclocity in a dircetion substan ti ally parallel t o the surface of 
contact betwcen th e h vo stra ta and thcn diagonally upward again through the upper 
stratu m t o t hc surfacc where it may be dc teeted at a receiving st ation ome di s t ance 
from t hc point of origin. \Vhere t he cnding and receiving s t a t ion arc sufficiently 
far apa rt in rela ti on t o th e depth of th c und rlying tratum and there is uffi cien t 
differenee between thc soun d tran mitting charaeteristies of the upper and lowe r st rata, 
it is apparen t that asound wa\"c following thc indircet path in dicated may arrive at 
the re eciv in g stati on ahead of a o und wave tra\"elling direetly from the ending to the 
reeeiving station through the uppcr tratum . Thc ound wave whieh proeeeds by the 
indiree t path downward t o and through the lower strat um and then upward, t h rough 
th e upper stratum to th e rett iving t a t ion I call thc "diffraeted wave". Thc sound wave 
wh ich passes direetly bc t wccn th c t \\'o t ations through the upper stratum I call th e 
"direct wave". By providing me an for accurately measuring the time of arrival of 
these waves I am able to make aceura t e deduetions as to the character and lo.ca t ion of 
the underlying stratum. And by changing the Ioeation of thc sen ding and reeeiving 
stations and repeating t he test and eomparing t hc results I provide da t a from whieh 
the depth, eontour, slope and eharaeteristics of th e lower stratum may be aceurately 
d etermined. 

The prineipal object of the invention are to utilize my di covery as a method fo r 
ascer ta ining matter of the eharaeter indieated and to provide imple and efficient 
appa ratus for earrying it out. 

Other object s and advantage of the inven tion will be made apparcn t by the 
fo llowing de cription o f a preferrcd mode of operation of my invention taken in 
eonneet ion wi th the aecompanying drawings , wherein 

Fig. 1 i a wirin g diagram of transmitting and reeeiving s t a tions adapted for 
carrying on t he invention. 
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Fig.2 illust rates a prcferred fo rm of geo phone fo r use at t he rccelvmg station. 
Fig. 3 illustrates a eonvenicn t mcthod of rc cording relat ive times of arrival of 

sound waves, bcing a section of pho tog raphie film bearing graphie indications of the 
ope ra tion of the rece iving devices shown in Fig. 1. 

Figs. 4 and 5 are illustrativc diagrams of thc pa ths of sound waves through thc 
earth , illust rating successive tc ts whercby the charactcr, loeation and shape of thc 
sub- urface fo rmation may bc de tcrmincd. 

Rcfe rrin g to Fig. 1, an explosive charge 10 is buried just far enough b elow the 
surfaee of the groun d so that it detonation will p roduee sui t able soun d waves through 
thc ca rth. In general it is sufficient t o locate t hc charge at a depth of 10 to 20 feet 
hclo\v thc surface for thi s purpose. A second explosive charge 11 ist preferably plaeed 
fo r detonation a t the urfaee of the earth immediately above the charge 10. Nearby 
may be located a wireless tran mitter ) 2. All of th e above-described devices are 
loeated a t the sen ding sta tion herc inaft cr rcfe rred to as A . The explosive eharges 10 
and 11 and the wireless tran mi tter 12 are preferably conneeted by eleetric wires 13 
with a sui t able sou ree of electrical energy, not shown, an d any appropriate means is 
provided fo r simultaneously de tonating the eharges and operat ing the wireless 
transmitter cireui t so tha t thrcc cts of waves ma y be imultaneously propagated from 
the sending st ation , bcing (1) sound waves of long wave leng th, charaeteristic of the 
detonation of an explosive charge, from the charge 10 th rough the earth, (2) a secono 
se t of sound waves from the charge 11 through thc air, and (3) a set of radio frequ eney 
wavcs from t he t ransmitter 12. 

t thc recciving t a t ion, hereinaftcr rcfcrrcd to as B, are located mcans for 
de tcetigg sound wavcs through t he earth, sound waves through thc air and radio 
fr equeney waves. The carth impulscs may be dctceted by means of a geophone 14 o r 
ot her appropriate apparatus , the sound wayes through the ai r may be detccted by 
a mierophone 25, and thc radio frequcncy wavcs may be de teetcd cy any appropr iate 
form of radio receiver 17. An y on e of thc well known forms of mie rophone may be 
employed whieh is sensitin to sounds of long wave length such as those produce d by 
the deton ati ons of explosive charges . Thc geophone 14 and thc microphone 25 may 
be elcctrically connccted by wires 15 to thc input uf an am plifier 16, which in turn is 
suitably conncctcd to opcratc the useillograph element 18. ]f des ired, separate oscillo
graphs may be employe d for the geophone and for thc microphone respectively . The 
wi reless reccive r 17 is connec ted to opcrate an oscillograph elemen t 19. These oscillo
graph elements are ins t alled in and constitute apa rt of thc oscillograph recorde r 20. 
The arr angement of thc ource of light 22, thc 0 cillograph elcmen t land 19 and the 
mechanism 21 for moving the film 26 is weil k no wn to th ose ve rsed in the usc of such 
instruments . The osci ll ogrüph recorder is also pro\"ide d with a sui t able device for 
recording equal time in terval , such as a tu ning fo rk 23 provided wi th lits through 
which ligh t may pass from a lamp 24 to t hc film 26, which h as been found to work 
successfu lly, though any other üppropria te means may bc employed . 

A special form of geophone, wcIl adapted to use fo r practicing this invention, is 
shown in Fig.2. It con sis ts of an elemen t possess ing inertia and which is frf;e to move 
relatively to a second element wh ich is imbcddcd in the ea rth. The t wo elements are 
coupled eleetromagne tically or electrost a t ically in such m anner that an electrical 
poten t ial is generated in an elect ric circuit by relative movement between the two 
elements . In the form of geophone ill ustra ted in this figure the fixe d elemen t 30 con 
stitutes a magne t having pole piece 31, 31, 31. The magnet may ei ther be a permanent 
magne t or may be an elect ro -magnet. The inerti a element is a coi l 32 freely suspended 
fr om the fixed bracket 34 and adapted to move up and down relat ive to the pole 
pieces 31 when the latter are oscillatcJ by earth vibrations. This relative movement 
gene rates an electrical potential at the t erminals of the coils 32 which is conveyed by 
wires 15 to the amplifier 16 and oscillograph element 18 above describ ed. This form 
of geophone is not essential to the invent ion but is advantageous for use in connection 
therewith. 

The operation of the invention may· be illustrated by reference to Fig.4 ip.. which 
the line A-B represen t the surface of the earth. 1-1 represcnts a stratum of thc 
earth having relatively low speed sound transmitting characteristics and 2- 2 represents 
an underlying stratum having re latively high peed soun d t ransmitting characteristics. 
The surface of eontact between the upper and lower strata is indieated by the line 
M - N . 

In order to determine the presence of a sub -surface form ation having relatively 
high speed ound transmitting characte ristics, sen ding and receiving stations such as 
those illustratcd in Fig. 1 may be set up on the surface of the ground at poin ts A and B 
respectively. When thc variou recording devices at B are in readine s the electric 
circu it 13 at A may he energized to simultaneously propagate the sound waves from 
charges 10 and 11 and radio frequency waves fr om transmitter 12 as above described. 
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The points A and B may be located a mile or more apart and rreferably at a 
dist ance greater than four times the estimated depth of the sub -surface fo rmation 2-2 
to be examined. 

Upon energizing the circuit 13--13 at A three set s of waves are propagated. First 
a radio frequency wave which instan tly energizes the wireless receiver 17 at Band 
causes a record to be made on film 26 through oscillograph element 19. The time of 
travel of the wireless impulse being negligible, a record is thus made on film 26 at the 
instant of detonation of charges 10 and 11. 

Second, asound wave through the air from explosive charge 11 which in due 
course is received at microphone 25 and recorded on film 26. 

Third, asound wave through the earth from ch arge 10 to geophone 14. 
If a high-speed sound transmitt ing strat um underlies the surface stratum where 

the t ests are being made, this sound wave through the earth will be divided and will 
reach B in the form of two or more set s of vibrations as I will now explain . 

The wave set up by detonation of charge 10 spreads in all directions from A on 
a substantially spherical wave front. The portion of it that proceeds directly to B on 
the line AB in st ratum 1-1 I have called the "direct wave". Hs time of arrival at B 
will depend on the distan ce AB and the velocity, VI of sound through the medium 
1- 1. Ano ther portion of the wave fr om cha rge 10 will proceed straight downward on 
the line AE, o ther port ions diagonally downward on the lines AF, AG, AH, AJ etc., 
wi th velocities depending on the character of the medium through which they travel, 
and if it is homogeneous in character they will all proceed with subst antially the same 
velocity V I, through the st ra tum 1- 1 and wi th ~ subst anti ally spherical wave front. 

But an importan t change in the wave front occurs at the plane of contact MN 
between the strata 1-1 and 2- 2. The wave proceeding on the line AE perpendicular 
to plane M will be broken up at E, t he major port ion proceeding in the same line 
toward E' and other portions proceeding ra dially in all direc t ions from E by diffraction 
in accordance with the theory of propagation of impulses known as "Huygen' s principle" 
(p. 159 "Theory of Optics" - Drude, translated by Mann & Milleken). One of these 
diffracted waves will proceed from E on th c line EK subst an tially along the plane of 
contact MN between the upper and lower strata 1-1 and 2-2. 

Meanwhile another portion of the original sound wave from A proceeding on line 
AF will reach plane MN at F. The major portion of it will be refracted, on weIl known 
principle s, so that it will proceed with increased velocity on line FF' through st ra tum 
2- 2, another portion will be reflcc ted b ack through stratum 1-1 to point F" at the 
surface, and other portions will be diffracted radially from F through 2-2, a portion 
of the diffracted wave proceeding on line EFK in plane MN. 

Another porti on of the original sound wave from A will strike plane MN at G . 
Hs refracted portion will continue through stratum 2-2 on line CC', its reflected 
portion will travel back through st ratum I- Ion line CC", and a diffracted portion 
will travel toward K in the plane MN. 

It is weU known in the seien ce of op tics and sound propagation that there is a 
cri ti cal angle of refraction between media of different density such that when the 
angle of incidence of thc wave impul e exceeds this critical angle , no refraction occurs. 
This angle depends On the relation of the veIoci t ies of t ran smission of the impulses 
th rough the two med ia and is expressed as folIows: 

V 
H sin · ' '. ( I ) 

~ °

2 where 
H is the critical angle of refraction, 

V1 is t he velocity with which the impulse travels through low speed sound 
tr ansmitting medium, and 

V2 is the velocity wi th which it travels through the higher speed sound transmitting 
medium. 

According to this theory, the portion of tbe original sound wave from A proceed
ing on the line AH, where the line AH makes the critical angle of reflection with plane 
M ,will have no refracted porti on through stratum 2- 2, but there will be reflection 
on line HH" and diffraction radially from H , a portion of t he diffracted wave proceed
ing on line EHK. 

Thus it appears (hat the original sound wave at A will t ransmit sound energy in 
line EK by diffraction due to the length of the original sound waves and the 
difference in sound veloci ties of the media on either side of the separating plane M . 

By further operat ion of Huygen's principle, diffraction of the soun d energy in line 
EK occurs at each point in its t ravel, as, for example at poin ts P and K and from each 
of these points a diffractcd impulse p roceeds toward B to effect vibration of the geo
phone 14 and make a resulting record on fi lm 26. 

Thc di ffusion of the sound through thi s repea ted diffraction would result in very 
fce ble vibrations at B were it not for the fact that they tend to rein force each other 
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with a maximum intensity just following the instant of reception of the diffracted 
sound wave which has followed the short est time path through plane M from A to B 
so that with th e instruments I have provided a very clear record of the arrival of the 
diffracted wave at B appears in film 26 if th e re be no substantial interference b y 
other sounds. 

I have found that the order of arrival of these diffracted wave portions from A 
to B via plane MN depends on their course of travel through the media 1-1 and 2-2 
of differen t sound veloci t ies and that that diffracted portion reaches B first which 
travels from A to M T and from MN to B on the lines AH and KB which form with 
MN angles complementary t o the critical angle of refraction above referred to. For 

(T, - 2Dtan 8) 20 
t=----+ (2) 

where V2 V I cos fj 

t=the time of travel of the diffracted wave, 
L=the distance between A and B, and 
D=the depth of MN below the surface, i. e., the length of line AE. 
When t is aminimum, that is, when the angle H is such that the path AHKB is 

the sho rtes t time path, then 
dt 

dH 
() (3) 

Differentiating the eguation (2) with respect to N. 

dt 2D 2D sin & \/ , 
- -- - () (4) sin (-) (S) 

dfJ \ ' 2 cos 2 A \ '1 cos 2 H ~ ' 2 

presume that the reinforcing of the diffracted wave referred to above is due 
to the fact that although the cnergy wh ich follows the short es t time path AHKB 
arrives first, the energy t ravelling by line AGKB will t end t o rein force the ene rgy 
travelling by line AHKB for its path though lon ge r in th e aggregate is short e r through 
the low velocity stratum ; and likewise t he cncrgy travelling b y lines AJKB an d AHPB 
will tend t o reinforce th c cnergy travelling by line AHKB for their paths though 
shorter in the aggregate are longer through thc low velocity medium. Thus the diffract
ed wave is built up to such magni tude that if it arri vcs ahcad of thc direct wave from 
A t o B through stratum 1-1 it is clearly distinguishable on film 26 from the vibrations 
recording the normal unrest of the ground. The first vibrati on of the group of 
vibrations caused by the diffracted w aves may therefore be read as indicating the 
arrival of the diffracted wave which has come b y the sho rtest time path, AHKB. 

The record of arrival of these four sets of wavcs (i. e. the radio freguency wave, 
the sound wave through the air, an d thc dircct wave an d thc diffracted wave through 
the earth) at station B will appear on thc film 26, when the same has been developed, 
somewhat as shown in Fig. 3. Refe rri ng to tha t figure the linc Q- Q is th e record 
made by the oscillograph element 19 undcr con trol of the wireless receiver 17. The 
line R-R is the record made by the oscillog raph element 18 under combined control 
of the microphone 25 and thc geophone 14 through amplifier 16. The lines S-S 
represent time intervals reco rded b y tuning fork 23. (One hun dredth second intervals 
have been found t o be satisfactory.) The sharp break in line Q-Q at point 0 
indicates the instant of arrival of thc radio fr eguency wave and therefore the instant 
of explosion of chargcs 10 and 11. This marks the zero instan t of the test and all 
other time intervals may be read b y counting the number of line S-S between 0 
and the point in guesti on. The vibrations in line R-R up to the point X represent 
the normal earth tremors detected by geophone 14. The vibrat ions of line R- R 
between points X and X ' represent the reco rd of diffracted sound waves received through 
geophone 14. The vibrations between points Y and Y' represent the record of direct 
sound waves received through geophone 14. The vibrations of line R-R following 
point Z represen t the record of sound waves from explosion 11 received through the 
air by microphone 25. 

By counting the time interval lines S-S between point 0 on line Q-Q and 
point Z on line R- R the exact elapse of time between the propagation of the sound 
wave from charge 11 at A and its receipt at B may be determined. The distance 
between A and B may then be accurately calculated from the known velo city of 
sound through the air with corrections fo r t emperature, altitude, wind, etc. Other 
appropriate mean s may be employe d for determining the distance A-B but I have 
found it more convenient to proceed as above indicated rather than by surveying or 
measuring the distance and there is the further advantage in the present method that 
it makes the distance reading apart of a single re cord strip up on which all of thc 
data for calculations are based. 

Inasmuch as the direct wave from A to B through stratum 1- 1 produces 
vibrations of line R-R of greater ampli t ude than those produced by the diffracted 

120 



wave, I am able to identify and distinguish the respect ive vibrations which come 
through the ca rth. As a rough check on this meth od of d is tinguishing the two sound 
records it is desirable by preliminary tes t t o determine the velo city of transmission of 
sound through the surface stratum 1-1. \ Vith this velocity known and the distance 
A-B known it is possible to estimate the expected t ime of arrival of the direct wave 
vibrations. If this estimation shows that t hc di rect wavc vibrations should not 
normally arrive at B un til the beginning of vibrat ions Y - Y ' of line R- R then there 
is no explanation for the vibrations of line R- R recorded between points X and X' 
other than that they are sound vibrations which h ave come more rapidly either than 
the direct wave from charge 10 or than the sound wave through the air from charge 11. 
The reco rd of the vibrations between points X and X ' therefore indicates without 
question the presence of a high-speed sound t ransmitting stratum in the ea rth some
where below and between points A and B. 

When the presence of the high-speed stratum 2-2 has thus been ascertained 
accurate data as to its character, location and depth may be collected by repeating 
the t es ts and m ak ing new records for different locations of points A and B. For 
example, the sending st a tion A may be moved to a new locat ion A 2 further away 
from B on line A B and new charges 10 and 11 se t and detonated as ab ove describ ed. 
From the fi lm strip 26 made in th is secon d t es t , it will be possible to calculate as above 
the distance between t he sending and receiving st ations A 2 and Band the time of 
travel of the diff rac ted wave by the hort es t t ime path A 2H 2KB. Since the di stance 
A 2A=H 2H , the time of travel of the diffracte d wave from H 2 t o H may be calculated. 
This gives the veloci ty of sound travel, V2, through t he high-speed medium 2- 2, and 
permits the solution of equations (1) and (5) above and the determination of the 
angle H. With this angle k nown, equation (2) may be re olved t o determine the depth 
of the plane M below the ground. 

A direct equation fo r determining the depth D of the lower stratum below the 

surface of the ground is as foIl~s: _ 1_-_, _ (t _ ~) 

2 cas H I 2 
(6 ) 

This assurnes that th c line HK in plane M is parallel t o the line AB at the 
surface. The equ ation (6) may be more ge ne rally wri tten 

~ - I ( I. 
Da + 0 1' - -- t - -- ) 

cas H . 1/2 

(7 ) 

where Da is the depth of plane Ml\: below t he surface at A an d O b is the depth 
of plane M . below the surface at B. 

The slope of the plane M may b e de termined by making tests and observations 
as above at three surface station A, Band U loeated in triangular relation . If the tests 
and obse rvations be made in the following order A to B, B to U, U to A, then 

V, (La) V, (Lb) V, ( Lu) 0 " + D b =-= -- ta - -V ; Ob -t- D II = - H Lb - 1 - ; D u + D a =- -- 111 - -V (8) 
cas (j 2 cas f 2 cas f:-) 2 

where t a, t b, t u indicate the times of tr avcl of the diffracted waves by the shortest 
time path from A to B, B to U, and U to A respec t ively, an d La Lb, Lu indieate the 
respective distances between AB, BU and UA . By solving these equations simultane
ously the depths t o plane M may b e determined and the three points thus loeated 
serve to indicate the sioping b oundary plane between strata 1-1 and 2- 2. 

In this manner anticlines and othe r high- peed sound transmitting formations 
mey be definitely locat ed, their depth and upper boundaries determined, and their 
physical characteris t ics m ay be judged from the speed with which they transmit sound. 

In addition, the edges and contour of subsurface formations such as salt 'domes and 
the like may be determined by the appli cation of this invention in the mannet now 
to be explained. 

After gene rally Iocating the formation by random tests, the receiving station B 
(see Fig. 5) is set up at a point on the surface AB and as nearly as can be centrally 
over the supposed position of the sub -surface formation to be ex amined. The sen ding 
st ation is then set up succes ively at positions Al, A2, A 3 etc., on line BA such that 
A is succe sively at greate r d is t ances beyon d the supposed posi tion of the edge to 
be located. By makin g an d reco rd ing tes ts from these different posi tions of the send
ing station it is poss ible to make determi nations as fo llows: 

Let t l, b, b equal the times required fo r travel of the diffracted wave from Al, 
A 2, A 3 respectively t o B, and let 

M t = t 2 - Lt; 1t2 = ' 3 - t 2 ; Lt = A2 B - A,B; L2 = A3 13 - A 2 B 
Then draw the lower left hand limb of the hyperbola 

4 V t
2 X 2 V 2 

----- = 1 (9) 
tl l f

2 tH 2 
4[. 2 _ _ t_ 

t 4 V, 2 
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where X's Ll re abscissas and Y's are ordinates with the o rtgm at A2. This hyperbola 
ap pcars on Fig . .5 as a~ h~ . A lso draw the lower left hand limb of the hyperb ola 

Y 2 
----- = 1 

M 2 
4 L 2 _ _ _ 2 _ 

2 4 VI 2 

(1 0 ) 

where X' s are abcissas and Y's are o rdinates with the ongm at A 3. This hype rb ola 
appears on Fig. 5 as a3 113. The in tersection, H, of these two hype rbolas indicates the 
point sought, i. e., the edge of the formation under examination. 

This point mayaiso b e found by solut ion of the simultaneaus equations: 
4 V1

2 X 2 y2 4 V1 2(X+L 2) 2 Y2 
1 and --- --

M 2 2 l1t 2 

4L I2 _ 4~~2 
using the point A~ as the o rigin. 

(11 ) 

Sim ilarly the opposite edge of the sub -surface forma t ion may be loca ted, and 
then, b y placing the sending stati on at va rious poin ts on ot her lines ra diat ing from B, 
the loeat ion of the edgc of t he forma tion un ter t hese lines may b e dete rmined. It will 
ge ne rally b e found necessary t o change the loea t ion of the reee iving station, B, from 
time to time in order t o ge t the clearest resul ts. It may be found, for exam plc, that 
ß is so elose to one edge of the format ion that the direct wave through 1-1 reaches 
B b efo re the diffrae ted wave . Since the vibrations recorded on film 26 by the direct 
wave are generally of much greater amplitude and duration than those recorded by the 
diffrae t ed wave, the la tter a re not easily dis t inguishab le fr om t he former unless t he)' 
reach B first. Accordi ngly , if vibrat ions from the direct wave appea r first on th e 
rccord, it is because the path H I-: of the diffrac ted wave through plane MN is t oo 
sh ort. This is likely to be the ease if B is too near the edge of the fo rmation and in 
such case it is desirab le t o draw B back t o a new posi ti on mo re nea rl y over the 
suppose d cen ter of the formation. \ Vhe re th e forma t ion is ext ensive it may b e 
neeessa ry t o make many ehanges in th e posi t ion of B as weil as of A . 

o confusion is likeh' to oecu r betwcen the rccord of the so und waves throu gh 
the air and th ose through the ground for th e latte r tr ave l wi th many times th e 
velo city of the former. T hus the zone of vibrations YY' on film 26 due to the ground 
waves se t up hy explos ion o f charge !O wi ll hayc long since subsidcd and passed 
befoTe thc first ound of the explosion of eharge 11 reaches microphone 25 through 
the air . For thi s re ason J prefcr t o proYi dc a single oseillog raph 18, but separa te oscillo
graphs o r o t he r rceording de\'iec s for thc micro phone 25 and geo phone 14 may b e 
provided as desired. 

I am awa re th at it has bccn proposcd t o invest iga tc sub -surfaee ores by me ans 
of observa tions as to t hc ycloci t v an d in fl ce t ion of sound \\'aves of short wave length 
clectr ically p rodueed an d tr ans m'i ttcd bct \\' cen ins t rum en ts loea tcd in bo rin gs as deep 
in the ea rth as th c fo rm at ion un der e'\amin ation. But my in ve nti on is quite distinct 
from such p roposal in th a t I rnak e use of thc p ri nciplc of diffrac t ion of soun d wavcs 
by employ ing sou.lds having long wave lc ngt h so that , instead of obscrvin g th c re
fracted o r reflec ted waves as in the earlier proposal, I m ake use of the diffracted waves. 
I thercb y obviate thc neecssi ty of dccp h orings and provi dc mc ans as wc ll fo r de
te rmini ng with accuracy t hc si zc, shape , der th , slore and ot he r characteristics of the 
forma t ion which ha \'e not prC\'i oush' heen asccr t ainahlc by any means w ithi n my 
knowledge o ther th an aetu al excavat ion ur sinking of shafts . 

l\'\ Y inven ti on rcsults from the d iscove ry tha t certain sounds may b e diffr aeted 
under the condi t ion s described and that despite d iffusion of the diffrac ted sound t he 
momentary rcin fo reemen t of the sound im mediat ely followin g the arrival at the receiv
ing station of thc d iffract ed ",ave by thc shurtes t t ime path is sufficicn t to energize 
sensit ive receiving an d recording appa ra tus of the charact e r describ ed so th at th e 
record of the t imc of arrival of th c diff ractc d wave by the shortcst t ime path m ay bc 
di stin gui she d from the record of no rm al unrcst of th~ ground. The t ime of tr av~l of 
th is d iffracted wave m ay thus b c made ava il able for use in the many calculat ions and 
deduct io ns referred to. 

The deviccs and combin ati on s wh ich I have dcscribed and p rcfe r t o employ as 
constitu ti ng the ending station a re weil adapt ed for propagation of sounds of th e 
eharacter rcquircd t o seeure diffraction under the st ated conditio ns of use. The 
devices deseri bed as constitut ing the receiving st at ion are peeuli arly adapted for 
receiving an d accu rately recording im pulses of the charaeter employed . But it will be 
obvious to th ose skilIed in the art from the forego ing descrip tion that many chan ges , 
omissions and add it ions ma y be made in the apparatus and combinations of deviees 
de scri bed wi th ou t departin g fr om my inven ti on. 

Th e prcferrc d form of geophone described an d illust rated herein is no t essenti al 
to my broa d inven ti on but is novel in itself and is especially adapted for the use 
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described beeause of its high sensitivity to sounds of long wave length and beeause 
it permits amplifieation and recording of the vibrations of eleetrie potential set up in 
eircuit 15-15 by the ground impulses without substantially distorting the record as in 
the case of other devices. 

By my preferred combination of ser.ding, receiving and recording deviees I am 
able to make aeeurate time measurements, to calculate distanees accurately without 
the use of surveying instrumen ts or measures, to provide data with negligible factors 
of error, to provide simple and eHicient apparat us for earrying on the proeess, and to 
aeeomplish results in the investigation and determination of eharaeteristies of sub
surfaee geologieal formati on whieh are novel and important and capable of a wide 
variety of uses. 

While I have described my invention in connection with preferred forms and 
combination of devices, it will be understood that I do not thereb y intend to restrict 
myself to such illustrative means as I intend to include in my invention all possible 
modifications and variations in method and apparatus which fall within the scope of 
the appended claims. 

What I claim as new and desire to secure by Letters Patent of the United 
tates is:-

1. In a system for locating subsurface formations, the eombination of means for 
simultaneously transmitting asound of long wave length ar.d a radio frequency wave, 
means for receiving said radio frequency wave, means for receiving the diffracted wave 
by the shortest time path resulting from said sound wave and means for reeording 
said waves as thev are received. 

2. In a syste-m for locating subsurface forma tions, the combination of means for 
simultaneously transmitting sound waves th rough the earth and through the air and 
transmitting a radio frequeney wave, means for receiving said radio frequency wave, 
means for receiving said wavcs transmitted through the earth, means for receiving the 
wave transmitted through the air and mcans for reco rding said waves as they are 
received. 

3. In a system for locating sub urf ace formation, the combination of a transmit
ting stati on having a source of radio frequency waves and a source of mechanical 
impul e , and a receiving station haYing means for receiving said radio frequency 
waves, me ans for receh'ing said mechan ical impulses and means for recording said 
waves and said impulses as they are received . 

4. In a ystem for locating subsurfacc formation, a source of radio frequeney 
waves, a souree of mechanieal impulses, m eans for rcceiving said radio frequency 
waves , me ans for reeeiving said mechanieal impulses. means for determining the time 
of t ravel of said impulses through the subsurfaee forma tion and means for determining 
the ti me of travel of said impul e througi1 the media overly ing said formation. 

5. In a system for loeating subsurface formations, a sou rce of radio frequency 
waves, means for producing mechanical impulses through the air and through the 
ground, means for causing the simultancous transmis ion of said radio frequency waves 
and aid mechanical impulses, me ans for receiving and recording said radio frequency 
waves at a point distant from that of transmission means for receiving said mechanical 
impulses at the same point, and means for separately recording the time of arrival of 
said mechanical impulses through the air an d thc direct and diffracted impulses result 
ing from said mechanical impulse through the ground. 

6. The method of locating subsurfaee format ion whieh compri es tr ansmitt ing 
radio frequency wave , tr ansmit t ing sound waves through the carth simultaneously 
therewith, receiving said radio frequency waves at a point distant from the transmitting 
stat ion, automaticall y recording the time of arrival of said wave at the receiving point, 
receiving said impulses travelling through the earth and automatically recording the 
time of their arrival at the same point. 

7. The method of loca ting sub urface formations whieh comprises transmitting 
radio frequeney waves, ~ransmittin g mechanical impul es through the earth simultane
ously therewith, receiving and recording said radio frequeney waves at a point distant 
from the t ransmitti ng station, reeeiving said mechanical impulses at the same point, 
and recording the time required for said impulses to travel through the formati on under 
obse rvation and to travel directly through the earth from the tran mitting station to 
the point of recep tion . 

8. The method of locating subsurface forma tion which comprises transmitt ing 
radio frequency waves, tran mitting mechanical impulses through the earth and through 
the air simultaneously therewith, reeeiving and recording said radio frequeney waves 
at a point distant from the tran mitting station, receiving said mechanical impul es 
at the same point, and receiving and reeording the time of arrival of said impulses 
through the earth and through the air and the time intervals between the arrival of 
such impulses. 
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9. The method of locating subsurface formations which comprises transmitting 
radio frequency waves, transmitting mechanical impulses through the earth and through 
the air simultaneously therewith, receiving and recording said radio frequency waves 
at a point distant from that of transmission, receiving said impulses at the same point 
and automatically recording the time required for said impulses to travel through the 
format ion under observation, the time required for said impulses to travel directly 
through the earth and the time required for said impulses to travel through the air. 

10. Mechanism of the character described including in combinat ion means for 
producing asound of long wave length through the earth and simultaneously making 
a time record at a distant receiving station and means at said station for making 
a time record at the instant of arrival of the diffracted sound by the shortest time 
path through the earth and for recording the time interval between the two time 
records. 

11. Mechanism of the character described including in combination means for 
simultaneously producing sounds of long wave length through the air and earth from a 
common sending station and making a time record at a distant receiving station at 
the instant of such propagation, and receiving devices at the receiving station sensitive 
to such sounds and adapted to make a time record of the arrival of the same and to 
record the time interval between such time records. 

In testimon y whereof, I have signed my name to this specification . 

JOHN CLAREN CE KARCHER. 

124 



C 0 N C LUD I N G REM A R K S. 

The charges made against German Reich Patent No. 371 963 
"Method for the determination of the structure of rock strata", which 
were mentioned in the preface, were refuted by the decision of the 
Reich Court of Germany, under date of June 28, 1930. A translation 
of the decision is appended. 

JUDGMENT 

- of the -

REICH COURT OF GERMANY 

- dated -

28th June 1930. 

1. 281/27 
IN THE NAME OF THE REICH 

In the patent proceedings 
of Dr. Ludger Mintrop of Bochurn, Herner Strasse 45, 

Defenda~t and plaintiff on appeal 
versus 

Prof. Dr. Karl Mainka of Ratibor, U pper Silesia, Bahnhofstr. 4 I , 

Plaintiff and defendant on appeal 
The Reich Court, 1. Civil Senate, at the session of 28th lune 1930 
in which 

President Katluhn 
and the Reich Court Councillors Dr. Nieland, Triebel, 
Dr. Georg Müller, Dr. Conze 

took part, decided: 
That the decision of the Reich Patent Office of 12th May 1927 

be cancelled. 
That the action for nullity be rejected. 
That the expenses of the proceedings in both actions shall be 

borne by the plaintiff. 
As a matter of righ t. 

FACTS OF THE CASE 

A process for ascertaining the geological structure of strata was 
protected in favour of the defendant by the patent No. 371 963 in force 
as frorn 7th Decernber 1919, which in the patent claim is characterized 
as follows: In the district to be examined elastic waves are to be 
artificially produced, for instance by the explosion of a blasting charge. 
These waves are thereupon received by a sei mograph set up at a 
suitable distance, frorn the records of which the speeds of the various 
waves and the depth which they have reached may be ascertained. By 
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this me an - especially on the basis of comparison with measurements 
at place of known geological structure - it is said to be possible to 
form conclusion as to the sequence, thickness and density, as well as 
regarding the strike and dip of the rock strata. The plaintiff has applied 
for this patent to be declared null, a the process described in the 
patent specification can already be gathered from previous publications. 
The defendant requested rejection of the plaint. He alleged that the 
prior p-ublication only contained scientific discussions, whereas by 
hi patent he had been the first to work out the seismic process as 
applying to practical geology and mining. 

The Reich Patent Office, by it decision of 12th May 1927, declared 
the patent attacked to be null, because the patent specification publish
ed nothing as to the practical working out of what wa already pre
viou ly treated in technical literature. 

The defendant lodged an appeal, applying that the plaint should 
be rejected and that the decision of the Reich Patent Office should be 
set aside. 

The plaintiff moved for dismissal of the appeal. 
The Senate in the first place called Prof. Dr. Harbort of Berlin as 

an expert, who, however, died after submitting a written report dated 
8th April 1929. The Privy Mining Councillor Prof. Dr. Kühn of Berlin 
thereupon called in as an expert, made a written report dated 
26th April 1930, and explained same at the hearing. 

GROU DS FOR THE DECISION 

In the patent objected to the defendant set hirnself the task to 
determine the composition of the rock trata in the upper layers of 
the earth from the velocity of mechanical waves. In the preamble of 
the patent he rnention that apart frorn the inadequate rnean of the 
borings and the divinin o rod, electrical vaves had already been used 
for inve tigating the structure and peculiar character of rock strat a 
and then (p. 1 lines 24 ff.) he lays down the tarting point for the path 
followed by hirn, the perception that the connection of the mechanically 
produced elastic waves with the characteristical propertie of the rock 
strata, such as density and elasticity, i more direct and intimate than 
their interrelation to electric waves. 

The solution of the problem is described in the patent specification 
from page 1 line 33 forward, and is again urnrnarized in the claim. 
The process cornrnence with the production of waves - for instance 
by the explosion of bla ting material - the elastic propagation of 
which is recorded by the seismograph set up at the suitable distance. 
If it is then further stated that these records are employed in order to 
construct the so-called tirne-distance curve and to calculate the speeds 
of the waves at the variou depths, and if, in connection therewith, 
sirnilar investigation in seismology are referred to, the expert, i. e. , 
the geologist acquainted with seismology draws two kinds of conclu-
ion therefrom (as Prof. Angenheister has convincingly set forth as 

the technical adviser of the defendant). Scientifically he is reminded 
of the fundamental re earches of Wiechert which also form the basis 
here, as h e at once acknowledges. He is reminded that Wiechert was 
the first one who, in 1907, (with his students) established a serviceable 
rnethod of calculating the greatest depth to which earthquakes pene
trate, which is based on a travelling time curve, i. e., on a cornpilation 
of the travelling times of elastic waves. For practical work , however, 
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he at once concludes that, if he only measures at one place, he must 
explode blasting material at various (possibly many) places, or, if he 
wishes to restrict the explosion to one spot, he must use various 
(possibly many) seismographs, unless, which of course is also possible, 
he wishes to use the same seismograph over and over again at new 
places for repeated explosions. Finally comparative measurements at 
place , the geological structure of which i already known, are e sential 
for the process and are therefore expressly sta ted not only on page 2 
lines 46 and following in the description, but also in the patent claim 
itself. According to all these characteristic features, the expert knows 
how he is to go to work. 

The patent specification thereupon further gives hirn important 
directions for the utilization of the proces (p. 2, lines 26 H.). It points 
out that from the speeds and depths of the waves, in particular from 
the mutual relation between the longitudinal waves (i. e. , those oscillat
ing in the direction of their propagation) and the transverse waves 
(i. e., those oscillating perpendicular to same), conclusions can be drawn 
as to the elastic properties of the rock trata which are traversed by 
the wave . From turning points and break in the time-distance curve 
it is aid that conclusions catl be drawn as to discontinuities in the 
elastic properties of the rock trata as weIl as to diffractions and 
refraction in the bounding planes. In practice thi concern e pecially 
the determination of interfaces of discontinuity in the depth, a the 
expert Kühn set forth, i. e., the determination of the plane of division 
between two rock bodies, which allow , for in tance, to calculate thc 
thickness of a rock stratum downward. In this connection the specifi
cation refers to the drawing. The doubt which the expert Kühn (con
trary to the late expert Harbort) in the first instance expressed against 
the two illustrations of the patent specification, has been di sipated by 
the hearing, and especially by the expo itions of Prof. Angenheister. 
The illustrations corre pond vith the Wiechert method of determining 
depth , to \ hich the expert (vide above) was already referred in 
another passage of the patent specification, and without leading a tray, 
serve to illustrate the Mintrop Method. geological details being un
important here. 

The Mintrop proce s as an expert gathered it from the patent 
description in its entirety, was new at the time of the application for 
patent. Suggestions to use artificially produced waves for the ex
ploration of rock strata, were indeed made before. In preference to all 
others those two publications which alone were discussed somewhat 
more in detail at the hearing might be considered as a pre-publication 
of the invention , namely the article by Belar "On a new practical appli
cation of seismometers" published in "Erdbebenwarte" 1st annual 
volume 1901 , page 59 and the paper by Wilip "On an artificial earth
quake recorded at Polkowo" , 1914. 

It cannot be denied that the ideas expres ed by Belar in view of 
the purposes of tunnel construction allow to discern the method now 
patented in favor of the defendant, in general outlines and in detail, 
from artificial earthquakes and their recording on to the conclusions 
that must be drawn therefrom. In so doing, however, the decisive 
point must not be left out of sight, that in th e ye ar 1901 no practically 
serviceable process could as yet be drawn from such exposition, be
cau e it wa only in the year 1907 that Wiechert's researches provided 
the indispensable basis for so doing, in calculating thc greate t depth 
into which earthquake rays penetrate a weIl a their velocities. Belar's 
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article can accordingly not be brought up in opposition to the 
defendant's patent. 

When Wilip's paper was publi hed, in 1914, Wiechert's results were 
already known. But all Wilip venture to point out is the possibility 
of some day determining by expensive experiments the time-distance 
curve for seismic rays of the upper earth strata, and perhaps drawing 
conclusions therefrom a to the earth strata which are of interest to 
mining. Wilip did not go beyond this consideration. He anticipated 
nothing as to the process patented by the defendant. 

The step which the defendant first took of utilizing the Wiechert 
earthquake calculation for the rock strata accessible to mining, was 
not by any means obvious to the average expert, not even in con
sideration of the Belar publication, but is rather to be considered as an 
inventive performance. As the expert Kühn has explained, the per
ception, which at the time of the patent application was of a nature to 
cause general surprise, was necessary that the seismograph not only 
records the waves proceeding immediately under the surface, but that 
towards it, i. e., b ac k tot h e s u r f ace, there also proceed the 
radiations which penetrate from the blasting spot i n tot h e d e p t h s. 
As Prof. Angenheister stated at the hearing, and as also appear from 
the reports as to the meeting of the Committee on Ore of 15th De
cemher 1921 contained in the documents on the file , even Wiechert 
hirn elf thought fit to seriously doubt this fact il) the first instance, and 
he only allowed hirnself to be convinced by the experimental results 
of the defendant. This perception was the indispensable foundation for 
the process which the defendant proposed in his patent, for it first 
opened up the surprising possibility of calculating rock strata at con
siderable depths. The merit of the defendant is having made same 
serviceable to mining. An important enrichment of mining technics 
may be recognized in the considerable facility thereb y afforded to the 
preparatory works of mining. 

According to thi the action for nullity had to be rejected whilst 
quashing the decision of the Reich Patent Office. 

Document under seal and signature 

The Reich Court 1st Civil Senate 

By Order 

(sgd) Katluhn 

President of the Senate. 
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