


THE 

SEISMOS 
GEOPHYSICAL COMPANY 

HANOVER I GERMANY 
ESTABLISHED 1921 



n the neighbourhood of Sülze in the rural district of 
Celle, Germany, a considerable number of drillings 
in search of salt deposits to depths of 150 to 750 metres . 
were made, but these attempts failed to establish 
any sign whatsoever of the presence of a salt dome. 
Jn the year 1933 the district was explored with the 
seismic method and already during the first few days 
of the work of exploration the presence of a dome 
was discovered. Having regard to the unsuccessful 
drillings mentioned, some little doubt arose as to the 
accuracy of the seismic method and consequently 
drilling was made at a point at which the seismic 
examination of the territory had fixed the depth of 
the dome at 160 metres. The surface of the 
saltmass was met with exactly at a depth of 

160 metres. This brilliant success of the seismic method is a striking argument for 
the economical significance of the geophysical methods adopted, which could hardly 
be more drastic. The object of this treatise is to bring further evidence of the work 
capable of being performed with the geophysical methods of research, and to explain 
to those who have not yet given the subject the consideration it deserves the real 
significance and import of these methods. 

Jn setting forth the claims and advantages of the geophysical methods it is better 
at the outset to state not only what can be done with their help but also what is 
impossible. They can neither find oil, prove the existence of coal, or discover gold: 
to be concise no such qualitative assertions can be made. Their importance and 
object lie much more in the way of limiting geological possibilities. 

Whereas for the layman, to begin with, there is no boundary limit for the existence 
of a useful mineral, on the other hand the geologist by means of regional knowledge 
and analogical conclusions essentially restricts such "unlimited" imagination. The 
geophysicist is, however, allotted the task of still further limiting numerous remaining 
possibilities by exact local measurements, but absolute certainty can finally only be 
proved by the bit. 

Should one put aside geology and geophysical methods and try to gain the required 
knowledge solely by means of the bit, such procedure would resemble the attempt 
of a blind man who endeavours to find a gold piece in a large field with the help 
of his crutch-stick. Every time he probes with his stick corresponds to a dry hole 
when searching for oil. When one directs the attention of the blind man to the fact 
that it is only necessary for him to search on a restricted area, fewer probings i. e. 
dry holes when searching for oil would be necessary should geophysical methods 
previously have been applied to territory which from the tectonic point of view 
possesses good prospects. The following rough esti mate shows that t he am 0 u nt 
expended on a single dry hole would be sufficient to cover the costs for 
the geophysical examination of a large area. Estimating the costs of a dry 
hole of about 1000 metres at only 100000.- Goldmarks, all explosive and auxiliary 
expenses connected with 7 full months of seismic work could be covered for the 
same amount, and thereby at least a surface of 350 sq. klm. subjected to very minute 
examination. With the torsion balance, for the same amount of 100 000.- Goldmarks, 
2500 stations could be measured, with which, having regard to the sufficiently large 
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network of 8 stations per sq. klm. more than 300 sq. klm. could be examined. After 
such research one has obtained somewhat comprehensive information concerning 
tectonic conditions, and is also in possession of valuable data not only for systematic 
examination of the territory by means of exploratory drillings but also for the equipment 
of productive wells at a later period. 

Whereas a dry weil only points to the fact that there is certainly no oil at the 
place concerned, but apart from this furnishes no further conclusions, one is exposed 
to the risk of repeated unsuccessful drillings, but by means of an appropriate geo
physical examination one is able to determine whether tectonic conditions are at hand 
conducive or not to the presence of petroleum, and whether the district in question is 
of further interest or if it would appear advisable to discontinue lease rentals and 
concession fees. Another point not to be lost sight of is that under certain circums
tances the amount paid in options for one year alone would probably be sufficient 
to cover all expenses necessary for the geophysical examination of the whole 
territory. The value of a geophysical examination of a district is something 
permanent, it is a document wh ich increases in worth the more the results already 
obtained give incentive for further exploratory work at a later time. 

Geophysical examinations are not only of paramount importance for the petroleum 
industry but also for all branches of mining, mining management and survey, and 
for the drawing up of inventories of mineral deposits for which tectonic conditions 
are significant in relation to further decisions, conclusions and valuations. 

For the purpose of developing co al fields, a geophysical contour map of the carbon 
surface according to strike and dip is of valuable aid. Jt also renders inestimable 
service in ascertaining the position of hard banks in the overlying sediments and in 
the finding and following up of postcarbon faults, and of dislocations in the overlying 
sediments along such disturbances, matters of considerable import in the sphere of 
mining technology and economic administration. Recent investigations have shown that 
the utilization of seismic reflexions is of particular value in such work, as will be 
dealt with in a later chapter. 

Mining technological use of such seismic indications affords a saving in expense 
in connection with underground exploratory work, as such work may be adapted to 
the seismic conclusions previously obtained. Jn the overlying sediments, wall piers and 
tubbings wedging-cribs can be followed up. Safety zones against water carrying over- ' 
Iying sediments may be restricted and more accurately measured. Precautionary 
measures against dislocations in the overlying sediments such as exploratory drilling 
are in many cases dispensed with or reduced tO a minimum and valuable coal 
supplies thereby profitably worked. The expense involved by seismic examinations 
undertaken previous to exploratory work in mining fields not yet worked is in comparison 
with the economy effected but trifling. 

A further field in wh ich, forexample, theseismic 
method is becoming of importance is that ofthe 
systematic examination of plots of land for buil
ding purposes by means of compelled oscillations, 
so as to determine the most important charac
teristics of the soil from the builder's point ofview. 

Applied geophysical methods have recently ob
tained undoubted recognition in the statute apper
taining to exploration for useful mineral deposits 
in the German Empire. From the regulations con
tained therein it may be seen what importance is 
attached by the authorities to results obtained by 
geophysical research work. No understanding .. . . 
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We ourselves give preference to those methods of applied geophysics which on 
account of years of long experience have proved to be the most important and reliable. 
Above all we employ the seismic method discovered by Professor Dr. Mintrop, 
utilizing presently not only refraction but also reflexion waves. Further, we give pre
cedence to the gravimetric methods with the help of the most approved models of 
the Eötvös-Torsion Balance, and the Thyssen-Gravimeter which has been develop"ed 
and improved to such an extent by our company that at the present time it probably 
excels any other similar instrument with regard to accuracy and results thereby 
obtained, dispensing as it does, once and for all, with the awkward, complicated, 
expensive and unreliable pendulum measurements. Patents have been applied for by 
us for the Thyssen - Gravimeter in all culture lands. A description of the method 
mentioned is to be found in a special section of this prospectus. 

With the help of the following brief explanations of geophysical methods, certain 
physical values relating to underground conditions are determined. Jn accordance 
with the practical aim and the real purpose of applied geophysics, namely, the dis
covery of the position of mineral deposits and the determination of their boundaries 
and the tectonic conditions of the strata, the geophysical data obtained from the 
measurements diagrams, such as speed of transmission of artificially produced elastic 
waves and their changes, gravity gradients and curvature values of the level surfaces, 
must be considered in relation to purely geological structural factors. The geophysical 
picture must be so utilized and interpreted that one can draw conclusions from it 
concerning the location and boundaries of geological structural elements. The most 
important work of exploitation can, however, only be undertaken by special scientists 

. after long years of systematic training, combined with experience collected during 
long periods in the most diversified spheres of work in different parts of the world. 
Our company, as the oldest of its kind, had the opportunity of collecting such 
experience in different countries since the years 1922 and 1919 respectively. Jn the 
case of many examinations, the bit immediately followed the tracks of the geophysical 
apparatus, and as in this way very valuable empirical comparative material could be 
obtained, it was more and more possible to recognize the limits in the application · 
of the single methods, and to employ them in such manner that they supplemented 
one another. 

The problems to be solved by applied geophysics are exceedingly manifold. Only 
a few of the principal tasks will be briefly dealt with here. Jn many cases it is a 
question of determining the presence or absence of certain minerals or the position 
of beds of rocks in the underground and of ascertaining their boundaries and 
depth. Jn certain districts such as, for instance, on the Gulf Coast of the United 
States, in North Germany and the interior of Russia etc., search was made for salt 
domes and salt structures concealed under overlying sediments of recent development. 
This task is momentous for oil geology as the positions of oil accumulations 
are frequently connected with faulted up layers caused by the salt dome. Search 
for salt domes results in the shortest time and most economical way by means of 

the seismic refractions methods or by gravi
meter measurements. Limitation and deter
mination of the depth of the dome is arrived 
at most suitably by utilization of seismic re
fractions or reflexions. For the elucidation of 
special questions e. g. where are the most 
favourable points on the borders of a salt dome 

, for weil locations, or where uplifted parts on the 
flank are to be found etc., the torsion balance 

.... tor geophysics. renders excellent service, and by this means 
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one can also obtain data concerning the position and the nature of the dip of the 
flanks of the salt dome. 

Numerous are also the cases in which geophysical methods may be applied in 
the search and pursuit of prominent folded up structures covered with young 
sediments (uplifts, anticlines or horst-like structures) with the object of furnishing 
information regarding the trend, position and dip of the strata. Jn oil geology, the 
working of co al mines, or in practical geology, it is frequently a question of deter
mining those positions underground having a maximum of uplift so as to decide 
upon the most favourable points for location wells and , shafts etc. The position and 
strike of faults and fracture zones are often to be ascertained. Here, in many cases, 
complicated and many-sided questions are involved relating to the most diversified 
branches of mining, hydraulics and excavation. Faults may, for example, in certain 
cases be sought for as water conducts, in others avoided. Determination of their 
position is often of extreme importance in following up useful mineral beds. For the 
solution of these various tasks, each according to the regional geological conditions 
concerned, gravimetric, seismic and torsion balance measurements are of great assi
stance. When it is a question of somewhat more complicated tectonic or of local 
problems, reflexions and torsion balance measurements may often be advantageously 
combined, which method in recent times is coming more and more to the front. 

Apart from the search and limitation of weil defined structural elements as briefly 
described above, a further comprehensive task may be allotted to geophysics in 
ascertaining the depth and position of a horizon important for mining or geology, 
and its contouring over extensive areas. 

Jn the following pages details of the various methods principally made use of by 
us are dealt with, supplemented by typical geophysical maps, and in conclusion, 
reports will be found of the manner and methods employed in connection with a few 
enterprises of a more important nature carried out by us which have often been 
publicly discussed. 

Automobile equipment of a seismic troop in Texas. 

8 



INVESTIGATIONS WITH REFRACTIONS OF SEISMIC WAVES. 

The seismic refraction method, productive of excellent results in many countries, 
may be made use of in all cases when the question of exploring the geological struc
ture of the underground is concerned. Jt furnishes explanations and conclusions with 
regard to the bedding of the different strata, their depth, thickness and in certain limits 
as to their approximate development. 

This method enables one in a relatively short time to ascertain the presence of 
salt domes and other hidden uplifted structures and then to determine and to limit 
their depth and formation more accurately and individually. 

This problem is solved by the seismic method with the help of small earthquakes 
artificially caused, according to the method of Professor Dr. Mintrop. Explosive 
material is buried near to the surface of the earth and brought to detonation. The 
seismic waves arising therefrom are registered by seismographs placed at certain 
distances from the point where the explosion has taken place. Thereby, above all, one 

Seismic recording station with seismograph, sound receiver, radio receiver and 
photographic recording device. 

makes use of the fact that the various kinds of rock possess a different speed of 
transmission of the seismic waves in that these waves are transmitted more or less 
rapidly in the different layers. The speed with which the waves run from a shot 
point through the underground layers to a point of observation must be ascertained 
if one will learn something about the structure of the underground. 

For this purpose a -small tent is erected at each point of observation, in which a 
field seismograph, a radio receiver, a sound receiver and a recording device are 
installed. The indications of these instruments are recorded in the form of a seis
mogram on a photographic film strip running at a constant speed in the recording 
device. At the shot point there is a radio transmitter. The moment of the explosion is 
brought on to the film in the following manner. An electrical conduct wire wound 
round the cartridge is torn by the explosion, thus bringing the radio sender apparatus 
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into action so that the sender signal suddenly shows its mark on the film strip. From 
the seismogram, on which an exact time indication is also shown, one can now 
determine the time moment of arrival of the first seismic waves, and thereby ' also 

,0 t.o5eb'. 
• . . . . . i j . 

Seismogram. 
The upper line shows the moment of arrival of the sound (after about 2·0 seconds) the middle 
line the seismic wave, and the lower line the moment of the explosion. The time indication is 

shown at the bottom. . 

the travel time and speed of transmission of the waves between the shot point and 
the observation point. The distance between the shot and observation points necessary 
to determine the wave speed may be calculated from the moment of arrival of the 
sound waves of the explosion at the point of observation (recorded by the sound 
receiver) taking into consideration the temperature of the air and the direction and 
velocity of the wind. Jn this way one ascertains the speed of transmission of the seismic 
waves in the underground, which is closely related to the elastic properties of the 
transmitting media. 

The elastic waves resulting from an explosion travel uniformly in all directions 
in the earth. By transition from one strata of rock to another, similarly as with optical 
laws, these waves are in part refracted and finally re - refracted upward (critical 
angle), so that they can be registered at any point of the surface of the ground 
beyond the critical angle. They are, in a certain sense, messengers sent into the under
ground who on their return report the velocity at which they could run through the 
different strata met with on the way. Should the elastic waves in the subsurface 
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encounter a harder elastic stratum or 
layer e. g. limestone or salt deposits, such 
a layer would conduct the elastic waves 
much more quickly than an overlying 
sediment of relatively low speed of trans
mission. Accordingly, within adefinite 
distance from the shot point, the waves 
which have run through the more elastic 
deeper stratum return sooner to the sur
face of the ground than those waves which 
at a less speed only travel through the 
upper strata. 

These conclusions are represented in the 
so called "time-distance curve", whereby 
for each point of observation the measured 
travel time is to be ente red as ordinate, 
and the distance, appertaining thereto, of 

500 /000 1500 
IL-.L-...l.--....L-..-I...-J-.-L..---L----L--L..--L.---------' th e po i nt of 0 bse rv ati 0 n fra m th e shot po i nt 

O;sfance in mefres as abscisse and the points so obtained con
Jllustration 1. nected by a straight line (see illustration 1.) 
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The waves running through the deeper layer have in this case a greater average 
speed than those running in the top layer. 80th straight lines of the time-distance 
curve have therefore a different incline. The inflexion point of the time-data plotted in 
defined lines now gives the distance and travel time at wh ich the waves running on 
different ways i. e., through the upper and lower layer, si m u I ta neo u s I y meet at the 
observation point. Thereby the distance of the inflexion point of both these defined 

Radio sender station with shooting machine and apparatus to determine the meteorological data at the shot point. 

lines depends upon the transmission speed of the waves in both layers and upon 
the length of the round about way traversed, i. e. upon the thickness of the upper layer. 
As one is able to ascertain the inflexion point and the velocities from the time-distance 
curve it is possible to calculate the depth 
of this second layer. One proceeds quite 
analogically with further deeper layers. 

This is the principle, quite simply and 
systematically represented, on which the 
Seismic Refraction Method is based. Jn 
practice, a district which is to be more 
minutely examined is covered with shot 
lines. Utilization of -the time - distance 
curves obtained presents an abundance 
of individual data and results which may 
be compiled in reports with contour 
maps of the different layers and profiles. 

(Compare for this purpose the example 
on page 13.) Seismic tent in Persia. 
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.EXAMPLE OF THE OUTLINING OF A SAL T 

DOME IN NORTH-WEST GERMANY SY MEANS 

OF REFRACTION MEASUREMENTS. 

The salt dome shown in illustration 2 was discovered 

in the Lüneburger Heide a few years ago by means of the 

refraction method, and then thoroughly examined by system

atically shooting profile lines. The depth of the top of the 

salt dome, the position and nature of the flanks and the 

tectonic conditions of the surrounding sediments were there

by established. Jn addition to the dome itself, the depth and 

conduct of a seismic key-horizon of a high transmission 

speed at depths up to 1800 metres was contoured. Drillings 

made up to the present time on the grounds of these mea

surements have confirmed the seismic conclusions. 

So as to obtain an idea concerning the carrying out and 

organization of the field work, the following describes how 

a seismic investigation was taken in hand. 

Crossing a river in Persia. 
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soo 
~-----

---~~--
Contour fines of the dome and ;t~ 
flank zones . 

~ Contour fines of the seismic key-horizon 
~ ad;acent to the dome 

!2f .. Wells drilled after compfetion of the 
measurements 

N. 

o 2 .J Km 

Jllustration 2. 
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THREE DAYS OF SEISMIC FIELD WORK. 

FIRST DAY. 

A profile line (L 7) was shot from the shooting point Sp. V with a number of 
observation points (seismograph locations). They showed a first speed (in the upper 
layer) of about 1800 m/sec., and a second speed (speed of the next following deeper 
seismic layer) of about 3600 m/sec. The " fan" observation points 16 and 15 shot 
from Sp. V show corresponding time data. The fan points 17 and 18, on the contrary, 
show a shorter travel time. Conclusion: Jn the direct ion of fan points 17 and 18 
either highly elastic material lies locally limited or the seism ic 3600 m/sec. layer is 
strongly uplifted in the underground . 
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Jnvestigation of the vicin ity of fan points 17 and 18 by fan-shooting from shot point VI. 

SECOND DAY. 

Results: Fan points 21 and 22 have the shortest travel time and fan point 23 a 
little longer time. Fan point 24 is somewhat influenced, the remaining fan points lie 
normal. The time from fan points 21 and 22 is very little, the elastic earth shock has 
either run through a dome Iying not very deep or through medium elastic material 
Iying close to the surface. 
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The rapid time progress in the direction of fan points 24, 25 and 20 admits of 
more probable assumption of the existence of a dome: 
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A line (L 8) is shot from Sp. VII from the area of fan points 21 and 22 in the direction 
of fan point 24, so as to determine the high speed, the depth of the highly elastic material 
and its boundary, possibly flanks. 

THIRD DAY. 
Results: Line 8 from Sp. VII attains a high 

speed of 5000 m/sec. with an inflection point 
distance of 800 metres. This high speed con
tinues to 3300 metres of the line and then 
bends upward to a lesser speed. 

From all this data one must conclude the 
dome- like occurrence of the 5000 m/sec. 
material, the outline of which extends somewhat 
according to illustration 3. More accurate mea
surements allow of exact ' determination of the 
dome with regard to depth, flanks and flank layers. 

Jllustration 3. 

Seismic work in Egypt. Seismograph tents . 
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INVESTIGATIONS WITH REFLEXIONS OF SEISMIC WAVES. 

The refraction method described in the previous chapter enables recognition of 
the characteristic properties of the rocks under the ground by means of the time
distance curve in so far that their speed for the transmission of seismic waves is 
ascertained. The reflexion method now to be dealt with does not work with pro
gressing seismic waves along the top of the different layers, but utilizes only the direct 
reflexions of the waves emanating from an explosive point at the top of a stratum 
in the underground. The reflexion method allows of very great depths being reached. 
The condition necessary for the occurrence of areflexion is a change in the elasticity 
of the underground. The greater the elastic 
differences and the more suddenly they 
occur in a vertical direction the beUer will 
be the quality of the reflexion. Jllustration 4 
systematically shows the wave progress with 

Transport of drilling equipment for shooting holes. The derrick at work. 

reflexions. Jn the planes A, B, C and D, rocks of different elasticity come into contact 
one with the other and therefore here reflecting horizons are also at hand. Jt is not 
necessary that they should all correspond to stratigraphical- geological horizons, and 
by no means if the transition from one geological formation to another takes place 
without distinct petrographical differences. Should, however, a geological horizon 
differ from its covering layer by a· perceptible petrographical difference, this will also 
be indicated by reflexions of seismic waves. 

With reflexion measurements, the horizontal distance of the point of explosion 
from the location of the seismographs . is always less than the depth of the reflecting 
horizons. One can therefore trace by a straight line the way from the point of explosion 
to the reflecting horizons marked B, C and D, without taking the law of refraction 
into consideration. Apart from this, when dealing later with the practical determination 
of the average speed by this method, the question of curvature of the rays will also 
be considered. 

Registration of reflected waves with a mechanical seismograph suitably tuned is 
in itself quite possible but not economical in practical work. So that the reflexion 
indications predominate as against the numerous other indications in the seismogram, 
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Shooting hole Seismograph 

Reflecting 
------~~~~------

1/ 

11 

Jllustration 4. 

A 

8 

c 

o ! •• ' ! ' " t/pperCretdceOUS ' " .1 ' I I " ! I I , 

Jllustration 5. 

it has proved of advantage simultaneously to record the indications obtained on a 
registering strip along a profile on which 4 - 6 seismographs are located. 

This is only possible when electrical seismographs are used. Jllustration 5 shows 
the setting up of the seismographs in the field. 

By means of the explosion in shot holes, which in general are 15 to 20 metres 
deep, better reflexion seismograms are obtained than alone by superficial placing of 
the explosive material. The reason for this is that on account of the position of the 
explosion locality in a homogeneous medium, preferably under the underground water 
level, less violent oscillations are produced in the upper layer, and thereby a much 
lessquantity of explosive material is required. The damage . to the surface is practi
cally of no account whatsoever. 

From each of the electrical seismographs which convert earth shocks into elec
trical oscillations, a connecting wire leads to an electric filter tuned to the frequencies 
of the reflected waves, and does not permit of other oscillations going through. 
The filter increases the quality of the reflexion seismogram very essentially. A multi
stage amplifier is connected to the outlet of the filter and from this point the con
necting wire continues further to an oscillograph. The mirror of this oscillograph is 
illuminated by a photographie registering apparatus. The reflected ray of light falls 
on continually running photographie paper and in this way the seismogram is recorded. 
As every seismograph along the profile gives an individual seismogram, thus one receives a 
strip of registering pager with 4-6 seismogram lines from every explosion, according to 
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the number of seismographs employed (compare illustration 5). The time is marked by a 
tuning-fork the oscillations of which appear on the lower edge of the recording paper. 

Every single seismogram begins with the recording of the moment of the explosion, 
transmitted to the oscillograph by a wire connection or by wireless means. A few 
tenths of a second after the shot moment has been recorded, the first impulse of the 
direct ground wave is recorded, followed by a large number of irregular oscillations 
from waves in the upper layer. The first part of the oscillation diagram is usually 
designated as ground shock. The development and time duration of this ground shock 
depend absolutely upon the nature of the upper layers. The ground shock can disturb 
in a large measure the registration of reflexions from horizons of a slight depth. 

The next notable incident in the seismogram is the registration of an oscillation 
which may be described as a reflected wave, as it is simultaneously recorded by all 
seismographs. The course of the reflected waves in illustration 5 shows that it is 
only a trifle longer for the seismographs furthest distant from the shot point than for 
those in nearest proximity. Areflexion must therefore nevertheless simultaneously appear 
on all seismogram lines when the seismographs are placed at a suitable distance. Jf 
one connects the beginning of the registration in all seismogram lines, a line nearly 
vertical to the running direction of the paper is obtained. 

The reflexion travel-times are at first diminished in the valuation by the times taken 
up in the weathered layer wh ich must be determined separately. Calculation of the 
depth is now dependent on the knowledge obtained of the average speed of the re
flected wave in the space between the basis of the weathered layer and the reflecting 
horizon. There are always indications at hand for this average speed, such as those 
from refraction measurements or from knowledge of the geological profile in known 
wells. The average speed may be obtained accurately from a large number of good 
reflexion seismograms in a mathematical way. This theoretical determination has, 
however, certain disadvantages. Whenever possible, reflexion surveys should be linked 

Jllustration 6. 

Sinking a special seismograph 

in a deep weil. 

up with deep wells and shafts in order to deter
mine the average velocity. Should a seismograph 
be sunk in a weil (see illustration 6) and an ex
plosion made from a shot hole on the surface in 
the immediate vicinity of the deep weil, the first 
impulse of the explosion would be registered by the 
seismograph, and from this the average speed 
from the surface to each of the known geological 
horizons may be ascertained. From the difference 
of the data obtained in the various depths, the in
dividual characteristic speeds corresponding to the 
geological column mayaiso be obtained. Each of 
the explosions necessary to determine the average 
speed of the seismic waves from the ground sur
face to the different horizons mayaiso be re
gistered simultaneously by one or more reflexion 
seismographs on the ground surface. Jn this way 
one receives the elapsed time on a seismogram 
from the ground surface down to the seismograph 
which has been sunk, and on the same strip of 
recording paper the reflexion time for a seismo
graph standing on the ground surface. Should 
the seismograph which has been sunk be on the 
top of a reflecting horizon, the time data must 
be in the ratio of 1 : 2. 
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· Jn the seismogram (illustration 7) which was taken at a deep weil, the lower line 
shows the seismogram of the sunk seismograph. The seismograph suspended in the 
mud is on the top of a horizon established by drilling. The first impulse arrived 
after ' 0 '360 sec., the seismogram over it was recorded by one of the seismographs 

Jllustration 7. 

standing on the ground surface. Jt shows a reflexion after 0'720 sec., that is with 
double the time-distance of the sunk seismographs. (This reflexion is recorded by 
the seismograph placed on the ground surface with approximate vertical descent of 

Setting up the reflexion seismographs in ihe fjeld . 

the wave : at a somewhat greater distance from the shot hole it occurs with essen
tially stronger amplitude.) This method of determining the average speed furnishes 
on a strip of registeri ng paper undoubted proof of the identity of the reflecting 

Jllustration 8. 

horizon. The prominently recorded reflex ion in illustration 7 at 0'568 sec., corresponds 
to the· top of the upper cretaceous formation . 

Jllustration 8 shows four recording seismographs which simultaneously register 
reflexions on the top of the upper cretaceous formation with the travel - time data 
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Jllustration 9. 
Reflexion survey of edge of a deep salt dome. 
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Jllustration 10. 
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0'750 to 0'756 sec. The 
weaker reflexions with the 
times 1'202-1'204 and 1'316 
sec., corresp~nd to horizons 
in the lower part of the cre
taceous. 

After the average speed for 
reflected waves has been re
liably determined by including 
deep wells in the survey, a 
really good contour accuracy 
of the underground may be 
obtained with the help of the 
reflexion method. The depth 
and dip of the reflecting hori
zon may be ascertained from 
every single reflexion seismo
gram by calculation or graphic 
construction, but only each 
time for a short distance along 
the reflecting horizon. 

Jllustration 9 shows a sec
tion of the result of reflexion 
work in the Lüneburger Heide. 
The connection of the ascer
tained reflecting elements of 
the underground shown in the 
dotted lines is based on the 
dip and is aided by close 
comparison of the seismo
grams. 

According to what has been 
previously mentioned, the re
flexion method is specially 
adapted for minute examina
tion of particular geological 
horizons with the object of 
obtaining data regarding tec
tonic conditions underground. 
The following is a characte
ristical example of the method 
as employed for special exami
nations in the Ruhr district of 
Germany, when it was a 
question of finding out and 
following up the depth of the 
carbon surface and the prin
cipal postcarbonic faults in the 
upper sediments. 

The distance of the obser
vations over the part of the 
carbon surface which had 



proved to be undisturbed was relatively wide J where, however (compare illustration 10) 
the reflexion records of the shot holes land 11 show great time differences, i. e. 
differences in the depth, consequently it was necessary to supplement the observations 
in the zone in question by putting down a further shot hole (No. 111) in order to 
determine the exact trend of the fault. 

Jnterior of the registration car. Jn the foreground the cable reels, behind right and leftfhe 
electric seismographs and in the background filters, amplifiersand the recording apparatus. 

Jllustrafion 11. 

Jt must be admitted that the reflexion measurements placed above the immediate 
dislocation zone do not give a good reflexion picture in general, or they show it 
only on 'two or three of the total number of six seismographs. Jt is, however, just 
these observations which are valuable for the outlining of this fault. 
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Jn illustrations 11 and 12, seismograms of undisturbed parts of the carbon 
surface are reproduced. Jn the first illustration, the seismogram shows the first 
reflexion of a layer of mari in the upper sediments, the second corresponds to the 
carbon surface. The charge . amounted to only 40 9 of explosive material buried 
13 metres deep. 

Jn the second seismogram with the time of 0'369 -- 0'384 sec. the carbon 
reflexion alone is registered. Here the explosive charge amounted to 40 g placed 
at the same depth. 

Jn so far as the carbon in places has an overburden such as triassie sandstone 
or permian formation, further reflexions appear in the seismograms. All the seis
mograms obtained show that it is possible to identify the reflexions due to the carbon 
surface. Jllustration 13 shows such a registration. The first reflexion (0'342 - 0'361 sec.) 
corresponds to a hard upper horizon, the second (0'418 - 0'433 sec.) to an 
anhydrite horizon of the permian formation and finally, the third (0'482 - 0'492 sec.) 
to the carbon surface. 

The results of the work in apart of the territory are represented in a depth 
contour map of the carbon surface (illustration 14). At the east border of the map a 
fault is shown, and the figures in brackets give the depth to the permian formation 
mentioned. The carbon west of the dislocation has no permian formation above it. 

Separation of the reflexions due to the permian formation from those of the 
carbon surface below it, is in general possible. Only in case of a trifling thickness of 
the permian is it difficult. 

Working overtime. 
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THE TORSION BALANCE AND THE GEOLQGICAL IMPORTANCE 
OF ITS MEASUREMENT VALUES. 

The method of examination with the torsion balance consists of the measurement 
of certain gravitation values caused by varying distribution of the density of the rocks 
in the underground. The torsion balance determines those small amounts in which 
gravitation differs in a horizontal direction within aspace of but only a few deci-

Jllustration 15. 

Jllustration 16. 

metres. These differences are, it is true, exceedingly smalI, 
but the most important part of the torsion balance, a fine 
platinum wire of about 1/ 25 mm diameter, is so sensitive 
to distortion by small forces that the laUer can be accura
tely measured. 

How is a torsion balance arranged? Jn principle it is 
a surprisingly simple device. A light round metal tube 
40 cm. in length, the be am carrying a weight of about 
30 9 at both ends, suspended at its centre of gravity on 
the above mentioned wire, is the simplest form of the 
torsion balance (illustration 15) as was already used 150 
years ago for exact physical measurements. This form 
is, however, of but little service for examination of geo
logical structures underground. Much better work in this 
direction is done by the new form (illustration 16) which 
according to ideas of the Hungarian physicist v. Eötvös 
consists of suspending one of the two weights a few deci
metres lower. 

Should a torsion balance as in illustration 16 simply 
be suspended and used for carrying out measurements 
in the field nothing would be accomplished as on account 
of the great sensitiveness of the fine platinum wire to 
distortion, the least puff of wind would not allow of accu
rate position of the beam. Jt is therefore necessary tQ 
enclose the torsion balance in a casing. As, however, 
even slight differences in temperature affect the position 
of the instrument, it is necessary to enclose the balance 
in a tri pie massive metal casing. Should two of the bai an
ces be enclosed in such a casing so as to accelerate the 
work of measuring, one has thereby an instrument which 
will not be disturbed by meteorological influences (illu
stration 17). This complete instrument, for the sake of 
brevity called a torsion balance, is also fitted with a number 
of devices for the purpose of automatically recording the 
position of the beams on a photographic plate, from 
which one proceeds to determine the gravitation value of 
a certain field station. 

What is the relation between the registrations of the torsion balance and the 
hidden geological structures in the underground? The answer to this question pro
ceeds from the following physical test (illustration 18). We have suspended a torsion 
balance at a position A. B is the fine platinum wire, C the upper weight and E the 
lower. A few decimetres distant a spherical heavy mass as a lead ball of about 
10 kilos in weight is placed. The ball now exerts on the weight E a stronger power 
of attraction than on the weight C, so that the beam end D moves in the direction 
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Jllustr. 17. Torsion balance system Süss. 
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Jllustr. 18. 
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of the ball. This continues 
only for such time until the 
counter - forces arising in 
the distorted platinum wire 
B resist this movement. The 
beam moves finally to the 
position C D. Should the 
wire B then be turned by 
a screw F from the former 
position I to the new posi :" 
tion 11, the beam must also 
turn at the same angle to 
G H round the wire B as 
axis if the attractive force 
of the ball on the weights 
had remained the same. 
This is, however, not the 
case as the weight E 
has come nearer to the ball, 
whereas the weight C has 
moved away, so that now 
E is attracted more and C 
less than before. The beam 
therefore turns still a little 
angle further until it is held 



in the position G'H' by the counter force of the platinum wire. Jt is just this little 
angle arising through the attractive force of the heavy ball mass which is so essential 
for torsion balance measuring. The heavy mass produces a field of gravity in its 
surroundings at the different po ints of wh ich the force of gravity changes according 
to degree and direction, whereby the position of the beam of the torsion balance 
results. Hidden geolog ical structures in the underground also cause varying force of 

Gradients and curvature values 
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Jllustration 19. 

attraction in the field of gravity should there be a difference in density in a horizontal 
direction between the structure and the surrounding rocks. T he lower half of illu
stration 19 represents a salt dome of the North German type with its surrounding 
flank layers. As salt has a density of 2'1 to 2' 2, but the flank layers from tertiary 
downwards being on the average of a greater density increasing towards the depth, 
so the salt dome is characterized as a mass of lesser density. This mass causes a 
less_ degree of gravitation than the flank layers i. e., the gravitation decreases on the 
approach to the salt dome. The salt dome therefore occasions the opposite to that of the 
lead ball which as a heavy mass causes an increase in the gravitation, but in the field 
of gravity of the salt dome the gravitation is also variable. Jt is therefore possible to 
discover hidden geological structures in the underground by means ofthe torsion balance. 
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For the purpose of better, comprehension of the relationship between the position 
of the salt dome and the values measured by the torsion balance, the course of the 
gravitation gradients is represented in illustration 19 in two different levels; in the 
lower level under more powerful influence and in the higher less influenced. When 
considering the "Iower row" one sees how the gravitation arrows undergo a certain 
deviation towards the parallel direction represented by stroked lines. This direction 
is indicated by the horizontal arrows. The same deviation is present in the "upper 

Torsion balance in a tent. 

row" but is apparent in a less degree. The difference in the size of the horizontal 
arrows in both levels is again shown in a larger scale above the salt dome by arrows. 
These arrows are the symbols of the most important values calculated from torsion 
balance measurements and are designated as gradients. They also represent the 
change of the horizontal effect of the gravitation amounting to about 1 cm.in the height 
difference. With structures of a lesser density e. g. with salt domes which are de
signated as salt flights the gradients point to an opposite direction. They are the 
greatest over the edges and disappear over the centre. A second type of values 
which may be calculated from the torsion balance does not, however, appear as clearly 
as the gradient. Jn illustration 19 a curved line is drawn through the lower row, ver
tical throughout on the gravitation arrows. This line is the intersection of a surface 
called the level surface and is also related to the geological structure. Jn illu
stration 19 from No. 1 - 8 and from No. 27 - 20 respectively it is curved down
wards, on the contrary from No. 10 - 18 upwards, whereas on No. 9 and 19 where 
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both curves meet one another no curvature is present. The degree of curvature is 
now represented by a line bisected by a small circle denoting the field station. This 
line is designated curvature value notwithstanding the fact that it is also dependent 
on the degree of the but little varying gravitation~ and under the simple assumption 
that vertically to the prorile shown in illustration 19 no curvature is present. The 
curvature value· is directed parallelly from the exterior of a salt dome to the flanks, 

.. " ' . . . . . . . . .. . ~. . 
. . . . ' . . . . . . .. ' .... . .- . . .' { .. .. . . ' . 

' .' .. ' ' . ' : .. ... .. '., . . . . . - . . ' . . .. .. 

+ + + -I- + + -t- -t- + 
+ + + Archaic rOCK + + + 

+ + + -t- + + + -t- + 
+ + + + + + + + + 

Jllustration 20. 

whereby the greatest value lies a little in front of the flank. At the point of the tran-· 
sition in the opposite curvature it is null. Jt again increases above the salt dome but 
is there directed vertically on the flanks. From the course of the gradients and cur
vature values it is also possible to denote the 
position of the salt dome flanks and thereby the 
most favourable zone for oil drillings. 

The use of the torsion balance is naturally not 
confined to salt domes. Of the many other possi
bilities of the utilization of these balances those 
concerning an anticline represented as a heavier 
mass will now be mentioned. Jllustration 20 shows 
the gradients and curvature values of such a 
structure. The archaic rock consisting of cry
stalline rock has a greater density comparad with 
the sediments Iying upon it, so that the gravitation 
in the direction of the anticline increases, contrary 
to that of the salt dome structure. The gradients 
and curvature values therefore display contrary 
conduct to that of the salt domes. The gradients 
point to the heavy mass, the curvature values 
stand on the exterior at right angles to the strike 
and over this parallel to the strike direction. 
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RESULTS OF MINUTE EXAMINATIONS WITH THE TORSION 
BALANCE AT THE FLANKS OF SAL T DOMES IN NORTH GERMANY. 
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The t r ans i t ion z 0 n e tot he 

s'tee p fl a n k denotes the salt dome 

boundary. The contact, however, be

tween the surrounding rock and salt, 

lies near to the outer line of this 

transition zone. 

Jllustration 21. A decrease of the 

length of the gradients is shown out

side the transition zone. This decrease 

is subject to fluctuation probably 

arising from uplifting of the layers 

adjacent to th~ flank. The slight 

degree of these fluctuations does not 

lead to the assumption of a more 

forcible upward pressure of older 

mesozoic up-throws. 

Jllustration 22. Gradients and 

curvature values increase outside the 

transition zone then suddenly break 

off and partially even assume the 

opposite direction. This zone is 

designated as mass surplus, and 

iscaused by upliftofabroad up-throw 

of deeper mesozoic horizons of 

varying density. The densest parts 

do not lie immediately at the transition 

zone to the steep slope. 

Jllustration 23. Compared with 

illustrations 21 and 22 it is here a 

question of a deep Iying salt mass. 

The distinctly visible mass surpluses 

at the north boundary present the 

same indication as in illustration 22. 

The relatively large curvature values 

in the sphere of the axis lead to the 

assumption that this gradient pic

ture is caused by a narrow salt line. 



EXTRACT FROM TORSION BALANCE MEASUREMENTS 
IN SOUTH GERMANY. 

The gradients and the eorresponding isogams of the examination measurements 
are shown in the profile a - b. The are-shaped run of the third to the fifth isogam 
in the southern part results in a gravimetrie high. Jt may be explained as a sort 

South 

o 

,>_,'\?" \-:- 1" 
-6' 

2 3 k m 
! , 

0 ' 

- 3 // 

" / ' ---/ 

.,. /5 

/ 
/ 

/ 

Profilo -6. 
-$< North 

~ oJ~ 'b 11 6 
o 'b"'o-> t~ \ ~ -----
\ 0--0 ~ -2 - I 

- 6 --3 ! O 
- S -$< 

Profil 0'- b ' - .; 

-----; "6'- - - -
!1d/igo/ - Jsogoms 

b' 
,\Q 0-" \ . -- - - -

Jllustration 24. 

of anticline strueture. Minute examination of the gradient map as of the measurements 
of adjoining territories not represented here show, however, that over the whole 
territory there is a uhiform main tendeney eausing an inerease ofthe gravity to NNW 
(regional gravity increase). After making allowance for this main tendency the gravity 
pieture as given in the profile a' - b' results. 

The inerease and decrease of the gradient lengths from north to south and the 
eorresponding eloser moving together of the Isogams (+ 3 to + 14) are explained 
by a larger disloeation in the sphere of the + 3 and + 9 isogams (raised part 
in the south). 

Transport of a torsion balance tent in Texas. 
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EXAMPLE OF THE DISCOVERY OF A STRUCTURE OF AN 

ANTICLINAL CHARACTER. 

All gradients unanimously point to a district of greater gravity Iying in the sphere of 
the ±O isogam. Jt concerns here a geological structure of an anticlinal character. Owing 
to the greater increase of gravity on the north-west flank, also prominently marked in 
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the closer intervals of the isogams, an asymmetrical type of this structure was assumed. 
The very wide extending influence allows of presumption of a very great depth. 

Survey area in the swampy woods of Louisiana. 
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THE TORSION BALANCE PICTURE OF THE BLUE RIDGE SAL T DOME. 

When in 1924 torsion balance measurements were introduced into the United 
States by the oil industry, it was soon observed that the salt domes of the Gulf 
Coast of Texas and Louisiana caused other gravity effects than the German salt domes. 
So as to determine the effects of a typical Gulf Coast dome as a standard, the North 
American Exploration Co., the American associated company of the Seismos, decided 
to make an exhaustive survey of the Blue Ridge salt dome, weil known on account 
of numerous drillings, by means of the torsion balance. The geological structure of 
the Blue Ridge dome is typical and the same as that of all shallow Iying Gulf Coast 
salt domes. Agentie elevation is to be recognized on the surface consisting of 
pleistocene layers. The highest part of the salt dome material already begins at about 
40 metres under the surface of the earth. Practically all Gulf Coast salt domes carry 
on their salt surface a characteristic cap formation varying in thickness, consisting 
of gypsum, anhydrite, and often of pure limestone (Cap rock). This cap in extreme 
cases has a thickness up to 350 metres. At the Blue Ridge, the thickness is between 
30 and about 120 metres. Rock-salt first appears below this cap. The gravimetrie 
influence of this cap, composed of specifically heavy material, is naturally very strang. 
On the flanks of the salt dome the surrounding tertiary sediments are lifted up 
particularly high. 

Jn these high lifted up layers, in especially favourable positions, the extremely 
productive oil sands of the Gulf Coast are to be found. Jt is therefore of great im
portance to recognize the dome outline and the position of the salt dome flanks in 
order to locate prospective oil wells favourably. Determination of the shape and the 
outline of salt domes is one of the principal tasks of the torsion balance. 

The gradient picture shown in illustration 26 is typical of the gravitation effect 
of a Gulf Coast salt dome. Jt may be divided into three different zones: 

1. A weil pronounced zone of the cap rock influence. The heavy cap layers of 
the dome near to the surface give rise to a gradient direction towards the heavy 
m ass which is greatest . where the cap rock begins or forms a declivity. The upper 
outline of the dome lies at the point where maximum gradients occur, and the cur
vature values lie tangential to the dome boundary. 

2. The zone of the irregular gradients on the apex of the dome. Here the 
gradients are only influenced by the unequal distribution of the masses in the cap 
rock, indicating under certain circumstances the highest part of the cap. 

3. The zone of the so-called "Saltflight gradients". Jf one retires from the 
apex territory of the dome towards the exterior, the effect of the heavy cap rock 
continually decreases until finally a change occurs about 300 - 400 m. on the 
exterior of the cap rock boundary in the direction of the gradients, the latter then 
pointing away from the dome. Here the effect of the heavy cap rock masses is 
compensated and the whole salt mass, which is lighter than the surrounding tertiary 
sediment, causes a "flight" of the gradients from the dome. 

Below the gradient picture is a profile~like section through the salt dome recon
structed from the weil logs. The measured curve of the gradients is noted above 
the profile. Jt mayaiso be seen from this representation that the gradients at the edge 
of the dome attain the maximum value at all points where the cap rock adjoins. 
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B L U E R I D G E SALT DOME, TEXAS 
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ONE OF THE MOST MOMENTOUS GEOPHYSICAL DISCOVERIES 

"THE SUGARLAND OILFIELD", FT. BEND COUNTY, TEXAS, U. S. A. 

The Sugarland salt dome discovered in 1927 by the North American Exploration Co., 
the American associated company of the Seismos, by means of torsion balance 
measurements, is of exceeding importance in the sphere of geophysics and oil ge
ology. This discovery represents a turning point in the use of geophysical methods. 
Until Sugarland was discovered all geophysical exploratory work on the Gulf Coast 
of Texas and Louisiana was concentrated for the purpose of finding so - called 

Partial view of the Sugarland oil field, Texas, discovered by Seismos. 

"shallow" salt domes. These shallow domes showed not only characteristic features 
in the torsion balance gradient pictures, but also in the seismic time-distance curves. 
The seismic shot lines were, for example, so placed that the underground was only 
explored to a depth of about 500 metres, with the object of ascertaining the exi
stence of a salt dome. Jt was not beleved at the time that there were salt domes 
the top of which lay at greater depths than about 500 metres. Jt was the principal 
object of the oil operator to test the fl an k zones of these shallow domes for 
possible oil accumulations. The gradient picture measured by the North American 
Exploration Co" (compare illustration 27) differs fundamentally from the picture of 
the Blue Ridge dome previously dealt with. The gradients which in the case of the 
Blue Ridge dome pointed to the ce ntre of the dome are not to be found here. The 
gradients in the Sugarland territory point a w a y from a circu lar formed central area 
showing only very small gradients. Only the zone of the salt flight is weil developed 
and therefore the area is characterised as a defined closed circular gravity minimum. 
According to the size and kind of the gravity effects this gravitational anomaly was 
designated as a "d e e p" salt dome and it was recommended that a weil should 
be sunk on the apex of the salt dome and not on its flank. 
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Before the work of drilling was commenced, J. F. Weinzierl, geologist and 
geophysicist wrote on 2. 9. 27 in the Oil Weekly (Houston, Texas) as fo"ows: 

" Armed with this experience, S'Jch compan ies as the North American Exploration Company come out and 
make statemenis to the effect that deep salt domes and structures can be found on the Gulf Coast at 
greater depths than the seismograph or the geophone. There are several deep dome prospects which are 
awaiting be ing drilled where the tors ion balance and the two methods, the seism ic and that of the geophone, 
have had ahand. Until these reported domes have been really dr illed and proven, it is fool ish to make great 
conjectures as to the possibilities of finding deep structures." 

The significance of the Sugarland prospect was recognized when in 1928 the 
first weil here (Humble Oil & Refining Co.'s: Sugurland Industries 1) revealed an 
exce"ent oil sand at a depth of 1077 metres, producing 800 barrels daily. 

Only during the course of the next few months was the great and important 
significance of the newly discovered Sugarland Oil Field absolutely established. 
Seventy wells were sunk in the apex of the dome two alone of which were un
successful. The presence of salt directly under the oil sand was then disclosed. The 

The Mykawa oil field, discovered by Seismos with torsion balance measurements in the first stage of development. 

importance of the new discovery consisted above all in the fact that over the apex 
territory of a deep dome the deeper layers are folded up in a dome-like manner, 
thus leading to the accumulation of a closed oil cap. An approximately circular area 
over the top of the dome with a diameter of 2 km is productive. By determining 
the apex of the deep salt dome, the positions of weil locations for oil prospecting is 
a matter of no difficulty in contra- distinction to the conditions on shallow domes 
where numerous dry wells must be dri"ed before the most restricted position of an 
oil sand is discovered on the flank. This could have been avoided with deep domes. 
The weil known geologist and geophysicist D. C. Barton wrote in 1930 in the Bulletin 
of the American Association of Petroleum Geologists No. 9: 

I'The 'Deep domes' era of the torsion balance in the Gulf Coast beg an with the discovery of the Sugar
land oil field. The significance of the discovery was not apprec iated generally and only a few operators 
began reconnaissance for deep domes. 

A great development in our knowledge of the geophysical and geolog ical s igni t icance of the gravi
tat ional anomalies has accompan ied the com ing of the 'Deep domes' era. " 

The great economic importance of the Sugarland field may be seen from the 
production record. To the end of the year 1934, 21000000 barrels of oil were 
delivered. At the beginning of1935 the daily production was 6000 barrels. (The produc
tion is restricted and limited in accordance with the regulations of the state authorities.) 
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Sugarland Salt Dome, ' Ft. Bend County, Texas. 
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RELATIVE GRAVITY MEASUREMENTS. 
Exploratory work for salt domes is only apart of the sphere which interests the. 

petroleum expert. Of at least equal importance for him is a knowledge of the main 
features of the underground tectonic conditions so as to arrive at conclusions regard
ing the possible distribution of oil accumulations. For economical exploration the 
methods already dealt with do not come into consideration. Neither the seismic 
method as the depth effect of the seismic waves is limited, nor the torsion balance as 
the effects of the top layers and the minor tectonic conditions obscure the influences 
of the deep tectonic. The method - -8 
which is not essentially influenced - -7 
by the topography and the top --6 

layers but supplies data for the JJI .,,-,- -5 
principal underground tectonic __ --.,.. _ -~ .... 
conditions is the method of mea- __ ;::~-::._.. - -3 

~~:~~a~~tn~; th:a~::re(~::e~';"ti~: ~ __ <~<~""-",,e:,,;e:iss#~<~:'-?[:~!:l I : : ~ 
ation of relative gravity). For this - -. 0 
purpose, until quite recently, the . ---::- ;;.:::::----- _ ~/ 

~~~~;!Ef~~SUp,p~;?;~e~:~~:!: ' -~'»<:::,~~~~;~~:~~~~::r~f'~ _: _ JE : :~ 
-" ...... - ~~ 

the change of gravity by means r--:i ........... " _ ~5 
of the oscillation times of the ,-----.' 
same pendulums between different 
localities. 

Jn Germany as also in the United 
States of America and Egypt we 
have measured 599 stations with 
the Sterneck Pendulum Apparatus. 
The expenses of these measure
ments were, however, so great 
that there was no incentive to 

Jllustration 28. 

Explanation of the principles of the statical gravimeter. 
The blade spring holds the weight 9 above the lever h in suspension. 

When the apparatus is brought to a locality at which the power of 
attraction (force of gravity) of lhe earth is greater, the apparatus as
sumes position 11. The dilference of the position of the lever and 
thereby the difference in the gravity can be read on the scale 5. 
5hould gravitation at a third locality e . g. above a synclinal wilh 
light deposits be less than normal, the apparatus takes up position 11 I. 

- "I 
s 

continue such work upon a large scale. The problem to be solved was to find an 
apparatus for this method with which it would be possible to ascertain gravity 
differences quicker and at less cost. After long endeavours we have succeeded in 
developing such an instrument, the Thyssen Gravimeter, which not only overcomes 
the difficulties mentioned but has also the advantage that it works more accurately. 

Mi/ligal /1i//igo/ 
- 5 -= 

i-i 
=--5 

o := = 0 
+5 ~ := .,.5 

+10 := 4 =- +/0 

~/5 := =-+/5 

'f-20~ =- "'20 

Jllustr. 29. 

5hould helical springs be used instead of lhe blade spring (see illustration 28) and weights suspended therefrom, the springs 
would be subjected to more tension over a granite uplift than over the surrounding rocks . Jllustration 29 shows the different 
p osition of the weights. The line (slroked line) resuliing from Ihe weights is a gravity curve with the usual representation. Jn 
reality the length changes of the springs are very slight. 50 as retain the length changes in sizes arranged as photographed the 
springs must be more lhan 10 km. in length. 
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DESCRIPTION OF THE PRINCIPLE OF THE GRAVIMETER. 

The principles of the measLirements with a statical gravity measuring instrument 
(Gravimeter) are particularly simple and easy of understanding. 

With the torsion balance, the numerous possible dynamic components and their 
gradients render comprehension more difficult. Even in the case of the magnetic 

Readinq the Thyssen Gravimeter. 

Transport of the Thyssen Gravimeter inan automobile. 

10 C with ordinary spring - steel results in 
that with the use of gases as an elastic 

method which is considered as simple 
(Schmidt Torsion Balance) one must 
differentiate between vertical intensity, 
horizontal intensity and total intensity. 
Declination and inclination must afso 
be considered. 

So as to understand measuring with 
the Thyssen Gravimeter it is sufficient 
to know that above heavy rocks gravity 
is greater and above light rocks less. 
Accordingly any mass whatsoever, e. g., 
a 1 kg. weight over a granite ridge 
would be a little heavier I) than over a 
light salt dome. 

When a mass is attached to aspring, 
the spring is stretched by the weight 
of the mass. The greater the force of 
gravityat the locality where it is set up, 
the more the spring will be be nt down. 
(Attractive force of the earth) Jllus
tration 28. 

The gravitation over a light mass of 
a salt dome is e. g., 0,001 Dfo less than 
over the rock alongside it and the 
spring will accordingly be bent down 
to a lesser degree. Jf the various posi,;' 
tions of the mass of a gravimeter over 
a granite uplift are recorded, one 
obtains in this way a clear picture of 
a gravity curve over a granite ridge 
(illustration 29). 

Whereas, as already stated, mea
surements made with ·statical gravi
meters are very simple, the construction 
of these instruments is exceedingly 
difficult. 

The construction of statical gravi
meters was attempted already a cen
tury ago but when one reflects that 
a change in the temperature of only 

an error of 200 - 300 milligals 2) and 
body the error would amount to over 

1) The weight of a mass, as is known, is mass times the power of the attraction of the earth. The mass does 
not change, only the power of attraction of the earth . Weight also equals pressure on a base. 

2) A milligal is the 981000 th part of the force of gravitation. A milligal is about the limit of accuracy of the 
pendulum measurements. Pendulum measurements, however, mostly show a mean error of ± 2 to 3 milligals. 
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3000 milligal per degree Celsius, one can understand that formerly the statical 
gravimeter could not supersede pendulum measurements. 

Only after making use of new ideas for the construction of our Thyssen Gravi
meter was it possible to remove once and for all the sources of failure which 

appeared to cling unavoidably to every 
statical gravimeter. 

Jt is not necessary that the temperature 
of our apparatus be retained constant 
by artificial means, neither electrically 
nor by ice. Naturally the instrument is weil 
isolated. 

Jllustration 30 shows a measurement 
between two points in a distance of 
30 km . Point A is the fixed point. The 
scale parts of the apparatus entered on 
diagram 1 have not been rectified for 
temperature or elastic after - effects. The 
results were neither influenced by trans
port on bad roads nor by duration of 
the measurements which lasted seven 
hours. 

Great stability of the measuring me
chanism dispenses with the heavy pedestal 
necessary with pendulum apparatuses and 
also with the ground stakes of the torsion 
balance. The apparatus is mounted on a 
tripod similar as with a theodolite or a 

A passenger car serves as observation tent. magnetic field balance, placed in the cor-

reet horizontal position, read off, and in a few minutes the work at one measuring 
point is finished. 

As each point is of considerable importance, measuring is in each case repeated, 
and in this way such reliability of the results is attained as was impossible with pen-

~
::~e part, 

~2 () 

A 

f(J. () I 

8 
." 

/soo 

A 
' .. 

/5°° 

Diagram 

8 .. , 

I 
/3°0 

Diagram 

Scale parts 

8 .... 

~ "2. 
A .. . 

I • tO 

A 
' .. 

I 
/9 00 20°° 2/00 lZeadi"9 ttme 

11 

8 

?I !!~ t~ ________ ~~f ________ ~A __________ ~ __________ ~A~ _________ ~~f __________ ~1 mjl 
Jllustration 30. 

,'ulum measurements. As is explainable, with such a reliable measuring system as this, 
ith which all measurings are independent one of the other, the work performed 
epends very much on the intervals of the stations from the fixed point, as the 
ansport time (coridition of the roads) is decisive. 
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RESULTS OF GRAVIMETER MEASUREMENTS. 

Owing to the high degree of accuracy of the Thyssen Gravimeter, it is of estim
able service when the method of work and performance of the task can be suitably 
adjusted. With regional measurements when it is a question of searching for distinct 
disturbances caused by great structures, a large surface performance with considerable 
stations intervals is necessary. The expenses burden the district examined by this 
preliminary . work but little, nevertheless, on account of the great working speed of 
gravimeter measurements, one obtains in a short time a fairly good idea concer
ning the distribution of gravity in the district to be measured, and is able to adjust 
the accurate work of measurement undertaken later to the preliminary measurements. 
Knowledge of the regional gradient of a territory is of particular advantage, e. g. 
torsion balance measurements made later can at once be reduced by the amount of 
theregional gradient. Jgnorance ofthe regional gradient e. g. as with the measurements 
made in Texas has proved to be of great disadvantage. A number of unsuccessful 
drillings would have been avoided here had the regional gradient been known. The 
regional gradient was ascertained later by costly torsion balance measurements over 
a large area and partly by expensive and slow pendulum measurements. For reg ion al 
measurements both methods are in no way to be compared with gravitation mea
surements in the matter of accuracy, speed and moderate expense. 

Transport of a gravimeter by aeroplane. 
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A maximum station interval of 3 - 5 km. may be accepted for regional gravity 
measurements. Although, formerly, the interval for pendulum measurements was from 
10 to 15 km. this happened only on account of the heavy expenses, and for many 
districts with a lesser station interval by reason of insufficient accuracy of the pen
dulum measurements. Thereby one must be ar in mind that e. g. a gravimeter station 
costs only a fraction of the amount necessary from 1929 to 1931 for a pendulum 
station in Texas. 

With former regional measurements the monthly performance of a double troop 
was 4000 sq. km. Jt is not recommendable to increase this capacity at the cost of 
the station intervals: in some districts it is even of more advantage to reduce the 
interval. 

By reason of the experience and results obtained up to the present time, it may 
be confidentially hoped that the sphere of utilization for the gravimeter will essentially 
increase, and that it will, above all, be used to advantage when searching for salt 
domes and anticlines where the torsion balance on account of local disturbance of 
the gradients and curvature values by masses near to the surface furnishes no satis
factory results. 

GEOPHYSICAL SURVEY FOR THE GERMAN GOVERNMENT. 

Measurements with the Thyssen Gravimeter of the Seismos G. m. b. H. 

Polygon connection of the points of the first and second degree. 

An interval of 30 to 50kilometres · 
for points of the first degree was 
laid down for the measurements 
with the Thyssen Gravimeter for the 
State Geophysical Survey in the terri
t ory concerned. At these points the 
f ield stations were then directly 
connected or via points of the 
second degree. 

The gravity differences between 
the points of the first degree were 
m easured in the same way as between "IIMC'~/I~ 

a field station and a point of the 
irst degree. As the points of the first 

degree were connected to chains, 
he error of closure of these chains 
upplies ' a reliable criterion for the 
easuring accuracy of the gravi
eter measurements. Jt is thereby 

f special importance that division 
the principal loop (205 km.) 

es proof of the fact that it is not a 
estion of a chance error minimum. 
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The district to be measured shown in the map (illustration 31) comprlsrng 
6000 sq. km. is the first section of the measurements for the geophysical survey for 
the German Government. Jt contains all points of the first degree and those ofthe second 
degree connected by chains. Non-compensated values were used for all points. 
All points were taken into consideration. 

Residual errors of the polygon connections of the points of the first and second degrees 
before compensating. 

Length of Number Error of Mean 
of the 

the loops mea- closure error 

km. surements milligal milligal 

1. Principal loop Gifhorn - Weyhausen - Vors- I felde-Brome-Hankensbüttel-Uelzen-Unterlüß-
Bergen-Altencelle-Uetze-Peine-Gifhorn 205 11 +2,0 ±0,6 

2. Principal loop but with inclusion of the ad-
joining loops via Rühen and Zweidorf-Rolfs-
büttel 215 14 +0,35 ±0,09 

3. G ifho rn- H an kensbüttel-U nterl ü ß-Bergen-Alten-
celle-Gifhorn 130 5 --0,2 ±0,09 

4. Peine-Gifhorn-Altencelle-Uetze-Peine 95 4 + 0,75 ±0,4 

5. Pe i ne-G ifh 0 rn-R 0 Ifsbütte I-Z weid 0 rf -Pei ne 80 3 +0,45 ±0,3 

6. Hankensbüttel-Gifhorn-Brome-Hankensbüttel 85 3 +0,65 ±0,35 

7. Gifhorn - Brome -Vorsfelde - Weyhausen - Gif-
horn 70 4 -1,35 ± 0,65 

8 . As 7, but via Rühen 70 5 -0,15 ±0,07 

9. Brome-Vorsfelde-Rühen-Bro me 40 3 -1,2 ±0,7 

10. Uelzen-Hankensbüttel-Unterlüß-Uelzen 
I 

75 3 
I 

-1,25 ±0,7 

The mean error of a gravimeter measurement resulting from these non-compensated 
loops is ± 0'5 milligal. 

Connection of two points of the first degree is still more accurate according to 
the number of loops. 

Breaking up a seismic camp in Persia. 
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GRAVIMETER AND PENDULUM MEASUREMENTS AT THE 

RICKLING GRAVITY HIGH. 

Agreement of the 

isogams according to 

the pendulum mea

surements with those 

according to the gravi

meter measurements 

is very good with the 

exception of the north. 

Having regard to the 

larger number of sta

tions of the gravimeter 

measurements, draw

ing of the gravimeter 

isogams is more reli

able than that of the 

pendulum measure-

ments. Jn the lattercase, 

more isogams must be 

ascertained by inter

polation. 

At the pendulum sta

tions in the north, a 

systematical loop er

ror of the pendulum 

measurements was 

shown. The NNO -

SSW trend ofthe deep 

disturbance mass is 

indicated still better 

after rectification by 

the gravimeter. 

N - 20 

o 

o Set ups.. 

• _____ Isogams according t9 gravimeter measuremenh. 

~() Bouger's graviJ.y distu/bances in mi/liga/s 

o 

o Set ups 

o~ 

'~(J---- Isogams according to pendu/um measurements . 
Bouger's gravity disturbances in mi/liga/s 
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GRAVIMETER AND TORSION BALANCE MEASUREMENTS 

AT TWO DEEP SALT DOMES. 

Two deep salt dome prospects were discovered at Volkensen and Kalbe in the 
year 1933 by torsion balance measurements (illustration 33). Drilling undertaken at 
the prospect Volkensen in accordance with these measurements reached salt at 
1478 metres. At the Kalbe prospect the salt must lie deeper than 1200 metres. So as 

~9; mga/ 
+6,() 

Gravity profile Volkensen - J(albe 

3 

t t t 
Ruspe/ Weil 

-2,0 Vo/kensen 
Weil Weil 
Kalbe Ka//moor 

Jllustration 32. 

Ag; mgo/ 
+6',0 

-2.0 

to determine the minimum character of the torsion balance indications a gravimeter 
profile was run over both dome prospects (see illustration 32). The gravimeter profile 
confirmed the torsion balance indications. Jt is easily recognizable that at Volkensen it 
is a question of a small but weil defined minimum, and that the minimum at Kalbe is 
essentially more extended. Via Avensen and Station 13 the gravity increases further to 
a high, situated east. 

Transport by boat (Mexico). 
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COMPARATIVE MEASUREMENTS FOR GEOPHYSICAL PURPOSES 

FOR THE GERMAN GOVERNMENT. 

The gravimeter profile given here intersects apart of the underground continuation 

of the Flechtinger high. The gravitaty disturbances reach + 50 milligals. The increase 

of gravity is exceedingly great between point 101'2 and Rickensdorf (25 m illigals on 

9 km.). Here is the geological southern boundary of the Flechtinger high. The low 

value of point 8 is caused by the Beienroder salt dome. 

The pendulum stations Rennau, Rickensdorf and Gehrendorf lie in the measured 

profile. Jt was ascertained by the gravimeter that the gravity difference resulting from 

the pend u lu m measurements is incorrect by 11'0 milligals. The result was co nfi rm ed 

in the interim by pendulum measurements. 

Pendu/um 
o 

(J//esmarode I?ennov I?i ckensdorj Colvlfrde 

~O I I i I ! : I t(J 

2 J J bend In pro{tle 11 
10 • 

/2 bend in profile 1'1 6dtren(!(1f/ /.J 
I) 

/5 /7 I ,{ Ig &0 

6ehrendorj 
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Iß ;p 
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/R/;;;;"sc'orf6 '5 
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I f 6 9 _ 1 ._~~_-c-._._ ._ .~ 
o- '- '~ '- '- '- 0 8 Rennov 
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n e a r 8 r ounschweig 
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SPECIAL MEASUREMENTS OF A GRAVIMETRICALLY DISTURBED 
SALT DOME. 

Jllustrations 34 and 35 show the superiority of the Thyssen Gravimeter compared with 
the torsion balance in territories with great disturbance of the gradients and curvature 
values caused by horizons near to the surface. 

Jn the district measured, the 230 torsion balance measurements (illustration 35) show 
the known salt flight influence only in a few profiles, in general, however, a very irregular 
gradient picture. By reason of these measurements a weil was drilled at the location shown 
in illustrations 34 and 35 reaching salt at a depth of about 2200 m. Jt now appeared 
desirable to ascertain whether the torsion balance minima north and south of the weil are 
real and also how far the very uncertain isogams guide is of use. 
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8/ K/rchbo/lzen 8/ Wo/srode 

N. 

Wa/SfDde 

Thirty-eight gravimeter stations (illustration 34) were laid in an E-W and in a N-S profile. 
After these profiles had proved beyond doubt the minimum character of the area, a further 
18 stations were placed in the eastern part of the district and thereby the isogams guide could 
be completed. The minima on both sides of the weil, not yet decided upon by the torsion balance 
picture, have been proved. The flank slope on the north and south side was also proved. 
Jn the north eastern part of the district a reliable isogams picture is now shown. Jt may 
be noted that the mean error of the measurements mentioned is ± 0'2 mgal. 

Particularly of importance in this picture is the fact that a few of the measured 
stations already furnish a good conclusion concerning the approximate position of the salt 
dome. With a station performance of 4 stations per day it is possible under difficult lease 
conditions to work and obtain sufficient data from important areas in a very short time. 
Jn the area of Walsrode and in similar difficuit districts an equally good performance 
with the torsion balance would not have been possible. 
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