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This invention relates to underground 
strata prospecting and has for its object the 
provision of an improved method of deter 
mining the structure and configuration of un 

5 derground strata. The invention more par 
ticularly relates to oil-bearing strata 

Various proposals have been made, and 
numerous practices have been resorted to, to 
locate oil-bearing strata. In years gone by, 
many oil fields were located by oil seepages 
or similar traces of oil on the ground, but 
such readily discoverable deposits have near 

0. 

ly all been exploited. At the present time, 
therefore, the problem confronting the oil 
prospector is one of locating deposits which 
have been so completely sealed off that no 
trace of oil can be found on the surface. 

Oil geologists attack this problem by locat 
ing the most probable area of oil accumula 
tion within a district where the existence of 
formations likely to contain oil is known or 
suspected. 
Whether or not a formation is likely to 

contain oil deposits depends chiefly on its 
structure and configuration. Because oil is 
lighter than salt water, which almost always 
is present in oil-bearing formations, it ac 
cumulates in areas where, through folding or 
faulting or the formation of terraces, the 
beds have been elevated. A knowledge of 
the geological structure of a given region, 
therefore, is of the utmost importance in pre 
dicting the existence of oil deposits in that 
region. 

Generally, such knowledge is obtained by 
taking geological observations of the strike 
and dip of the outcropping formations in 
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the territory being investigated. The in 
formation which can be obtained in this 
way is in most cases, however, too meagre to 40 

serve as a basis for a reliable structure map 
of the territory because enough outcrops to 
prepare such a map are generally found only 
in mountainous regions, whereas by far the 

5 greater number and largest oil deposits ex 

ist in topographically flat regions, where 
outcrops are few in number. For this reason, 
recourse is sometimes had to the drilling of 
a series of test holes down to a “key-bed' 
characterized by the presence of fossils or 50 
other rock features of a certain kind. As 
will be suspected, such a practice is very slow 
and expensive, because the depth to a reliable 
key-bed is usually rather great and because 
a large number of test holes is necessary to 55 
avoid missing structural features which may 
be of importance. . 
In contrast to such methods as have been 

heretofore practiced, the present invention 
concerns a method whereby the structure and 60 
configuration of underground strata may be 
determined electromagnetically and a reli 
able structure' map obtained. More particu 
larly, the present invention comprises the de 
termination of the depth to the underground 65 
strata by investigating at various points on 
the surface the nature or character of an elec 
tromagnetic field. v. 
The practice of the invention is based on 

the difference which exists in the electrical 70 
conductivity of the various beds constituting 
the sedimentary column. In the particular 
case of oil-bearing strata, the saltwater carry 
ing beds constitute good electrical conductors, 
their conductivity being higher the greater 75 
the content and concentration of saltwater in 
them. By utilizing this conductive property 
of salt water beds to determine their struc 
ture, it accordingly becomes possible to map 
the subsurface structure in any given locality 80 
and thus to predict with considerable accu 
racy the presence or absence of oil deposits. 
Generally speaking, the determination of 

the structure of such conducting beds is car 
ried out, in accordance with the invention, by 85 
setting up at any given point in the region to 
be investigated an alternating electromag 
netic field as by means of a wire circuit or 
loop laid on the surface of the ground. The 
field thus set up, usually termed the primary 0 
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field, induces in any conducting bed within 
its influence, alternating currents which set 
up an electromagnetic field of their own, ordi 
narily called the secondary field. The field 
actually existing accordingly is different from 
the primary field which would exist if the 
conducting bed or beds were absent. By in 
vestigating this actual or resultant electro 
magnetic field at various points on the sur 
face, in a manner which will be hereafter ex 
plained, it is possible to obtain an accurate 
indication of the depth at which the conduct 
ing bed is located. 
If it be assumed for the moment that but 

one conducting bed is present in a given 
region, it will be clear from what has been 
explained above that the resultant field will 
be made up of the generated primary field 
and the secondary field due to the single bed. 
Suitable investigation of this resultant field 
at a number of arbitrary points, in the manner 
contemplated by the present invention, ac 
cordingly will enable the determination of 
the depth to this bed at the various points at 
which observations are taken. If these depth 
values are then plotted and contour lines 
drawn, the true configuration of the single 
conducting bed will be made available for study and analysis. 

Ordinarily, however, more than one gon. 
ducting bed is present. The resultant field 
existing at various points, accordingly is 
more complex than in the simple case above 
assumed because it includes the combined 
secondary fields of the several beds instead 
of merely the secondary field of one bed. It 
therefore is necessary to employ some scheme 
whereby the secondary fields can be separate 
ly considered, because depth determinations 
in the manner previously described will rep 
resent only the average of the depths to the 
different beds and consequently will not pro 
vide a true picture of the configuration of 
each bed. 
The present invention, accordingly, further 

provides a method whereby the depth to each 
of a plurality of conducting beds can be de 
termined and contour lines drawn showing 
the true configuration of each bed. The exist 
ence of an anticline or dome in a bed lying 
beneath a number of other beds of different 
configuration can therefore be determined 
and a possible oil-bearing area located, even 
though the shallower beds give no indication 
of such an area. 
In order that a better understanding of 

the invention may be had, reference is made 
to the accompanying drawings, wherein: 

Fig. 1 is a vectorial representation of a lab 
oratory investigation in accordance with the 
invention. 

Fig. 2 is a graph adapted for use in deter 
mining the value of certain quantities enter 
ing into the calculation of the observed re 
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sults of an investigation in accordance with 
the invention. 

Figs. 3, 4 and 5 are sections of the earth's 
crust showing superposed conducting beds 
of different form. 
- Fig. 6 is a chart showing the relation be 
tween conducting bed depth and primary 
field frequency, when but one bed is assumed 
to exist. 

Fig. 7 is a chart showing the relation be 
tween conducting bed depth and primary 
field frequency when two beds are assumed to 
exist. 

Considering the drawings more in detail, 
Fig. 1 represents the results of a laboratory 
investigation undertaken to illustrate the op 
erability of the present invention. In this 
laboratory test, large horizontal sheets of cop 
per and lead were employed at different times 
and a primary field generated by means of 
a horizontal loop made up of a number of 
turns of wire. The copper sheet was 2.04 
mm. thick and the lead sheet 1.06 mm., while 
the loop was rectangular, its dimensions be 
ing 160x320 mm. The frequency of the cur 
rent in the loop was 500 cycles. 
At a point located 20 mm. from the long 

side of the loop, observations of the hori 
Zontal component of the electromagnetic field 
were taken for two different distances of the 
sheets beneath the loop plane, namely 10 
and 40 mm. Such observations are vectori 
ally depicted in Fig. 1. 
Since the field is alternating, it is repre 

sented not only by its strength but also by 
its time or phase displacement. During the 
time of one cycle, 1/500 of a second in this 
case, both the current in the loop and the field 
will vary from Zero to a maximum in one 
direction and then back to zero and a maxi 
mum in the other direction. The strength 
of the field is its maximum strength during 
one cycle. Its phase, on the other hand, with 
reference to the current in the loop, is the 
time difference between the moment when 
the current passes from maximum through 
Zero in a certain direction and the moment 
when the field passes from maximum through 
Zero in the same direction. 
The vectors in Fig. 1 accordingly repre 

sent by their length the strength of the field 
and by their angular displacement from a 
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fixed reference line the phase of the field. As 
a reference direction, the phase of the primary 
field, which is identical with the phase of the 
current in the loop, is customarily used, and 
in the figure is represented by a correspond 
ingly designated horizontal line. A conven 
ient unit for the strength of the field is the 
gauss, and because the strength of the field 
is proportional to the strength of the current 
used, it is most convenient to measure and 
represent the strength of the field in gausses 
per ampere of current in the loop. In this 
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way, the measurements may be made inde 
pendently of fluctuations in the current. 
From the figure it may be seen that the 

field vector, in the case of both the lead sheet 
and the copper sheet, clearly indicates a 
change in the distance from 10 mm. to 40 
mm. Likewise, for a constant distance, for 
instance 40 mm. the vector also indicates a 
change in the electrical properties of the 
sheets as represented by the two metals cop 
per and lead. It accordingly is evident, that 
by such a method as is herein disclosed, it 
is possible to determine the depth as well 
as the electrical properties of a conductor, 
as represented by the metal sheets, by ob 

In the test but 
one point was used for observation; in prac 
tice, observations would be taken at a num 
ber of points and the nature of the vector de 
termined at each point to indicate the depth 
and character of the conducting bed. 
The question might arise why metal sheets 

were used in the test when the conducting 
beds encountered in practice are of much 
lower conductivity. The reason is that the 
laboratory measurements were, of necessity, 
made on a small scale, and consequently, to 
obtain corresponding magnetic fields when 
changing scale, it is necessary to increase the 
conductivity of the observed bed in times 
when decreasing all other linear dimensions 
in times. The specific resistance of copper is 
about 1.8 x 10 ohms/cm. and of lead about 
21.1 x 10 ohms/cm.'. Assuming the linear 
dimensions in practice to be 10,000 times 
larger than in the test, the results shown in 
Fig. 1 would be applicable to beds 20.4 m. 
and 10.6 m. thick with specific resistances of 
180 ohms/cm. and 2100 ohms/cm., respec 
tively, and located at depths of 100 and 400 
meters. Such figures are of about the same 
magnitude as occur in practice. 
Both theory and laboratory experiments of 

the kind above described, show that the mag 
netic vector above the conducting layer is 
completely determined by the depth to the 
layer and the numerical value of a factor K, 
where 

r 

K 
in which r=specific resistance of layer; 
d=thickness of layer; v = frequency of pri 
mary field. 
By actually measuring the magnetic vec 

tor, for instance by the arrangement dis 
closed in copending application Serial No. 
168,527, it therefore is possible to determine 
the depth to a conducting layer and also its 
K value. The simplest way to make corre 
sponding interpretations of field measure 
ments is to prepare a chart based either on 
theoretical calculations or laboratory experi 
ments, showing the value of the vector for 
different depths and K values. 

3 

Such a chart is shown in Fig. 2, the units 
of depth and K values being arbitrary. If 
the measurement made in practice gives, for 
instance, a vector such as OP at a certain 
point, the depth to the layer can be read 
from the chart as 100 and its Kvalue as 1. 
As has been explained before, the measure 

ment of depth is comparatively simple, as 
long as only one conducting layer exists. 
Where several beds exist, each bed will give a 
certain component of the magnetic vector. 
Furthermore, the strength of a component 
H, due to a certain layer N at a depth T, 
having a value Kn, will be weaker the greater 
the depth T. 
The value F of the primary field at the 

layer N, and thus also the secondary field 
component H, have been proven by theory 
and experiment to depend, except for T and 
K only upon the K values of the layers 
existing between the layer N and the sur 
face. The smaller the K values of the layers 
are the smaller are the values of F and H. 
If the K value of any layer is zero, then no 
magnetic field exists beneath the layer. In 
other words, the layer acts as a screen, the 
smaller the values of K the better the screen 
ing effect. 
As has been previously shown, however, in 

connection with the equation . 
r 

d 
the factor K depends on the frequency of 
the current used, and therefore can be changed 
by varying the frequency. Accordingly, cer 
tain conducting beds can by choice be made 
perfectly screening beds by selecting a suit 
able value of frequency which will make the 
K value for such beds substantially zero. 
This frequency may be termed the critical 
frequency, and at this frequency, no primary 
field will penetrate beneath the bed and con 
sequently, no secondary field will be set up 
by any beds existing at a greater depth. 

Consequently, if the frequency of the pri 
mary field is increased until the value of the 
vectors determined at each of the various 
points of measurement remains constant re 
gardless of a further increase in frequency, 
the value of the frequency at which the 
magnetic vector measurements become con 
stant will be the value of the critical fre 
quency of the conducting bed nearest to the 
surface, and the vector determined at the 
various points will be an indication of the 
depth of this shallowest bed at those points 
in accordance with the chart, for example, 
obtained from laboratory experiments. 
Also, since this shallowest bed will then be a 
totally screening bed, the secondary field 
measured at the various points will be the 
secondary field of this bed only. 
With the necessary values thus determined, 

the secondary field due to the shallowest 
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conducting bed can be calculated for any fre 
quency. Then, by gradually reducing the 
frequency, and noting the field vectors and 
taking into consideration the corresponding 
vectors for said first layer, a second point 
can be obtained at which the depth calcu 
lations remain constant, indicating the crit 
ical frequency for the next lowest bed, and 
the secondary field due to this bed is deter 
mined by subtracting the known value of 
the secondary field of the shallowest bed 
from the actually measured secondary field 
at that frequency. Similarly, the secondary 
field due to a third bed can be determined 
by taking the known values of the secondary 
fields of the first two beds into consideration, 
and so on for any number of succeeding con 
ducting beds. 
Considering the other figures in the draw 

ings, Fig. 6 represents graphically the result 
of depth calculations at different frequen 
cies, made under the assumption that but one 
conducting bed exists. As the frequency is 
increased the values of depth become smaller 
and smaller until a constant value of depth, 
shown as T, in the figure, is obtained. The 
frequency at which the value of the depth 
becomes constant represents the critical fre 
quency of the conducting bed, and is shown 
in Fig. 6 as Z. Beyond this value the depth 
will remain constant and at frequencies lower 
than this value Z the depth will be greater, 
owing to the effect of the deeper conducting 
beds existing below the single bed assumed to 
be present. 
After the determinations have been made 

for the shallowest conducting bed and a value 
of depth T, obtained, corresponding calcu 
lations are carried out for frequencies lower 
than the critical frequency Z of Fig. 4, and 
a second point reached at which a constant 
value of depth T. (Fig. 7) is obtained. This 
value T represents the depth of the next 
lowest conducting bed, and the value X of 
the frequency at which this constant depth 
is obtained is the value of the critical fre 
quency. At frequencies below this value the 
depth will be greater because of the effect 
produced by such conducting beds as may 
exist below the second bed. In a similar 
manner, calculations can be carried out for 
conducting beds located still deeper and cor 
responding values of depth determined. 
Accordingly, if in practice a field of the 

nature shown in Fig. 3 is encountered, 
wherein the oil is trapped in a dome beneath 
a deep bed or layer such as 3 and a number 
of similarly crowned beds 1 and 2 are dis 
posed between this layer 3 and the surface, 
calculations can be made at several different 
frequencies and the depths of the layers 1, 
2 and 3 successively determined and the point 
Ps located. The projection of this point 
On the surface Po will then determine the 
point at which, if a drilling is made, the 
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crown of the oil dome will be struck at the 
already determined depth of the point P. 

If depth calculations are made with a 
given fixed frequency, a set of average depth 
readings will be obtained defining a hypo 
thetical line such as A-B and locating a 
high point such as P. Where the beds are 
all similarly formed, as in this case, the error 
will not be serious because, the line A-B 
will be of the same configuration as the beds, 
although the depth of the point P will not 
represent the actual depth of the oil at the 
point Ps. 

If a more complicated field is encountered, 
Such as shown in Fig. 4, for example, the ad 
vantage of using different frequencies be 
comes more apparent. By my method I can 
determine the position of the several beds 
1, 2 and 3 and locate the point Pa and so fix 
the point Po on the surface at which a drill 
ing should preferably be made to reach the 
oil beneath the layer 3. By the fixed fre 
quency method, however, the hypothetical 
layer A-B will be determined and the point 
Plocated and projected to the surface at P. 
Because of the displaced position of the beds, 
the line A-B will not give a true indication 
of their configuration and, consequently, a 
drilling made at the point P will miss the 
oil below the point P entirely. 

Ordinarily, the complicated formation of 
the conducting beds shown in Fig. 5 is con 
siderably more common in the field than the 
formations shown in Figs. 3 and 4. Instead 
of the beds being all of the same general 
form, the beds 1 and 2 above the discordance 
L-Mare not parallel to the bed 3 located be 
neath the discordance. Particularly, is this 
true where a number of irregular conduct 
ing beds exist very close to the surface, be 
cause such beds are seldom, if ever, parallel to deeper beds. 

It is in connection with formations of this 
irregular form that my method is of particu 
lar importance, because the region above the 
discordance gives no indication of the con 
figuration of the bed 3 or of the consequent 
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possible accumulation of oil. By employing 
a fixed frequency the - depth calculations 
might define a line such as A-B in the figure, 
which clearly would be of no practical value. 
In fact, from a study of such a line it might 
well be concluded that no anticline or oil 
dome such as the bed 3 exists at that particu 
lar point in the field, and consequently, the 
oil would be overlooked. 
On the other hand, by taking readings at 

different frequencies, and plotting the cal 
culated results, a profile can be obtained show 
ing the configuration of each of the separate 
beds and their position above one another. 
The presence and form of the layer 3 can 
therefore be determined and the crest P of 
the dome located and projected to the sur 
face to fix the point Po. 
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While the above example relates in large 
parts to the determination of oil-bearing 
strata, it will of course be understood that 
the invention is not to be restricted to oil 
bearing strata. The principles of the inven 
tion are applicable to the determination of 
the structure and configuration of other kinds 
of strata as well, such, for example, as ores, 
ground-water and the like. 
I claim: 
1. In the method of underground strata 

prospecting the steps which comprise setting 
up at any given point in the region to be in 
vestigated an alternating primary electro 
magnetic field adapted to induce in any con 
ducting bed within its influence alternating 
currents which set up a secondary E. 
magnetic field of their own, varying the fre 
quency of the current to obtain a critical fre 
quency at which no primary field will pene 
trate beneath said conducting bed and no sec 
ondary field will be set up by any conduct 
ing bed existing at a greater depth. 

2. In the method of underground strata, 
prospecting the steps which comprise setting 
up at any given point in the region to be in 
vestigated an alternating primary electro 
magnetic field adapted to induce in any con 
ducting bed within its influence alternating 
currents which set up a secondary electro 
magnetic field of their own, increasing the fre 
quency of the primary field until the value 
of the vectors determined at each of the vari 
ous points of measurement remain constant 
regardless of a further increase in frequency 
thereby fixing...the value of the critical fre 
quency as the value of the frequency at which 
vector measurements become constant, and 
determining the secondary field due to said 
conducting bed for said critical frequency. 

3. The method according to claim 2, which 
comprises graduallv reducing the frequency 
until a second noint is obtained at which vec 
tor determinations remain constant thereby 
fixing the critical frequency for the next low 
est conducting bed, and determining the sec 
ondary field due to said next lowest conduct 
ing bed for said critical frequency. 

4. In the method of underground strata. 
prospecting. the steps which comprise setting 
up at any given point in the region to be in 
vestigated an alternating primary electro 
magnetic field adapted to induce in any con 
ducting bed within its influence alternating 
currents which set up a secondary electromag 
netic field of their own, increasing the fre 
ouency of the primarv field until the value of 
the vectors determined at each of the various 
points of measurement remain constant re 
gardless of a further increase in frequency 
thereby fixing the value of the critical fre 
quency as the value of the frequency at which 
vector measurements become constant, de 
termining the secondary field due to said con 
ducting bed for said critical frequency, 

S 

gradually reducing the frequency until a sec 
ond point is obtained at which vector deter 
minations remain constant thereby fixing the 
critical frequency for the next lowest con 
ducting bed, and determining the secondary 
field due to said next lowest conducting bed 
for said critical frequency by subtracting the 
known value of the secondary field of the 
shallowest bed from the actual secondary 
field at that frequency. 
In testimony whereof I affix my signature. 

KARL SUNDBERG. 
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