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This invention relates to geochemical prospect 
ing and more particularly to prospecting or sur 
veying to determine the possible presence of deep 
seated gas and oil deposits by determinations 

5 which measure an electrical parameter of cer 
tain chemical characteristics of the surface soils. 

It has been found that there is a more or less 
definite correlation between certain chemical 
characteristics of surface soils and valuable min 
eral deposits located far below those soils. This 
applies not only to correlations revealing the 
presence of buried ore deposits, but extends to 
correlations between these surface characteris 
tics and sub-surface hydrocarbon deposits, such 
as oil sands. Thus for instance, the presence of 
various hydrocarbons, notably hydrocarbon gases, 
in the surface soils is some indication of the pres-> 
ence of petroleum deposits directly beneath or 
beneath and somewhat horizontally offset from 
the region of high hydrocarbon content. It also 
appears that in some instances there is a defi 
nite correlation between the mineral content of 
the soil and the presence of hydrocarbon gases 
and at least in some instances a correlation be 
tween such mineral contents of surface soils and 
the presence or absence of deep-seated petro 
leum deposits. One theory which has been pro 
posed to account for this is that gases migrat 
ing from the deep-seated deposits carry with 
them entrained aqueous solutions of mineral 
salts which are deposited in the surface soils and 
that while such deposition is extremely slow it 
becomes substantial over the course of geologi 
cal ages. Whatever the correctness of this and 
other theories may be, it does appear that there 
is definite evidence of correlation between cer 
tain functions of the mineral content of the sur 
face soils and deep-seated oil and gas deposits. 

It is an object of my invention to provide a 
method of geochemical prospecting involving the 
measurement of a function or parameter of 
the mineral content of surface soils. It is a 
more particular object of my invention to pro 
vide methods and apparatus whereby the mineral 
contents of surface soils can be measured rap 
idly and accurately. A further object of my in 
vention is to provide a method and apparatus for 
measuring a function of the amount and nature 
of mineral salts in surface soils while the soil 
undergoing measurement remains in place. It is 
also an object of my invention to provide im 
proved methods and apparatus for measuring 
electrical resistivity or conductivity of soils. 

Il Other and more detailed objects, advantages and 
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uses of my invention will become apparent as 
the description of my invention proceeds. 
In the course of this description reference will 

be made to the accompanying drawings which 
form apart of this specification and in which: 
Figure A1 is a diagrammatic showing of appa 

ratus in accordance with my invention; 
Figure 2 is an alternative diagrammatic show 

ing of apparatus in accordance with my inven 
tion; 

Figure 3 is a detailed elevation partly in sec 
tion showing a portion of one preferred embodi 
ment of apparatus in accordance with my in 
vention; 

Figure 4 is a plan view looking up from the 
bottom of Figure 3; 

Figure 5 illustrates the eñect of increasing 
amounts of water on conductivity as measured 
with my apparatus; 
Figure 6 shows a correlation between the con 

ductivity of the soil as measured in accordance 
with my invention and its content of water 
soluble mineral salts; and 
Figure '7 shows a similar comparison between 

conductivities in the same soil measured by other 
methods and the water-soluble mineral salt con 
tents of those samples. 

In brief I have found that the measurement 
of the electrical conductivity or resistivity of a 
wet sample of surface soil in place in the ground 
constitutes an excellent geochemical prospecting 
tool and a good method of soil analysis. 

I have previously referred and will hereinafter 
refer to surface soils but it is to be understood 
that this refers to any Weathered formation 
whether located just at the surface, a few inches 
or a few feet below the surface, or in unusual 
cases, as much as several hundred feet below it. 
In practice I prefer to` determine the conduc 
tivity or resistivity of the soil at a depth of from’ 
six inches to twenty-five feet, for instance three 
to ñve feet, since soils very near the surface are 
subject to some contamination. Thus in prac 
ticing my invention a hole is preferably dug with 
a post hole auger or any other type of shallow 
drilling equipment and the conductivity or re 
sistivity of the soil at the bottom of the hole 
is determined without removing the sample, the 
characteristics of which are to be determined. 
Not only is this highly convenient as compared 
with the removal and manipulation of a sample 
but I also iind that it gives far more significant 
results as will hereinafter appear. 
This measurement\ of conductivity or its re 

ciprocal, resistivity, is not significant for my pur 
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poses unless the measurement is made in wet 
soil. Soils normally contain very variable 
amounts of water and their conductivities or 
resistivities are functions of the amount of water 
present aswell as the amount of mineral salts 
present and, in fact, the water content is normal 
ly a much more important factor than the min 
eral salt content. Thus, before measuring I wet 
or saturate the soil with water or aqueous solu 
tion while the soil is .in place in the ground. 
This can be done by merely passing water into 
the hole referred to and waiting until the: water 
seeps into the soil and then placing two elec 
trodes in the wet soil at the bottom of the hole 
and measuring the resistivity or conductivity. 
For instance, referring to Figure 1, water can 

be placed in a shallow bore hole I0, a probing 
apparatus II can be placed in the hole equipped 
with two electrodes I2 and I3, a potential can be 
applied to these electrodes by means of an A. C. 
or D. C. generator I4 through bridge I5 and 
the conductivity or resistivity can be measured 
by means of this bridge. However, I have found 
that this method does not give results which are 
readily reproducible since in many instances the 
water appears to seep out horizontally or pass 
through small fissures or cracks in the earth so 
that the soil is not uniformly water saturated 
between electrodes I2 and I3. Moreover, this is 
true to a considerable extent even if the elec 
trodes are relatively small in vertical dimension 
so that they do not penetrate far into the soil. 1 
In order to overcome this diillculty I ñnd it 

highly desirable to inject the Water directly be 
tween the two electrodes I2 and I3. As shown in 
Figure l, this is done by a small tubing I6 ter- ' 
minating between or adjacent to the electrodes. 
Water is supplied to this tubing by means of 
pump I'I. The water thus injected is preferably 
distilled water although water with some mineral 
content can be used. However, if water other 
than distilled water is used, the mineral content 
of the water should be reasonably constant for 
any given series of tests so that the measure 
ments obtained will be comparable. 

It might be mentioned in this connection that 
it is unnecessary to measure the specific re 
sistivity or to do anything other than measure 
relative resistivities or, what amounts to the same 
thing, relative conductivìties at spaced points 
over a given area to be surveyed. Thus for in 
stance, the determinationscan be made along a 
survey line every one-quarter or one-tenth of a 
mile. Measurements can be taken on any desired 
basis so long as they are comparable. 
Thus for instance, referring to Figure 2, a bat 

tery I8 giving a fairly constant potential can be 
connected in circuit with the two electrodes I2 
and I3 and the current can be measured’by am 
meter I9 at each of a series çß‘spaced curved sur~ 
vey points (switches 20 and 2| being open). 
These ammeter readings can be used directly as 
measures of the conductivity for any given series 
of determinations. Alternatively instead of an 
ammeter, a voltmeter 22 can be used by closing 
switch 20. Switch 2| can be closed and ammeter 
I9 can be dispensed with, thus using voltmeter 22 
to give> the potential drop across the electrodes 
I2 and I3. For a given series of readings these 
voltmeter readings will give a measure of the re 
sistivity or conductivity from point to point. 
Preferably, however, b"oth ammeter I9 and volt 
meter 22 are used.' In this case switch 2U is 
closed and switch 2l is left open (unless it is de 
sired to pass less than all the current through 

2,228,223 
ammeter I9), rheostat 23 is adjusted t0 give a 
constant current as measured on ammeter I3 
and the voltage drop is measured by voltmeter 
22 which can suitably be of the mlllivoltmeter 
type. i 

Figures 3 and 4 show in more detail one em 
bodiment of my electrode apparatus which I 
have found particularly desirable. Two spike 
electrodes I2 and I3 are located close together 
and the ends of these electrodes are pointed or 
bullet shaped. Adjacent these electrodes, as 
shown in Figure 4, is _the end of the water in 
jection tubing I6 which may suitably be made 
of 1A, inch steel tubing. The upper ends of the 
electrodes are insulated by fiber insulation 25 
so that only the % inch length of electrode be 
low this insulation is actually used in the con 
ductivity measurement. Thus it is assured that 
when the electrodes are thrust into the ground 
reproducible results will be obtained so long as 
there is at least 'M3 inch penetration in each in 
stance. 

'I'he electrodes I2 and I3 and the water injec 
tion tube I6 both passthrough a, hard rubber 
plug 26. This plug is externally threaded to cor 
respond with internal threads 21 at the bottom 
of a fiber cylinder 28 which in the form used by 
me is 81/2 inches long. The threaded plug 26, 
containing holes to accommodate the electrodes 
and water injection tubing, screws into the bot 
tom of fiber cylinder 28 which is rendered water 
tight by a washer 29. At the top of the two 
electrodes I2 and I3 are'contacts 30 or bindingr 
posts to which are attached insulated wires 3l 
extending up through the device and thence to 
the above-ground apparatus shown in Figure l or 
Figure 2. 

Fiber cylinder 28 is internally threaded at its 
upper end as well as at its lower end> and receives 
a correspondingly threaded brass connection 32. 
The upper end of this brass connection is inter 
nally threaded and receives an externally thread 
ed pipe 33, for instance a 5-foot length of 1-inch 
pipe. The water injection pipe I6 extends above 
‘this pipe 33 and passes to hydraulic pump I'I of 
Figures 1 and 2 or to any other convenient means 
for forcing water under pressure into the soil be 
tween the two electrodes. 
The use of the apparatus is very simple. All 

that is necessary. is to drill a. series of shallow 
holes at selected points which can be~arranged 
along a line or in any given pattern over an area 
to be surveyed, thrust the electrodes into the soil 
at the bottom of each hole, inject _the water, ap 
ply a source of potential and measure the con 
ductivity or any electrical parameter related to 
the conductivity. Alternatively the conductivity 
or resistivity of the soil at the surface can be 
measured without drilling holes but this is not 
preferred since the top soil is subject to contami 
nation and is often not typical of the weathered 
region. 
For purposes of convenience I will speak here 

after in the specification and in the appended 
claims of the measurement of conductivity but 
it will be understood that this wordfls broad 
enough to apply to the measurement of resistivity 
(which is the mere reciprocal of conductivity), 
to the measurement of current flow, the meas 
urement of potential drop or to any other meas 
urement which gives relative values which are 
functions of the relative conductivìties. ' 

I have found that the relative conductivìties of 
a series of samplesas measured in accordance 
with my invention are particularly well corre 
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2,228,223 
latable with the mineral contents of those sam 
ples. However, in order to obtain the best cor 
relation, it is important to make a series of con 
ductivity measurements at each point. These 
measurements are made after injecting various 
amounts of water or continuous conductivity 
measurements can be made during water injec 
tion. As water is added the conductivity rises 
due in all probability to increased leaching out 
of the mineral salts from the soil. However, a 
point is soon reached at which the conductivity 
begins to decrease due to dilution of the elec 
trolyte by increasing amounts of water. In order 
to obtain the best correlations the significant 
reading is the maximum conductivity. 

This effect of increasing water injection is 
shown by Figure 5 in which the conductivity 
measured in mhos (reciprocal ohms) multiplied 
by 106 is plotted against the amount of water in 
jected measured in centimeters. It will be noted 
that the maximum conductivity is reached with a 
relatively small amount of water but this amount 
will, of course, vary with the size and spacing of 
the electrodes as well as with the characteristics 
of the soil. In any event, water is injected until 
this maximum is passed and the maximum read 
ing is taken as the significant one for the pur 
pose of correlating the results from a num 
ber of points in a survey. 
To illustrate the correlation between conduc 

tivity measured with the soil sample in place in 
the ground as above described and the water 
soluble mineral contents of those soils, I have 
shown in Figure 6 the results obtained with one 
series of samples taken near Tulsa, Oklahoma 
along a survey line with surveying stations one 
quarter mile apart. A total of eight samples 
were taken. In each case a hole was drilled with 
a hand auger to a depth of three feet, a sample 
of the soil in the bottom of the hole taken for 
subsequent analysis and the conductivity of the 
soil was run in place while forcing distilled water 
into the soil at the bottom of the hole. Read 
ings were taken at deñnite intervals and only the 
highest conductivity reading accepted as the true 
value. In the laboratory the water-soluble min 
eral content of each sample was measured. Also 
a mixture was made of 100 grams of each soil 
sample and 250 cubic centimeters of distilled 
water. The conductivity of the slurry was then 
determined. The mixture was allowed to stand 
overnight, the clear liquid was decanted and the 
conductivity of the decanted portion was deter 
mined. The solution was then filtered and the 
conductivity of the filtered portion was measured. 
Because of the high colloidal content of the soil 
samples it was necessary to filter each one under 
pressure of 120 pounds per square inch of com 
pressed air. » 

As seen in Figure 6, the conductivities (line 35) 
measured in accordance with my invention (i. e. 
with the samples in place in the ground) cor 
relate very nicely with the total Water-soluble 
mineral salt content (line 36) as determined by 
laboratory analysis of the soil samples taken just 
above the bottom of the holes. 
This is in marked contrast with the results 

shown in Figure 7. In Figure 7, line 36 is the 
water-soluble mineral salt content in parts per 
million by weight and corresponds with the same 
line in Figure 6. The dotted line 31 in Figure 7 
represents the conductivitles of the soil slurries 
above described. The dashed line 38 shows the 
conductivitles of the decanted portions of these 
slurries and the full line 39 indicates the con 

3 
ductivities of the filtered portions of these slur 
ries. Not only are these values much lower than 
those measured with the soil in place (due per 
haps to the greater dilution) but they will be 
seen to have little or no correlation with the total 
water-soluble mineral salts content. 
While I have described my invention in con 

nection with certain specific embodiments 
thereof, these are by way of example only and my 
invention is not to be limited thereto but only to 
the subject matter of the appended claims. In 
the claims I refer to the measurement of elec 
trical conductivity but this will be understood 
to include the measurement of resistivity or any 
lother value which is a function of electrical con 
ductivity. 

I claim: 
l. A method of geochemical prospecting com 

prising wetting a soil sample while in place in the 
ground, inserting a pair of closely spaced elec 
trodes in said wetted soil sample while in place 
in the ground and measuring by means of said 
electrodes the conductivity of said wetted soil 
sample while in place in the ground. 

2. A method of geochemical prospectingcom 
prising saturating a soil sample with water while 
in place in the ground and measuring the elec 
trical conductivity of the saturated soil sample. 

3. A method of analysis for the mineral content 
of soils comprising saturating a soil sample in 
place in the ground with water and measuring 
the electrical conductivity of said‘saturated soil 
sample while in place in the ground. ‘ 

4. A method of analysis for the mineral con 
tent Of soil comprising substantially completely 
saturating a small sample of soil in place in the 
ground with water, inserting a pair of closely 
spaced electrodes in said substantially completely 
saturated small sample of soil and measuring by 
the use of said electrodes the electrical conduc 
tivity of said substantially completely saturated 
small sample of soil while in place in the ground. 

5. A method of geochemical prospecting com 
prising the measurement of soil conductivitles at 
points spaced over the terrain -to be surveyed 
comprising saturating soils with water at each 
of said points and measuring the electrical con 
ductivities of said saturated soils for comparison 
with each other. 

6. A method of geochemical prospecting com 
prising saturating a portion of the soil in place 
in the ground at each of a plurality of survey 
stations spaced over the terrain to be surveyed 
and measuring the electrical conductivity of each 
of said saturated soils while in place in the ground 
.at each of said plurality of survey points. 

7. A method of geochemical prospecting com 
prising drilling shallow holes into the surface 
soil at each of a plurality of points at spaced in 
tervals, wetting the soil at the bottom of each 
of said holes and measuring the electrical con 
ductivitles of said wetted soils at the bottoms of 
said holes. 

8. A method of geochemical prospecting com 
prising drilling holes into the surrace soil to a 
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depth of from about six inches to about 25 feet - 
at each of a plurality of points at spaced inter 
vals, wetting the soil at the bottom of each of 
said holes and measuring the electrical conduc 
tivities of said wetted soils at the bottoms of 
said holes. 

9. A method of geochemical prospecting com 
prising drilling shallow holes into the surface soil 
at each of a plurality of points at spaced inter 
vals. saturating the soil at the bottom of each 
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of said holes and measuring the electrical con 
ductivities of said saturated soils at the bottoms 
of said holes. 

10. A method of soil analysis comprising insert 
ing a pair of closely spaced electrodes into a soil 
sample in place in the ground, injecting water 
into the soil sample between said spaced elec 
trodes to wet substantially the whole of said 
soil sample and measuring theelectrical con 
ductivity of the wetted soil sample between said 
spaced electrodes. _ 

11. A method of geochemical prospecting com 
prising inserting a pair of spaced electrodes into 
the soil in place in the ground, injecting Water 
gradually into the soil between said electrodes 
and measuring the electrical conductivities »of the 

> soil between said electrodes for.a`piurality of 
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quantities of water injected. 
12. A method of geochemical prospecting com 

prising inserting a pair of spaced electrodes into 
the soil in place in the ground, injecting water 
gradually into the soil between said electrodes 
and measuring the electrical conductivities of the 
soil between said electrodes during the gradual 
injection of said water. 

13. A method of geochemical prospecting com 
prising the determination of the conductivity of 
the soil in place in the ground at each of a plu 
rality of points spaced over the terrain to be vsur 
veyed comprising in the case of each of said points 
placing a pair of spaced electrodes in the soil, 
injecting water into the soil between said elec 
trodes, determining theelectrical conductivities of 
said soil for a plurality of amounts of Water so 
injected including the maximum conductivity 
during such injection for each of said samples 
and comparing the relative values of said maxi 
mum conductivities for each of said survey 
points. . 

14. Apparatus for soil analysis comprising a 
pair of closely spaced electrodes adapted to be in 
serted into the soil and means for injecting a 
liquid into the soil in the vicinity of said »elec 

2,228,223. 
trodes to wet substantially the whole of the soil 
disposed between said electrodes. 

15. Apparatus for geochemical prospecting 
comprising a pair of closely spaced electrodes 
adapted to be inserted into the soil and means 
for injecting a liquid into the soil between said 
electrodes to wet substantially the whole of the 
soil disposed between said electrodes. 

16. Apparatus for geochemical prospecting 
comprising a pair of closely spaced electrodes 
adapted to be inserted in the soil, means for in 
jecting water into the soil between said electrodes 
to wet substantially the whole of the soil disposed 
between said electrodes and means for determin 
ing the conductivity of the soil between said 
electrodes. 

17. Apparatus for geochemical prospecting 
comprising a pair of closely spaced electrodes 
adapted to be inserted in the soil, a water in 
jection tube terminating near said electrodes, a 
common carrier for said electrodes and said water 
injection tube and means for determining the 
conductivity of the soil between said electrodes. 
` 18. Apparatus for geochemical prospecting 
comprising a pipe, a pair of electrodes carried by 
the bottom of said pipe and insulated from each 
other except at their lower ends and a water in 
jection tubing carried by said pipe and terminat 
ing near the uninsulated portion of said elec 
trodes. 

19. A method of geochemical prospecting` 
comprising the measurement of soil conductivities 
at points spaced over the terrain to be surveyed 
comprising inserting two closely spaced electrodes 
intothe soil at each of said points, both of said 
electrodes being inserted into the same localized 
portion of the soil, wetting substantially the 
Whole of said localized portion of the soil in which 
said pair of closely spaced electrodes are inserted 
and measuring, by the use of said electrodes, the 
electrical conductivities of the wetted soils at 
each of said points for comparison with each 
other. 
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