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GEOCHEMICAL PRQSPECTING 

Claudio S. Hall, Jr., Garland, and William B. Huckabay 
and Martin C. Kelsey, Dallas, Tern, assignors to Ray 
glliiex Exploration Co., Dallas, Tex., a corporation of 
exas 

Filed Dec. 13, 1961, Ser. No. 159,024 
10 Claims. (Cl. 250-435) 

‘ .This invention relates generally to an improved method 
and apparatus for locating subterranean petroleum de 
posits, and more particularly, but not by way ‘of limita 

10 

tion, to an improved method of prospecting for subter- ‘ 
ranean petroleum deposits involving sampling soil gas 
at or near the surface of the earth. 

_ As it is well known in the exploration division of the 
oil industry, many eiforts have been made to obtain a 
direct indication of the location of subterranean petroleum 
deposits by means of measuring the methane content 
of soil gas at or near the surface of the earth. In the more 
elementary method of such prospecting, a plurality ‘of 
rathereshallow holes are drilled in a random fashion over 
an area being investigated and the soil gas in each of the 
holes is sampled or analyzed for methane content. Many 
wells have been drilled at the location of a sampling point 
which gave the highest methane content reading, and, 
in a few isolated cases, oil has been found by such a 
method. However, this type of method is not reliable 
for various reasons. ‘ Perhaps the primary reason is that 
methane gas is .given off by decaying organic material, 
and the sample relied upon for locating a well is just 
as likely to have been in?uenced by decaying organic 
material as by methane being given 01f by a petroleum 
deposit. Another factor affecting the reliability of such 
a single sample type of method is that varying climatic . 
conditions and varying soil conditions have a large effect 

. on the analysis of soil gas at any particular location. 
That is, the methane content of soil gas obtained from 
a particular sampling hole will vary drastically with 
changes in climatic conditions, such as a change from 
clear to rainy weather. Also, it has been found that the 
methane content of soil gas obtained from holes drilled 
in two ditferent types of soils will vary greatly even 
though both test holes may overlie the same oil bearing 
0r non-oil bearing formation. 
One rather well-known theory attempting to explain 

the appearance of methane gas at or near the surface of 
the earth overlying a petroleum deposit is that the oil 
or gas migrates from a deposit by a process of diffusion. 
Another theory is that oil from a deposit or reservoir 
migrates through minute cracks and crevices and reaches 
the surface of the earth through a multitude of rather 
distinct paths which extend like ?ngers in various direc 
tions from the ‘oil deposit. It will be readily seen that 
locating a well in accordance with the maximum methane 
reading obtained from a plurality of test holes would 
only, by coincidence, result in a ?nding of the oil de 
posit. This is particularly true with respect to‘the second 
theory, since the particular sample relied upon may have 
been obtained precisely at the'upper end of one of the 
?ngers extending at a rather large angle to the vertical 
from the oil deposit, such that a wellv drilled straight down ' 
from the sample location would completely miss the on 
deposit and provide no indication of the presence of oil 
in the vicinity. It has been believed for some time that 
a rather large number of samples must be taken and 
correlatedin order to locate a well with any degree of 
con?dence. Heretofore, however, no one has come forth 
with a practical surveying or prospecting method. 

In accordance with the present invention, a plurality 
of test holes aredrilled at a ‘plurality of stations located 
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in spaced relation over the area being investigated. The 
present method is based on the laws of probabilities in 
volving the distribution of random statistical data, as is 
explained in detail below. Thus, the present method is 
based'up'on odds and, in order to provide a practical 
data handling operation, the number of holes drilled or 
samples taken at each station location preferably coin 
cides with the odds selected for the simplest calculations. 
The same number of test holes are drilled at each sta 

tion location, but the stations need not be precisely or 
uniformly distributed over the. area being investigated. 
We have found that the stations may be located in the 
most accessible portions of the area being investigated, 
so long as the stations are su?iciently distributed to repre 
sent a cross-section of the soil gas obtained over the en 
tire area. The methane content of the soil gas obtained 
from each of the test holes is determined and recorded, 
usually immediately following the drilling of the test 
holes at a particular station. The methane readings are 
then plotted in a distribution curve, ‘or histogram, in 
order that the standard deviation of the various methane 
readings can be determined. We have found that the 
leading side of the histogram may be used for this pur 
pose, since the trailing half of the histogram will not be 
symmetrical with the leading half if the area overlies or 
partially ‘overlies an oil deposit. The methane readings 
at the individual stations are then analyzed to determine 
how many methane readings at a particular station ex 
ceed the selected number of standard deviations. We 
then plot the number of readings at the various stations 
which exceed the selected standard deviations and con 
tour the data on the map. With this method, the area 
enclosed by the highest values is considered the area 
overlying an oil deposit and determines the well location. 
An important object of this invention is to provide 

a method and apparatus for directly locating subter 
ranean petroleum deposits. 

Another object of this invention is to provide a method 
of locating subterranean petroleum deposits which is 
simple and economical to perform. 

Another object of this invention is to provide a method 
“of locating subterranean petroleum deposits involving a 
sampling of soil gas at a plurality of points over an area 
being investigated which involves a minimum of data 
handling. - V 

A further object of this invention is to provide a 
method of petroleum exploration which involves a mini 
mum damage to the area being investigated. 

Another object of this invention is to precisely deter 
mine the methane content of soil gas. - 

Another object of this invention is to provide a simple 
method and apparatus for obtaining a soil gas sample. 
A further object of this invention is to provide a method 

of obtaining a plurality of soil gas samples for methane 
analysis, wherein the samples are taken in a minimum 
of time and the samples are not contaminated by gases 
in the atmosphere. , , 

A still further object of this invention is to provide 
an economical method of exploring for petroleum depos 
its which obtains ahigh degree of precision in distin 
guishing between barren and oil bearing areas. ' 

Other objects and advantages of the invention will be 
evident from’. the following detailed description, when 
read in conjunction with the accompanying drawings 
‘which illustrate the invention. 

In the drawings: ' 

FIGURE 1 is a schematic drawing in the nature of a 
» map of an area being investigated by the present inven 

70 tion, illustrating a typical distribution of sampling stations. 
FIGURE 2 is a schematic plan View of the test hole 

pattern at a typical station. 7 
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FIGURE 3 is a schematic view of the apparatus utilized 

in taking and analyzing a soil gas sample. 
FIGURE 4 is a typical curveof the variation in the 

methane content of a soil gas sample. 
FIGURE 5 is an illustration of a conventional dis 

tribution curve or histogram illustrating the change in the 
curve upon the occurrence of an oil bearing area. 
FIGURE 6 is a histogram in the form of a bar graph 

of the type utilized in the present method. 
FIGURE 7 is a‘view similar'to FIGURE 1 illustrating 

a typical contour of the data obtained at the various 
stations. 

Referring to the drawings in detail, and particularly 
FIG. 1, reference character 10 designates each of a 
plurality of sampling stations arranged in spaced relation 
over an area to be investigated or explored for a sub 
terranean petroleum deposit. As previously indicated, the 
stations 16 need not be precisely located in accordance 
with any predetermined geometrical pattern over the area 
being investigated, it only being necessary that the sta 
tions be arranged in spaced relation and distributed over 
the area being investigated. In a typical exploration job, 
the stations 10 are located adjacent roads running through 
or over the area being investigated and are spaced apart 
at approximately one eighth to one quarter of a mile. 
This variation in spacing will allow the stations 11} to 
be located in places where test holes can be easily drilled 
without the necessity of cutting any appreciable amount 
of brush or trees or otherwise clearing the land for the 
testing procedure. It is necessary, however, that the 
locations of the stations 11) be precisely plotted on a 
map of the area being investigated, as illustrated in 
FIG. 1. i 

The spacing of the stations 11) referred to above is 
the desired spacing for a detailed survey of an area. 
When a large area is to be investigated, such as an area 
of several square miles, we can locate stations a rather 
large distance apart, such as in each section of the area, 
to ?rst determine which portion of the large area should 
be investigated. Also, after an area has been investi 
gated and shows promise, additional test holes are drilled 
in the most interesting portion of the area to further 
deiineate the anomalies, as will be described. 
As illustrated in FIG. 2, the test holes 12 at each 

station 111 are preferably located in spaced relation in a 
pattern of rows and columns to uniformly cover the 
station location. In a preferred embodiment, and to 
greatly facilitate the handling of test data, twenty holes 
'12 are drilled at each station 10. The selection of twenty 
test holes 12 at each station is made to correspond to 
the odds against the occurrence of a methane reading 
exceeding two standard deviations with respect to all of 
the test readings obtained, as will be described more 
in detail below. The ‘various holes 12 are drilled in 
any suitable manner, such as by means of a conventional 
post hole digger, either manual or power driven, and 
each hole 12_is preferably drilled anywhere from two to 
four feet‘ deep. In a normal procedure, all of the test 
holes 12 at a station ltiiare drilled one after another 
and then the drilling ‘crew moves on to the next station 
location while the testing crew takes soil gas samples 
from the newly drilled holes 12. With this procedure, 
the soil gas is not contaminated by exhaust gases from 
the vehicle or vehicles employed by the drilling crew. 
A soil gas sample is taken from each test hole 12 by 

use of a novel, yet extremely simple, probe 14 illus 
trated in FIG. 3. The probe 14 comprises a large diam 
eter pipe 16 telescoped over a smaller diameter pipe 18, 
with the large, diameter pipe 15 being shorter than the 
pipe 18. The upper end of the large diameter pipe 16 
is secured to, and sealed around, the smaller diameter 
pipe 18 by a suitable seal structure 20; and the lower 
end 22 of the pipe 16 is sealed around the smaller pipe 
18 by an inflatable packer 24. The packer 24 simply 
comprises a tubular rubber member secured at its upper 
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end to the lower end 22 of the pipe 16 and secured at 
its lower end around the lower end portion 26 of the 
pipe 18, with the opposite ends of the packer 24 being 
sealed to the respective pipes 16 or 18 in gas-tight rela 
tion. The packer 24 is in?ated by any suitable gas fed 
thereto through an inlet pipe 28 and through the larger 
diameter pipe 16 around the smaller diameter pipe 18. 
In one embodiment of this invention, the packer 24 is 
formed out of a section of an inner tube and the gas 
pressure ‘utilized to in?ate the packer is approximately 
15 psi. Any suitable‘ gas can be used, such as air or 
nitrogen. 
The size of the sampling device 14 will obviously 

depend upon the sizes of the test holes 12. In one em 
bodiment of this invention, the test holes 12 are drilled 
anywhere from two to four feet deep with a conventional 
post hole digger and the sampling device 14 is of a size 
to be easily inserted in each test hole. The device 14 
is supported in a test hole 12 with the lower end 26 of 
the smaller diameter pipe 18 spaced slightly above the 
bottom of the test hole by means of a pair of arms 30 
secured to opposite sides of the pipe 16 by suitable 
hinges 32. The hinges 32 are constructed to allow the 
arms 39 to fold downwardly alongside the pipe 16 for 
ease in transporting the device. However, when the 
arms 31) are swung upwardly to the positions illustrated 
in FIG. 3, the inner ends of the arms contact the oppo~ 
site sides of the pipe 16 and prevent further upward 
movement of the arms. Thus, when the arms 30 are 
resting upon the surface 34 of the ground, the device 
14 will be supported in the respective test hole 12 with 
the lower end 26 of the pipe 18 spaced upwardly from 
the bottom of the hole. 

Soil gas is withdrawn from the test hole 12 by means 
of a suitable air pump 36 connected to the upper end 
of the pipe 18 by a suitable hose 38. The discharge of 
the pump 36 is connected to a suitable gas analyzer 40 
to force the soil gas sample through the analyzer and 
measure the methane content of the soil gas. It may also 
be noted here that when an infrared type of gas analyzer 

v(til is utilized, the pump 36 produces a suction on the pipe 
18 of approximately two ounces, compared with the ap 
proximately ?fteen lbs. gas pressure applied inside the 
packer 24. With this arrangement, the packer 24 effec 
tively excludes atmospheric gases from ?owing down 
wardly along the Walls of the test hole 12 and into the 
lower end 26 of the pipe 18. Thus, the gas removed from 
the lower portion of the hole 12 is representative of gas 
contained in the soil around the test hole. It may also 
be noted here that the analyzer 40 is provided for the 
sole purpose of measuring the methane content of the 
soil gas. When the analyzer 49 is in the form of an in 
frared type analyzer which utilizes an infrared beam pass 
ing through the sample being measured, we have found it 
highly useful to insert a test cell containing wet carbon 
dioxide in the infrared beam prior to passage of the beam 
through the sample being measured. With this arrange 
ment, the gas in the test cell effectively absorbs those por 
trons of the infrared beam affected by both water and car 
bon dioxide, such that the absorption of the beam in the 
test cell containing the soil gas sample will be affected 
only by the methane content of the sample. 
FIG. 4 is provided to illustrate a typical soil gas meth 

ane analysis curve. It will be observed that the starting 
portion 42 of the curve is relatively ?at for an appreci 
able period of time at a level between zero and ?ve parts 
per million (p.p.m.) of methane. The portion 42 of the 
curve represents the analysis of the gas standing in the 
pipe 18, hose 38 and pump 36 when the device 14 is ?rst 
inserted into a test hole 12. It will also be noted that 

a this will be substantially atmospheric gas and such gas 
will normally have a methane content of from two to 
four ppm. As the actual soil gas from the test hole 12 
enters the analyzer 40, the curve turns upwardly and 
reaches a normally very distinct peak 44 which is sub 
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stantially higher than the beginning portion 42 of the 
curve. After a short period of time the curve turns back 
downwardly and levels off as illustrated by reference 
character 46 at a level which is again substantially above 
the beginning portion 42 of the curve. Apparently the 
peak 44 represents the soil gas which inherently ?ows into 
the lower portion of the test hole 12 from the soil im— 
vmediately‘adjacent the test hole; whereas the level or ?at 
portion 46 of the curve represents the analysis of not 
only soil gas being drawnfrom around the lower portion 
of the test hole but also through extremely small ?ssures 
or cracks extending from the surface 34 into the lower 
portion of the test hole. . 

It will be understood that the values provided on the 
curve shown in FIG. 4 are merely selected as representa 
tive of one test and that these values will vary substan 
tially from one location to another, as well as from one 
test hole-to another. However, we have found that the 
curve shown in FIG. 4 is typical of the curve obtained 
from a large number of test holes utilized in the practice 
of this invention. It may also be noted that when deter 
‘mining the methane content of the soil gas from each 
test hole 12, either the value provided by the peak 44 or 
the value provided by the portion 46 of each curve may 
be utilized, as long as the same procedure is utilized for 
each sample obtained in a surveying operation. That is, 
all of the methane content values should be obtained from 
the peaks 44 of all the curves for the soil-gas samples, 
or all of the’ methane contents should be obtained fro 
the portions 46 of all the samples. ' 
When the methane contents of all the samples are 

plotted against the number of samples, as illustrated in 
FIG. '5, the plotted data provides a curve of the distri 
bution of the methane contents, which is commonly 
known as a histogram. We have found that regardless 
of whether the samples are taken from an‘ area which 
overlies barren formations or oil bearing formations, the 
leading half 48 of the histogram is in the usual form of 
a histogram. If the area overlies barren formations, the 
trailing half of the curve is symmetrical with the leading 
half of the curve as indicated by the dashed line 50 in 
FIG. 5. However, if the area being investigated overlies 
or partially overlies an oil bearing formation, the trailing 
half of the histogram is not symmetrical with the leading 
half 48 as indicated by the solid curve 52. Thus, a non 
symmetrical distribution curve is indicative of an oil bear 
ing formation below the area'being investigated, and the 
problem lies in determining the precise location of the 
oil bearing formation. This determination is made by 

> application of the laws of probabilities which we have 
found is greatly facilitated by plotting the samples in the 
form of a bar graph histogram as illustrated in FIG. 6. 
As previously described in connection with FIG. 4, the 

initial portion 42 of the methane analysis curve clearly 
indicates that atmospheric gases contain a de?nite portion 
'of methane which normally varies between two and four 
p.p.m. In order to eliminate the methane‘content of at 
mospheric gases,‘ the initial portions 42 of the methane 
analysis curve are disregarded. Zero on the p.p.m. scale 
of the bar graph in FIG. 6 is established bypassing dry 
nitrogen (previously tested) through the analyzer '40 im 
mediately prior to submitting the soil gas withdrawn'from 
the test hole 12. ‘ i 
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FIG. 6. The graph further shows that there are ?fty 
samples having approximately 0.4 p.p.m. methane, etc. 
As previously stated, the leading half of a distribution 

curve obtained from the methane'analysis of soil gas 
samples is representative of the leading half of a normal 
distribution curve; whereas the trailing half of the curve 

> will not be representative of a normal distribution curve 
if the area being investigated'overlies an oil deposit. We 
therefore utilize the leading half of the curve provided by 
the bar graph in FIG. 6 for determination‘ of the standard 
deviation. By assuming that the trailing half of the dis 
tribution curve is identical to the leading half, the distribu 
tion curve so constructed is symmetrical andwith a sym 
metrical distribution curve the mode (incremental value of 
most occurrence), the median (the mid point of value), 
and the arithmetic mean is the same value. To determine 
standard deviation the arithmetic mean must be used, but 
it is determined from this constructed symmetrical dis 
tribution curve by making the mode of the actual curve, 
FIG. 6, the arithmetic mean of the constructed ‘curve. 

According to the laws or probabilities, the standard 
deviation is the square root of variance; wherein variance 

. is the sum of the deviations of the individual measure 
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We plot the methane contents thus recorded against the ' 
number of samples by averaging the methane values be 
tween distinct levels. For example, each bar on the graph 
shown in FIG. 6 may represent any predetermined inter 
val, such as 0.1 to 0.5 p.p.m. However, we have found 
that when the values are plotted to the nearest 0.2 p.p.m., 
the inherent errors arising in taking and measuring the 
samplesv are averaged out and a relatively smooth his 
togram results. For example, and as shown in FIG. 6, all 
methane values nearest 0.2 p.p.m. are plotted as a group, > 

> there being thirty such samples in the graph illustrated in 
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ments from the arithmetic mean of all the measurements, 
squared (individually) and divided by the number of 
measurements. It will thus be apparent that the calcula 
tion of a standard deviation on a curve of the type illus 
trated in FIG. 5 would be extremely complicated and time 
consuming. On the other hand, the standard deviation 
may be easily calculated when the curve is in the form of 
a bar graph as illustrated in FIG. 6. With this type of 
graph or curve, the mode is easily observed and visually 
determined. In the example shown in FIG. 6, the mode, ~ 
and‘ hence the mean, is 1.20 p.p.m. The standard devia 
tion is determined by. the following steps: 

(a) Calculate the difference between the mean and the 
lowest incremental group: 

1.20—-0.2=1 

(b) Square the diiference determined by Step [1: 
12: 1 

(0) Multiply the sum obtained by Step b by 2: 

2 X 1:2 

(d) Multiply the results obtained by Step 0 by the num 
ber of samples in the lowest incremental group: 

(e) Repeat steps a through ,d for each of the higher in 
cremental groups which would be the groups at 0.4, 0.6, 
0.8 and 1.0 in the example shown in FIG. 6: , ' 

(7") Add the results obtained in Step d for each of the 
incremental groups: , 

‘ 60+64+57.6+32+10=223.6 

(g) Divide the sum obtained by step f by 2 times the 
number of samples in the lowest incremental group, plus 
two times the number of samples in the next incremental 
group, etc., plus the number of samples in the mean group: 

(h) Take the square root of the quotient obtained from 
Step g: _ - ' 



3,180,983 

In accordance with the present invention, reference is 
‘next made to‘ a table of ‘the Probability of Occurrence of 
Deviations, such as is contained on page 208 of the Hand 
book of Chemistry and Physics, 37th edition, by Chemical 
Rubber Publishing Co., published in 1955-1956. This 
table shows the odds against the occurrence of any particu 
lar value of a series as the magnitude of the value is 
related to the standard deviation of the series. For ex 
ample, the odds are 79.52 to 1 that a particular value of 
a series will not exceed 2.5 standard deviations. Such a 
relationship is applied in the present method to correlate 
the methane readings at the various stations 10 and deter 
mine which, of the stations overlie an oil-bearing forma 
tion. In other words, we analyze the methane readings 
separately 'at each station '10 and ?nd the percentage of 
such readings which exceed the number of standard devia 
tions corresponding to the odds selected for analyzing the 
data. 

It will be apparent that the greater the odds used, the‘ 
more precise will be the results obtained. However, the 
odds selected must correspond or substantially correspond 
with the number of samples taken at a particular station, 
since no sample is divisible. For example, if the odds 
selected are 1,033, there must be 1,033 samples taken at 
a station, or the number of samples exceeding the corre 
sponding 3.3 standard deviations cannot be determined by 
the laws of probabilities. However, the number of sam 
ples which can be taken at a station is, as a practical 
matter, limited, and the precision in calculations need be 
no more than the precision of the methane content meas 
nrements. We therefore prefer to use odds of 20:1 and 
take twenty samples at each station 10. 

In examining the above mentioned table, it will be found 
that odds of 20:1 are not listed. However, the odds are 
20.98c1 that a particular value will not exceed two stand 
ard deviations, and these odds are the closest listed'to 
2011. Therefore we analyze each of the methane read 
ings at each station 10 to determine the percentage exceed 
ing two standard deviations, and the analysis is sound since 
this procedure merely requires a slightly higher methane 
value for a particular reading to be counted than would 
be required by strict adherence to the laws of probabilities. 
We also prefer to utilize twenty samples at each station 

10 because this number of samples takes into account the 
probable percent error incurred in obtaining the methane 
values. The percentage of methane readings at a station 
exceeding the required two standard deviations is deter 
mined by dividing the number of those readings by twenty 
(such as 4/ 20:20% ). It will thus be seen that the per 
centages are determined in'increments of 5% which is 
quite su?icient to take into account testing and analysis 
errors. 

After the standard deviation has been determined, the 
methane readings at all of the stations’ 10. are analyzed 
and each station is given a percentage value depending 
upon the number of readings at each station exceeding the 
required standard deviations corresponding to the odds 
and number of samples being used. 
The station percentage values are then plotted on the 

station locations on a map of the area being investigated 
as illustrated in FIG. 7. It will be understood that the per 
centage ?gures used in FIG. 7 are for illustration only and 
do not necessarily correspond to the ?gures obtained in 
any particular survey. However, the percentage ?gures 
are always, as previously indicated, in increments of 5% 
when twenty samples are taken at each station. 

After the percentage values are plotted on the map, the 
corresponding values are contoured, as also illustrated in 
FIG. 7. In accordance with the present invention, the 
highest values contoured (25% in FIG. 7) de?ne the area 
overlying a petroleum deposit and the well to be drilled is 
located in this area. It will be understood that if the area 
enclosed by the highest values is of appreciable size, such 
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as several acres, an additional survey is run in such area 
in accordance with the method described above to more 
accurately locate the Well to be drilled. 
The method described above is, as indicated, the method 

to follow for an area of somewhat limited area, such as 
a section of land. If a large area, such as several sections, 
is to be surveyed to determine which portion deserves de 
tailed consideration, stations 10 are located a substantial 
distance apart, such as one or two stations to a section. 
With this exception, the method outlined above is fol 
lowed, and the resulting area enclosed by the highest con 
toured values is subsequently surveyed in the manner out 
lined. 
As previously noted, any appreciable change in climatic 

or soil conditions sometimes provides a drastic change in 
the speci?c methane values obtained from test holes over 
lying the same formations. Therefore, with a change in 
either of these conditions, the methane values cannot be 
plotted into a single histogram.' We have found that if 
the weather changes, say from sunshine to rain, while mak 
ing a survey, or if the top soil in the area being investigated 
changes appreciably, say from a sandy loam to clay, two 
or more histograms must be utilized. 
Assuming that a survey was half completed on a clear 

day and then the last half of the test holes 12 drilled and 
the samples taken and measured during rain. In this event, 
the ?rst half of the methane values obtained are plotted 
in one histogram and the subsequently obtained values 
plotted in a separate histogram. The standard deviations 
of the separate histograms are determined, and the meth 
ane readings at the individual stations are analyzed with 
respect to the corresponding histograms. For example, 
the methane readings obtained at the ?rst station 10 are 
analyzed with respect to the standard deviation obtained 
from the ?rst histogram and the methane readings ob 
tained at the last station 10 are analyzed with respect to 
the second histogram. We have found that with this 
procedure, all of the percentage values plotted on the sta 
tion locations on the map of the area can be contoured in 
the same way as when all of the methane contents are 
obtained under very similar conditions. The same proce 

' dure applies to samples obtained from varying soils. 
From the foregoing it will be apparent that the present 

invention provides a novel method and apparatus for 
directly locating the position of a subterranean petroleum 
deposit. The method causes no appreciable damage to 
property since no explosives are used, and the shallow test 
holes can be easily covered if necessary. The method 
involves a minimum of data handling and yet the pre 
cision obtained in the data handling is as accurate as, 
and takes into consideration the inherent errors in, the 
sample taking and methane measurements. It will further 
be apparent that the apparatus required is simple and 
the method is easily and economically performed. 

Changes may be made in the combination and arrange 
ment of steps and procedures, as well as in the various 
elements of the apparatus, without departing from the 
spirit and scope of the following claims. 
What is claimed is: 
l. A method of locating subterranean petroleum de 

posits, comprising the steps'of: 
(a) drilling a plurality of test holes at each'of a plu 

rality of stations ‘located in spaced relation over the 
area being investigated; 

(b) withdrawing a sample of soil gas from each hole; 
(0) measuring and recording the percentage of meth 

ane in each soil gas sample; 
(d) determining the mean of all the methane values; 
(:2) plotting the locations of the stations on a map of 

the area being investigated; 
(f) plotting on each station location .on the map the 
percentage of samples at the respective station having 
a methane value exceeding the mean by a predeter 
mined minimum; and 
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(g) contouring the values obtained in step 1'1, whereby 
the area closed by the highest values indicates the’ 
area overlying a petroleum deposit. 

2. A method of locating subterranean petroleum de 
posits, comprising the steps of: 

(a) drilling a plurality of test holes at each of a plu 
rality of stations located in spaced relation over the 
area being investigated, the number of holes at each 
station being equal; 

(b) withdrawing a sample of soilgas from each hole; 
‘ (c) measuring and recording the methane content of 

each sample; 7 . ' 

(d) plotting a histogram of the methane contents of 
all the samples, said histogram having a leading and i 
a trailing half; 

(e) calculating the standard deviation of the histogram 
using the leading half of the histogram; 

(f) plotting the locations of the stations on a map of 
the area being investigated; ' 

(g) plotting on each station location on the map the 
number of samples at the ‘respective station which 
have a methane content exceeding at least one stand 
ard deviation; and 

(h) contouring the numbers plotted on the map, where 
by the highest closed values indicate the area over 
lying the petroleum deposit. 

3. A method of locating subterranean petroleum de 
posits, comprising the steps of: 

(a) drilling a plurality of test holes at each of a plu 
rality of stations located in spaced relation over the 
area being investigated, the number of holes at each 
station being equal; a 

(b) withdrawing a sample of soil gas from each hole; 
(0) measuring and recording the methane content of 
each sample; ' . 

(d) plotting a histogram of the methane contents of 
all the samples, said histogram having a leading and 
a trailing half; ' a 

(e) calculating the standard deviation of the histogram 
using the leading half of the histogram; 

(f) plotting the locations of the stations on amap of 
the area being investigated; 

(g) plotting on each station location on the map the 
number of samples at the respective station which 
have a methane content exceeding the median of all 
the samples plus the number of standard deviations 
corresponding to the odds of X:1 as determined by 
the law of probabilities, wherein X approximately 
equals the number of holes drilled at each station; 
and, ' ' 

(h) contouring the numbers plotted on the map, Where 
by the highest closed values indicate the area overly 
ing the oil deposit. ~ 

4. A method as de?ned in claim 3 wherein twenty holes 
are drilled at each ‘station. 

5. A method as de?ned in claim 2 wherein the soil gas 
samples at each station are taken and the methane content 
measured and recorded immediately following the drilling 
of the holes at the respective station. 

6. A method as de?ned in claim 2 wherein the histo 
gram is plotted in bar graph form. I 

7. A method as de?ned in claim 6 wherein the methane 
contents are plotted in the histogram to the nearest 0.2 
parts per million. , 

8. A method as de?ned in claim 1 wherein the percent 
age of methane is measured by passing an infrared beam 
through the sample, and characterized further to include 
the step of passing the infrared beam ?rst through a body 
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of wet carbon dioxide to eliminate the effects of water and 
carbon dioxide in the soil gas sample being measured. 

9. A method of locating a subterranean petroleum de 
posit during varying climatic conditions, comprising the 
steps of: ' 

(a) drilling a plurality of test holes at each of a plu 
rality of stations located in spaced‘ relation over the 

‘ area being investigated, the number of holes at each 
station being equal; . 

(b) withdrawing a sample of soil gas from each hole; 
(0) measuring and recording the methane content of 
each sample; I . 

(d) plotting a separate histogram of the methane con 
tent of each series of samples obtained under similar 
climatic conditions, each said histogram having a 
leading and a trailing half; 

(e) calculating the standard deviation of each histo 
gram using the leading half of the histogram; 

(f) plotting the locations of the stations on a map 
of the area being investigated; 7 > 

(g) plotting on each station locationon the map the 
percentage of samples at the respective station which 
have a methane content exceeding at least one stand 
ard deviation of the corresponding histogram; and 

(h) contouring the percentages plotted on the map, 
whereby the highest closed values indicate the portion 
of the area overlying the petroleum deposit. 

10. A method of locating a subterranean petroleum de 
posit underlying an area having varying soil composi 
tions, comprising the steps of: 

(a) drilling a plurality of test holes at each of a plu 
rality of stations located in spaced relation over the 

7 area being investigated, the number of holes at each 
station being equal; 

i (b) Withdrawing a sample of soil gas from each hole; 
(c) measuring and recording the methane content of 
each sample; 

(d) plotting a separate histogram of the methane con 
tent of each series of samples obtained from similar 
soil compositions, each said histogram having a 
leading and a trailing half; 

(e) calculating the standard deviation of each histo 
gram using the leading half of the histogram; 

(f) plotting the locations of the stations on a map of 
the area being investigated; ' 

(g) plotting on each station location on the map the 
percentage of samples at the respective station which 
have a methane content exceeding at least one stand 
ard deviation of the corresponding histogram; and 

(h) contouring the percentages plotted on the map, 
whereby the highest closed values indicate thepor 
tion of the area overlying the petroleum deposit. 
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