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3,345,137 :
GEOCHEMICAL METHOD OF PROSPECTING
FOR PETROLEUM
Clayton D. McAuliffe, Fullerton, Calif., assignor to Chev-
ron Research Company, San Francisco, Calif., a corpo-
ration of Delaware
Filed Sept. 24, 1965, Ser. No. 492,987
4 Claims. (Cl. 23—230)

This application is a continuation-in-part of applica-
tion Ser. No., 174,172, filed Feb. 19, 1962, and now
abandoned.

This invention relates to geochemical prospecting for
petroleum, and more particularly this invention relates
to a method of preserving the hydrocarbon content of
samples collected from an area for analysis of said sam-
ples for a selected range of hydrocarbons including hy-
drocarbons having from two through seven carbon atoms,
which selected hydrocarbons are indicative of petrole-
um accumulations in subterranean formations,

Searching for a direct indication of subsurface petro-
leum in its most basic form is looking at the earth’s sur-
face for visible indications of subsurface petroleum ac-
cumulations. The most obvious indication of subsurface
petroleum is a surface ‘oil seep. Less obvious but still
visible direct indications of subsurface petroleum include
gas seeps bubbling through a body of water. However,
in addition to all the visible seeps of both gas and oil
there are many surface and subsurface seeps that are not
visible to even close visual inspection. Geochemical pros-
pecting as a direct indication of petroleum developed on
the basis that oil and gas contain water-soluble consti-
tuents and these constituents should be detectable by
chemical methods in water or earth which comes in con-
tact with the oil or gas. Many forms of geochemical ex-
ploration have
variety of reasons, none of these
entirely satisfactory.,

Generally, geochemical exploration for petroleum com-
prises collecting samples from an area which may be, for
example, many square miles in size. Each sample is later
analyzed to determine the hydrocarbon content of the
sample. The results of this analysis are then correlated
with the surface location where each sample was collected
and the locations of high hydrocarbon-containing samples
may be indications of the presence of subterranean petro-
leum accumulations,

It is one object of the present invention to vrovide a
method of geochemical prospecting which includes col-
lecting samples from near surface locations of an area of
the earth, preserving any hydrocarbons contained in said
sample, separating said hydrocarbons from said sample
and quantitatively examining said hydrocarbons for the
presence of selected fractions therein,

In the present invention geochemical prospecting as a
method of finding petroleum comprises the steps includ-
ing sampling and sample preservation, separating the hy-
drocarbons from the sample, analyzing the hydrocarbons
for the presence of selected hydrocarbons containing
from two through seven carbon atoms, and correlating
the results of the analysis with the surface location from
- where each sample was collected to provide an indication
of the presence of a petrolenm deposit.

Briefly, the present invention provides for collecting
samples from different locations of an area of the earth,
The samples are preferably liquid samples, Water samples
are obtainable, for example, from wells or other places
where underground water is accessible. Suitable samples
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can be collected from the fluid in seismic shot holes, for
example. Since sampling is often conducted on barren
terrain far removed from: convenient transportation, it is
desirable that the size of the sample be relatively small.
However, the hydrocarbons in 2 sample may be as little
as one part per billion or less. Therefore, the sample must
be large enough to allow for analysis to determine the
presence of minute quantities of hydrocarbons. The
methods of this invention provide for satisfactorily deter-
mining the presence of selected hydrocarbons from
samples of about one-half gallon of water or about one
pint of drilling fluid. The samples are desirably collected
in containers which will not contribute or removed hydro-
carbons from the sample. Because the lightest hydro-
carbons, that is, those containing from one to three or
four carbon atoms, will readily escape from water, the
container must be air-sealed and the dead air space in
the container kept to a minimum. Some of the light hy-
drocarbons will be lost while filling the sample container
with the sample; however, this is not serious since the
loss will generally be proportionally the same for each
sample and the method of the invention is concerned with
relative differences in hydrocarbon content and not the
absolute hydrocarbon content of any given sample.

. It is an important feature of the present invention that
the hydrocarbons in the sample be protected with a bac-
tericide from the .fime the sample is collected. Certain
types of bacteria found in water destroy hydrocarbons in
a relatively short time. These bacteria are common in
most ground water. In the past, many attempts at geo-
chemical prospecting failed because of hydrocarbon
destruction in the sample by bacteria. It has been found
that the hydrocarbons in a sample will often be appre-
ciably reduced in two or three days and substantially
destroyed in seven to ten days from the time of collec-
tion. Since in field practice the delay between sampling
collection and laboratory analysis often requires much
longer periods, it is critical to the success of the method
that. the hydrocarbons contained in the samples be pro-
tected from destruction by bacteria. The method of the
present invention provides for adding a bactericide to
each sample to preserve any hydrocarbons contained
therein,

The hydrocarbons contained in each sample are separ-
ated from the liquid. The separation is accomplished
using a reflux condenser with a carrier gas sweep to
produce a hydrocarbon carrying effluent, Carbon dioxide
and water vapor are removed from the effluent. The hy-
drocarbons are separated from the effluent prior to analy-
sis for selected hydrocarbons.

The method provides for analyzing the recovered hy-
drocarbons for hydrocarbon fractions containing from two
through seven carbon atoms, This range, as discussed here.
inafter, is especially desirable to distinguish a true anomaly
from high hydrocarbon content of sample caused by sur- -
face contamination. The present method provides for sub-
stantially complete separation and quantitative analysis
of the hydrocarbons from ethane to toluene. In the pre-
ferred embodiment the analysis is accomplished by a gas-
liguid partition chromatograph, Generally, a gas-liquid
partition chromatograph comprises a column packed with
solid particles covered with a nonvolatile liquid, The
gaseous hydrocarbon mixture recovered from the sample
is transported through the column by a chromatograph
carrier gas, usually helium. The hydrocarbons travel
through the column at varying rates depending on the
amount of absorption of the various fractions by the
packed column. The lighter (C,-C,, etc.) hydrocarbon
fractions spend relatively less time in the column because
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they tend to be less absorbed than the heavier fractions.
As the individual hydrocarbons emerge from the column,
their concentrations are measured quantitatively. A hydro-
gen flame jonization detector is one means of quantitative-
ly measuring the hydrocarbons. The detector signal is
amplified and recorded with a strip chart potentiometer.
From this graph the concentration of each fraction is
determined for each sample.

The concentrations of the hydrocarbons as represented
on the chart may be obtained by many methods. One
method of obtaining the concentration of the hydrocar-
bons is integrating the area under each individual peak
with a planimeter. In accord with the present invention
the concentration of the hydrocarbons containing from
two through five carbon atoms are totaled and the con-
centration of hydrocarbons containing six and seven car-
bon atoms are totaled. Thus a figure representative of the
concentration of C5-Cs hydrocarbons is obtained and a
a figure representative of the Cg—Cr hydrocarbons is ob-
tained.

The concentrations of Cy-Cs and Cs—Cr fractions of
each sample are transferred graphically to locations on a
map corresponding to the location of collection of the
sample. The areas of likely petroleum accumulations are
determined from this map by one skilled in the art.

Further advantages and objects of the present inven-
tion will become apparent from the following detailed de-
scription read in view of the accompanying drawings
which are made a part of this specification.

FIG. 1 is a diagrammatic illustration of a preferred
embodiment of apparatus useful in practicing the method
of the present invention.

FIG. 2 is a chart representative of hydrocarbons con-
tained in a sample.

FIG. 3 is a map showing the boundaries of known
underground petroleum accumulations and the hydro-
carbon content of samples collected from the area.

TIG. 4 is a map showing the boundaries of known
underground petroleum accumulations and the hydro-
carbon content of samples collected from the area.

FIG. 4 is a map showing the boundaries of known
underground petroleum accumulations and the hydrocar-
bon content of the samples collected from the area.

In accordance with the present invention, samples are
taken from locations of the area being prospected. Sam-
ple density, ie., the number of samples taken per unit
area, depends on a number of facts including the type and
extent of the survey, the accessibility of sampling loca-
tions and other factors. The light hydrocarbon content of
the water sample must be representative of the liquid
being sampled. Therefore the samples should be collected
from a place where the liquid has had minimum contact
with the atmosphere. The samples are usually taken from
locations relatively near the earth’s surface. It is often
convenient to take samples from water wells located in
an area.

The sample containers are desirably constructed of ma-
terial inert with respect to the sample. Glass bottles hav-
ing Teflon-lined caps are an example of a suitable sample
container. Sample size may vary. However, when practic-
ing the method of the present invention, it is preferred to
collect one-half gallon samples of water or one-pint sam-
ples of drilling fluid to provide adequate hydrocarbons for
separation and analysis. The sample containers are gas-
sealed and are shipped and stored upside down to prevent
gas leakage.

As indicated above, one of the most serious problems
with geochemical prospecting has heretofore been bacte-
rial destruction of the hydrocarbons in the samples be-
fore analysis. In fact, laboratory experiments have shown
substantial hydrocarbon deterioration in two to three days
and complete destruction of the hydrocarbon content of
a water sample in less than a week caused by bacteria.
The present invention provides for preserving the hydro-
carbon content of the samples from destructive bacteria
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by providing a bactericide to control the bacteria. The
bactericide used in the method must not interfere with
the analysis for hydrocarbons. When a bactericide is used
as taught herein a sample may be stored several months
without appreciable loss of the hydrocarbons contained
in the sample.

The bactericide is added to the sample when the sam-
ple is first collected. A desirable means of providing pro-
fection from bacteria is to add the bactericide to the col-
lection bottles prior to collecting the sample. In this man-
ner the bactericide is mixed with the sample when the
sample is collected.

Compounds found useful as bactericides include simple
mercury salts, methyl blue, acriflavine, and combinations
of these compounds. Simple mercury salts, especially mer-
curic chloride (HgCly), have been used as disinfectants.
It has been demonstrated that the antibacterial action of
mercury can best be explained on the basis that it inter-
feres with some essential cellular metabolite, such as
certain R—SH compounds. Mercury combines with —SH
groups in the bacterial cell to form a chemical complex
and thus deprives the cell of —SH groups, which are
essential for its metabolism. Within limits the action of
mercury is merely the inactivation of the —SH. group
without other demonstrable injury to the cell. Thus, mer-
curic chloride, by this mode of action, is a general bac-
tericide effective against all bacteria. As shown below
it is very effective in preventing bacterial destruction of
hydrocarbons in water. The bactericides may be prepared
for use in a variety of ways. Below are examples of solu-
tions of the bactericides which have prevented destruc-
tion of hydrocarbons in water by bacteria.

An example of a bactericide useful in the invention is
a water solution of mercuric chloride. A solution contain-
ing about 40 grams mercuric chloride per liter has given
excellent results when about 5 ml. of the 40 grams/liter
solution is added to a one-gallon water sample containing
hydrocarbons. The 5 ml. of 40 grams mercuric chloride per
liter/gallon of hydrocarbon-containing sample dose is
mixed with the sample when the sample is initially col-
lected. In this manner, the hydrocarbon content of the sam-
ple is protected from bacteria.

Another example of a suitable bactericide for preserving
the hydrocarbon content of a sample is methylene blue.
A water solution of methylene blue containing about one
gram methylene blue per liter has been found to give ade-
quate protection from bacteria when about 5 ml. of this
solution is added per gallon of water sample collected.

Another example of a bactericide useful in the method
of the invention is acriflavine (neutral). A dose of about
.2 gram of acriflavine (neutral) per gallon of water sample
collected has given good results. The dose should be added
to the sample in the field when the sample is collected.

Another bactericide effective in preventing destruction
of hydrocarbons by bacteria in water samples is a mixture
of mercuric chloride and methylene blue. A ratio of 400
mgs. of mercuric chloride to 5 mgs. of methylene blue per
gallon of water sample is useful in protecting any hydro-
carbons contained therein from bacteria.

In experiments run to test the effectiveness of bacteri-
cides in preventing destruction of hydrocarbons by bac-
teria, water containing dissolved hydrocarbons was pre-
pared by bubbling natural gas through 5 gallons of water
for about 4 minutes. After thorough mixing, an aliquot
of the water was sealed in ¥- or 1-gallon bottles, Some
of the bottles were treated with a bactericide while others
were not. The type and dose of the bactericide used is indi-
cated in the summarization. After selected time intervals,
the bottles were opened and the water analyzed for their
hydrocarbon content by the method herein described, The
results of these experiments are summarized below. To
prevent an excessively large summarization, only the con-
centrations of representative hydrocarbons of all those
analyzed for containing from two through seven carbon
atoms have been included in the summarization.
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EFFECTIVENESS OF SELE(-JTED‘ BACTERICIDES IN
HYDROCARBONS! DISSOLVED

6

PREVENTING DESTRUCTION OF
IN WATER

[Mercuric chloride treatment (400 mgs, per gallon of water)]

Hydrocarbon concentration (relative units)
Elapsed time
in days
Ethane Propane N-Butane N-Penatne N-Hexane [Methyleyelo-
hexane
Experiment 1:

Untreated water._...__ 0 52.3 18.1 6.3 L5 54 1.05
7 4.2 59 3.2 .5 .15 .20

14 ® ® 0] O] 3 O]

Treated water__________ 0 O] [©] ® ® @ ®
7 55.6 18.6 6.0 1.6 .54 111
7 48.9 18.7 6.5 L5 .53 .93
7 31.5 13.5 4.4 1.2 .34 .72
7 46.2 20.1 6.6 17 A7 1.08

Experiment 2;

Untreated water.._____ 0 115 68.2 22. 4 3.80 .71 1.42

14 ® ® O] ® Q] ®

Treated water...______. 0 ® ® ® O] ® ®)
11 117 67.8 21. 3. 51 .72 1.51
20 114 69.0 23.0 3.87 . 68 1.31
28 94 57.6 18.9 3.21 . 56 .98
38 140 86.1 28.6 4. 5 75 1.40

[Mercuric chloride (400 mgs./gal. Hy0)-+Methylene blue (5 mgs./gal. H,0))
Untreated water. ..____.___ 0 30.6 14,7 4,45 115 .37 .42
7 3.4 6.7 3.01 .48 .10 .24
13 | 208 oo
Treated water—___.___._____ 7 26.1 13.1 4,20 .99 37 35
13 35.1 14.9 4.86 1.23 36 53
[Acrifiavine (neutral)—200 mgs./gal. Hy0)]

Untreated water.__________ 0 112 70.2 24.1 4.20 1.86 1.63

17 ® ® ® ® ® ®
Treated water..._..__._____ 12 106 61.8 22.6 3.96 1,85 1.67
20 117 -78.9 25.7 4.35 1.82 1. 64

1 To prevent excessively large tables, the concentration of only representative hydrocarbon of those analyzed is shown.

2 No detectable hydrocarbon.
3 Same as for untreated water.

As is evident from the above summarized experiments,
the addition of a bactericide to 2 sample when it is col-
lected is critical to the success of 2 method of geochemical
prospecting. It has been found that many geochemical sur-
veys heretofore which depended on analysis of water or
soil samples for relatively small hydrocarbon content have
been unsuccessfill due primarily to the extent that the
hydrocarbons contained in the samples were destroyed by
‘bacteria prior to analysis. Utilizing the method of this in-
vention and the bactericides as provided herein, good re-
sults are obtainable. )

Referring now specifically to FIG. 1, a preferred em-
bodiment of apparatus with which the hydrocarbons con-
tained in a water sample may be separated from the sam-
ple and quantitatively analyzed is shown. As there shown a
flask 29 provided with a heating mantle 22 is connected by
‘tubing 26 to a gas cylinder 23. The system is flushed with
gas, which might be, for example, nitrogen, from cylinder
23 to displace air which might contain hydrocarbon con-
stituents. The sample is then placed in flask 28, prefer-
ably by nitrogen gas displacement from the collection bot-
tle. The temperature in flask 20 is raised to the boiling
point of the liquid contained therein. A carrier gas, for
example, nitrogen, from cylinder 23 is flowed through a
silica-gel, activated carbon filter 21 into flask 29 by means
of conduit 26 through regulator 25 and bubbled through
the sample. The sample is therefore subjected to evapo-
‘rative conditions in the presence of the carrier gas. The
filter 21 is used to remove possible traces of hydrocarbons
from the nitrogen. Other gases, for example helium or hy-
drogen, which may be used in place of nitrogen in the pres-
.ent invention should also be flowed through appropriate
filters similar to filter 21 to remove trace hydrocarbons.
The sample is subjected to evaporative conditions in the
presence of carrier gas and therefore C; and C; hydro-
carbons contained in the sample are volatilized and carried
out of the sample in the effluent to a reflux condenser 30.
Water vapor is condensed in condenser 30 and falls back
‘into flask 20. The effluent which then flows out of con-

-7
<t

denser 30 through conduit 34 is made up primarily of car-
rier gas, gaseous hydrocarbons, and traces of water vapor,
CO,, and other volatile gases, for example oxygen, which
may be present in the sample. The effluent enters drying
tube 36 which is filled with a material such as ascarite
which removes water vapor and CO, from the effluent.

Prior to analysis for individual hydrocarbons, the hy-
drocarbons are separated from the carrier gas. The pre-
ferred means of accomplishing the separation is described
below. From drying tube 36 the effluent which now con-
tains primarily carrier gas, oxygen, and hydrocarbons is
flowed through conduit 49 to U-tube 46 which may be
glass and which is packed with glass wool 42. Conduit 49
has a restricted opening which regulates the gas flow
through the system to 100200 ml. per minute.

A preferred method of separating the hydrocarbons
from the carrier gas is cooling the hydrocarbon-carrier
gas effluent to a temperature at which the hydrocarbons
become liquid or solid while the carrier gas and oxygen
remain as gases and can be drawn from the relatively im-
mobile hydrocarbons. One means of accomplishing this is
to submerge U-tube 48 in a container 43 of liquid nitrogen
44. The temperature in U-tube 40 is desirably below about
—190° C. The temperature in container 43 is about
—196° C. Since the gaseous hydrocarbons of interest
freeze or liquefy at temperatures above —196° C., they
are solidified or liquefied in U-tube 40, and the carrier gas,
in this case nitrogen, passes through U-tube 40 to be ex-
hausted from the system at vent 46, A vacuum is exerted
on the system by means of a vacuum pump 50 to prevent
oxygen gas from liquefying in U-tube 40. The capillary
49 is of such size that the gas flow is 100-200 ml. per min-
ute, and the vacuum measured at manometer 47 located
between tube 49 and the vacuum pump 50 is 27-29 inches
of mercury, a pressure adequate to prevent oxygen from
liquefying in U-tube 40. Under these conditions most of
the methane (C,) is lost. Ethane (Cy) and higher hydro-
carbons however, are completely held in U-tube 49,

Carrier gas is flowed through the sample in flask 20
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until substantially all the hydrocarbons having carbon
numbers from one through seven, are removed from the
liquid. Generally, substantially all these hydrocarbons will
be removed from the sample in flask 20 in about 10 to 15
minutes after the sample reaches its boiling temperature.

After substantially all the hydrocarbons have been lique-
fied or solidified in U-tube 40 as described above, valve
60 is closed to stop the flow of carrier gas through U-
tube 40. The vacuum on U-tube 40 is increased to less
than 1 mm. of mercury with valve 61, valve 62, and valve
63 open and valve 64 and valve 65 closed. Valve 66, which
is a two-way valve and represented schematically in FIG.
1, is adjusted to a position to close the loop formed by the
tubing connecting valve 63, valve 64, and valve 65. When
two-way valve 66 is in this position, gas from cylinder 70
passes directly to chromatographic column 71 through
pressure regulator 72, flow regulator 73, flow meter 74,
tubing 77, and valve 66. By maintaining U-tube 40 under
vacuum, the methane content of the hydrocarbons frozen
therein is almost completely lost. However, ethane and
higher hydrocarbons are retained in U-tube 40. Valve
62 is now closed. The liquid nitrogen container 43 is re-
moved from U-tube 40 and placed in similar position
to submerge U-tube 45. Valve 61 and valve €3 are open,
and the hydrocarbons of interest gasify as the temperature
in U-tube 40 is increased by placing boiling water around
U-tube 40. The hydrocarbons are moved from U-tube 40
to U-tube 45 where they are again solidified or liquefied by
the low temperature therein. After a determinable time,
approximately 10 minutes, valve 61 and valve 63 are
closed, and the hydrocarbons are trapped in U-tube 45
ready to be flowed into the detecting apparatus for analysis
of the individual hydrocarbon fractions.

To flow the hydrocarbons from U-tube 45 into the de-
tection apparatus, valve 63, valve 64 and valve 65 are
opened and valve 66 turned to permit the gas chromat-
ograph carrier gas contained in cylinder 70 to flow through
U-tube 45. The hydrocarbons contained in U-tube 45 are
flash volatilized by removing liquid nitrogen from around
U-tube 45 and replacing it immedately with boiling water.
The volatilized hydrocarbons are swept by the carrier gas
into the chomatographic column 71. The gas chroma-
tograph carrier gas from cylinder 70 may be, for example,
helium.

The detection apparatus for determining the concentra-
tion of the individual hydrocarbons is preferably a gas
chromatograph. The gas chromatograph consists of two
interrelated but essentially independent systems: a car-
rier-gas and sample system and an electrical sensing sys-
tem. It is convenient to first describe each of these sys-
tems independently and then describe the consequences of
flowing the hydrocarbons from the sample into the chro-
matograph assembly.

The gas system begins with a cylinder of compressed
gas 70. This gas is usually helium, nitrogen or air, but may
be any gas appropriately chosen to be used with the detec-
tor system. The pressure in cylinder 70 is reduced to an
appropriate working pressure by regulator 72. The flow
rate of the carrier gas is then controlled by the flow regula-
tor 73, and the rate of flow measured by flow meter 74.
The constant flow of carrier gas leaving regulator 73 passes
sequentially through the following parts of the chromat-
ograph: flow meter 74, two-way valve 66, directly to col-
umn 71 or (depending on the adjustment of valve 66)
through valve 65, valve 63, U-tube 45, and valve 64 to
chromatographic column 71. The above-mentioned valves
and associated tubing are maintained at 100° C. when the
hydrocarbons are being flowed therethrough to prevent
condensation of hydrocarbons.

The sensing elements may take many forms. In gas
chromatographs utilizing helium or pitrogen as a carrier
gas, the sensing elements are characteristically thermal-
conductivity - detectors. When the carrier gas is air, the
sensing elements may be a catalytic combustion detector.
A hydrogen flame jonization detector is illustrated in FIG.
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1 and will be described. The hydrogen flame ionization
principle provides a very sensitive method for measuring
hydrocarbons. The detector does not measure inorganic
compounds and fixed gases. Therefore it is a preferred
apparatus for use in measuring hydrocarbons in the pres-
ent invention. The hydrogen flame detector, represented
generally by 75, ionizes the sample by combustion in flame.
The helium effluent carrying the individual hydrocarbons
which have been separated in chromatographic column 7%
is mixed with hydrogen gas from conduit 91 in conduit 90
and flamed in burner 92. The mixture is burnped in air en-
tering from conduit 93, and the resulting ions are collected
by a small electrode 94 above the flame. Detection is
based on the measurement of the ion current and is
proportional to the number of carbon atoms present in
the flame. The ion current is amplified by amplifier 95,
and the amplifier output drives a strip chart recording po-
tentiometer 96.

In operation the vaporized hydrocarbons are carried
from U-tube 45 in the helium stream of the gas chromat-
ograph into column 71. In column 71 the various com-
ponents of this hydrocarbon sample interact with the sta-
tionary liquid constituting the column packing of column
71. The separation of the hydrocarbon in the sample is
brought about by interaction with the stationary liquid
packing in column 71 according to the principles well
known in gas chromatography art. A preferred liquid sta-
tiopary phase for column 71 is a silicone gum-rubber such
as General Electric SE-30. The effluent from column 71
then consists of carrier gas intermittently contaminated
with a single separated hydrocarbon of the sample which
was placed in the apparatus. As each of these hydrocar-
bons pass through detector 75, it brings about a production
of ions in the oxygen-hydrogen flame of the detector, re-
sulting in an ion current described above. The ion current
from the detector is fed into amplifier 95 and strip chart
potentiometer 96 where a pen 101 {races a curve 102. The
amplitudes of individual excursions in the curve corre-
spond to the amount of various hydrocarbons present in
the original sample. If the chart of potentiometer 96 is
moving in synchronism with the flow of carrier gas in the
apparatus, then the position of each peak on the chart can
be correlated with the specific hydrocarbon causing the
peak according to the principles well known in the art.
The concentration of the individual hydrocarbons is deter-
mined by measuring the area under the curve by any of
several well-known methods.

Although the above described method of hydrocarbon
analysis is preferred, other analytical methods can be used.
For example, the separated hydrocarbons held in U-tube
45 may be introduced into an analytical mass spectrometer
where the individual hydrocarbons can thereby be deter-
mined. The mass spectrometer technique permits an al-
ternate method of analysis of Co~Cq hydrocarbons to the

« chromatographic separation and hydrogen flame ioniza-

tion detection.

TIG. 2 illustrates a chart obtained from a strip chart
potentiometer such as potentiometer 96 of FIG. 1 by the
method of the present invention. As shown in FIG. 2 the
hydrocarbons containing from two through seven carbon
atoms have individual peaks. The concentration of the in-
dividual hydrocarbons is calculated from the chart which
is a continuous recording of the hydrocarbons as they
emerge from the chromatographic column. The exact con-
centration of each hydrocarbon present in the sample is
determinable by integrating the area under the individual
peak with a planimeter. A close estimate of the concen-
tration of the various hydrocarbons may be obtained by
establishing a constant by determining a comparison of
integrated area to peak heights. Thereafter the peak heights
of the chart are measured and multiplied by the constant
to give the concentration of each hydrocarbon.

The concentration of hydrocarbons having from two
through seven carbon atoms is determined by one of the
methods provided above, and the concentrations are usual-
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ly indicated in parts per billion (p.p.b.) of sample. Be-
cause the invention is not concerned with absolute hydro-
carbon content of any one sample but rather with the rela-
tive content, extreme accuracy in the analysis of any given
sample is not important in the method since an anomaly
indicative of a commercial underground petroleum ac-
cumulation may have values from 3 to 1000 times that of
the background samples from surrounding area. However,
the method must have very high sensitivity because fre-
quently the average amount of hydrocarbons from the
samples is less than one p.p.b. The method of separation
and analysis of the present invention has a sensitivity of
less than one part per trillion (p.p.t.) of weight of hydro-
carbon to weight of sample.

To determine the likelihood of the presence of subter-
ranean petroleum deposits using the method of the in-
vention, the hydrocarbon content of the individual hydro-
carbons of each sample containing from two through five
carbon atoms are totaled, and the hydrocarbons contain-
ing six and seven carbon atoms are totaled. These totals
may be arrived at, for example, by integrating the areas
under the separate peaks with a planimeter such as de-
scribed above. For convenience the hydrocarbons will be
abbreviated by referring to a hydrocarbon by the number
of carbon atoms it contains, i.e., Cy is a hydrocarbon con-
taining six carbon atoms. The p.p.b. of the Cy-C; hydro-
carbons are totaled, and the p.p.b. of the Ce-C; are
totaled. This is important in distinguishing an anomaly
which is indicative of natural subterranean petroleum ac-
cumulations from an anomaly which is caused by surface
contamination.

For example, it has been found that if a sample con-
tains many p.p.b. of the CsCy hydrocarbons in relation to
a very few p.p.b. of the Cy—Cs hydrocarbons surface
contamination should be suspected. Since many of the
samples are obtained in areas where refined petroleum
products are available, the samples can be contaminated
by these products. Refined petroleum products contain
relatively large amounts of Ce¢—Cy hydrocarbons com-
pared to the amounts of Co~C; hydrocarbons. Therefore,
a sample having a large amount of C¢~Cy hydrocarbons
and no, or relatively little, Cy-C;5 hydrocarbons would be
suspected of being false due to refined product contami-
nation. On the other hand natural petroleum accumula-
tions generally have a more balanced hydrocarbon con-
tent in the range from C, through C; hydrocarbons.
In the case of petroleum seeps, the light gas distribution
normally is methane greater than ethane greater than
propane greater than butanes, etc.

A high reading in the C3—C5 hydrocarbons with no
corresponding high in C4-Cy hydrocarbons from a sam-
ple gives rise to the suspicion that the Co—C; hydrocarbons
may be from gases and not from heavier petroleum prod-
ucts. This type of reading, ie., high in Co~C; hydrocar-
bong with very small amounts of C¢—C hydrocarbons, can
be an indication of valuable gas deposits. However, com-
mercial petroleum accumulations are more likely to be
indicated by anomalies having highs in both C;-C, hydro-
carbons and Cg~Cq hydrocarbons.

Referring now specifically to FIG. 3, a map showing
the boundaries of known underground petroleum deposits
is shown, The boundaries of the deposits were determined
by means well known in the oil recovery art. Also shown
on the map are locations of surface or near-suface sam-
pling points. These sampling locations are shown in the
form of small black dots such as dots 121. The concen-
tration of hydrocarbons found in the sample collected
at each location is plotted for each dot. The concentra-
tion of C, through C; hydrocarbons are totaled and plot-
ted as a solid line on the left edge of the dot and the
concentration of C¢—Cy hydrocarbons are totaled and
plotted as a dashed line on the right edge of each dot.
A scale of parts per billion is shown on the left of FIG. 3.

The samples were collected, preserved, and analyzed
according to the method of the present invention. The
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anomaly occurring over the known petroleum deposits is
clearly seen in FIG. 3 in both the C;—C5 hydrocarbons
and the C4Cy hydrocarbons, The anomaly contrast is
much less however for the C¢—Cy hydrocarbons than
for the C5~C; hydrocarbons. It is interesting to note the
anomaly at the sample locations indicated by 122 in the
south-southeast portion of the map where no deposit of
petroleum is known. This anomaly is suggestive of a
subsurface source of petroleum and would be 2 very likely
location for a test well.

FIG. 4 is a map showing the boundaries of known
subsurface petroleum gas deposits. The locations where
samples were collected are indicated as dots. The sam-
ples were taken at or near the surface of the earth. The
samples were preserved and analyzed according to the
present invention. Excellent anomaly contrast is shown
over the known petroliferous deposit. The concentration
of Co~Cs hydrocarbons is indicated by the solid line ex-
tending from the left side of each dot. The Cs~Cy hydro-
carbon content for the sample collected at each location
is shown by the dashed line extending from the right of
each dot. A likely location of additional petroliferous
deposits is indicated by the high Co—C5 hydrocarbon con-
tent and the Cg~Cy hydrocarbon content of the samples
located directly west of the known body. Heretofdte,
there was no known petroleum deposit at this location.
The results shown graphically in the maps of FIG. 3 and
FIG. 4 are plotted from actual field samples obtained and
analyzed by the method of the present invention. The
location of the known petroliferous deposits and the sur-
face locations of the anomalies are not given for obvious
reasons.

In test results of the method, the Ca—C5 hydrocarbon
fraction has provided the best anomalies. If high concen-
trations of CsC; hydrocarbons -are found in a sample
with low concentrations of Cy-Cj hydrocarbons, the re-
sults are suspect. A fresh sample should be obtained
from the location if possible. Bither the original sample
has been contaminated by (1) a refined product such
as gasoline or (2) a weathered crude oil or the sample
has lost the Co—Cs hydrocarbons during collection, ship-
ping, or storage. The complete hydrocarbon analysis from
ethane (two carbon atom hydrocarbons) to heptane and
toluene (seven carbon atom hydrocarbons) makes the
method of the present invention superior to methods here-
tofore practiced.

From the foregoing description it is noted that hereto-
fore unknown subterranean petroliferous deposits can be
located by taking surface or near-surface samples, pre-
serving the hydrocarbon content of the samples, and
analyzing them according to the method of the invention.
Variations and modifications may be made in the details
of the method without departing from the invention. All
such modifications and changes coming within the scope
of the appended claims are intended to be included there-
in,

What is claimed is: .

1. A method of determining the presence of a subter-
ranean deposit of petroleum by analyzing samples for
the presence therein of minute quantities of hydrocarbons
comprising collecting a plurality of water samples from
laterally spaced-apart surcace and near-surface locations
of the earth, analyzing each of said samples for the pres-
ence of hydrocarbons containing from two through seven
carbon atoms, plotting separately on a map at a posi-
tion corresponding to the location of the earth above
where each sample was collected the tota] concentration
of hydrocarbons having from two through five carbon
atoms and the total concentration of hydrocarbons hav-
ing six and seven carbon atoms and drilling an explora-
tory well at a location of the earth corresponding to a
location on said map where anomalous highs in both
hydrocarbons having from 2 to 5 carbon atoms and hy-
drocarbons having 6 and 7 carbon atoms occur.

2. A method of determining the presence of a subter-
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ranean deposit of petroleum by analyzing samples for
the presence therein of minute quantities of hydrocarbons
comprising collecting a plurality of water samples from
laterally spaced-apart surface and near-surface locations
of the earth, adding a bactericide to each of said samples
when it is collected to prevent destruction by bacteria
of any hydrocarbons contained in said samples, subject-
ing each of said samples to evaporative conditions in the
presence of a carrier gas to remove from each of said
samples any hydrocarbons contained therein, analyzing
said hydrocarbons from each of said samples for the
presence of hydrocarbons containing from two through
seven carbon atoms, plotting the concentration of hy-
drocarbons having from 2 through 5 carbon atoms and
the concentration of hydrocarbons having 6 and 7 car-
bon atoms on a map at a position corresponding to the
Jocation on the earth where the sample was collected and
drilling an exploratory well at a location on the earth
corresponding to a location on said map where anomal-
ous highs in both hydrocarbons having from 2 through 5
carbon atoms and hydrocarbons having 6 and 7 carbon
afoms occur.

3. A method of determining the presence of subter-
ranean petroliferous deposits by analyzing liquid samples
for the presence therein of minute quantities of hydrocar-
bons comprising collecting water samples from laterally
spaced-apart surface and near-surface locations of the
earth, analyzing said hydrocarbons from each of said
samples for the presence of hydrocarbons containing
from two through seven carbon atoms, plotting separate-
ly on a map at a position corresponding to the location
on the earth where the sample was collected the total
concentration of hydrocarbons having from two through
five carbon atoms and the total concentration of hydro-
carbons having six and seven carbon atoms and drilling
an exploratory well at a location on the earth corre-
sponding to a location on said map where anomalous
highs in both hydrocarbons having from two through
five carbon atoms and hydrocarbons having six and seven
carbon atoms occur.

4. A method of determining the presence of subter-
ranean petroliferous deposits by analyzing liquid samples
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for the presence therein of minute quantities of hydro-
carbons comprising collecting water samples from spaced-
apart surface and near-surface locations of the earth,
adding a bactericide to eaclht of said samples when it is
collected to prevent destruction by bacteria of any hydro-
carbons contained in said samples, analyzing said hydro-
carbons from each of said samples for the presence of
hydrocarbons containing from two through seven car-
bon atoms, plotting separately on a map at a position
corresponding to the location on the earth where the
sample was collected the total concentration of hydro-
carbons having from two through five carbon atoms and

the total concentration of hydrocarbons having six and .

seven carbon atoms and drilling an exploratory well at
a location on the earth corresponding to a location on
said map where anomalous highs in both hydrocarbons
having from two through five carbon atoms and hydro-
carbons having six and seven carbon atoms occur.
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