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Petroleum
PART I

By G. M. BUTLER

PREFACE

This booklet has been prepared to meet the demand for and to
take the place of Bulletins No. 65, Oil and Its Geology, and No.
69, Prospecting for Petroleum, issued by the Arizona Bureau of
Mines four years ago, which have been out of stock nearly two
years. Both bulletins were written by the junior author of this
publication. While portions of the two old bulletins have been
incorporated into this work, most of Part I has been abstracted
with some modifications from an address delivered by the senior
author on May 29, 1<)19, at 1£1 Paso. Texas, which was later
published in the Arizona Mining Journal,

No attempt has been made to write a manual for petroleum
geologists; in fact, the end sought was merely to impress the
general public with the fact that the accumulation and distribution
of petroleum are governed by certain fairly well understood, but
generally unknown or unappreciated, laws which only a well'..
trained ane! experienced geologist can satisfactorily apply. It
was, therefore. deemed unnecessary and even undesirable to go
into details or to discuss exceptions to and deviations from the
general statements made. The reader who wishes' to know "the
whole story" is clirectedto the books on petroleum listed in the
Bibliography.

PROPERTIES OF PETROLEUM
Petroleum or crude oil-is a more or less viscous, oily. infiam-

mabIe fluid that varies from transparent to only slightly trans-
lucent, and. has a distinctive odor. When the substance contains
sulphur, as is often the case, the odor is rather disagreeable .. The
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fluidity of the crude petroleum is dependent upon its temperature
as well as its composition.

The color of petroleum varies widely, and such variation is
sometimes seen at different points in a single field. When viewed
by transmitted light it may be nearly white, yellow, greenish,
reddish, reddish-brown, brownish, or black, but it is usually
greenish by reflected light. It has been proven experimentally
that crude oil can be deprived of its dark color by filtration
through Fuller's earth or clay. No doubt natural filtration of
originally colored oils explain the appearance of the very "white"
oils that have been found in some fields such as at Baku, Russia,
and in parts of California and Texas.

Petroleum is composed essentially of hydrogen and carbon
combined as various hydrocarbon compounds, but it frequently
contains combined and free oxygen, sulphur, and nitrogen. The
term "asphaltic" or "asphalt-base" is applied to those oils that
yield on slow distillation or evaporation a dark asphaltic residue
which is readily attacked by acids and dissolves in the usual
solvents; while those oils that yield after distillation or evaporation
at a low temperature a relatively high proportion of light-colored,
solid hydrocarbons, chiefly of the paraffin series, which are not
readily attacked by acids and normal solvents, are called "paraffin"
or "paraffin-base" oils. No sharp distinction can be drawn, how-
ever, between asphalt-base and paraffin-base oils, since transitional
varieties are common, and nearly all asphalt-base oils contain
paraffin, while many paraffin-base oils contain asphaltic material.

The oils of Pennsylvania and Ohio contain a paraffin-base,
those of California and Texas are generally asphaltic, whereas
some of the Mexican oils are mixtures.

THE REFINING OF PETROLEUM
The various hydrocarbon compounds found in petroleum have

different boiling points and densities (specific gravities), and that
hydro-carbon with the lowest boiling point evaporates or distils off
first as a gas when the oil is heated. By raising the temperature of
the oil from time to time, one after another of the compounds in
petroleum is distilled, condensed, collected, and washed by acids
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and alkalies to remove the impurities. In such a fashion, gasoline,
kerosene, heavy machine oils, and the many other different types
of petroleum products are obtained. The process of distillation
is, however, not as simple as might be supposed from the brief
outline just presented, as many disturbing factors enter into it,
but it is not deemed essential to discuss this matter in greater
detail.

SPECIFIC GRAVITY OF PETROLEUM
In most cases the specific gravity of petroleum is determined by

comparison with water; a crude oil that is exactly as heavy as
water has a specific gravity of ,00סס.1 while oils with gravities of
less than one are lighter than, and will float upon water. In the
United States, however, the specific gravity of petroleum is
almost universally given in degrees Baume, The following table
shows the corresponding specific gravities of various degrees
Baume. It will be noted that the higher the specific gravity of an
oil may be, the lower is its gravity when expressed in degrees
Baume,

TABL!t of BAUM!t AND SP!tCIFIC GRAVITY EQUIVALENTS

Baurne Sp. Gravity Baume Sp. Gravity
10 00סס.1 55 0.7587
15 _..0.9658 6(L 'O.7394
20 __ 0.9339 65 0.7205
25 _._.__ _0.9047 70.._ _.0.7025
30 .__._..0.8755 75_ 0.6856
35.__.._ _ __0.8492 80 0.6689
40 _.._..__.0.8254 85 _ 0.6511
45 _ _.._.0.8017 9(L _ 0.6363
50 __._..0.7794

ORIGIN OF PETROLEUM
The Inorganic Theory: The supporters of the inorganic theory

claim that petroleum has been formed by a chemical reaction be-
tween superheated steam and metallic carbides deep below the sur-
face of the earth. While no one questions the possibility of form-
ing hydrocarbons in this way, the opponents of the inorganic
theory point out that very few or no commercially important
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deposits of petroleum occur in such a way and have such rock
associates as would be expected if the oil had originated in the
manner suggested.

Chemists who are unfamiliar with the geological conditions
existing in petroleum-bearing areas are apt to champion this
theory, but probably no reputable petroleum geologist believes that
any oil that exists in such quantities as to admit of its profitable
extraction from the earth has been formed by such means. It
seems useless, therefore, to devote more space to the discussion
of the inorganic theory.

The Organic Theory: According to the organic theory, pe-
troleum has originated by a process of natural distillation of the
remains of sea organisms-both plant and animal, probably often
very small, which settled on the bottom of the sea and were sub-
sequently covered with layers of mud, sand, or calcareous sedi-
ments. Varying, but sometimes enormous, thicknesses of such
sediments containing organic remains thus accumulated, and by
cementation and pressure the sediments were changed into shale,
sandstone, and limestone rock strata. By certain chemical pro-
cesses which need not be here discussed, the organic material was
converted into petroleum which at first existed as tiny globules
disseminated more or less scantily throughout such sedimentary
rocks.

It seems probable that the character of petroleum (whether it
has an asphalt or a paraffin base) is governed by the nature of the
organic remains from which it was derived. Certain asphalt-base
oils are confidently believed to have been formed from animal
matter.

There is a vast store of field and experimental evidence of the
correctness of this theory of the origin of petroleum, and few
question its almost universal applicability.

METHODS OF CONCENTRATION
Too strong emphasis cannot be placed upon the fact that pe-

troleum disseminated through sediments in the positions where it
was originally formed is never present in sufficient quantity to
flow freely or to be pumped from wells. In many localities are
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found thousands of acres of petroli Icrous or bituminous rocks
that yield pronounced tests for oil, yet in connection with which
no economically valuable deposits of petroleum are found. It is
unquestionably true that valuable oil deposits are formed only
when the disseminated petroleum in sedimentary rocks has been
concentrated-when oil once scattered through a great mass of
rock has been forced in some way to accumulate within a much
smaller volume of such earth material.

Influence of Rock Textures: It should be evident that oil will
find its way very slowly, if at all, through dense or compact rock".
Areas containing such rocks, since they prevent migration or
movement of the oil, are poor places in which to expect to find
concentrations of petroleum. Almost equally unfavorable are
areas underlaid by [rcquent alternations of very thin-bedded
porous <fneldecidedly compact rocks.

Not only is rock porosity a prerequisite to the migration of
petroleum, without which there can be no concentration, hut
concentrations or accumulations themselves can hardly exist except
in porous rocks. So-called "oil pools" do not fill great caves in
the earth. So far as is known, there is only one relatively unim-
portant exception to the statement that such pools are invariably
merely saturated, restricted masses of porous rock, usually sand-
stone, but sometimes sandy shale or porous limestone.

Influence of Water: The capillarity of water is much greater
than that of crude oil. In other words, water has a much stronger
tendency than oil to enter and fill tiny openings. If such openings
are filled with oil, water can exert sufficient capillary force to
drive the oil therefrom, and the oil will not re-enter the openings
while they are full of water. Evidence points to marine (laid
clown in salt water) shales as the original sources of the petroleum
of most fields, and shales certainly contain pores of such small
size as to make capillarity a powerful factor in forcing any oil
present out of them and into more porous strata above or below.

Not only, then, does water, through capillary action, force the
crude oil out of shales in which it is formed, but, once released
and having found its way to a relatively porous rock, the petro-
leum being lighter than water will tend to percolate slowly up-
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ward through inter-communicating pores between the grains. It
will move with relative rapidity if the rock is unusually porous
and if the oil is comparatively light, ami slowly, if at all, when
contrary conditions prevail. It will continue to work upward
until dry rock or compact, impervious beds, say of clay shale, are
reached.

It is probably true, as stated by Rich,' that "the component of
gravity tending to cause a globule of oil to move up the dip of the
rocks, for the dips prevailing in a large number of oil fields, is
much less than the static friction opposed to its movement." In
fact, experiments seem to prove that oil will not rise at all through
rocks saturated with staqnant water unless the rocks are uncom-
monly porous, the oil is very light, the liquids are agitated, or
moving gas is present. Experiments made by Rich" show, how-
ever, that water will carry oil through rocks of average porosity
if the 'Water is in motion, even though the rate of flow be very
slow, Oil thus set in motion by water moving horizontally through
porous rocks will undoubtedly, because of its buoyancy, gradually
move upward as well as laterally, and will eventually reach the
dry and impervious rock already mentioned. In other words,
upward movement of oil through water-saturated, porous rocks
is inevitable if the water is moving horizontally or along beds that
dip upward at any angle. If the water is moving along downward
dipping beds with sufficient velocity to overcome the buoyancy of
the oil, the latter will be carried downward, however.

It is a well-established fact that underground waters within a
few thousand feet of the earth's surface are usually in slow mo-
tion. If this were not so, wells would soon "go dry" through
exhaustion of the water in the adjacent rocks. The theory just
outlined of the method by which petroleum is concentrated is,
therefore, not dependent for its validity upon any improbable
assumption. The process of petroleum concentration is illustrated
in Figure 1 which shows a thick series of horizontal beels (C)
underlaid by the sandy shale (B) that originally contained dis-
seminated oil, overlain with a layer of impervious shale (D), and

1 Rich, .lohn L., f,COIl. Geol., \'01. XVI, pp. 347·371, 1921.
, Loco eit,
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the whole saturated to the point indicated by the dotted line with
water moving slowly from right to left. All the oil originally
present in beds Band C will gradually work upward and accumu-
late below bed D, and there may be an oil seep or some escaping
gas at point X.

The process outlined is so simple that a child can understand it,
but it is a fact that no very valuable deposit of petroleum has
been found where conditions are as shown in this sketch. The
reason for this condition is found in the fact that, although some
concentration has occurred, it has been insufficient to form a real
pool. If a well is drilled at Y, the only oil encountered will be a
relatively thin film that is moving slowly along beneath bed D.
It is true that oil may slowly work into the well from the right.
but the most favorable result that can be secured under such
conditions will be a small "showing" of petroleum.

Stated briefly, then, it can be said that moderately or highly
profitable wells have not been found, and should not be sought, in
absolutely horizontal strata.

FAVORABLE STRUCTURES

Anticline: If beds of earth material, instead of lying horizon-
tally, have been bent upward and downward again so as to form
a long, relatively narrow up-fold, the resulting structural feature
is called an anticline. An anticline may be closely compressed with
steeply sloping limbs and more or less broken crest, or it may be
broad and low with an unbroken crest and limbs that slope or dip
so gently (at such a slight angle from horizontal). that the structure
cannot be recognized without the use of a level. A single anti-
cline may stand alone, or a series of lip and down-folds (syn-
clines) may be formed. A transverse section through a single
anticline is shown at the right side of Figure 2.

Under the conditions illustrated by Figure 2, oil carried for-
ward along the top of the porous bed D below shale E by water
flowing from left to right, will begin to rise rather rapidly a little
to the right of point M, and will be trapped beneath the anticline
where it will accumulate to form the pool M-O-N unless the
velocity of the moving water is high enough to overcome the
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buoyancy of the oil and flush out the anticline by carrying the
oil downward toward and past point N. Figure 2 is erroneous,
however, in that the oil pool M-O-N would probably in most
cases extend father down the flank of the anticline on the side
from which the water comes (toward M) than on the other side
(toward N).

Even if the oil is flushed out of the anticline, gas may remain
there, because of its great buoyancy; but both oil and gas may be
entirely carried out from below an anticline if the rate of flow of
the water is very high.

A pool formed by trapping of oil that reaches an anticline with
circulating groundwater will not usually extend uninterruptedly
for a very long distance parallel to the crest of the anticline, since
the reservoir rock may be too dense at some points to yield much,
or any, oil, or cross-folds may cause the axis of the anticline to
curve up and down again at one or more points, in which case oil
will tend to concentrate below those places where the beds in the
anticline show upward transverse folding.

Experience has shown that a simple, very long anticline with a.
horizontal axis is rarely underlaid by a valuable oil pool. This is
probably because there has been too little concentration in such
places. In other words, a valuable pool is normally produced by
the movement of petroleum along an anticline toward a high point,
structurally speaking, as well as by the trapping of oil introduced
from one side. It should be noted that, the flatter a fold, the
greater the width of the resulting pool as compared to its length,
and the shallower the depth. .The common accumulation of oil
in pools along the crests of anticlines explains the usual distribu-
tion of producing wells in most oil fields over areas that are long
And relatively narrow like the pool or pools beneath.

Anticlines are not always of the symmetrical form shown in
Figure 2. They may be asymmetrical as illustrated in Figure
3, or even overturned as shown in Figure 4.

Monocline: A structure that is sometimes productive of oil is the
monocline, illustrated by Figure S. In such a structure oil intro-
duced in water flowing toward the right along X-V may have too
Iowa velocity to overcome the buoyancy of the oil when the water
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starts to flow down slope Y-Z. Oil, therefore, tends to aceumu-
late at Y and to form a pool there.

Dome or Quaquaversal Fold: A very favorable structure is
a dome-like or quaquaversal fold. It is very difficult to illustrate
such a fold by a diagram, but any vertical section through one
would look exactly like an anticline. However, the beds, unlike
the ones shown in Figure 2, slope down toward the back and front
of the diagram as well as toward both sides, and anyone bed has
roughly the form of a dome or an inverted bowl. Under such
conditions, petroleum introduced in water flowing from right to
left and trapped below the fold will not only flow up from the
right as in Figure 2, but will also gather from the front and
back; and the result is often a very high degree of concentration
in a pool that is more or less circular in shape if viewed from
above, instead of possessing the usual linear form.

Unconformity: Sometimes a thick series of sediments is ele-
vated above sea level, and then eroded or worn down by the
action of water and wind to a more or less irregular surface.
Later this surface may be depressed below sea level, and other
sediments deposited thereon. Such an old erosion surface as this
is called an unconformity, and is illustrated by the surface X-Y
in Figure 8. If impervious material (illustrated by the white bed
in Figure 8) overlies such an unconformity, oil may collect be-
neath a variety of structural conditions. The figure shows an
anticline superimposed by folding upon an unconformity after
the deposition of the beds above the unconformity, but under
the conditions mentioned oil might collect along an unconformity
by seeping upward from lower beds even though the later-formed
beds remain in a horizontal position. In other words, oil may
accumulate below an unconformity even when no favorable
structure exists on the surface.

Miscellaneous Structures: While there are a few other struc-
tures in which more or less important concentrations of petroleum
have been found, or in which, theoretically, such concentrations
might possibly occur, valuable pools are known to exist in them
in only one or two fields in the world or have never been found
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therein. Since, therefore, the chance of finding good pools in
such structures is usually too small to justify drilling operations,
such structures will not be described.

GEOSYNCLINES AS SOURCES OF PETROLEUM
A geosyncline is a broad, structural valley scores or hundreds

of miles long and wide. In the center or at one or more sides the
beds are approximately horizontal except where disturbed by
minor folds, and the up-bending of the strata toward one or
more sides is usually so gradual as not to be evident to the eye.
On one or more edges of the structure, however, the beds are
usually up-turned with a relatively high dip, and their eroded out-
crops frequently form the foothills of a range of mountains.
Rain that falls upon, or surface water that runs over, the eroded
edges of a porous bed overlaid by an impervious bed in such a
structure, will flow with relative rapidity down the dip ; and
eventually the porous bed where horizontal may be filled with
water under considerable hydrostatic pressure, and thus an arte-
sian basin may be formed. If oil works into the porous, water-
filled bed in such a structure where the dip is pronounced, it will
be carried downward because of the comparatively high velocity
of flow oi the water, and may be trapped beneath an anticline or
other favorable structure when it reaches that part of the geosyn
cline where the heds are horizontal or nearly so. Near the upper
edges of a great geosyncline, the water will probably have such a
high velocity of flow that anticlines or other favorable structures
will be completely flushed of gas or oil, while farther from the
edges only gas will remain beneath such structures. Oil pools
should, then, be sought far from the upper edges where the beds
arc nearly horizontal except where affected by local folds. Oil is
doubtless more apt to be found there beneath anticlines with axes
extending approximately perpendicular to the direction of flow of
the water than it is below such structures with axes extending in
the direction of flow. This is because less oil will reach the anti-
cline in the latter case, and it will be more easily removed by
flushing. I f, however, an anticline with the axis approximately
parallel to the direction of flow of the underground water plunges
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downward rather suddenly at the end toward which the water is
flowing, oil may be trapped below the plunging end, and a pool
may be found there. Rich' cites numerous examples of oil fields
in geosynclines, and shows that they possess peculiarities in close
accord with the theory of their formation that has just been out-
lined.

INFLUENCE OF GRAVITY WHEN WATER IS ABSENT
Some people claim that in arid regions, where there is little or

no water in rocks containing disseminated petroleum, the oil will
gradually work downward until an impervious bed is encountered
and will accumulate there. They state, further that, if the beds
arc bent downward into a trough or syncline, a profitable pool
may result. While it is probably unsafe unqualifiedly to deny the
possibility that very valuable concentrations have been formed in
this way, it is a fact that none have yet been found in such struc-
tures, and that, if any are ever located, wells sunk to them will
not flow or gush. It seems foolish to place any reliance upon the
possibility of valuable oil pools resulting in this way from the
action of gravity alone. It would seem to be the wildest kind of a
gamble to drill on any structure containing only dry rocks; and
for the reasons mentioned it may be necessary to drill at least to
Sd•.level before there is any likelihood of finding oil accumulations
in very arid regions. It should not be forgotten that even in aria
regions so-called "perched" water-bearing rock may be found on
top of compact, impervious beds, but that the thickness of such
water horizons and the conditions under which they are found
preclude the possibility of any oil pools resulting from their pres-
ence. As a corollary of what has just been said, it may be stated
that striking water in wells in arid regions does not prove that the
rocks below are saturated with water.

In connection with the question under discussion, it may be
well to repeat the belief of most geologists that petroleum origi-
nates in shales, and is driven therefrom into porous beds only by
the capillary action of water. Gravity alone will not cause the oil
to separate fro~ shale beds and to percolate downward through

1Loc. cit.
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dry rocks until an impervious bed in a synclinal fold is reached.
Of course rocks now dry may once have been wet, but it is decid-
edly risky to assume that such a change of conditions has taken
place.

UNFAVORABLE STRUCTURES AND CONDITIONS
Inclined Beds It has already been shown that horizontal beds

do not present conditions favoring the formation of oil. Inclined
beds as illustrated in Figure 6 are likewise poor places in which
to seek concentrations, since, although petroleum may percolate
upward to the point X- Y in the figure mentioned, at the top of ~he
water-saturated rocks, it is likely that, instead of oil, a deposit uf
solid asphalt or paraffin will form there. This is because petro-
lcum shows a strong tendency to disintegrate into solid material
and gas under any conditions that will permit the escape of the
latter; and where the beds are highly incliner! there is nothing to
prevent the free escape of the gas through the porous beds to the
surface of the earth. Escaping gas may carry a little oil upward
with it, giving rise to oil seeps at O.

It is true that petroleum imprisoned beneath impervious mater-
ial through which neither gas nor oil can pass will also decompose
to some extent in the manner just mentioned; but, unless there is
free egress of the gas to the air the process will be incomplete,
and the products will not be a great deal of gas and solid asphalt
or paraffin, but will consist of a lesser amount of gas, and a
thicker, heavier grade of oil.

The facts just mentioned explain why wells drilled on the exact
crests of anticlines often encounter gas instead of oil, while wells
sunk at some distance to one or both sides of the crest may strike
oil. Still further from the crest only water, often salty, will be
found. Such conditions are illustrated in Figure 2. Well No. 4
will first yield only gas (represented in all the figures by vertical
hatchings). Wells Nos. 2, 3, and 5 will strike oil (represented in
all figures by cross hatchings), and wells Nos. 1 and 6 will en-
counter water. As the gas escapes through well No.4, the oil will
rise toward the crest of the anticline. The water below the oil
will also rise, and first well No.2, then No.5, and finally No.3
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will cease yielding oil, and will produce only water. Also, when
the gas has all escaped well No.4 will be converted from a gas
into an oil well, but when the oil has all been exhausted, it. too,
wi!! yield only water. Water associated with petroleum is nearly
always salty.

In rare instances little or llO water is encountered directly be-
neath the oil. This is probably the result of a recent subsidence
of the water which will run downward through some medium-
dense rocks more- rapidly than the oil can follow.

The reason why some wells flow or gush can also be understood
by reference to Figure 2. The gas on top of the oil is highly
compressed and exerts an enormous pressure upon the oil, forcing
it out through wells Nos. 2, 3, and 5. Gushing or flowing wells
will also occur when the water beneath is under strong hydro-
static pressure.

Prevalence of Fissures: In addition to a horizontal or in-
clined structure and a lack of ground water, a badly cracked. or
fissured condition of rocks should be regarded as decidedly un-
favorable to the occurrence of oil. This is because the gas can
then easily escape from any concentration of petroleum that may
form, and leave only a solid residue, as already explained. Since
the rocks above a sharply folded anticline, like that illustrated in
Figure 3, are not infrequently broken instead of heing merely
smoothly flexed, such anticlines are less favorable loci for valuable
pools than are more open folds,

Faults: A fault is a crack along which the rocks have slipped
or been displaced, and is, except under certain conditions too
unusual to require consideration, just as bad as a simple fissure,
unless the pressure on both sides of the fault is sufficient to keep
the crack so tightly closed as to prevent the escape of gas.

Proximity of Iqueous Rocks: With one notable and one rcla-
tively unimportant exception, oil pools have never been found in
c103e proximity to rocks that were once molten (igneous), such as
granite, porphyry. rhyolite, basalt, etc. This is probably because
the heat expelled from such rocks while cooling greatly accelerates
the decomposition of any petroleum near them. In spite of the
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exceptions mentioned, it seems safe to assume that the presence of
igneous rocks intruded into or through the sediments in which the
oil is supposed to occur is a decidedly unfavorable feature.

Evidences of Intense Pressures: It is useless to seek for valu-
able deposits of petroleum in rocks that have been formed by
extreme pressure, such as gneisses, schists of all kinds, and slates.
N at only is heat always developed as a result of high pressure
on earth materials (and such heat would tend to decompose the
petroleum and leave nothing but solid residues), but rocks formed
in this way are too compact to permit the accumulation of petro-
leum into valuable pools.

Red Rocks: Petroleum is not found in red rocks, since earth
materials of this color nearly always owe their tint to an oxide of
iron that cannot exist in rocks containing petroleum or any other
organic material. For this reason the beds at the depth where it
is hoped to find oil should not be red. The color of such beds can
often be learned by examining outcrops of them at some dis-
tance from the location of the proposed well. For instance, the
character of the beds below the anticline illustrated at the right
of Figure 2 can be determined with a considerable degree of cer-
tainty by examining the outcrops to the left of the gulch shown
on this figure.

Of course, the presence of red rocks on the surface has no
bearing on the problem that confronts the petroleum geologist,
since such red beds may be underlaid with material of different
colors. In fact, except as they may aid the seeker of petroleum
to determine structural conditions, surface features mean little
or nothing. The topography, the vegetation, and the age, kind,
and color of the outcropping beds may perfectly duplicate similar
conditions found in some productive region, yet there may be
absolutely or practically no chance of striking oil in profitable
quantities at some distance below the surface. It is, of course,
equally true that certain unfavorable surface conditions may dis-
appear at some depth. It is because of these facts that the services
of a so-called "practical oil man" are worse than useless to a person
seeking petroleum. The well-trained, experienced geologist cannot
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see any farther below the surface than the practical man, but he
does know better than anyone else how to ascertain the probable
structural and other conditions existing below the earth's surface,
where it is hoped to find oil; and in many instances he feels such
certainty in his deductions that he does not hesitate to make pre-
dictions that are so closely fulfilled as to appear almost miraculous
to the uninitiated.

While the most competent geologists cannot guarantee that oil
will be encountered in paying quantities by drilling at any point,
they can tell whether the chances are good enough to justify the
risks involved, and can often locate the well where the conditions
are most favorable. A well sunk on an area that a competent
geologist has examined and condemned fully deserves to be called
a "super wildcat". Such an enterprise is so risky that anyone
would have a far better chance to win, even when the game is
crooked, by playing roulette or engaging in any other common
form of gambling.

The uninformed man may question the validity of the state-
ments just made, but no one who knows the facts will do so. The
operations of all the bigger and more successful petroleum com-
panies are invariably guided by the advice of geologists. Long
experience has shown conclusively to these people that in the long
run they will both save and make money by following this plan.
Sentiment or theory have little effect upon the capitalists who
organize and finance such companies. They demand results, and
it is because geologists, and only geologists, have been able to
give them these results that their advice is sought and followed.
Small operators would do well to follow the examples of the
snccessful leaders in oil exploration and production, and should
hesitate to exhibit their ignorance by expressing a lack of confi-
dence in the work of good geologists.

It should be mentioned, however, that there are many men who
claim to be geologists yet who have no real right to the title, and
it is certainly very desirable to inquire into the training and stand-
ing of men who offer to make reports before employing them for
such work or acting in accord with their conclusions.
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Oil and Gas Seeps and Vents: The locators of oil seeps, gas
vents, oil impregnated rocks, or oily scum on water, which may be
designated as "oil signs" are apt to become excited and conclude
that they are sure to strike oil if they drill near such signs. By
recalling the facts previously set forth, and by observing on the
diagrams the conditions under which such signs are apt to occur,
it will be realized that it is a very poor policy to drill in the imme-
diate vicinity of them, since these phenomena are usually found
far from concentrations of oil, or are apt to lie over deposits of
asphalt or paraffin rather than oil. So well established is the idea
just set forth that geologists have a maxim to the effect that
"Many oil signs are a poor sign". Of course this statement
applies only to areas in close proximity to the point where such
signs are found. They do prove that some rocks in such dis-
tricts are petroliferous, and at once suggest that diligent search
be instituted for a locality where favorable structures and other
features exist.

The Arizona Bureau of Mines is frequently visited by people
who report that they have found scums of oil in water wells, thin
layers of asphalt while digging such wells, small oil seeps or gas
vents, etc., and these people usually become decidedly provoked
when the Bureau employees fail to share their enthusiasm and
refuse to investigate their finds. They do not know that oil
signs have been discovered in scores of localities in which no
profitable accumulations of oil have ever been found; and they
do not appreciate the fact that the Bureau has geological data
obtained by laborious field work, which often makes it possible
to decide that the conditions in certain localities are so unfa-
vorable to the accumulation of any considerable quantity of petro-
leum that it is useless to investigate the signs reported, no matter
how pronounced they may be.

In spite of the fact that numerous oil signs may be considered
an unfavorable feature so far as the probability of finding oil in
the territory immediately contiguous is concerned, it is always
gratifying to find indications of the presence of petroleum in rocks
outcropping at some distance from an area where it is proposed
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to drill and which underlies that area. For this reason it seems
desirable to describe briefly some of the features mentioned.

Wherever petroleum-bearing rocks outcrop or where more or
less open fissures or faults that cut oil-bearing rocks come to the
surface, oil seepages and the products of the volatilization of
petroleum are apt to be found. It has already been stated that
oil exposed to the atmosphere loses its more volatile constituents,
and the residue has the form of a pasty or solid mass. The nature
of this residue \\ ill depend upon the character of the oil and sev-
eral other factors. I f the escaping oil has a paraffin base, a sub-
stance resembling vaseline or reddish-brown flakes of solid para-
ffin may accumulate on the surface, but both products are apt to
be scanty, and may easily he washed away or hidden by dust. The
odor arising from such seeps may not be very noticeable.

Oils that have an asphaltic base usually cause masses of clark
brown to black, stiffly ViSCOllSto solid asphalt to accumulate on the
surface of the ground, and the odor is likely to he very noticeable.

Petroleum does not usually exude all along the outcrop of a
petroleum-bearing formation; the greater part of the outcrop may
have to be trenched to a depth of several inches or feet before
showing any evidence of being petroliferous, If a seep is on
a steep hillside in a region of consi.lcrable rainfall, the products of
evaporation may be washe-I awav as rapidly as formed, and may
sometimes he found in the valley beneath; whereas. if the oil
reaches the surface on relatively flat ground, extensive deposits
of the residues may accumulate.

If a petroleum-hearing bed underlies a stream or lake, ghhnles
of oil may sometimes be seen 10 ,'etach themselves from the bot-
tom and rise to the surface of the water on which will appear at
the same time films of oil that possess a beautiful iridescence.
The o-lor will usually suffice to distinguish such films from those
resulting from the presence of decomposing bicarbonate of iron.

Oil seepages are almost invariably accompanied by the emana-
tion of more or less gas, but oil is not always found in regions
where gas vents are found. This is partly because several natural
gases (including marsh gas which is inflammable) may be formed
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through the decomposition of vegetable matter in swamps or
ponds, or may come from coal beds. The gases escaping from
decomposing petroleum can usually be recognized by their oily
odor, and this odor will be most noticeable in sheltered gullies.
It should be mentioned, however, that petroleum gas is apt to be
accompanied by more or less hydrogen sulphide, which has the
odor of bad eggs, or sulphur dioxide which is the gas generated
when sulphur is burned in air. Sometimes the gas escapes through
water in the form of bubbles that break on reaching the surface
where they can be ignited.

The gas may reach the surface from the outcrop of an inclined
oil-bearing bed, from the fractured crest of an anticline, or from
a fault that cuts gas bearing rocks at greater or less depth. The
gas may escape in minute quantities over a large area, or may
come from only one place. Its escape may be continuous or inter-
mittent, and it mayor may not accompany oil seeps. If consider-
able escaping gas comes to the surface through damp clay or shale,
the emanations may form mud volcanoes. The clay and water
combine to make a thin mud which the escaping gas blows into
large bubbles that burst, sometimes with explosive violence. The
continual rising and bursting of these bubbles cause the mud to
accumulate in the form of cones that resemble small volcanoes.
Such mud volcanoes cover large areas in some regions.

Proximity to Deposits of Metallic Ores: A commercially val-
uable deposit of petroleum has never been found in a region where
deposits of metallic minerals abound. Such deposits are suffi-
ciently rare so that the lack of petroleum deposits in their vicinity
may seem to have little significance. It is true, however, that
most deposits of metallic minerals are recognized as being geneti-
cally connected with intrusions of igneous rocks, and the very
agencies that bring about the formation of metallic mineral de-
posits are those that would tend to decompose any petroleum in
the neighborhood. It appears, therefore, unwise to seek for
petroleum in areas where metallic minerals are plentiful.
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MISCELLANEOUS CONSIDERATIONS

It is foreign to the purpose of this bulletin to discuss the
methods followed in ascertaining the structure and the nature
of the rocks existing below any given area. This is work for a
well-trained, experienced geologist, and no one else is capable
of solving such problems. Suffice it to say that their solution
often requires the making of observations miles from the area
under consideration, as well as a thorough investigation of the
area itself. It is not work that can be completed in a few hours
or, in most cases, in a day or two; and aayone, who, after making
a. cursory examination of the surface features, pronounces the
conditions existing beneath even a small plot of ground as favor-
able to the occurrence of an oil pool is either incompetent or else
he has secured data from others who have worked in the same or
adjacent areas. No one can draw conclusions of the slightest
value merely by examining or testing rock specimens unless they
happen to be of such a nature as are very rarely or never asso-
ciated with oil pools.

There is a generally prevalent, but utterly erroneous, belief that
anticlines are marked on the surface by ridges, and domes by
rounded hills. Such conditions are the great exceptions rather
than the rule, As illustrated in several of the accompanying fig-
ures, the crests of anticlines are not infrequently eroded into val-
leys, but in many cases there is absolutely no relationship between
the surface topography and the underlying structure.

In the Southwest rainwater sinks into the ground and dissolves
ca.rbonate of lime. It may subsequently work upward by capillary
action, and by evaporation or bacterial action precipitate the
carbonate of lime in layers that are roughly parallel to the surface
of the ground and a few feet therefrom. This material is called
"caliche" or "desert limestone." The position or inclination of
such caliche deposits has absolutely no relationship to the struc-
ture of the strata beneath, and failure to recognize this fact may
lead to costly mistakes.
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HINTS TO PROSPECTORS

It is believed that a careful consideration of the facts already
set forth will convince anyone that prospecting for petroleum is
an enterprise requiring specialized knowledge and experience Rot
possessed by most of those people who seek metallic and non-
metallic minerals. However, it seems desirable to reiterate the
salient features that should be sought by anyone desirous of lo-
cating new petroleum fields. Briefly, the scientific petroleum
prospector is guided by the following rules:

1. Thick, relatively undisturbed (not greatly faulted, sharply
folded. or compressed) expanses of marine sedimentary rocks
should exist, preferably far from the edges of a great geosyncline.

2. A favorable structure as already described should occur at
one or more points.

3. A suitable porous reservoir rock capable of containing all ac-
cumulation of petroleum must form a part of the sedimentary
series.

4. The reservoir rock above mentioned should contain or be
underlaid by one or more beds of shales such as are presumably
the original source of most petroleum.

5. Above the reservoir rock should be an uabroken bed of im-
pervious shale beneath which the oil can accumulate.

6. The ground-water level must be above the impervious bed
last mentioned. .

7. Oil or gas seeps should be sought where the reservoir rock
or the included or underlying shales outcrop, or where faults or
fissures that cut these beds reach the surface; but there should
be few or no such seeps at or near the point where drilling is con-
templated, and the absence of all seeps should not deter drilling
operations where all other conditions appear favorable.

8. The presence of solid bituminous material, gypsum, or salt
at the point where the reservoir rock or the included or underly-
ing shales outcrop are favorable indications.

9. Little or no attention should be given to localities containing
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or in close proximity to masses of igneous rocks, areas that have
been greatly disturbed, recent valley fills of non-marine origin,
districts showing evidence of considerable metallic mineralization,
places where only highly compressed rocks outcrop, or localities
known to contain true oil shales as later defined.

If these directions were followed more generally (as they are
universally by the great, successful oil corporations), far less
money would be expended wastefully than at present.

TEST FOR PETROLEUM

The presence of carbonaceous matter, including petroleum, in
rocks may be easily tested by crushing the material to a powder,
placing a teaspoonful of this powder in a four-ounce bottle of
sulphuric ether, and leaving it therein for at least half an hour.
If the bottle is shaken vigorously several times, better results may
be secured. After digestion for the period mentioned the clear
liquor should be poured into a white porcelain bowl, sauce dish,
or evaporating dish, and set aside until the ether has evaporated.
If carbonaceous matter is present, a greenish, yellowish, or brown-
ish, oily ring will be deposited on the sides of the dish. When
applying the above-described test, it should be remembered that
animal or vegetable matter of any kind will give results simi-
lar to those yielded by petroleum. Even a small amount of oil
in rock can usually be recognized by the odor, especially when
the specimen is freshly broken; but this odor may not be strong
in the case of paraffine-base oils. Because of the possibility of
confusing various kinds of organic material with petroleum when
specimens are tested with ether, it is usually more satisfactory to
rely upon the odor as a proof of the presence of petroleum.

Iridescent films on water may be due to the presence of decay-
ing organic matter or bicarbonate of iron, as well as petroleum,
so are not necessarily oil signs.

UNAVOIDABLE RISKS INVOLVED IN WELL SINKING

Even when all the conditions appear to be favorable for strik-
ing petroleum, a dry well (a "duster") may be sunk; and such a
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hole may be located between two gushers, and at no great dis-
tance from either of them. Such a condition of affairs may be
explained by one or more of the following facts:

1. The density of the oil-bearing bed may, and not infrequently
does, vary from point to point; and the well may strike a portion
so dense as to contain little or no oil, although plenty of oil may
exist in the bed at no great distance from the well. In several
fields the freely flowing oil occurs in lenses or irregular patches
separated by denser rocks. If a well sunk in such a field is dry
or yields relatively little oil, the production may sometimes be
increased by igniting a charge of nitro-glycerine in the bottom
of the hole. In this way the surrounding dense rocks may be
fractured and channels opened through which oil may enter from
nearby, more porous masses of rock. This process is known as
"shooting" a well, and, unfortunately, does not always yield
favorable results. If the rock at the bottom of the well is plastic,
the explosion may merely make it denser than before, and thus a
well that yields a little oil may be changed into a dry hole.

2. The thickness of the bed serving as the oil reservoir may
vary considerably in short distances, and this bed may even pinch
out and be totally missing at the point where a well is sunk.

3. Due to local gas outlets, the drill may encounter only
asphalt or paraffine at one point, while at no great distance there-
from oil occurs.

4. Unknown intrusions of igneous rocks may exist below
where it is proposed to drill.

S. Surface structures may not extend downward to the depth
where it is hoped to find oil. Possible conditions of this kind are
illustrated in Figures 7 and 8. In both cases well 0 sunk near
the crest of the anticline would fail to strike oil. While in most
instances a geologist would be able to detect the existence of struc-
tures such as are shown in Figure 8, it is not always possible for
him to do so.

It is equally true, however, that unfavorable or only slightly
favorable structures on the surface may be replaced at greater
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depth by favorable or more favorable ones. For instance, at
Ranger, Texas, the beds on the surface lie in an almost horizontal
position, and an anticlinal structure is barely apparent. As depth
is attained, however, the beds become more and more closely
folded. Such a condition is decidedly unusual, and is difficult to
explain.

HINTS TO STOCK BUYERS

It is hoped that the facts already outlined will serve to impress
a possible purchaser of petroleum stock with the extreme com-
plexity of the problems involved, and of the absolute necessity
of satisfying himself that the promoters have secured and fol-
lowed the advice of experts before starting to drill. Anyone
tempted to speculate in oil stocks would do well to observe the
following precautions:

1. Insist on a favorable report by a good geologist, not by a
so-called "practical oil man," before becoming financially inter-
ested. Speculation in the stock of an enterprise that has not had
the approval of a competent geologist is so risky that there is
practically no chance of success.

2. Become financially interested only in a company that con-
trols a tract sufficiently large to contain several wells and which
is not unduly narrow. If too small or narrow, offset wells may be
drilled all around it and draw off much of any oil that may exist
thereunder. To counteract such attempts numerous offset wells
must be drilled on the tract itself, often at great expense, so the
property should be large enough to justify the drilling of a con-
siderable number of wells.

Wells drilled in areas that have not produced oil are known as
"wild-cats"; and when wild-cat wells are to be sunk, the acreage
should be especially large since the risks are then so multiplied
that there should be a chance to secure enormous profits in case
oil is struck.

3. Unless interested in wild-cats, see that there are producing
wells on at least three sides of the area to be drilled, and as close
as possible thereto, preferably within a few hundred yards.
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Do not forget that promoters' maps often show strange distor-
tions, and should be checked in some way if it is possible to do so.

4. Select a company with sufficientlyhigh capitalization to pay
for drilling several wells, providing there is no doubt of the
company's intention to drill a number of wells, and that the high
capitalization is not largely water.

S. Avoid companies with excessive capitalization. Other
things being equal, the lower the capitalization, the higher the
shares will go if oil is struck.

S. Do not put all your eggs in one basket.
stock purchases among several companies in
fields.

Distribute your
differeat proven

7. Do not buy a share of stock in any company until assured
that the officers are honest and capable men, and that not over
one-third of the capitalization will be used for promotion pur-
poses, or to pay for deeds or leases on the properties.

8. Avoid "wild-cats."
9. Ascertain whether the stock is reasonably priced.

to. Do not speculate in oil at all unless you can well afford to
lose the money expended. Recognize that you are engaging in a
big gamble, in which the capital prizes, while enormous, are
comparatively few, and remember that the occasional successes
are advertised far and wide, while one rarely hears of the failures
which greatly predominate.

OIL SHALES

Shales Defined: Shales are fine, dense, more or less consoli-
dated sediments that were originally composed principally of fine
silt. Their color is usually light gray to black, but yellow, brown,
and reddish shales are found in some places. Shales have a
noticeably clay-like odor when they are moistened by breathing
upon them through the mouth. They can be readily scratched
with a knife. The color of powdered shales is much lighter than
that of the uncrushed material, and is often nearly white. Shales
commonly have a noticeably laminated structure, that is, they
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appear to be made up of thin sheets or plates. Frequently surface
exposures look like piles of cardboard or paper, and such masses
can be readily separated into flakes or sheets. Shales are usually
associated with sandstones and limestones.

Oil Shales Defined: Oil shales have the characteristics above
mentioned, but are usually dark brownish-gray to black OR freshly
broken surfaces, and various shades of brown where they have
been exposed to the weather. They usually lack all feeling of
grittiness between the teeth. Oil shales contain little or no oil
as mined, but they do contain variable proportions of the solid
gum called kerogen. Contrary to general belief, oil shales rarely
emit the odor of petroleum except sometimes when freshly broken,
and even then the odor is faint. Oil shales may be of the decidedly
laminated "paper shale" variety, or the material may be a massive,
more or less hardened, and very tough clay. Even the latter
variety is usually composed of layers of different tints, or in some
other way shows its relationship to laminated shales.

Test for Oil Shales: In order to ascertain whether a shale or
clay-like rock is an oil shale, it is only necessary to hold a thin
fragment of it in a flame for a few seconds. If it contains enough
kerogen to be valuable, it will burn with an oily odor after re-
moval from the flame.

It is necessary to apply this test to all rocks suspected of being
oil shale since in no other way can shales that do and do not
contain kerogen be readily distinguished. No rock that fails to
burn when treated in the manner suggested should be called an
oil shale, nor is it proper so to designate a rock that contains free
petroleum, instead of kerogen, and has a deciledly bituminous
odor before heating.

Production of Petroleum Products from Oil Shales: Heat
changes the kerogen in oil shales to an oil that differs in prac-
tically no important particular from petroleum obtained from
wells. All the substances recovered from petroleum by distilla-
tion may also be obtained from the oil secured from oil shales,
and most of these products are of unusually fine quality. It is
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slightly more difficult and expensive to distill shale oil than natural
petroleum, however. The product obtained from heating oil shale
is classed as a paraffine-base oil, although it also contains a small
proportion of asphaltic material.

One ton of shale will yield on distillation from 20 to 160 gallons
of crude oil, the average being about one barrel; and during the
process of distillation 2000 to 3000 cubic feet of gas and various
amounts of ammonia will also be liberated. From four to six
gallons of gasoline can be extracted from the gas, if desired. The
gas may also be utilized to furnish all the heat necessary to dis-
till the oil from the shale, and a considerable excess will also be
available for use in other ways.

Prospecting for Oil Shales: Oil shales should be sought in gul-
lies or canyons in areas covered by sedimentary rocks (sandstones,
limestones, shales, and conglomerates). Search for them will
probably prove unsuccessful where the country rock is largely
igneous or schistose.

Extent of the Deposits and Probable Future Importance of the
Industry: The supply of oil shales seems to be practically inex-
haustible. If enough plants could be constructed to handle the
necessary amount of shale, one deposit in Colorado could alone
duplicate the present production of crude oil in the United States
for about 150 years. This statement will give some idea of the
wonderful possibilities that the industry offers.

While difficulties have been encountered by those who have
attempted to distill the oil shales, there seems to be no doubt but
that the problems involved will eventually be satisfactorily solved;
in fact, many people conversant with the facts do not hesitate
to state that the solutions will be found much more quickly than
is generally anticipated.

There is no doubt whatever of the fact that the present con-
sumption of petroleum products in this country exceeds the pro-
duction, and everything indicates that this disparity will increase
rather than diminish. While importations from other countries
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may partially supply the deficiency,well-informed men forsee that
the country will soon be confronted by a very serious situation
unless some new source of crude oil can be found. It is confi-
dently believed by many people who have investigated the sub-
ject thoroughly that such a source exists in the oil shales which
are known to be plentiful in Colorado, Utah, California, Wyom-
ing, and other States, and which search will doubtless reveal
elsewhere.

In view of the facts already set forth, the conclusion is inevi-
table that the oil shale industry is destined to become a very
important one, and it is highly desirable that the unsolved or only
partially solved problems already mentioned should be attacked
with the utmost vigor and completely solved as soon as possible.

Oil Shales in Arizona: Two years ago the writer offered to
send specimens of rich Colorado oil shales to all applicants, and
took other measures to stimulate search for this mineral in Ari-
zona. Many samples were distributed in this way, but no dis-
coveries of oil shales were reported to the Bureau. The only
known deposits of oil shales that appear to have potential value
are in the Whetstone Mountains. The material found there was
discovered many years ago, and has on several occasions been
erroneously classified as coal. The expense of mining it will be
relatively high, and it will probably be many years before it will
be utilized.

PETROLEUM NOT ASSOCIATED WITH OIL SHALES

True oil shales as herein described have not been found in areas
that yield petroleum. I f all petroleum did not originally exist as
kerogen (and few people regard kerogen as a transitional product
in the formation of petroleum), it seems necessary to assume that
the conditions that lead to the formation of kerogen and petroleum
are distinctly different, and that both substances can hardly be
formed in anyone locality. In other words, the presence of
kerogen shows either that the natural chemical reactions involved
in the formation of petroleum have not been completed (an im-
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probable conclusion), or else that conditions favored the formation
of kerogen, rather than petroleum, in which case no petroleum
would be formed.

Of course, shales more or less saturated with petroleum, and
known as bituminous shales, do exist in oil fields, but they are
distinctly different from "oil shales," and the two substances
should Rot be confused.



THE SEARCH FOR PETROLEUM IN ARIZONA

PART II

By M. A. ALLENANDG. M. BUTLER

EARLYOPERATIONS. The earlier endeavors to find petroleum
in Arizona were made before the Arizona Bureau of Mines was
established, and no official records of these operations are avail-
able. It is impossible, therefore, to prepare anything like a com-
plete history of the search for oil in the state. In fact, much of
the information herein given has been culled from newspaper
clippings, and no proof of its authenticity could be secured.

It is claimed that the late Col. W. C. Greene, of Cananea, many
years ago sunk a well to a depth of 3,000 feet in the upper part
of Santa Cruz Valley. Traces of oil were found in the well, but
its exact location is unknown to the writers.

About twenty years ago a well was sunk near the mouth of
Sabino Canyon northeast of Tucson. The depth reached is un-
known, but no traces of oil were found, which is not surprising
in view of the fact that the rocks in the immediate vicinity are
schistose.

CHINO VALLEY. In 1905, O. A. Jones is said to have made a
careful survey of the Chino Valley, 20 miles north of Prescott on
the Ashfork and Phoenix branch of the Santa Fe Railroad. He
reported that he found the conditions there favorable for the oc-
currence of oil. Upon his recommendation the Chino Valley Oil
and Mining Company was formed and a well was sunk. At a
depth of about 400 feet water was encountered, which, according
to J. C. Haslet, a member of the pioneer company, was not cased
off. It is claimed that this failure to case off the water combined
with the inexperience of the drillers made it necessary to abandoa
the well.
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During the latter part of 1917 the oil boom that resulted from
the discovery of several very productive fields in Texas extended
to Arizona, and wild-catting by individuals and companies was
soon begun. Several of these companies are still operating in
the Holbrook field, and others are drilling or propose to drill
ill other sections of the State.

One of the first results of the spread of this oil excitemeat
was the resumption of wild-catting in the Chino Valley. All
during 1917-18 the Chino Valley Oil and Mining Company was
the holding Company from which leases were obtained by other
companies that sold stock and carried on drilling operations.
Among such companies were the 'Arizona Oil and Refining Com-
pany, the Arizona del Rio Oil Company, the United Chino Oil
Company, and the Home Oil Company. All of these corporations
succeeded in raising sufficient money to do more or less drilling,
but the results were uniformly disappointing.

Operations in the Chino field were probably originally initiated
because of the known facts that beds of slightly petroliferous
limestone outcrop in the Verde Canyon near the railroad at Del
Rio and along the escarpment of the Black Mesa where it has
a petroliferous odor when freshly broken. This limestone has
been classified by the geologists of the Arizona Bureau of Mines
as the Redwall formation, and is of Carboniferous age.

In spite of the attention that has been given to the Chino Valley,
there appears to be RO satisfactory evidence that this area is un-
derlaid by any beds that would constitute adequate sources of oil
or suitable reservoir rocks, and favorable structural conditions
appear also to be lacking. All activity in this field has now ceased.

SAN SIMONVALLEY. In 1910 or 1911 a rancher drilled for
water in lower Gold Gulch in the San Simon Valley. Whea he
came back later to clean out the well and install a pump, he found
the water covered with an oily scum. Investigation showed that
the sand in the bottom of the 218-foot well contained asphalt and
more or less oil. Possibly as a result of this find, J. A. Harlson
drilled a well at a point about eight miles north of Bowie in the
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San Simon Valley. This well was carried to a depth of 1100
feet and at 640 feet below the surface a bed of oil sand forty feet
thick was encountered. I. 1917 another rancher while drilling a
water well about sixteen miles north of Bowie is reported to have
struck gas under sufficient pressure to force the tools out of the
well.

When the oil boom developed in 1917, the facts just outlined
were recalled, and the United States Oil and Refining Company
was formed to drill a well .ear Bowie. The operations of this
Company were somewhat spasmodic, but it is reported that their
well was driven to a depth of between 500 and 1000 feet. It is
also claimed that several small showings of oil and gas were en-
countered. As the well was located approximately in the center
of the San Simon Valley, it was driven through a comparatively
recent valley fill in which there was RO chance of finding a com-
mercially important deposit of oil. It is reported, however, that
the promoters expected to sink through this material into the older
rocks that lie unconformably below, which were believed to be of
Devonian age. Structural conditions must evidently have been
ignored in sinking this well, since it is manifestly impossible to
ascertain the inclination of the beds that underlie the valley fill
in the San Simon Valley.

VERDEVALLEY.In 1911 a rancher living near Camp Verde in
the Verde Valley, Yavapai County, sunk a water well and en-
countered a bed of blue shale that is reported to have contained
oil. Other water wells in the Verde Valley are also said to have
been contaminated with oil, and oil signs are reported to have
been found along the northeast edge of the valley. Because of the
facts and rumors mentioned, several companies were organized
and were drilling within two years. One of the wells, which was
sunk to a depth of 1500 feet, is said to have passed through nine
inches of tarry material; and another, driven to a depth of 1650
feet, is claimed to have encountered oil or gas indications at two
horizons. Several other wells were sunk to an average depth of
about 1400 feet, and it is claimed that in several of them a little
oil of high quality was found. It is reported that practically all
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of the Verde Valley wells were abandoned because of inability to
case off the excessive flow of water encountered. Operations in
the valley were resumed during the oil excitement of 1917, but
were then no more successful than the earlier ones.

The strata filling the Verde Valley, as determined by Messrs.
Jenkins and Wilson of the Arizona Bureau of Mines, are of late
Tertiary or early Quaternary age, They consist of sedimentary
deposits laid down in an inland lake, and are, therefore, not of
such a nature as may be expected to yield petroleum in commer-
cial quantities. It appears that some of the companies that drilled
in this valley were advised to penetrate this formation, and to
seek oil in the older formations that lie unconformably below.
They were led to believe that they might find it at a depth of
about 2,500 feet, but it is evident that under such conditions no
consideration could have been given to structures.

PANTANOANDBENSON. Bituminous material has been found
in the Pantano Wash, southeast of Tucson, and during 1917, 1918,
and 1919 it was several times reported that companies or indivi-
duals were about ready to drill there and in the neighborhood of
Benson, in the San Pelro Valley. To date, however, no wells
have been sunk in either vicinity.

TUCSON. Numerous oil and gas indications are reported to
have been found on the ranch occupied by M. T. Simon on the
Agua Caliente Road about ten miles east of Tucson. Mr. Simon
has frequently noticed oil floating on surface water, and the water
in a fourteen-foot well is reported to be unfit for irrigation pur-
poses because of its high oil content. Several attempts have been
made to interest capital in the oil possibilities of the property, but
no drilling has yet been done there. The oil signs found are evi-
dently of very superficial origin, and no competent geologist has
ever determined that the structural and other conditions are favor-
able for the accumulation of oil in commercial quantities.

MARICOPACOUNTY. During 1920 the Phoenix Oil and Ex-
ploration Company was organized to drill for oil forty miles north
of Phoenix. A derrick was erected at a point that was thought
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to overlie the center of an oil pool. This point is said to have been
selected by the use of a patented oil-finding device. Needless to
say, scientists and successful peroleum companies have no faith
in any such means of finding oil.

It is rumored that one or two companies are drilling or expect
soon to drill in western Maricopa County, but little or nothing is
known about them.

YUMA. The Colorado Delta Oil and Development Company
was formed early in 1920 by· California interests to sink a test
well in the Colorado River Valley about eight miles south of
Yuma. It is stated to be the intention of the management of this
Company to sink to a depth of 3000 feet if necessary, and a clip-
ping dated November 22, 1921, reported the depth then reached
as 538 feet. It is stated that at a depth of 372 feet the well pierced
oil sands underlying ten feet of blue shale.

Another company that is operating near Yuma is the Yuma
Basin Oil and Refining Company which put down a diamond
drill hole in the Yuma Valley five miles south of Yuma, and
drilled to a depth of 741 feet. The well is said to have reached
an oil sand at a depth of 717 feet and a gas pocket near the bottom
of the hole, but to have encountered granite at a depth of 730
feet. Just above the granite was found a sand that gave a good
test for paraffin-base oil. A personal letter written by one of the
promoters on August 3, conveyed the information that a standard
rig was to be installed within three weeks within :l mile of the
test hole and on the same structure, but no further informatioa
concerning the progress of the work has been received. At least
two other companies are working or contemplate working in the
vicinity of Yuma.

SONOITA. In August, 1921, the Nogales Oil and Gas Company
was incorporated to drill for oil in Santa Cruz County. Work
bas been begun on a well which is located two miles north and two
miles east of Sonoita, but it is not positively known by the writers
whether this well is financed by the Nogales Oil and Gas Company
or by some other corporation. A clipping dated December 12,
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states that this well had then been sunk to a depth of more thaa
100 feet and that casing was being set. As it is understood that
one Nogales company planned to drill southeast of the Whetstone
Mountains, it seems likely that at least two compaaies are oper-
ating or planning to operate in that district.

HOLBROOK.Of all the wildcat fields in 'Arizona, the territory
east and south of Holbrook on the main line of the Santa Fe Rail-
road has attracted the most attention. From a geological stand-
point, this area certainly looks attractive, and there are probably
no known districts in Arizona where conditions seem as favorable.

Attention was probably first directed to this area because of the
known occurrence of oil in the San Juan field of southern Utah,
and the knowledge that formations underlying the Holbrook field
are of the same age as those encountered in the San Juan field anrl
to the east in New Mexico where some oil and gas has been
struck. Several oil seeps are also said to have been found in the
vicinity of Holbrook anI Snowflake, but the authenticity of these'
reports has not been established. The organization of companies
to prospect the Holbrook field and the leasing of land began in
1917, and by 1919 six well drilling rigs had been erected of which
four were actually operating.

Among the more active of the companies formed to prospect
for oil in this field were the following: The Holbrook Oil and .
'Gas Company, the Adamana Oil and Gas Company, the Hopi Oil
Company, the Zuni Oil Company, the Apache Oil Company, and
the Black Canyon Oil Company.

Dorsey Hager, a well known oil geologist, examined this field,
and his report was published in the March, 1919, issue of the
Mining and Oil Bulletin, published by the Chamber of Mines and
Oil of Los Angeles. Mr. Hager later devoted a great deal of time
to further study of the area, and in the present year published a
booklet entitled "Oil Possibilities of the Holbrook Area in North-
eastern Arizona." In the latter mentioned publication he modi-
fies to some extent the views he expressed in the report he pub-
lished two years earlier. The following data relative to the Hol-
brook area has been extracted from Mr. Hager's report. '
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Organic material such as is believed to have been the original
source of oil, previously undiscovered in the Holbrook area, is
now known to be present in shales exposed in Canyon Creek, 65
miles southeast of Holbrook, and these shales have a thickness
of 200 feet.

There are plenty of sandstones in the Lower Supai group of Per-
mian Age as well as in the Redwall beds that could serve as reser-
voirs of petroleum. Drilling already done has shown that two
such sands exist at depths of 2,300 and 2,500 feet. Geological
work in the district "shows good folding such as intic1ines, domes,
and terraces, favorable for oil accumulation ... The main con-
ditions that are found in most oil fields are found in the Holbrook
field, namely:

"1. Organic material from which oil could be formed.
"2. Sand reservoirs in which oil could collect. These reser-

voirs are in lower Permian and Middle Pennsylvaniaa beds which
produce in the eastern and mid-continent states.

"3. 'Anticlines and domes which would tend to accumulate the
oil in commercial quantities.

"4. Economic conditions which favor exploration.
"The possible oil-bearing horizons are expected in the basal

Supai beds and in the upper Redwall beds of middle Pennsylvan-
ian age. The basal sandstones of the Supai would furnish oil
reservoirs, as would the upper Pennsylvanian sandstones. The
shales of the Pennsylvanian sandstones ... would furnish a source
for oiL"

Of the many companies formed to drill in the Holbrook field,
five have put down test wells of which four are reported by Mr.
Hager to have found some oil. The operations of these companies
to date are outlined below:

The Black Canyon Oil Company's well, located 25 miles south-
west of Holbrook, has reached a depth of 510 feet, and is still in
Coconino sandstone, in which it was started. This well is re-
garded by Mr. Hager as well located.

The test well of the Holbrook Oil Company, 22 miles south-
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west of Holbrook, is ROWdown 2,400 feet, and some oil is re-
ported to have been found at depths of 750 and 2,400 feet. The
well has reached the Redwall beds, but Mr. Hager does not re-
gard it as well located from the standpoint of structure.

The Hopi Oil Company's well, 25 miles southwest of Holbrook,
has been drilled to a depth of 2,500 feet, and some oil showings are
reported to have been struck. Mr. Hager does not regard this
well as favorably located, and it has been abandoned.

The Adamana Oil Company's well, 18 miles south of Holbrook,
is now down 2,350 feet, and excellent showings of oil are said to
have been found at depths of 1700 and 2350 feet. Mr. Hager
states that casing trouble may cause the loss of this hole.

The Zuni Oil Company's well, 25 miles northeast of Holbrook,
struck an oil showing at 950 feet, and is now dOWN1000 feet. Mr.
Hager expressed the opinion that the most promising oil horizons
can hardly be reached in this well at a depth of less than 3,500
to 4000 feet.

The most recent development in the Holbrook field is the for-
mation of a syndicate, headed by Dr. S. Earle Taylor, which has
secured drilling rights all 250,000 acres. This syndicate has
already brought a rig into the field, and is prepared to put down
several test wells at points that Mr. Hager has selected, and where
he believes that the structures are more favorable than any on
which drilling has already been done.

CONCLUSION
It must be evident to anyone who has investigated the mat-

ter that with a few exceptions, the prospecting for oil that has
already been done in Arizona has been carried on without proper
geological advice, and in areas where the chances of finding
petroleum are excessively small. While most of the compan-
ies that have operated in the state have employed so-called
geologists whom they believed to be capable of giving them good
advice, many reports in the possession of the Arizona Bureau of
Mines show that a majority of these men either did not deserve
to bear the title of geologist, or had little experience in and pos-
sessed no knowledge of petroleum geology. Some of the reports
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were evidently written by so-called practical oil men who may
have been very competent drillers, but who evidently knew prac-
tically nothing about the geology of petroleum.

In the vast majority of cases ,the wells have been drilled in
the neighborhood of oil signs of a more or less superficial nature,
with little or no knowledge of the structural conditions or the
presence or absence of other features prerequisite to the accumu-
lation of petroleum. It is extremely unfortunate that the facts
have been as outlined since, as a result, it cannot be considered
that many of the tests made are at all conclusive. Nothing is
proven or disproven as to the possibility of oil occuring in a given
district until several wells are drilled where all the conditions are
most favorable. To sink a well where conditions are unfavorable
is not only almost certainly foredoomed to result in failure, but
tends to discourage search in the immediate vicinity where, how-
ever, conditions may be much more favorable.

Another feature of the work that has already been done that is
decidedly unfortunate is the fact that in many cases the logs of
the wells seem to have been very unsatisfactorily kept, and have
not been filed with any bureau or department of the state govern-
ment where they could be compared and the information they
contain made available to other operators. It is hoped that the
Legislature will see fit to put the search for petroleum in Arizona
on a sounder basis by following the example of the State of Cali-
fornia, and requiring that all oil companies report regularly to
the Arizona Bureau of Mines, and furnish this Bureau with ac-
curately kept copies of their logs. If such legislation is secured,
it will be possible to prepare complete and authentic records of
all drilling done in the state, and it is believed that the information
secured will prove very valuable to future operators.

PETROLEUM LAW

By an Act of Congress, approved February 25, 1920, which
was passed to promote the mining of coal, phosphate, oil, oil shale,
gas, and sodium on the public domain, deposits of oil, oil shale, or
gas, and lands containing such deposits owned by the United
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States, including those in the national forests, but excluding land
acquired under the Act known as the 'Appalachian Forest Act,
and those in the national parks, and lands withdrawn or reserved
for military or naval uses or purposes except as provided in the
Act, became subject to disposition to persons, associations of per-
sons, or corporations under conditions laid down in the Act. I.
fact the land of the public domain became subject to lease to per-
sons in search of oil, oil shale, or gas under most favorable terms
and conditions, and at the same time these lands could not be held
an indefinite period without executing diligent search for oil, oil
shale, or gas.

Copies of the above Act together with regulations concerning
the acquisition of such lands can be obtained on application to the
Arizona Bureau of Mines, Tucson, Arizona.

ARIZONA LAND WITHDR'AWN FROM LOCATION
The following public lands in Arizona have been withdrawn

from location by the Federal Government and are not subject to
location or prospecting for oil and gas.

GILA AND SALT RIVER MERIDIAN

NORTH AND WEST

T.40N.,R.7W. T.41 N.,R. 9W.
T. 41 N., R. 7 W. T. 41 N., R. 10W.
T. 40 N., R. 8 W. T. 41 N., R. 11W.
T. 41 N., R. 8 W. T. 41 N., R. 12W.
T. 4ON., R. 9W. T.41 N., R. 13W.
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MAP OF ARIZONA

Although the Bureau is now emphasizing geological investiga-
tions, and expects to complete a reconnaissance map of Arizona
during the winter of 1921-22, it now has no geological map of the
State available for distribution, and knows of no satisfactory
geological map in print.

The Bureau has issued, however, an accurate base map of the
State on a scale of approximately eight miles to the inch. This
map measures about four by four-and-a-half feet; shows the loca-
tion of all towns, railroads, streams, mountains, valleys, surveyed
lands, and many other features; and is sold in two sheets, un-
mounted, together with a complete index, for thirty-five cents,
postage prepaid. The same map mounted on cloth with rollers at
the top and bottom, together with the index, may be purchased
for $2.50, postage prepaid. The appropriate remittance muct ac-
company all orders for maps.

S£RVIC£ OFFlUUtD BY TIn: BUUAU

The Arizona Bureau of Mines will classify free of charge all
rocks and minerals submitted to it, provided that this can be done
without making elaborate chemical tests. Assaying and analytical
work is done at rates fixed by law, which may be secured on
application.

The Bureau is always glad to answer to the best of its abi\ity
inquiries on mining, metallurgical, and geological subjects; and
takes pride in the fact that its replies are always as complete and
authoritative as it is possible to make them.

The Arizona Bureau of Mines bulletins are now published semi-
quarterly, and the Bureau will be glad to send all bulletins free
of charge as issued to anyone requesting them.

All communications should be addressed and remittances made
payable to "The Arizona Bureau of Mines, University Station,
Tucson, Arizona.
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