









































EXPLORATION FOR PETROLEUM 15

into the Gulf Coast. In the exploration of several prospects recom-
mended by Deussen, the device consistently failed to indicate any
marked anomalies. One of the prospects was Sheppards Mott, in
Matagorda County, Texas, and another later proved to be the Rabbs
Ridge, or Thompson oil field in Fort Bend County. The failures of
the device to register then at those two prospects is understandable
now that they are recognized as very deep-seated salt domes, but
Deussen could not reconcile himself to the possibility that all of his
carefully studied and chosen prospects were normal areas. Finally,
in desperation, he tried the device out in another area where, unknown
to the operators, the shallow salt dome near New Iberia, Louisiana,
had recently been discovered as a result of drilling a surface prospect.
We can probably appreciate Deussen’s sigh of relief when the all too
familiar report “No salt dome present” was made.

About this time, a second Mintrop seismograph crew appeared in
the Gulf Coast, operating under the auspices of the Gulf Production
Company. Possibly, as H. C. Cortes suggests, the experience gained
at the cost of the Marland failures had borne fruit by this time, for
the method showed positive evidence of shallow salt dor.es in quick
succession on the Gulf’s chosen surface prospects at Orchard, Fan-
nett, Hawkinsville, and Starks.

This spectacular performance, together with the quicker and
greater operating coverage of the seismograph (as compared with
that characteristic of the torsion balance), led DeGolyer to recon-
sider his former unfavorable opinion of the device and to change his
strategy. Investigation showed that Dr. J. C. Karcher alone re-
mained available of four American physicists who had participated in
the first seismograph exploration in the United States in 1919. With
him as a nucleus, the Geophysical Research Corporation was organ-
ized and staffed with men trained in operating electrically rather than
mechanically. This organization invaded a field dominated by a
successful rival, and quickly set the pace. In less than a year, positive
results were registered in the discovery of the Moss Bluff salt dome,
Liberty County, Texas, and the Port Barre salt dome, St. Landry
Parish, Louisiana, in May and June, 1926.

As a strategist, DeGolyer properly allowed his tacticians a free
hand. Rather than a taskmaster, he was a taskmaker. For instance,
before his organization had thoroughly mastered the refraction seis-
mograph, he set them the problem of quantitatively anticipating the
drill. In little more than two years after the formation of the Geo-
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physical Research Corporation, the answer was provided by the in-
troduction of the reflection method on a commercial basis on the
Seminole Plateau, Oklahoma. The solution to this problem, however,
was much harder than DeGolyer anticipated, for in 1927 the prev-
alence and importance of crooked drill holes had not yet been ap-
preciated. The fact that the sub-sea datums available as yardsticks
were not infrequently in error by as much as one to three hundred
feet was a temporary but serious handicap in the task of establishing
this new method as a valuable exploration tool.

DeGolyer’s strategy was successful because, first, after realizing
and evaluating his existing tactical limitations, and finding one
answer (the torsion balance), he arranged for and secured tactics
which furnished a better answer to the immediate problem by shift-
ing to the refraction seismograph. Second, not content with tactical
developments which were highly successful in answering the im-
mediate problem, he went further and instigated the development of
the reflection seismograph, a method which closely approximated his
ideal of the basic exploration method, and remains today as the ex-
ploration method with a resolving power bettered only by the drill.

This latter point is an example of really long range strategy and
undoubtedly eliminated another strategical stalemate. The justifica-
tion for developing new tactics, rather than switching back to the
torsion balance, was that an exploration method with a resolving
power uncontrollably greater than the range of exploitation can be
economically unsound. The torsion balance lost prestige when, for
appreciable periods of time, the gravity predictions at Lost Lake,
Roanoke, and Eureka remained unconfirmed and apparently dis-
proved because of the existing limitations on drilling depths. There-
fore, DeGolyer was justified in choosing to seek an exploration method
with a resolving power which could be set by the operator, and so
could keep proper pace with the exploitation methods.

THE CHOICE AND SEQUENCE OF TACTICS

Since 1912, when only surface mapping, core drilling and sub-
surface studies were available, five new exploration tactics have been
developed, i.e., airplane photography, and the recognized methods of
exploring by seismic, magnetic, gravimetric and electric methods.
Any one of these methods can be used to demonstrate, quite con-
vincingly, the existence of an anomaly at one or more producing fields.
In planning a campaign, then, what should be the initial choice and
the sequence of tactics?
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This is not a simple problem. Thus, in 1923, an examination of the
history of the discovery of salt domes in the Gulf Coast would have
shown that the exploration method with the greatest record of ac-
complishment was that attained by drilling prospects resulting from
the search for gas seepages, topographic anomalies and paraffin dirt
beds. Yet this method had stagnated,® and two years later the intro-
duction of geophysical tactics revolutionized the strategy of explora-
tion. In 1929, the refraction seismograph had attained a remarkable
record of discoveries in the Salt Dome Provinces of the Gulf Coast
Embayment, and yet a year later the method had become practically
obsolete. In considering a choice of tactics, the important question is
not only whether the method under consideration will reasonably
define an anomaly at some known producing field, but also to what
extent the law of diminishing returns has run for that particular
method in the province under consideration. No matter how strikingly
an airplane photograph may show the areal geology, the method will
contribute little if the surface geology was carefully, even though
laboriously, mapped at an earlier date.

Assuming an ultimate recovery of twenty thousand barrels to the
acre, fifty thousand acres, or about two and one-fourth townships
would produce one billion barrels of oil. Ten billion barrels of oil,
under such conditions, would be recovered from about twenty-five
townships, or a square about thirty miles on a side. The area of such
a square is negligible in comparison with the thousands of square
miles of potential oil-producing territory in the continental United
States of America.

Although from an individual operator’s standpoint, the problem
is that of finding a structure, from the standpoint of an exploration
campaign, one major problem is that of eliminating unfavorable
areas, or rather, selecting areas where the great odds against random
drilling are minimized. Bearing in mind that good strategy requires
the use of exploration methods with greater resolving power than
those previously used, obviously the preliminary phase of the ex-
ploration should be the critical examination of existing sub-marginal
prospects.

The resolving power of a given exploration method might belikened
to the cone of error for a rifle. As the range increases, the base of the
cone of error increases. As long as the target is greater than the base

3 Geology of Salt Dome Qil Fields, DeGolyer et al., p. 776, Occurrence of Sulphur
Waters in the Gulf Coast of Texas and Louisiana, and their Significance in Locating New
Domes, by W. F. Henninger.
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of the cone of error, a satisfactory percentage of hits will be registered.
However, when the base of the cone of error becomes greater than the
target, the percentage of hits can be expected to fall off quite rapidly.
At such an extended range the percentage of hits can best be raised
by the substitution of another rifle with a smaller cone of error at the
range now in question, rather than by trusting wholly to chance and
continuing the use of the original rifle.

The primary function of geophysics was the evaluation of existing
sub-marginal prospects. The discovery of prospects by these newer
tactics was a later function. In the usual course of events, discovery
at a premium, i.e., at a minimum cost, is naturally expected to follow
from the use of geophysical methods to evaluate existing sub-mar-
ginal prospects, rather than in their use to discover as well as to evalu-
ate prospects.

Such was the case for each exploration campaign, except one,*
in which geophysical methods made spectacular records. The first
discovery for the torsion balance was at the Nash salt dome in Fort
Bend County, Texas, a sub-marginal surface prospect. The first
discoveries of shallow salt domes in the Gulf Coast Province for the
refraction seismograph followed in rapid succession as the sub-
marginal surface prospects at Orchard, Fannett, Hawkinsville and
Starks were examined. In East Texas, most of the refraction discov-
eries followed the examination of surface prospects, while the early
successes of the reflection method on the Seminole Plateau were
almost exclusively due to the examination of sub-marginal prospects.
And in every case to date, with one exception,® the discoveries follow-
ing the use of the reflection method in the Gulf Coast have been due
to the examination of sub-marginal prospects indicated by one or
more of the exploration methods in previous use, i.e., surface indica-
tions, the refraction seismograph and the torsion balance. Finally, the

4 This one geophysical exploration campaign attended by discovery at a premium,
and unassisted by previous methods, was the refraction seismograph exploration made
by the Geophysical Research Corporation for the account of the Louisiana Land and
Exploration Company in the lakes and bays of Southern Louisiana. This spectacular
success followed the extensive initial use of a method with high resolving power in virgin
territory, wherein the number of prospects existing was undoubtedly abnormally high.
However, after the discovery of the Lake Barre salt dome, in this same campaign, gas
seeps were found to have been known there for many years before.

5 And in the case of this one (unassisted) discovery by the reflection seismograph,
at the Valentine salt dome in LaFourche Parish, Louisiana, favorable surface indica-
tions were later found to have been known for several years over the dome itself.
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first oil field credited to geophysics in the Rocky Mountain Province
resulted from the use of the reflection seismograph at the sub-mar-
ginal surface prospect at the Quealy dome, Albany County, Wyo-
ming.

Actual experience shows, then, that the geophysical discoveries
at a premium have, in general, been due to the use of these tactics
(characterized by a higher resolving power) in the re-examination of
sub-marginal prospects carried over from the earlier campaigns with
tactics of a lower resolving power. However, this increase in resolving
power was attained only at a marked increase in operating cost. Thus,
if the recognized methods of exploration are listed (approximately)
in order of increasing cost, they are also listed (approximately) in
order of resolving power, as follows:

Library methods®

Surface geological methods

Airplane photographs

Core drilling (cost listing probably markedly incorrect)

Magnetometer

Gravity meter

Torsion balance

Refraction seismograph

Reflection seismograph

Drill (including subsurface paleontology, subsurface stratigraphy
and electrical logging).

From past experience, then, and for an exploration campaign,
rather than a prospecting sortie, empirical rules can be drawn, that
for the general case of discovery at a minimum cost:

1. Prospects should be first located by the appropriate method
of lowest operating cost. These prospects should be evaluated
and culled by the successive use of the appropriate methods of
higher cost (successive high-grading).

2. Prospect development in a particular area should not be initi-
ated by any given method until the area has been previously
explored by the appropriate methods of lower cost.

Thus, if in a given area there are ‘“N”’ appropriate methods,
A, B, C, D, etc., so arranged in order of increasing cost and resolving
power, the sequence is:

6 Including all the ethical and unethical methods of securing and making use of
“other peoples’ data.”
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Prospect Prospect Evaluation Final Evaluation by Drill

Development and Culling Prior to Exploitation
A B C D E F-... N
B C D E F... N
C D E F-... N
D E F.. N
E F- N
F N

N (Active wildcat drilling)

The justification for successive prospect evaluation is that the
experience gained thereby will be valuable in the later phase of pros-
pect discovery by the same method. Thus, if, in a given area, the ap-
propriate exploration methods are:

Library methods
Surface methods
Torsion balance
Reflection seismograph
Drill

there may be a strong temptation to skip either or both the surface
methods and the torsion balance in prospect evaluation, particularly
if experience shows that not all prospects shown by the reflection
seismograph are indicated by one or both of these methods. However,
even if there existed only incomplete correspondence between these
methods (i.e., that the torsion balance, say, did not indicate anom-
alies at all reflection seismograph structures), the method of lower
resolving power should be used in sequence for prospect evaluation,
not only because of its lower operating cost, but also because the ex-
perience and data secured in the course of prospect evaluation by
this method of lower resolving power would be useful in the later
stage of prospect development by that same method.

These conclusions suggest that an exploration department should
be completely integrated, consisting of the use of geological and geo-
physical methods under the supervision of one head. Also, pro-
ficiency in the effective use of one method of exploration should not
be considered a valid reason for neglecting the use of other methods,
for the result may be either an inherently greater hazard in exploita-
tion, or an inherently greater cost in discovery. Thus, if an explora-
tion department in the Gulf Coast relied wholly upon geological
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methods, or, perhaps, was satisfied with torsion balance data alone
prior to drilling, then prospect exploitation would be burdened with
an unduly great hazard. On the other hand, if these methods, of re-
solving power less than the reflection seismograph, were neglected
in prospect discovery, the cost of prospect discovery would probably
be unduly great.

EXPLORATION STATUS OF THE VARIOUS PETROLEUM
PRODUCING PROVINCES

It may be of interest to examine several petroleum producing
provinces from the standpoint of the appropriate methods of ex-
ploration and the present exploration practice.

GULF COAST

There has been intensive use of library methods, surface methods,
airplane mapping, the refraction seismograph, torsion balance, and
the reflection seismograph. At present, the most effective sequence
of tactics seems to be, for a company which has recently initiated an
exploration campaign,

1. Library methods

2. Torsion balance

3. Reflection seismograph

4. Drill

There is no doubt, however, that the law of diminishing returns is
beginning to operate against the present general reliance upon library
methods and the torsion balance for prospect discovery, and that
the next and rather imminent phase will be prospect discovery and
evaluation by the reflection seismograph. This phase, naturally, will
be materially more expensive, and will be required when prospect
discovery can no longer be made by any of the lower cost methods.
There is no doubt but that the prospects now being discovered by the
torsion balance are approaching the sub-marginal stage, and the time
will soon come when many companies will find it cheaper to discover
prospects by simply filling in the gaps between the areas already
covered by the reflection seismograph in previous prospect evalua-
tion. At present, the reflection seismograph is mapping at depths from
8,000 feet to 12,000 feet sub-sea, to keep pace with and to reasonably
anticipate drilling practice. There is considerable doubt that gravity
methods would be materially revived even if deeper objectives were
found, for torsion balance data, once properly taken, hardly justifies
repetition, and so belongs properly in the past and in the library.
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EAST TEXAS

The area has been intensively explored by surface methods, re-
fraction seismograph, the torsion balance, and the reflection seismo-
graph.” At present, even this last method yields only marginal pros-
pects. The discovery of a new objective, such as production in the
Trinity Sand series, can result only in a revival of deeper exploration
by the reflection seismograph, for the results to date of all methods
used in that area should now be listed as future library methods.

CENTRAL OKLAHOMA

The appropriate methods in the past have been surface methods,
subsurface methods, and the reflection seismograph. The stage of
prospect discovery by the reflection seismograph has been current for
several years, and is drawing to a close, with the prospects for dis-
covering new objectives rather poor.

EASTERN OKLAHOMA
WEST VIRGINIA
OHIO-INDIANA
ILLINOIS
In all four of these provinces, the use of surface and subsurface
methods is generally assumed to have practically exhausted the
possibilities prior to the advent of geophysics. Although there is
thought to be little hope of new objectives, still geophysical methods
have not been intensively applied.

CALIFORNIA

Most of the existing known structures have, in general, been so
highly folded that nearly all possibilities appear to have been ex-
hausted prior to the introduction of geophysics. There exists, at pres-
ent, an almost hysterical exploration activity, based on the use of the
reflection seismograph to discover as well as to evaluate deep-seated
prospects, with no great encouragement shown to date. Deeper ob-
jectives are being discovered with almost monotonous regularity in the
known fields, but these newly recognized horizons may be too deeply
buried if future discoveries are not as highly folded as the known
fields. Perhaps the discovery of the Bosco oil field in South Louisiana
will prove to be the result of good strategy on the part of the Superior
Oil Company of California.

7 At least to the Georgetown Limestone.
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PERMIAN BASIN

Surface and subsurface methods, the magnetometer, the torsion
balance and the refraction seismograph have been used successfully
for prospect discovery in this province. The present stage seems to be
the early phase of the discovery as well as the evaluation of prospects
by the reflection seismograph. An interesting situation prevails in that
seismic reflections are not as readily returned from the Big Lime (the
present production objective) as they are from a deeper horizon,
probably Pennsylvanian in age.

EDWARDS PLATEAU

This province is one of the most intriguing and yet most baffling
existing. Discoveries to date have been due to random wildcatting and
the use of surface geology. All other recognized exploration methods
have been tried and found wanting. Development in the area is at-
tended by an unusually great hazard because of the absence of any
method with satisfactory resolving power which is appropriate for
use ahead of the drill.

ROCKY MOUNTAIN PROVINCE

The possibilities of surface methods in the area were practically
exhausted several years ago. At present the area is yet in the stage of
sub-marginal surface prospect evaluation by the reflection seismo-
graph. There have been trials of geophysical methods with resolving
powers lower than that of the reflection seismograph, but with little
success except for the torsion balance, which has shown possibilities
of locating structure, but little possibility of detailing structure. If
the present interest in the producing possibilities of the Sundance
horizon persists, the reflection seismograph may yet be used in-
tensively to discover as well as to evaluate prospects.

SOUTH TEXAS

Although surface prospects are still being found, the most promis-
ing tactics now seem to be prospect discovery by gravity methods,
followed by evaluation with the reflection seismograph. Although
there is some use of the reflection seismograph to discover prospects,
the attempt is probably premature, and so may prove to be unduly
expensive.

SOUTHERN OKLAHOMA

Prospect discovery by library methods, surface methods, and per-

haps airplane mapping would seem to be the most favorable tactics,
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for, except in local areas such as near the Fitts Pool, prospect dis-
covery by the reflection seismograph seems to be a little premature.

MICHIGAN

The only appropriate tactics recognized at present seem to be sur-
face and subsurface methods. Due to the thick cover of glacial drift,
the resolving powers of those methods are none too high, so that the
hazard of exploitation is very real and very great. There is apparently
a great need here for some method with a resolving power greater
than the geological methods available. Although to date geophysical
methods have not proved very successful, this conclusion seems to be
based upon rather half-hearted trials, since recent experiments with
the reflection seismograph in the area have shown favorable results.

EASTERN COLORADO

The exploration of the Los Animas Arch is an interesting demon-
stration of the use of methods of varied cost and resolving power. At
the southern part of the area, surface geology is the appropriate
method of lowest operating cost. To the north, as the Arch plunges,
surface geology does not have sufficient resolving power, and core
drilling succeeds it as the appropriate method of lowest operating cost.
Still farther to the north, however, neither surface geology nor core
drilling has sufficient resolving power, and recourse is had to the re-
flection seismograph as the appropriate method of lowest operating
cost. The magnetometer anomalies present seem to result from com-
positional rather than structural irregularities in the basement.

NEW YORK-PENNSYLVANIA

The spasmodic exploration being carried out seems to consist
primarily of prospect discovery by the reflection seismograph and by
the drill.

THE GENERAL SITUATION, PRESENT AND FUTURE

In general, then, the petroleum producing areas so far generally
considered to have possibilities for discovery, are in, or are being re-
duced to, the stage of prospect discovery either by the reflection seis-
mograph or by the drill.

However, there are rules for playing football, but no rules for
winning. The rules proposed for the choice and sequence of tactics
are obviously subject to modification. As principles, however, they
appear to the writer to be self-evident. It is somewhat surprising,
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therefore, to find them more honored in the breach than in the ob-
servance.

The usual sequence for initiating exploration in a given province
is as follows. A wildcatter drills a well in a geological area not looked
on with general favor. His reasons are usually best known to himself,
but are frequently based on a minimum expenditure for leases. When
the occasional strike is made (and in the case of prospect discovery
by the drill, the odds, small as they may be, still favor the discovery
of large rather than small features, as in the case of East Texas and
Conroe), the oil fraternity moves in, and the exodus is usually pro-
portional to the size of the strike and to the previously existing un-
favorable opinion of the area. The exploration chief of staff is swamped
(for the time being, at least) with demands for prospects to lease,
explore and drill, and since too frequently the larger strikes are made
in areas not in favorable regard, he is then in no position to make
immediate and well-considered recommendations. In the absence of
good strategy, the chiefs of line take over, and the results are fre-
quently expensive and even disastrous. Very often a blanket explora-
tion campaign is prematurely initiated with the method of highest
available resolving power, with the average success and cost of a
frontal attack in force upon a strong point. Tactics, at best, can
hardly substitute effectively for strategy.

And so what of today? In 1912, the problem was one of discover-
ing reserves of potentially high priced crude. In 1935, with East Texas
still a market-factor field, the problem is one of locating reserves of
potentially low priced crude, with tactics of much higher operating
cost. More than ever, the problem is one of strategy. By virtue of past
experience, even if not because of continued success, the position of
chief of staff or exploration frequently has been assigned to a tacti-
cian, whose early experience was generally gained primarily in walking
outcrops or piroguing to gas seeps, and whose interest in these newer
tactics is academic, or even hostile. Proficiency in tactics is a necessary
but not sufficient prerequisite for proficiency in strategy. Now, the
problem is one of discovering and evaluating structures at depths
of one to three miles. Surface geology and airplane mapping may
occasionally be more than good honest fun, but in these days they
are sporting and so hardly war. The higher cost of these new tactics
(together with the expected low price of the oil that may be produced
as a result) puts a premium upon good strategy, and good strategy
requires an excellent working knowledge of the newer tactics. Ge-
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ology remains one of the ends, but no longer the primary means of dis-
covery. In that recent “Stone Age’ of optical exploration, strategy
and tactics were practically one and the same. The giants of those
days were not called on to ride airplanes, have diurnal worries, elim-
inate temperature coefficients, and see that dynamite was kept harm-
less. Although the tacticians of today are shouldering these necessary
evils, the successful strategist of today must take them in his stride.

And what of tactics in the future? Well, some modern strategists
are bound to break with tradition and, disregarding the areal con-
demnations of Stone Age, optically-minded strategists, subject some
of the featureless Tertiary covered areas, now in disfavor, to examina-
tion by modern tactics, and thereby enjoy the thrill of organizing a
campaign from the library stage on.

In those areas which are as yet unexplored by any geophysical
method, and which so have possibilities of shallow production, perhaps
the electrical method may some day actually locate petroleum in situ.
As long as marginal prospects can still be discovered by the torsion
balance, the gravity meter, the magnetometer and the refraction
seismograph, the improvement of these methods is justified. Further,
as long as prospects remain to be evaluated or discovered by the re-
flection seismograph, its improvement is justified. Finally, as long as
areas remain unexplored because of problems which cannot be solved
even by the newer tactics, careful, cautious research on still newer
methods is justified.

And beyond that? Well, with hydrogenation of coal in the pilot
plant stage, with the development of oil shale refining in its infancy,
and with the decrease in the cost of manufacturing alcohol to be ex-
pected from probable advances in chemistry, the pessimistic strate-
gist in exploration may be like some other strategist of the not far
distant past, who, envisioning faintly the United States of today, but
without anticipating the automobile, wondered and worried about
the future distribution of corn and wheat between man, mule, and
moonshine.
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