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INTRODUCTION.
* By Davio VVHITE, Chief Geologist.

The citizens of Dallas and Fort Worth, numbering about 210,000,
owe their prosperity in no inconsiderable degree to the supply of
natural gas which, during the last 6 years, has contributed materially
to their household comfort and industrial advantage. Dallas and
Fort Worth utilize, for heat and power, natural gas piped from the
Petrolia gas field, near Red River, in northern Clay County, about 105
miles northwest of Fort Worth. The gas is brought to the city limits
by a producing company and is distributed within the cities by local
organizations.

Confronted by questions as to the sufficiency and the prospective
duration of the gas reserves, in view of the rapid increase in gas
consumption, the mayors and city governmental commissions of these
cities, in order to promote the welfare of the citizens, began inquiries
as to the extent of the present source of supply and as to the existence
of other sources within reach of these cities. The information sought
should be available for their guidance in determining just and reason-
able rates to be fixed in future franchises. In accordance with this
purpose, the United States Geological Survey was, on the initiative
of Mayor Henry D. Lindsley and the city of Dallas, requested to in-
vestigate the gas resources of the region tributary to that city. Favor-
able consideration being given by the Director of the Geological Sur-
vey to the request for a service so distinctly public, a conference of
the city officials and the chief geologist of the Survey was held at
Dallas, September 7, 1915, in which Mayor E. T, Tyra and other
representatives of the governing muncipal commission of Fort Worth
participated.

At this conference it was arranged that the Geological Survey
should make an investigation of the gas resources of the Petrolia
field, in Clay County; of the Mexia field, in Limestone County, the
utilization of which by these cities had been under local discussion;
and of such other areas within reach of the two cities as might possi-
bly contribute, on a successful commercial scale, to meet adequately
the eventual demands for natural gas. The two cities jointly pledged
the greater part of the cost of the field examinations, thus making

7



8 GAS RESOURCES OF PARTS OF NORTH TEXAS.

the investigation cooperative. The Survey undertook to investigate
the resources of the gas fields mentioned and to examine the geologic
structure, as far as it affects oil and gas, of so much of the area
tributary to Dallas and Fort Worth as might be surveyed with the
funds allotted and within the time available before January 1, 1916,
when the conclusions of the geologists were to be communicated
simultaneously to the mayors and to the public, according to the
Survey’s usage. Geologists G. C. Matson and E. W. Shaw were
assigned to the investigation of the regions southeast and northwest,
respectively, of Fort Worth, and within a few days after the confer-
ence geologic examinations were begun by Mr. Matson in the Mexia
field and Mr. Shaw in the Petrolia field.

Besides the detailed studies of the geologic structure and gas
resources of the two principal gas fields already discovered in the
zone tributary to the cities, reconnaissances were made of several
counties and local structural studies were made at a number of points
where either gas had been reported or the surface indications or
geologic structure were found, in the course of the reconnaissances,
to be favorable to the occurrence of pools of oil or gas. Such local
studies were made along Wichita River and near Henrietta, in Clay
County ; near Benbrook, in western Tarrant County; and both north
and south of the Mexia-Groesbeck gas field, at Wortham, Currie,
Mabank, and Cash, along the general trend of the axis of the anti-
cline. The geographical relations of the regions studied in detail
are shown on figure 1, which shows also the areas covered by previous
reports.

After the return of Messrs. Matson and Shaw to Washington, in
November, for the purpose of compiling their field data and prepar-
ing their reports, field examinations were continued by Heath M.
Robinson, assisted by C. W. Hammen, in the vicinity of Strawn and
Weatherford. At the same time a structural survey of the Corsicana
field was made by O. B. Hopkins. Time is not available for the in-
clusion in the present report of the detailed description, with structure
maps, of any of these areas, but a map and short description of the
Strawn field are given.

Meanwhile, in order better to advise the cities as to the possibilities
of augmenting the city supplies, if the need should arise, by gas
drawn from the southern border zone of the east-central Oklahoma
oil and gas region, the examinations of 1914 in the Loco and Duncan*
gas pools were supplemented by brief field inspections and some
local studies by C. H. Wegemann of the gas developments resulting
from recent drilling south of Muskogee and westward to and beyond

1 Wegemann, C. H., The Loco gas field: U. 8. Geol, Survey Bull. 621, pp. 31-42, 1915,
The Duncan gas field: U. 8. Geol. Survey Bull. 621, pp. 43-50, 1915.
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Ada. The importancé of the developments, the distribution of the
gas wells, the probable life of the wells, and the probabilities of
further discoveries of gas in large quantities in this zone are discussed .
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F1GURE 1.—Index map showing oil and gas fields and areal geology in parts of Texas, Okla-
homa, Arkansas, and Louisiana, The rectangles mz;rked with numbers indicate areas
recently surveyed and the numbers of bulletins of the Geological Survey describing them.

- in the notes by Mr. Wegemann. A detailed report by him covering
parts of the area will be published later. o

In undertaking this investigation, the Survey has endeavored to
answer the following questions: :
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How much gas are the developed fields within reach of Dallas and
Fort Worth capable of producing now ?

How much gas remains in the developed pools and how long will
this gas last, if marketed at an estimated rate?

Is it likely that the area of any or all of the fields will be increased ?

Is it likely that new producing sands will be found in any of the
fields?

What quantity of gas, within broad limits, is likely to become
available through enlargement of existing fields?

Are new fields likely to be discovered; and if so, where?

The conclusions offered in reply to each of these questions repre-
sent the experience and judgment of the geologists in charge of the
work and are based upon such local studies and information as could
be gained within the time allotted. However, the answer to the last
question, which is destined ultimately to become first in importance, is
only partial, notwithstanding the efforts still in progress at the time
of writing this report. If Petrolia be taken as marking the maximum
distance (which it does not) within which natural gas can be re-
garded as tributary to Dallas, the area lying within that radius will
include the whole of about 85 counties and the greater part of 6 or 7
others. The impossibility of covering all this area -with detailed
structural examinations under the conditions as to time and money
controlling the present investigation is obvious. To cover even one-
fourth of this region within a single year would require far more than
all the funds which the Geological Survey has available for such
investigations. Nevertheless, the fact is most regrettable; for it is
highly probable, if not certain, that within this zone, especially within
its western half, there will eventually be found pools of both gas and
oil, some of which may possibly be as productive as the Petrolia and
Corsicana‘ fields. The value of such examinations and structural
studies can not be questioned, for, though it must always be borne in
mind that only the drill can determine with certainty the location of
oil and gas pools, the geologist, by making structural surveys, can
not only render invaluable aid in finding the pools but can also
reduce, with still greater economic benefits, the losses mcurred in
drilling dry holes.

The Survey’s examination of the gas resources contributory to
Fort Worth and Dallas is purely geological, dealing exclusively with
the structure of the areas, the amounts of gas already produced, the
probable amounts still reserved in the old fields, and the probabilities
of discovering new pools sufficient t¢ maintain an adequate supply
of gas for these cities for the next decade or more. Questions con-
cerning drilling, field equipment, repairs, transportation, marketing,
amortization, and like matters are left to the mining and other engi-
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neers and the business experts, and so also is the serious question of
the effect on supplies and prices that may be caused by the competi-
tion of Wichita Falls, Waco, Dennison, Gainesville, Sherman, and
other cities that may, by reason of more favorable geographic
position or by bidding higher, take to themselves a part of the reserve
here counted as contributory to Dallas and Fort Worth. :

Although the sub]ect of this study touches a matter in which thele
" is local conﬂlct of views, if not of interests, the Survey is concerned
only with the problem of ascertaining the adequacy of the gas
resources, both developed and undeveloped, in the tributary region.

The thanks of the Survey are due to the gas companies and to all

parties interested for cordial and generous submission of data for use
in this investigation, which, so far as it assists in ascertaining the
extent of the gas deposits already found or in discovering new oil
or gas reserves, will be of value to all. In Dallas and Fort Worth
and their immediate vicinity the city officials and also Hon. H. W.
Sumners, State Senator Bowser, and R. H. Dearing & Sons con-
tributed or put the geoloolsts in touch with those who could con-
tribute many data concerning wells and -outcrops. . J. W
Culbertson, of the Wichita Gas Co., in the northern areal, was
generous in furnishing information concerning the Petrolia field,
and Mr. W. P. Gage, vice president and general manager of the
Lone Star Gas Co., has courteously contributed not only logs of
wells but records of pressures and production. Mr. H. L. Sturm,
Oil Co., and many others assisted in collecting well logs and other
Mr. L. R. Hammond, Messrs. Bean and Gohlke, of the Developers
data. Special acknowledgment is due to Mr. W. E. Wrather, an
authority on the geology of many counties in north Texas and
long a student of oil and gas problems, who has rendered unstinted
assistance in the study of the northwestern part of the area.

For assistance in the work in the southern half of the area exam-
ined the Survey, through Mr. Matson, is especially indebted to a
large number of citizens who have in many ways given generous
_ assistance and information. Among those to whom special acknowl-
edgments are due are Hon. T. F. Smith, President Wilder, of the
Little Giant Oil & Gas Co. ; President Nussbaum and Superintendent
Anderson, of the Mexia Oil & Gas Co.; Superintendent Faulkner and
- Local Manager Whitehill, of the Corsicana Petroleum Co.; Mr. F. G.
Clapp, manager of the Associated Geological Engineers; Mr. N. E.
Ritchie, manager of the Pleasants Gas Co.; and Messrs. Blake Smith,
J. T. Leech, T. Bennett, and Robert Jones, of Mexia, Tex.; Mr. C. Y.
Welles, of Tulsa, Okla.; and Mr. C. L. Wltherspoon, of Corswana,
Tex.



12 GAS RESOURCES OF PARTS®OF NORTH TEXAS.

In estimating the quantity of gas, not only in partly developed
but in newly discovered fields, the geologists were guided by no
precedents known to them, but each, independently of the other,
devised the same method of computation. It now appears, however,
that a similar method had been used by W. H. Hammen and F. H.
Olyphant and had been described by Dorsey Hager.* Naturally
any estimate of undeveloped territory must start with the study of
the underground structure considered with reference to the occur-
rence of gas, oil, and salt water, and with the mapping, according
to the best geologic information, of areas that are probably gas-
producing. Starting with this primary basis, Messrs. Matson and
Shaw independently worked out the plan of utilizing for the calcu-
lation of the extent of a gas pool the geologist’s determinations of
the average thickness of the gas-bearing sand, the average percent-
age of pore space in the sands, and the pressures of the gas in the.
rocks. The results attained are necessarily only approximate, and
factors that affect them are discussed by Messrs. Matson and Shaw
in their respective papers. 4

The detailed conclusions reached by the geologists, together with
the discussion of the geologic and economic facts, will be found in
their reports. .Great credit is due to both geologists for the extent
and value of the results they have accomplished under conditions
that made the preparation of reports, within a period all too short,
especially trying.

The answers to the questions as to the extent of the reserves of
natural gas in north Texas, so far as they are answered in these re-
ports, may be summarized as follows:

1. The Petrolia field, according to Mr. Shaw’s calculations, is about
40 per cent exhausted and now contains 70 billion cubic feet of gas.
Although the closed pressures of the wells have declined more than
half in the producing area, the field can for a time furnish a much
larger monthly and somewhat larger daily output than the maximum
it has heretofore been called upon to furnish. Any increase of out-
put, of course, will correspondingly shorten the life of the pool.
Taking into account all the factors discussed by Mr. Shaw, the gas
reserve in this field is sufficient to meet the normal demands of the
cities for three to five years Ionger, though shortages in cold weather
will probably be felt much sooner. After this period the supply, if
divided among all the towns drawing on this field, is likely to prove
insufficient in winter, even though the field is thoroughly drilled and
pumped to theblimit of its capacity.

2. The Mexia-Groesbeck gas field, which has been looked upon
“with the greatest interest as a possible source of supply for Dallas

1 Hager, Dorsey, Natural gas—its occurrence and properties : Eng. and Min. Jour,, vol.
100, No. 24, pp. 959-96G1, Dec. 11, 1915,
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and Fort Wor th is stated, after a thorough and careful study by Mr.
Matson, to have an open-flow capacity of 220 million cubic feet a day
at the present time. Mr. Matson concludes that, after most unfor- -
tunate waste and coincident damage to this field, there remain 31
billion cubic feet of gas (equal in heating value to 43 billion cubic
feet of Petrolia gas), of which over 95 per cent may probably be
extracted before the closed pressure is reduced to 15 pounds per
square inch. The stage of development and the gas pressure in
this field are sufficient to supply Dallas and Fort Worth, in addition
to the five towns, including Waco and Corsicana, to which gas is now
taken from the area, and the quantity is probably sufficient to meet
the total normal demand of all these cities for about 3 years provided
means can be found to check the present waste, the exact length of
period being dependent in turn on economy of marketing, prices,
and rates of consumption. Therefore, the practicability of utilizing
Mexia-Groesbeck gas in Dallas and Fort Worth is an engineering
and economic problem in which the cost to the consumers may be
affected by competition between cities.

3. The smaller gas pools of the region tributary to Fort Worth
and Dallas, so far ‘as they have been developed or explored, are in-
dividually insufficient to supply these cities for any considerable

“time. None appear to be comparable to the two principal fields al-
ready mentioned, but combined they are capable of furnishing a large
though at present indeterminable accession. The practicability of as-
sembling the output from these minor scattered fields and conducting
it to the two large cities is mainly dependent on equipment costs and
selling prices and remains for the consideration of the engineer.
Some of these lesser pools lie much nearer than the Mexia-Groesbeck
and the Petrolia fields to these cities. If the gas in the better of
them can be conserved it will eventually find a profitable market.

4. Besides the scattered oil and gas seeps in the area and the favor-
able local structures discovered by the geologists in the relatively
small portions of the tributary zone they were able to examine
thoroughly during the time available, there are in this zone undoubt-
edly many other areas beneath which the geologic structure is fav-
orable. Not all of these areas by any means will be productive, but
some may include gas or oil pools as valuable as the Mexia-Groesbeck,
the Corsicana, and the Petrolia. Some of the favorable structures
will contain oil, others gas, but more will yield both oil and gas.

5. Near the southern border of the Oklahoma oil fields, accord-
ing to preliminary examinations made by Mr. Wegemann, gas occurs
in amounts sufficient to furnish a supply for Dallas and Forth Worth
for a considerable period, though the number of years can not at pres-
ent be closely calculated. Gas pools of magnitude, as well as many
very highly productive scattered wells, have already been discovered,
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.and the progress of development is constantly increasing the amount
of gas in sight, for which there appears to be no present market.
Further, it is probable that gas deposits of commercial value will
later be found at other points in this region. The utilization of this
gas at the present time, in amounts large enough wholly to supply
these cities, would probably require branch lines to rather distant
pools, and these, together with a long carry to delivery—about twice
the distance from Petrolia to Fort Worth~—are important factors in
the problem of present commercial practicability. It must, how-
ever, be borne in mind that, should the need arise, here is to be found
a supply that, in spite of its remoteness, is geographically tributary
to these cities and will probably be needed later by them unless mean-
while exploration is vigorously prosecuted and new pools thereby
found in the nearer zone in Texas.

The cities of north Texas are fortunate in having within reach gas
supplies so abundant as to add materially to the comfort and pros-
perity of their citizens and still more fortunate in their prospects of
developing from time to time new supplies in regions relatively close
at hand. Nevertheless it is a public duty that may not transgress the -
propriety of a geological report to urge that a lesson be learned from
the history of other cities which have had like resources of natural
gas, namely, the lesson of conserving and husbanding this so ephem-
eral gift of nature for the higher service of the household rather
than spending it too freely in industrial promotion.

Too high praise can not be found for the wisdom and progressive
spirit shown by the mayors and city commissions of Dallas and Fort
Worth in arranging for this investigation of the gas resources tribu-
tary to their cities. The wisdom of their action is in contrast with
the records of extravagance, waste, and ultimate disappointment of
some cities which for a time have enjoyed a cheap natural gas supply.
These investigations, provided by the Texas cities, may guide not
only to the fullest and best use of the discovered resources, but also,
in particular, to the probable discovery and development of new re-
serves which will bring benefits to the cities that will be realized more
and more in years to come.
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GAS IN THE AREA NORTH AND WEST OF FORT WORTH.

By E. W. Suaw.

GEOGRAPHY.

Location and general character of the area—The area covered by
this report on the gas resources north and northwest of Fort Worth,
Tex., extends from Dallas, Fort Worth, Weatherford, and Strawn
northward to Red River. The region is one of rolling prairie, brushy
hills, and forests. Some parts, such as that at Montague, underlain
by the thick Trinity sand, and that at Palo Pinto, underlain by
hard limestone, are rough; other parts, such as the broad divides un-
derlain by shale in Clay County, are nearly flat. The general alti-
tude ranges from 500 or 600 feet near Dallas to 1,400 or 1,500 feet
near Palo Pinto, and the highest hills nearly reach 2,000 feet.

In the two months available for the field work most of the area
was at least briefly inspected and certain districts were surveyed in
detail. The districts to which most attention was given were those
which the information in hand or that obtained by the inspection
showed to be worthy of immediate attention. Further geologic
study may show that other areas are more promising or important
than any of these except perhaps the Petrolia field, which is the
greatest gas field thus far developed in Texas. Plane-table surveys
were made of several areas where outcrops are good in the hope of
finding structural features (anticlines and domes) favorable to the
accumulation of gas. One of these areas forms a belt along the
south side of Wichita River between Red River, east of Byers, and
Wichita Falls. Another is in the vicinity of Henrietta.

Supplies and markets—The commercial geography pertaining to
natural gas in the area examined concerns principally the relation of
the developed oil and gas fields to markets. The region under discus-
sion lies near the middle of the west side of the great south-central
oil and gas region of the United States. The oil and gas fields of
Oklahoma lie to the northeast, and beyond them are the gas fields of
southeastern Kansas. A hundred and fifty miles east of Dallas are
the Caddo, De Soto, and Red River oil and gas fields, and to the south- -
east and the south are the scattered Gulf coast fields of Louisiana

’ 15



16 ' GAS RESOURCES OF PARTS OF NORTH TEXAS.

and Texas. Dallas and Fort Worth, which have a combined popula-
tion of over 200,000, are the largest cities close to the area examined
and constitute the largest market for gas. Also, the areas de-
seribed in this report and the accompanying report by Mr. Matson
are the nearest proved or probable gas regions to these cities, and the
ones to which they naturally look first for supplies. Other gas-bear-
ing areas are, however, within reach of Dallas and Fort Worth, the
most productive being the gas fields of Oklahoma and those in the
vicinity of Shreveport, La., though it is doubtful whether the supply
of gas near Shreveport is sufficient to warrant the investment neces-
sary for its transportation so far.

AREAL GEOLOGY AND STRATIGRAPHY.

As indicated in figure 1, the geologic formations outcropping in
most of this region belong to the Carboniferous and Cretaceous sys-
tems. These systems are made up of several series and formations,
each of which has its own peculiar kinds and associations.of fossils—
the remains and imprints of plants and animals that lived at the time
it was laid down—Dby which, as well as by certain other characteristics,
it may be recognized. The Carboniferous system, so called because
it is the source of a large part of the world’s output of coal, is made
up of three parts known as the Mississippian, Pennsylvanian, and
Permian series. The lowest of these series, the Mississippian, is not
exposed in the region examined and has not been reached in many
wells. The Pennsylvanian series, next higher, consists mostly of
sandstone, bluish shale, thin limestones, and coal beds. It is buried
under the Cretaceous along Red River, but it outcrops farther south,
beginning near Bowie, and the area immediately underlain by it ex-
tends southwestward for 150 miles to Colorado River, gradually be-
coming wider. All the rocks seen in the vicinity of Mineral Wells,
Eastland, and other towns south and southwest of Bowie belong to
this series. .

The Permian series crops out in an extensive belt that lies just
west of the Pennsylvanian area. The principal differences between
the Permian and the Pennsylvanian series are that the Permian rocks
include little coal and consist largely of red shale. This series is
widely known as the “Red Beds,” for in most of the areas of its
occurrence throughout the world it embraces great amounts of red
shale and sandstone. The Permian and the underlying Pennsyl-
vanian have yielded a large part of the oil and gas produced in
northern Texas and practically all that is produced in Oklahoma and
Kansas. Beds of both these series are also great oil and gas pro-
ducers in West Virginia, where the Permian contains much less red
rock. The Mississippian also yields a great deal of gas and oil in
Pennsylvania, Illinois, and other States, and the Carboniferous
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system is thus the most prolific source of fuels i in the United States :
and probably the most prolific in the world.

Along Red River the lower part of the Permian contains very little
limestone or gypsum ; the middle part, which outcrops in the vicinity
of Electra and Vernon, includes several thin beds of limestone and
very little gypsum; and the upper part in areas farther west con-
tains much gypsum. The proportion of limestone in the Permian
rocks increases toward the south. o :

The Cretaceous system contains the oil and gas pools south of
Dallas. This and the overlying Tertiary system are the principal
sources of gas and oil on the Gulf coast, in California, in Wyoming,
and in Colorado, and of coal in the Rocky Mountain States.

The Cretaceous system is made up largely of rather persistent and
thick beds of whitish limestone, bluish shale, and poorly consolidated
sandstone. Some beds of the limestone, such as those at Weather-
ford, are so fossiliferous as to be generally called shell rock, and still
others, such as those at Benbrook, are hard and brittle. The Creta-
ceous sandstones consist of little but grains of quartz and are open
and porous. Several are sources of water. The Cretaceous rocks
contain gas at Corsicana, Mexia, and elsewhere, as is stated by Mr.
Matson in his part of this report. The succession of rocks is shown
by the following well log:

Log of well at Southern Methodist University, 4 miles northeast cf Dallas, Tex.
' [See P1. VII, p. 78.] '

'hick-
T;xescs Depth,
Cretaceous system: .
Austin chalk: . Feet. | Feet.
Soil ... 6 6
159 165
10 175
2 177
44 221
6 227
23 250
4 254
91 345
3 348
10 358
50 408
65 473
Blue shale and bowlders.... 55 528
Gumbo and bowlders....... 32 560
Shale and limestone bowlder: 49 609
Gumbo and blue shale...... 63 672
Woodbine sand:
“Tirst Woodbine sand . ... .oiieiiiii i e i 21 693
Limestone, hard. ... ... i 9 702
“ Second Woodbine sand*’ lg ;gg
“Thud Woodbine sand’’ and limestone bowlders 12 741
20311107 DA 10 751
Limestone................ 15 766
“TFourth Woodbine sand” 18 784
Shale and water sand ..... 16 800
QUMD ¢ ettt et et 15 815
21T 12 827
153 0T YU 21 848

29388°—Bull. 629—16——2
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Log of well at Southern Methodist University—Continued.

51Tt o) T

Thick-
, ness, | Pepth.
Cretaceous system—Continued.

‘Woodbine sand—Continued. ! Fect. | Fect,
“Fifth Woodbine sand’”............ooiiiiiiiiiiiiiiiiiiiiiiiiiiii i, 32 830
£33 0T 8L . 18 808
le]estone shell. 4 902

33 935
Broken limestone and “sixth Wood 12 947
‘White rock and water sand.... 42 989
“Seventh Woodbine sand”’. 9 998

‘Washita group:

Shale........... 32| 1,030
Gumbo... 14 1,044
Limestone 14 1,058
Gumbo..... 5 1,063
Whlte rock. 29 1 092
Limestone - 22 1, 114
“First Weatherford lmestone . 25 1,139
Limestone 11 1,150
Gumbo..... 22 1,172
Limestone 7 1,179
¢ Second Weatherford limestone,”” hard . 15| 1,194
$Third Weatherford limestone”’.... 11 1,205
Limestone. ..........cooeeenns 10 1,215
Gumbo and bowlders. 22 1,237
Gumbo............. . 16 1,253
Limestons. . 7 1,260
Gumbo....... . 4 1,264
Limestone, soft. . 6 1,270
leestone, hard.. 4 1,274
Gumbo. ...... 8| 1,282
Limestone, 27 1,309
“TFourth Weather! a li 39 1,348
(Reamed and set 103-inch casing.)

““ Fifth Weatherford limestone” . ... .. .. ... .. . oiiiiiiiiiiiiiiiiiaiaa. 30 1,378

Fredericksburg group:
Goodland limestone:
Limestone, hard 36 ). 1,414
Limestons.. 81 1,422
Gumbo.... 47 1,426
Limestone. . . 2 1,428
Limestonse, har 30 1,458
¢ Sixth Weatherford limestono”’. 10| 1,468
Shale........coooeeeennaaan. 5 1,473
Gumbo and bowlders. 15 1,488
Gumbo............ 4 1,492
Hard limestone. ................ 20 1,512
“‘Seventh Weatherford limestono”.. 30 1,512
TLimestone................. 16 1,568
Shale........ 6| 1,564
Limestone, hard 8 1,572
Trinity group:
Pa]uxy sand:
27 48] 1,620
“First Paluxy water sand” 19 1,639
Limestone. .........cooooo..... 2 1,641
“Second Paluxy water sand” 15 1,656
GUmMbO. e oo leneenaennns 41 1,660
Watersand............ 9 1,669
Gumbo...... s$| 1,677
Gumbo, hard. 11 1,688
“Third Paluxy water sand’ 5 1,693
Watersand.................. 14 1,707
“Fourth Paluxy water sand” 23 1,730
Iron pyrite and sand ......... 12 1,742
Watersand.................. 15 1,757
“Fifth Paluxy water sand”.._............. 2 1,759
Watersand......oooooooiiiiiiiiiiiiii., 2 1,764
Hardsand............ e 5 1,769
GUIMDO. « e eeee ettt i et 3| 1,772

Glen Rose limestone:

Limestone........ N P 14 1,786
(Set 8-inch casing.)

Limestone 20 1,806
GUMDO. i 10 1,816
Limestone......cooeivveenniiiiiiiiiiian 30 1,846
GUMDO. et 7 1,853
Limestone..........coceevnian. e 17 1,870
Limestone and shalé 8 1,878
Limestone. ... 9 1,887
GUIMDO. . et et iiaeiiiiea e 6 1,803
Lundestone .................................................................. 13 1, ggg
Shale and limestone bowlders. ... .......oooiiiiiiiiiiiii i 14 1,922

1,930
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Log of well at Southern Methodist University—Continued.

Thick-
\ ness. Depth.
Cretaceous system—Continued.
Trinity group—Continued. .

Glen Rose limestone—Continued. Feet. | Feet.
S92 Ts 18 {1702 PP 6 1,936
Limestone and shale......o.ooeoiiiiiiiiiiiiii i 9 1,945
B0 03T 0 ) T 16 1,961
Limestone, Rard ...ec.eveuiiiiiiniiiiii e PO 9 1,970
Limestone........ .. 22 1,992
Lxmestone, hard .. 40 2,032

.............. 47| 2,079
leestone, hard 19 2,098
.............. 15| 2,1u3
51 0T 1 4] T MM 2 2,115
GUMDO. e eeeeeeaananannns 6| 2121
Limestone 6 2,127
.............. 9| 2136
Limestone, hard 12 2,148
.............. 12 2,160
Limestone........ 47 2,207
............................. 8| 2215
Limestone, soft : 5 2,220
Limestone...................ooooon 5 2,225
Lunestone hard.. S 10| 2,235
.................................. 7| 2,242
Lunestone 8 2,250

Travis Peak sand:

1 46| 2,290

14| 2,310

6| 2,316

2,324

18| 2,342

5| 2,347

‘“Second Glen Rose water sand 9 2,356
Carboniferous system:

Pennsylvaman series (?): : :

Red GUMDO .. onet s 5 2,361

4 R 339 | . 2,700

Paluxy water bad; Travis Peak good.
GENERAL STRUCTURE.

The Cretaceous rocks dip rather steeply eastward (see fig. 2), so
that the Trinity sand at the base of the system, which comes to the
surface at Weatherford and Montague, lies more than 2,000 feet below
the surface at Dallas and Sherman and still deeper farther east. On
the other hand, the Carboniferous beds that outcrop at Henrietta,
Palo Pinto, and elsewhere dip westward, though not so abruptly as
the Cretaceous beds dip eastward, and in the western part of the State
lie several thousand feet below. the surface. Whether or not the Car-
boniferousrocks dip to the west in the eastern part of this reglon also,
where they are deeply buried under the Cretaceous rocks, is not cer-
tainly known, and it is not certain even that they are present beneath
Dallas. Perhaps along the eastern border of the region, under Sher-
man and Rockwall, where they lie several thousand feet below the sur-
face, they dip to the east, so that their general structure in the State is
that of a broad anticline or upwarp. In any case the Cretaceous rocks
have a general terrace or broad anticlinal structure, for although their
dip is so steep in the northeastern quarter of Texas that they all
outcrop and their horizon is above the surface west of Bowie and
Weatherford, they come down again, as it were, farther west, in the
western part of the State. If the strata had no terrace or broad
anticlinal structure the beds near the base of the Cretaceous, which
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outcrop around Fort Worth, would in the western part of the State
be many thousand feet above the present surface, but they occur at
the surface. It therefore appears probable that the oil and gas in
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FIGURE 2.—Section across Texas along divide south of Red River from the eastern border of the State at Texarkana to Ben-
jamin-:and thence southwestward to Lamesa, showing overlap of Cretaceous on Carboniferous formations and general ter-

-5000

Wichita and Clay counties and in the
area extending southward to Eastland
occur along the edge of a great struc-
tural terrace.

The general terrace form of the struc-
ture is not evident except to one who
takes a broad view of the region, for
the terrace is low compared with its
breadth, and the layers of rock are
more or less uneven throughout the re-
gion and at some places are uplifted
into well-developed domes and anti-
The local dips are nowhere
much greater than the general dip and
at few if any places exceed 5°.
and there the rocks have been faulted.

The geology of the Cretaceous part
-of Texas has been described by Hill.X

CONDITIONS OF OCCURRENCE
OF NATURAL GAS.

In most of the natural-gas pools of
the country the gas is stored under pres-
sure in the pores of sands or sandstones
that lie more than 1,000 feet below the

~surface. Some gas has been found at
depths greater than 3,000 feet, and
some in other kinds of cavities.
pores of the gas-containing sandstone
are commonly less than one-tenth of
a millimeter—about 317 of an inch—
in diameter, yet the gas flows from
them into wells at the rate of millions
of cubic feet a day. Most of the pools
are found in rocks which have com-
paratively large communicating pores
and which lie near other rocks that
contain much carbonaceous matter

from which the gas may have been derived.

1 Hill, R. T, Geography and geology of the Black and Grand prairies, Texas: U. §.

" Geol. Survey Twenty-first Ann. Rept., pt. 7, 1901,
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THEORIES OF ORIGIN AND ACCUMULATION OF
NATURAL GAS.

The mode of origin of natural gas has never been clearly de-
termined. It has not been possible to prove conclusively that it is
either of organic or of inorganic origin, though most investigators
agree that the evidence seems to indicate that both gas and oil were
once parts of living organisms, and that they have been derived
by a long process of distillation from the remains of plants or
animals, or both, which have been buried in great bodies of sedi-
ment. The remains of plants seem to be a more likely source than
the remains of animals. The grounds for these inferences are:
(1) Although the hydrocarbons constituting petroleum and gas can
be made from certain inorganic materials, such materials are not
known to occur in the earth in considerable quantity, and if the
gas and oil had been formed from such materials or if they had been
original parts of the earth they must have migrated far from their
sources, for the pools do not occur in deep-seated rocks but are
closely confined in sedimentary strata, thousands of feet thick, which
did not form an original part of the earth; (2) any hydrocarbon
found in petroleum can be made in the laboratory from either plant
or animal matter; (3) carbonaceous remains of plants are abundant
in the strata in which oil occurs—more abundant probably than such
remains of animals, for plants decay less readily—and fossil plants
are generally carbonaceous, whereas animal fossils are rarely so.

Many things remain to be learned regarding the migration and
accumulation of gas, but the inference—drawn very early in the his-
tory of the oil industry—that most oil and gas is stored in anticlines
or upwarps of strata has been well demonstrated, the reason for their..
position being that they are lighter than water, so that under the
water pressures that exist in the earth they tend to migrate to the
highest spot attainable. '

The exact nature and details of the process by which the gas mi-
grates to the top of the anticline are still under discussion, the most
important question being whether or not the salt water that at most
places, if not everywhere, surrounds the pools must move and push
the oil and gas about to a greater or less extent in order that the gas
and oil may reach the top of the anticline. M. J. Munn?! has argued
with much force that such movement of water is necessary. The
rock pores are so small that the friction would seem to be too great
for the gas to migrate and segregate itself into extensive pools with-
.out the help of lateral movements of the water, which would favor
this sorting by weight.

1 Munn, M. J., The anticlinal and hydraulic theories of oil and gas accumulation: Econ.
Geology, vol. 4, No. 6, pp. 509-529, 1909.
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THE SEARCH FOR GAS.

Natural gas has not been so extensively and vigorously sought as
oil, for only in regions in which it is abundant and which are thickly
populated or not too far from large towns or industrial centers can
it be marketed with profit. Many if not most natural-gas pools have

* been found in the course of the search for petroleum.

The first knowledge of oil in most regions seems to have been
gained either from oil or gas seepages or by accident in drilling for
water or coal: Of most pools, however, there were no surface indica-
tions before drilling began. The history of oil and gas “wild-
catting ” is in large part one of blind or even misguided waste, such
as might be disastrous were not the gains from the occasional and
frequently merely accidental successes so great. It is becoming more
and more clearly recognized that in most oil regions of the world oil
and gas pools occur in connection with dome, anticlinal, or terrace
structures in the strata containing the oil and gas. Usually the gas
occupies the upper part or crest of the fold. Accordingly, in his
search for new pools or fields, the prospector should first examine
the structure. Where anticlines are wanting or poorly developed, the
geologic structure map may still be useful, for the strata nowhere lie
perfectly flat, and it is everywhere possible to select certain structural
features that are more promising than others. ’

Though the favorable forms of structure, even in oil and gas bear-
ing formatlons, do not invariably contain pools, the places in which
that structure is found are more likely than others to contain gas or
oil. The principal unsolved problem concerns the exact places in
which the rocks have favorable structure.

The field work requisite to a comprehensive and reliable state-
ment concerning the gas resources available on the north and north-
west to Dallas and Fort Worth consisted of—

First, a careful ‘geologic survey of the Petrolia field, Whlch is
the present source of gas used by Dailas and Fort Worth. Thls work
included the running of spirit-level lines to every well in the field,
a careful study of the outcropping rocks in and near the pools,
and the collection of logs of wells and a large amount of other data
concerning them. Special attention was given to the details of the
structure of the field, the thickness, number, and nature of the sands,
and the gas pressures and yields.

Second, a similar though less elaborate and detailed study of
other fields having gas wells within reach of the cities.

. Third, plane-table stadia surveys of outcropping strata in several
districts, made in the hope that structure favorable to the accumulfl-
tion of gas might be found.

The ordinary method of search for gas pools is almost the same
as that for oil pools, the most essential feature of it being the search
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for anticlines. In Pennsylvania and West Virginia the anticlines
nearest the Appalachian Mountains contain the most gas. Gas is
-generally more abundant in high, sharply defined anticlines than
in low, broader structures, which commonly yield much oil. How-
ever, the criteria for locating gas pools, as distinct from oil pools,
are not yet sufficiently developed to serve as a reliable guide. As all
the rocks of the region under discussion may contain oil and gas, the
search for ngw gas pools within reach of Dallas and Fort Worth
consisted in hunting for anticlines and other favorable features of
structure, especially in places where the underground water condi-
tions appear favorable. The higher folds of the region are more
likely to contain.gas, but whether any particular fold will be found
to contain oil or gas, or neither, can not be certainly foretold.

METHODS OF ESTIMATING GAS RESOURCES.

The estimation of gas resources, though very important, is com-
paratively new and undeveloped work. Many unknown quantities
are involved in' the estimates, and great precision in results will
doubtless never be attainable. When gas properties change hands
there must, of course, be some kind of an estimate of the amount and
value of the gas still in the earth. The prices of some gas wells have
been determined by the appearance of the well when it was opened.
Generally, however, a measure of the closed pressure and a more or
less careful estimate of the capacity is made. The common method
of determining the capacity is as follows: The well is opened and
allowed to blow off freely for 3 to 24 hours. Then a Pitot tube or
spring gage is used in measuring the forward or momentum pressure
of flowing gas. The opening of a pipe connected with the gage is
turned against the stream of gas. The pressure is measured by a
column of water or mercury or a spring gage, according to the force
of the gas. The pressure reading is then expressed in cubic feet per
day by means of a set of tables, the barometric pressure, the temper-
ature, the specific gravity of the gas, and the size of pipe being talen
into account. ‘ '

In determining a proper price for the gas which underlies a
farm or group of farms, the acreage of the land and the number of
wells are also taken into consideration. These operations, which are
applicable to discovered or partly developed fields, involve a large
element of chance, but the estimation of gas resources in undiscovered
fields is of course far more difficult, so difficult, indeed, that most oil
and gas operators regard it as impracticable, and until wells are
drilled one tract is regarded as about as valuable as any other that
lies at the same distance from a producing field. Nevertheless, esti-
mates vastly better and more reliable may be obtained for such tracts
if careful consideration is given to the geologic structure and the

o
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general relations of gas to structure in the same region. In the study
of the structure attention should also be given to the number, thick-
ness, and porosity of sands and the nature and arrangement of sands
that bear salt water. These criteria have been borne in mind in esti-
mating the gas resources about Dallas and Fort Worth. The fact that
the Petrolia field is on a high, well-developed anticline may mean that
smaller and less sharply defined anticlines in the same region are less
likely to contain gas.

METHOD OF MAPPING STRUCTURE.

The problem of representing on a map the precise form of an
uneven surface has been solved by the use of contours.

In structure contouring the surface of some bed is chosen and lines
are drawn through points of equal altitude on that surface. The
result shows the lay of the bed, just as a contour map of the earth’s
surface shows the lay of the land—that is, the form of hills and
valleys, the direction and steepness of slopes, and the altitude of
all parts of the surface. Features are shown in greater or less
detail, according to the number of contours used and the number
and precision of the determinations of altitude.

The method used in making the structure maps included in this
report consisted in first looking over a group of outcrops in order to
select a bed easily followed and then determining by plane-table and
telescopic alidade the course of the outcrop and the altitude of points
along it at intervals of a few hundred feet. Often, to afford a check
on the results, a second or third bed above or below was traversed
at the same time, for in making a structure map the geological
surveyor is not limited to one bed, because all beds are nearly parallel
and hence the wrinkles on one are generally at the same place and
of the same form as those on another. Hence, here and there one
.bed was dropped and annther picked up. Now and then, because
of poor outcrops, a tract was altogether passed over, and where such
gaps were great a barometer was used for carrying the level line in
order to make more rapid progress. As a result the figures shown
along outcrops on maps do not show precise altitudes above sea
level, but are fairly precise with reference to each other.

In some places valuable inferences concerning structure could be
drawn from the surface features. Some long, gentle slopes are
immediately underlain by a hard stratum, and the surface thus
indicates with greater or less certainty the direction and amount of
dip. Elsewhere hard beds make little benches in hillsides, so that
even where they are not exposed they may be followed, and in many
places a concealed bed may be followed by fragments of the rock
in the soil. .
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The accuracy and reliability of structure contours depend on
several factors. In most of the surveys made for this report it was
felt that the greatest danger of error was that of mistake in correla-
tion—of following one bed or horizon for a while and then inad-
vertently shifting to another. This danger is due to the fact that,
particularly in Clay County, the beds pinch out and change in char-
acter at short intervals. It was necessary to exercise the greatest care
to avoid mistakes of this kind, particularly in correlating outcrops
separated by short gaps, correlation across long gaps being generally
quite impossible. As a result both outcrop lines and contours on the
map are commonly represented by dashes, which indicate doubt as to
exact position.

The beds are not only discontinuous but their surfaces are not
sharply defined, and hence some of the altitudes determined are a
little above and some a little below the surface that was followed.
No doubt slight errors of this sort affect most of the points determined,
but probably few such errors are in excess of 2 or 3 feet. They are not
cumulative and hence do not affect the general structural features as
shown on the map. Their effect is partly eliminated in drawing the
structure contours, and thus the contours shown on the maps do not
harmonize in detail with the determined altitudes.

THE PETROLIA GAS AND OIL FIELD.
LOCATION AND EXTENT

The Petrolia field (see P1. I) is on a broad, flattish divide between
Wichita and Little - Wichita rivers, just south of the town of
Petrolia, in the northern part of Clay County, Tex. It has often
been called the Henrietta field, because at the time it was discovered
Henrietta, 12 or 15 miles to the south, was the nearest town. But the
town of Petrolia has since grown up on the border of the field and
this name is now more appropriate. It covers a somewhat elliptical
area about 3 miles from northeast to southwest by 4 miles from south-
east to northwest. The limits of the proved field ¢an not be stated
with precision, because some dry holes are nearly surrounded by pro-
ductive wells and one or two productive gas wells are considerably
outside of the main field, but an approximate boundary of the de-
veloped part of the field is shown on Plate I (in pocket).

STRATA ENCOUNTERED IN DRILLING.

The rocks outcropping in the Petrolia field and a large surrounding
territory are widely known as the “ Red Beds” and belong to the
Wichita formation of the Permian series. They consist of lenticular
beds of red shale, soft cross-bedded sandstone, and some blue-gray
shale. Their fossils are rare and consist mostly of impressions and
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remains of plants. The sandstone contains occasional fossil tree
trunks and carbonized wood, which is here and there replaced by
copper minerals, mainly malachite. There appears to be no limestone
near Petrolia, though thin beds of limestone are fairly common in
the higher parts of the Wichita formation exposed at Electra and in
all parts of the formation at places farther south. Gypsum has been
reported in some wells, but, though much gypsum occurs in the
Wichita formation 50 to 100 miles to the west, it is doubtful whether
any occurs in it in the Petrolia field, for no fragments were found in
drill cuttings or slush pits.

The strata penetrated by wells in the Petrolia field, as shown in the
following well logs, include several sands that produce oil or gas
or both. On the whole, the quantity of gas increases with increase in
depth. The sands that lie 150 to 300 feet below the surface contain
very little gas, and probably for this reason the oil wells that derive
oil from these sands have a low daily production and long life.
Practically all the gas marketed comes from a group of sands that lie
at a depth of 1,500 to 1,750 feet. This group is made up of three
principal and two or three subordinate and lenticular sands.

‘ Driller’s log of Wichita Gas Co.s well, on Felix Webb tract, No. 39, Chilson

Neville & Kelley Subdivision, Block No. 18, Clay County, Tez.

[Contractor, M. D. Rowe. Drilled December 29, 1913, to February 5, 1914. Initial production Sestimated),
10 millioa cubic feet of gas. Casing: 10 mch 54 feet; 6 inch, 1,532 feet set with beveled shoe and
cemented on top of sand. Six-inch Darling gate anchored to 10-inch casing.)

Thick-

ness. | Depth.

Feet Feet.
131 131
137
eee 50 187
Sand showing ofl...........coeeoiiiianll) U 4 191
GUINDO ClBY . . o e ettt ettt ettt ettt ce e ae e aaaaan 14 205
Shale and thm SATIASLOIIL . - oottt ettt e e e etaea et aaas 73 278
and : . 47 325
27 352
8 360
25 385
35 420
11 431
11 442
15 457
34 491
5 496
7 503
15 518
6 524
10 534
10 544
11 555
10 565
21 586
87 673
7 630
27 707
8 7156
5 720
8 728
17 745
57 802
16 818
840
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Driller’s log of W%’chita Gas Co.s well—Continued.

Thick-
ness. Depth.
Feet. | Feet.

Shalo zmd thin SanASEONE. . e et et 55 916
................... 10 926

“ S]am » and shells.......... 29 955
Limestone........coo....... 3 958
“Slate” and shells........ 24 ) 982
Sand rock, hard........... 5 987
Gumboand rock.......... 19 1,006
Shale and sand............ 40 1,046
Mud...oooevvinaenninnnn.. 36 1,082
Gumboand sand......... 36 1,118
Sand and shale............ 28 1,146
Sand, limestone, and shale 34 1,180
ROCK.eevenennarrmanenennns 6| 3,186
Sand rock............. 10 1,196
Gumbo and gypsum..........cccooeaoa... .. 124 1,320
Sand rock, showing water. 12 1,332
GYpSUM. . .ounnnnnnnnnnnnn 22| 1,354
Sand rock............. 6 1,360
Gumbo and bowlders....... 36 1,39
Gumbo, gypsum, and bowlders. ........... 88 1,484
dMe.. e 5 1,489
Gypsum and streaksof sand.....:......... 43 1,532
Sand, showing gas.........ccooeeeeeeaiaa.an [} 1,538
Shalc blue.......... 15 1,503
Sand, showi 14 1,567
Gumf)o toug| 24 1,591
Sand, with black streaks, showing gas 10 1,601

Partial driller's log of Wichita Oil & Gas Co. well No. 5 on Culbertson tract,

near middle of SW. } bloclc 1}, Petrolia gas field, Texas.

[Dnlled by Howell, Markowitz & Kell Apr11519 to Sept. 2, 1914. Casing 10 inch, 60 feet; 6 inch,

45 feet.]
Thick-

ness, Depth.

Feet, | Feet,
........................................... 1,000 | 1,000
Sand and howlders, blu 25 1,025
Gumbo, blue, soft.. 15 1,040
Gravel, red soft..... 10 1,050
Sand rock gray,hard 5 1,055
Gumbo blue, tough. 20| 1,07
ﬂ):)lsum white, toug 4 1,079
e, blue, soft...... 21 1,100
‘Sh e, sandy, blue, h: 50 1,150
Water sand, gray, ixard 12 1,162
‘Water sand, gray, soft. 200 1,362
Shale blue, SOt e ceeiieie e .. 113 1,475
Gumbo, blue, tough...... ... LIl 20 | - 1495
Water sand gray,hard ................ .. 13 1 508
Shale, blue, TSOME < e e e e e st 9 1,517
Gumbo blue, L7 0074 | PO feeetieeeacncecteaanaeneaeann 3 1,520
Gas sand DIOWIL, SOt . . ..t eeiiiae e ittt ie e eaeaaaaaaas 8 1,528
Gumbo, blue, tough..... ... oo Ll 121 1,540
Shale, blue, S0ft. ......cocooiiiiiiineiiiiiiis eereeeerenenenaaneraanaa 5 1,545
Gas sand L5300 T 12 1,557
Gas sand broken shale, brown and blue, soft.............. ... .. ... 11 1,568
Gas sand, Tich DrOWI, RATA .« - veeennonennsaemss oo 11 1,579
Gumbo, blue, 7L 10 0 5 1,584
Gas sand broken, and “slate,”” brown and blue, soft...............ccooiiii.... 10 1,594
‘Gassand, brown, PROTA -+ oem e e e e e e 16 1,610
Gumbo, blue ereaks L7070 -4 | DR S 7 1,617
Cap rock, blue, BATA -+ oo oo 3 1,620
Gassand brown [0 | F, Ceeannns 8 1,628
Lime or gramm red and white hard .................. 9 1,637
Limestone, brown oil stain, SOFb o ansooe .2 1,639
Lunestone, white, hard. ... ... 5 1,644
Gumbo, blue, toUgh ... ..ot 21 1,665
Lime, broken, white, hard.. ..ccooiiiiiniiii 5| 1,670
Limestone white and brown, hard.. . ... ..ot .. 75 1,745
Limestone, white, very BALA. eeenemnnniinneeeeiaas F 19 l 764
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Driller’s log of Developers Oil Co.’s well No. 12; near middle of NF 1 block 9,

about 1 mile southwest of Petrolm

Thick-

ness. Depth.

Feet. | Feet.
L S TP, 10 10
OCK..coeuinn. 2 S 12
Hardpan 20 32
Red clay....... 8 40
Sandstone, soft. 3 43
Shale. ......... 45 88
Sand, hard..... 7 95
. QGravel and clay . 30 125
Shale, soft...... e 70 195
Sand, oil..... N 3 198
Sand, hard..... 7 205
Shale, soft........ 200 an5
Clay, blue. ... 40 445
Sand rock........ 35 480
Sand ............... 3 483
............... 80 563
Clay and rock...... 6 569
............... 82 651
Sand rock.......... 15 666
Gumbo............ 20 636
Oilsand 4 690
Sand rock 6 696
Shale. ... 35 731
Oil sand . 3 734
Sand rock. 2 736
¢ Pack sand”’ 10 746
Shale......cooeeeiiuanns. 60 806
Clay..... 15 821
Sand rock 32 853
lay......- 8 861
Sand rock 20 881
...... 25 906
Sand rock. 12 918
Sand, salt water 34 952
Y e e 8 960
Sand rock 9 969
le. .. 11 980
Do.. 15 995
Oilsand. 7 1,002
Clay, blue... 18 1,020
Shale, soft 20 1,040
Sandstone 17 1,057
.. 10| 1,067
Sand rock. 8 1,075
le. 30 1,105
Shale and clay .. 15 1,120
Sand rock...... .. 16 1,136
Do........ ©27| 1,163
Shells and clay 24| 1,187
......... 8| 1,195
Sand rock... 9 1,204
Clay, blue... 18| 1,222
185 - «...-.. 151 1,237
Rock. . 6 1,243
Shale. . 20| 1,263
Sandstone... 6 1,269
b 51 1,274
10 1,284
....... 2 1,286
10| 1,206
8| 1,304
20 1,324
20| 1,344
16 1,360

(4] (6]

(€9) 1,395
30 1,425
65 1,490
5| 1,495
3 1,498
Clay 12| 1,510
Sandy shale........... 42 1,552
Sandrock............. 15 1,567
5| 1,572
3| 1,575
6| 1,581
3 1,584
18| 1,602
8! 1,610



GAS NORTH AND WEST OF FORT WORTH. 29

Driller's log of Developers 0il Co.’s well No. 12—Continued.

Thick-
ness. Depth.

Sand (set and cemented, 6-inch casing) 1
Sand—good gas 2
Sand, OIL SPray.....oveiiiiiii i 7
BOLEOM SANA.. -ooeoemnoneie e g 1,781
3
2

Well completed May 27,1914, Estimafed capacity 12,000,000 cubic feet of gas. Shutmtosavegas. Ptob
ably good for 5 to 10 Darrels of oil.

On account of the high gas pressure and rather large yield of the
main gas sands, few wells have been sunk to a greater depth within
the proved field. The underlying strata include several layers of
sandstone that are inclosed between comparatively impervious beds
and that have pore space adapted to make them good oil and gas
reservoirs. These deeper sands have been penetrated in wells outside
the producmo' field, as shown in the logs on pages 66-68.

The main gas sands at Petrolia are believed by Prof. Udden® to
belong in the Cisco formation, which is the uppermost formation of
the Pennsylvanian series in this region. On account of the scarcity
of fossils, however, it is not yet possible to define with certainty the
boundary between this and the lower formations. The importance
of carefully preserving shells and other fossils found in drilling is not
sufficiently understood by the driller. Gordon’s section of the rocks
below the Wichita formation is as follows.?

Section of Pennsylvanian formations in Wichita region, Texas.

) Feet.
Cisco formation, .(clay, shale, conglomerate, sandstone, and some lime-

stone and coal) - - L -—— 800
Canyon formation (alternating beds of hmestone and clay ; some sandstone

and conglomerate) _________ ______ .. 800
Strawn formation (alternating beds of sandstone and clay; some con-
glomerate and shale; the lower 1,000 feet consists of blue and black
clay locally containing beds of limestone, sandstone, or sandy shale, and

a coal seam at the top) -- 1,900

3, 500

1Udden, J. A., and Phillips, D. McN., A reconnaissance report on the geology of the
oil and gas fields of Wichita and Clay countiés, Tex.: Texas Univ. Bull. 246, 1912,

"2 Gordon, C. H., Geology and underground waters of the Wichita region, north central
Texas: U. S. Geol Survey Water-Supply Paper 317, p. 14, 1913.

v
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STRUCTURE.

As pointed out by Udden and Phillips,* the structure of the rocks
in the Petrolia gas field is anticlinal. The additional work done by
the writer has only served to bring to light further details concern-
ing the structure of the field and the surrounding territory. The

“more complete structural survey of the field has had the advantages
afforded by the records of additional wells combined with plane-table
surveys of outcropping rocks on all sides of the field, but especially
along the river bluffs that extend from a point a few miles east of
Byers west-southwestward nearly to Wichita Falls. These additional
data bring out the fact that the oil and gas pools occupy the crest of
a large, irregular anticline having a general east-northeast trend.
The most important structural features in and near the Petrolia field
identified by the present survey consist of a branch anticline extend-
ing a mile or two northeast of the middle of the field and a similar
structure extending northwest. The form of these features is shown
on the structural map. The fold to the northeast was discovered by
H. M. Robinson from outcropping beds, and he determined its form
so far as possible by a plane-table survey.

PRODUCTION.

The Petrolia field produces both oil and gas, and in recent years
its production has increased rather rapidly. It is now yielding about
500,000 barrels of oil a year. Its production in 1912 was less than
200,000 barrels, and for several years before it had been nearly 100,000
barrels. The total amount of oil produced up to the close of 1914 is
a little over 2,000,000 barrels, or about 11,200,000 cubic feet.

The annual production of natural gas consumed in Texas amounts
to more than 10,000,000,000 cubic feet, and the Petrolia field is by far
the largest producer. The production of the State in 1914 amounted
to about 13,433,639,000 cubic feet, valued at $2,469,770.

HISTORY.

The first gas well in the Petrolia field was drilled in 1907. TFor
several years before that date it was known as an oil field. The
first shipments of oil were made in 1904, though it had produced
small amounts of oil for several years before. The oil was first
found in water wells, where it and the associated salt water spoiled
many wells as producers of drinking water.

During 1904 about 75 oil wells were drilled. The average depth
was about 300 feet, and their production ranged from 3 to 40 barrels
a day. The oil had a paraffin base and was similar in character

1 Udden, J. A., and Phillips, D. McN., A reconnaissance report on the geology of the
oil and gas fields of Wichita and Clay counties, Tex.: Texas Univ. Bull. 246, 1912,
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to that produced at Corsicana, to which place it was shipped for re-
fining. During this year two pipe lines were laid to Petrolia, where
loading racks were erected. An analysis of the oil, made at this time,!
shows naphtha, 9.1 per cent; water-white oil, 54.5 per cent; solar
oil, 13.6 per cent; heavy residues, water, and loss, 22.8 per cent.

_ In 1905, 52 additional wells were drilled, bringing the total number
of producing wells up to 135. All were shallow, averaging only
about 300 feet in depth. The cost of drilling was low, and 10 to
30 of the wells were operated by one power. During this year over
66,000 barrels of oil were shipped to refineries, nearly 10,000 barrels
were used in boilers in the field, and about 26,000 barrels were put in
storage. At about this time a large part of the field was “ townsited ”
and offered for sale in small lots, the owners and promoters evidently
believing that more money was to be made in this way than by
drilling and producing. As a result, much of the field is now cut
.up into small blocks most of which have changed hands one or more
times, a condition that greatly complicates the record of well lo-
cations. ' :

By the close of 1907 there were 169 producing oil wells, all of them
shallow, and the oil was being piped from the field by the Navarro
Refining Co., successor to the Clayco Oil & Pipe Line Co. In Octo-
ber of that year the first gas well was brought in by this company.
It was 1,500 feet deep and is reported to have had a 4-minute pressure
of 470 pounds to the square inch, and a capacity of 8 to 10
million cubic feet a day. In 1908 two other “ gassers” were brought
in, the gas being used for domestic purposes in Petrolia as well as
for operating boilers and for other purposes in the field.

In 1909 several other gas wells were drilled and the 16-inch pipe
line to Fort Worth and Dallas was laid. From this date the number
of gas wells has gradually increased until now about 56 produce gas,
all of them deep wells. In addition, a smaller but steadily increasing
number of deep oil wells have been drilled. Many wells yield little
or no salt water, but on the whole the proportion of salt water in both
gas and oil wells is increasing, as it commonly does in oil fields. Some
of the deep wells yield both gas and oil in proportion§ that show a
wide range, the proportion of oil showing a slight general tendency
to increase. '

Many of the first deep wells in the field showed closed pressures
of more than 700 pounds to the square inch, the highest pressure re-
ported being 740 pounds. The average pressure has gradually de-
creased and now is less than half as great as at first. (See Pl IL.).
Very naturally the capacity of the wells has also fallen off consider-
ably, and on account of the decline in pressure and volume a large

17, 8. Geol. Survey Mineral Resources, 1904, p. 715, 1905.
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compressor plant furnishing a pressure of about 300 pounds to the
square inch has been built by the Lone Star Gas Co., the principal gas
producer in the field. When the pipe line was installed and for the
following two or three years the pressure and volume of the wells
were great enough to maintain this 300-pound flow pressure, which
was necessary to force the gas to Fort Worth and Dallas in sufficient
quantity to meet the demand. In fact, at first the requisite amount
could be delivered at the cities by using only a few wells and allowing
them to flow into the pipe line for only a part of the time, but since
then the consumption has greatly increased and the capacity and
pressure of the wells has decreased, so that the installation of the
compressor plant was necessary. A large pipe line or additional pipe
lines would have made it possible to furnish the requisite amount of
gas for a year or two longer without compression, but the building
of the compressor plant could not have been long postponed.

EFFECT OF METHOD OF DRILLING ON DISCOVERY AND
PRODUCTION.

The wells of the Petrolia field are bored to the supposedly produc-
tive sands by rotary drills, but as the mud used with these drills may
so mask the sands as to obscure to a greater or less extent their capa-
bilities for producmg oil or gas'and may even totally conceal rich oil
and gas sands, it is the common practice to drill the sands with cable
tools. These tools are installed after the hole has been sunk with the
rotary drill nearly to the top of the sand which is expected to be
productive.

Drilling is done in a Way more favorable to the development of oil
wells than of gas wells, on account of the fact that an oil well is worth
in general much more than a gas well. The attempt is thus generally
made to make an oil well if possible. When a gas sand is found the
operator attempts to drill through it, in the hope of finding oil in
paying quantities beneath the gas. Thus it happens that much gas
has been allowed to go to waste, and many gas wells have been
“Kkilled,” because they were considered not worth caring for. Oil
operators commonly have an arrangement with a gas company to sell
to it all gas wells as fast as drilled, so when the attempt to make a
well an oil well fails on account of the abundance and high pressure
of gas, the well is turned over to the gas company. The gas company
commonly finds it convenient to give a purchased well a new number
or designation, and this practice leads to confusion in names of wells.

After it is finished each well has its own history, which differs more
or less from that of any other, not only in geologic but in technologic
detail. Some wells are short lived and others maintain a large yield
for many years. Some become bridged over or are in other ways
- troublesome ; others require very little care.
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GAS RESOURCES.

Distribution of gas wells—As shown by the map (Pl I), the gas
wells, about 56 in number, are fairly evenly distributed throughout
the Petrolia field. Very few unsuccessful deep wells have been drilled
within the field. Many that are called oil wells are in fact capable
of producing considerable gas also, the general practice being, as
noted above, to make as many oil Wells as possible. In the northwest
corner of the field in particular efforts to this end have been very
successful. Here, especially in blocks 9 and 13, the gas sands of the
central part of the field contain a great deal of oil. Though most
of the wells here produce gas, in only a few does gas pleponderate
to such an extent as to cause them to be rigged up as gas wells.

The limits of the Petrolia gas field are generally considered to be
pretty well determined by the drilling so far done. Most of the deep
wells within a fairly well defined boundary (see line on PL I) are
productive, and those outside are nonproductive, though the Morgan
Jones No. 1, of the Ninety-nine Pumping Co., is a notable exception.
- This well has not so large a capacity as most wells in the field, but
though it is more than a mile west of the nearest gas well in the field,
it is a very good gas well.

Depth of wells—Most wells over 1,000 feet deep yield more or less
gas, and the big gas wells range in depth from 1,500 to 1,750 feet.
Contrary to a prevalent opinion, the sands do not lie almost perfectly
horizontal but have dips which in a few miles cause considerable
differences in their altitude. The dips are much less than the general
slope of the surface of the region, though they are sufficient to ¢arry
the beds down or up scores of feet within a mile.

Closed pressure and capacity of wells—The initial closed pressure
of the first few gas wells drilled in the Petrolia field ranged from
600 to 740 pounds to the square inch. Since these wells were drilled
their closed pressures have not only decreased but the initial pres-
sures of other wells drilled later have been lower than that of earlier
wells, some of the latest wells-drilled having recorded initial pres-
sures of less than 800 pounds to the square inch. The initial pressure
depends in part on the stage of development of the field and in part
. on the surrounding producing wells—whether they are numerous or
few, distant or near by, old or recently drilled, or have been much or
little used. The following table, showing the rate of decrease of
closed pressure as ascertained by monthly gaging of most of the gas
wells in the field, is compiled from records kindly furnished by the
Lone Star Gas Co. These monthly gagings were begun in January,
1913, and have been continued to date.

29388°—Bull. 629—16——3
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Rock pressures of gas wells at Petrolia, Tew., belonging to Lone Star Gas Co.,
1913-1915.

[Figures show line pressure at well mouth, in pounds to the square inch.]

Jan, | Feb. | Mar, | Apr. | May. | June.| July. | Aug. | Sept.| Oct. | Nov. | Dec.

1913,
Byers1. a725 12730 |a730 (2725|2595 | = | = [ ==t | o | — | o | —
Byers4. a710 {2710 (@710 (2715 [a715 |2 665 |2 660 (@670 la675 |2665 [a665 |a 670
Byers 5. a640 |3 650 |2 640 |a 630 {2630 {2360 | @560 | 555 |a 550 [«220 | 490 |a 475
Byers6... 635 (2640 { 630 | 620 | 610 [a535 (@540 (@525 (520 | 4 445 | 415
Byers12...cceciienninnniifoenacifoenandeiaa]eannns (335)! (315)] (330)] (325)| (325)| (345)| (375)| (315)
B e e e O O O v 470 | 2 445 |2 390
20015 S a615 |e615 |a6l5 |a615 |2630 | 2570 |2 560 |a560 (a550 | 445 480 [ 530
Matlock1..c.oennennnnn.... a 565 {2560 |2 565 {e ab585| 430 | 425 {485 | 440 | 435| 420 | 475
Landrum1................ 2635 [6640 {2640 {2655 |¢650 {2590 [a 590 |2 585 |a 585 | 575 (6545 ja575
Schmell1.........coeiennnnn a720| 710 [a710 |a705 (@720 |2 655 6650 | 645 | 655 [a665 | 665 |a660
Schnell2.......ccevevan... a570 | 530 [a 560 |a560 [a 565 [a505 [a495 |a500 |a490 |.a495 |a 450 |a 435
Brick & Tilel............. 8| ————|— | —— =] —
Brick & Tile2............. 520 | 505| 435 505) 510 430 | 440 | 435 445 | 480 445| 460
Miller1....ccoeeeveinnnn.. 580 | 570} 560 | 555 | 560 | 540 | 525 | 460 | 455 | 430-| 455 | 425
Smith Webber1........... 520 2530 |a 560 (2555 |2 560 [a505 [a500 |ea510 |a505 |e510 | 430.] 420
Smith Avis1..............
Lockridgel.....
Panhandlel....
Cla co Stine 1

olloway2.......ccennnnn.

Holloway [ R
Taylor2...oceeeeninnennnn.

@ 585 480

...... 475

a 605 —_—

(415)] (420)] (395)| (410)] 300 | —— | — | (ad) |......

23 24 24 24 24 24 25 24 25

4 5 6 5 6 7 7 7 6

19 19 18 19 18 17 18 17 19

621 | 615| 540 | 538 | 553 | 541 | 518 519 | 506

Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.| Oct. | Nov. | Dec.

1914,

Byersl.uoceieinnnnacnnnnn. J—
Byers4... 510
Byers5.. 306
Byers6.. 240
Byers 12, 140
Byers15... 230
Byers17... 230
Byers19... 506
Byers 20. 520
Holt1..... 350
Matlock 1.. 350
Landrum 1 365
Schnell1.... —_—
Schnell 2. ... 350
Brick & Tile1.. 290
Brick & Tile 2.. 250
Miller 1........ -

Smith Webber 1..

Smith Avis 1... 415
Lockridge 1. . 365
Panhandle1. .. 310
Clayco Stine1.. 440
Holloway 2.... b 505
Holloway 4.. 355
Taylor2..... —_—
kelly 1........ 315
Skelly 4........ 325
C. P.Stinel.. —_—
Brotherton1... 315
Holmes1.................. 320
Total number wells........ 30
Total number off test. . 5
Total number tested. . . 25
Average per well........... 344

e Wells not in use,

b Closed 16 hours before test.

Fl es in parentheses are estimates, the wells being impossible to shut in for test.
ash (——) indicates that well was in bad order and no test was made.
Totals do not include records in parentheses.
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&

Rock pressures of gas wells at Petrolia, Tez.—Continued.

Jan. | Feb. | Mar. { Apr. [ May. | June.| July. | Aug. |Sept.| Oct. | Nov. [ Dec.

1915.
Byers1... —_—_ ] — ] — | —
Byers 4. 485 | 425 | 435 | 480 455 | 465§ 455 450 [ 440| 435
Byers 5. 245 | 280| 265 ] 240 | 240 | 240 | 240 | 240 | 230 | 225
Byers 6. 195 185( 175( 155) 150 | 185 175 | 170 | 160 | 155
Byers12.. J 1751 150 130 135) 100{ 100| 55| — | — | —
Byers15.............. ...] 180) 165 145 145 145] 150 | 140 | 130 | 110 120
Byers17..coiieeeniiaiaaan 175 ] 160 | 115| 140| 135| 135 65 | — | — | —
Byers19...cc.eunen... ...| 465 | 475 465 | 455 | 435 | 435{ 420 410 | 400 390
Byers20............. ...] 530| 530 | 475 | 455 | 445| 445) 430 | 420 | 400 | 345
Holt1l............... 360 { 355 | 350 | 330| 320| 3 325 | 320 305| 300
Matlock 1... 310 | 345| 335 | 335| 320 320} 330 | 335 320 315

Landrum1..
Schnell 1..
Schnell 2. .
Brick & Tile
Brick & Tile 2. .
Miller 1.............. ...] 320! 300 305 | 305| 300 300| 285 | 300| 300 300
Smith Webber 1..... ...| 295| 200 300| 290 | 280 | 280 | 295 | 285 | 290 [ 285
Smith Avisl........ ...| 405| 415| 410 | 415| 390 | 395| 395| 390 | 38 | 375
Lockridge1........
Panhandlel....... ...| 315 3251 320 | 310 305( 300 | 310 | 305 295
Clayco Stine 1.....

Holloway 2..........

Holloway4..........
Taylor 2......

Skelly 1.
Skelly 4.....
C. P, Stine 1
Brotherton 1
Holmes1.....
Culbertson 1...
Hammond 1...
Pattersonl....

0. G. Stine 1..
Myers1....... .

Total number wells ....... 32 31 33 34 34| .35 37 37 39 39 39 (......
Total number off test ...... 5 4 4 5 5 4 5 7 8 8 81l......
Totalnumber tested ....... 27 27 29 29 29 31 32 30 31 31 31 [......
Average per well ........... 318| 320 | 309| 307 | 3021 306| 296 ] 302 | 288§ 275 274% |......

a Wells not in use.

The average closed pressure of these wells is shown diagram-
matically in Plate IL. A

The capacity of the Wells—that is, the quantity of gas which they
are capable of yielding per day—has not been so carefully measured
as the closed pressure. The tests are more difficult to make and involve
considerable loss of gas. The individual wells had an estimated initial
capacity of 10,000,000 to 40,000,000 cubic feet of gas a day and a
“settled ” capacity of 5,000,000 to 35,000,000 cubic feet. Estimates
as to settled production are unsatisfactory, not only because they are
rarely based on careful tests but also because there is no such thing
as a fixed settled production. The capacity decreases continuously,
and though not so rapidly after a year or two as at first, the decline
continues at a perceptible rate.

The facts that Dallas uses only about 12,000,000 cubic feet of gas
a day and that the 50 wells of the Petrolia ﬁeld are reported to have
capacities of 10,000,000 to 40,000,000 cubic feet each may seem to the

.
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casual reader incompatible with any suggestion of shortage. The
fact is, however, that the capacities of the wells are not so great, and
for various reasons it is not possible to market all or even a large
part of the capacity of wells. The general conditions should be re-
garded by all as calling for taking good care of the supplies available.

Number, thickness, and extent of the sands—Three principal and
several subordinate sands, all more or less lenticular, yield gas in the
Petrolia field, the three principal sands being more than 1,500 feet
below the surface. Asreported in the logs of wells, the average thick-
ness of sand, exclusive of dry, oil, and water sands, is about 30 feet.
However, many wells have not been sunk through all of the pay sands,
and hence the average “ pay” penetrated in the wells is only about
25 feet.

The volume of pay sand in the Petrolia ﬁeld can not be determined
with great precision, but a fairly accurate estimate may be made from
the average total thickness of pay sands and the area of the field.
If the boundary of the field be defined as shown on the map (PL I),
so as to include the main mass of productive wells, its area is a little
over 74 square miles. This boundary, however, leaves out the “ Ninety-
nine ” well, which is just outside the area mapped, and no doubt con-
siderable areas underlain by gas-bearing sand. The full extent of the
gas pool is probably about 15 square miles, an area indicated by the
fact that the favorable structure extends beyond the borders of the
field as now developed, by the relation between closed pressures and
amount of gas produced, and by the application of the doctrine of
chances to the percentage of successful wells about the margin of the
present field. If 15 square miles be taken as a minimum and the
average thickness of pay sand 30 feet, the total volume of pay sand
is about 12,545,000,000 cubic feet.

Pore space of the sands.—Fragments of the producmg gas sand
large enough for tests of pore space are difficult to obtain, but a few
fragments one-quarter to one-half inch and one 2 inches in diameter
were procured. Some of these were tested by C. E. Van Orstrand
and some by the writer and their pore space was found to range from
18.5 to 27 per cent. The results are not so satisfactory as they would
have been if more and larger specimens had been available, but it is

fairly safe to assume that the average pore space of the sand is at
least 20 per cent and not more than 25 per cent. At 20 per cent the
total volume-of pore space occupied by gas in the known gas field
would be about 2,509,000,000 cubic feet. '

Original amount of gas—The quantity of gas originally in the
Petrolia field may be computed roughly from the total volume of pore
space in the gas-bearing rock and the gas pressure at the time the
first gas well was drilled. If the average original pressure was 725
pounds to the square inch the gas would have occupied a little more
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than one-fiftieth .of the space it would have occupied at 8-ounce pres-
sure. If the area originally underlain by the gas were 15 square
miles, the average thickness of pay sand 30 feet, the average pore
space 20 per. cent, and the pressure 725 pounds per square inch, the
original quantity of gas would have been 120,432,000,000 cubic feet,
which, if all recovered and used at an average rate of 10,000,000,000
cubic feet per year, would last 12 years. The production could not,
cf course, be kept up at this rate-until the gas had been exhausted,
so there would be a gradual decline in the production and the life of
- the pool would be somewhat longer.

Quantity of gas thus far produced.—The quantity of natural gas
produced in Clay County from 1907, the year the first well was
drilled, to 1915 is about 37,000,000,000 cubic feet. This figure is based
on the statistics showing the quantity of gas marketed. An estimate
based on the pressure gradient and the thickness, volume, and per-
centage of pore space of the sand gives, however, a considerably
larger figure, and it seems that the field has been depleted by about
50,000,000,000 cubic feet, the difference being the wasted and other
unmarketed gas.

Quantity of gas remaining.—Estimates of gas in the earth, based
on pressure curves, depend for accuracy largely on the fact whether
or not water follows up the gas in the sand as fast as the gas is re-
moved. If the water does not follow up the gas in the sand then the
difference in.closed pressure from time to time should indicate rather
accurately the amount of gas that has been removed, because if the
volume of gas remains stationary Boyle’s law demands that the quan-
tity must decrease about as the pressure decreases.! If, however,
as the pressure decreases: water flows into the sand because it has
access and is under great pressure, the closed pressure will not de-
crease so rapidly as the volume in the sand decreases on account of
production. If a very large volume of water under the same pres-

-sure as the original gas pressure in the pool had free access to the
sand, and if the gas were removed from a well in the middle of a pool,
it is conceivable that water might follow up and keep the pressure
practically as high as the initial pressure until the pool was ex-
hausted. In the Petrolia field water has apparently followed up the
gas to an appreciable though small extent so that the closed pressures
are not a close index of the rate of depletion, but, on account of dis-
continuity of sands and consequent lack of free access of water, the
pressures have no doubt fallen off nearly as rapidly as the volume

1R. F. Earhart and 8. 8. Wyer, in manuscript to be published by the American
Society of Mechanical Engineers, state that Boyle's law is not closely applicable to natural
gas.” Samples of gas were found to expand more rapidly than the pressure decreases. Pre-
sumably this does not imply that Boyle's law needs revision, but it does imply a molecular
rearrangement in some of the constituent gases; also, as has long been known, many gases
do not expand precisely as pressure decreases, even though apparently no molecular
rearrangement. takes place.
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has decreased. The basis for this inference is (1) that the pressures
have fallen off in nearly the same proportion as the depletion of
the field, as indicated by the statistics of production, probable waste,
and computations of the original volume of pore space, and (2)
the marginal wells have not yet shown a much greater tendency to
“go to water ” than wells in the middle of the fields. Of course, it
is not to be expected that there should be a regular dropping out of
wells from the margin toward the center of pools, because water may
take the place of gas in a well in the middle of a field on account of
unusually open sand about the well or because an unusual quantity
of gas may be taken from the well, for water generally has access to
the pay part of the gas sand from below as well as from the sides.
Other factors also may prevail to keep a well productive or to render
it unproductive notwithstanding its location. '

An important factor in the length of life of any gas pool is the
completeness of extraction which is possible. Because of irregulari-
ties in composition and structure of sand, obviously not every atom
of gas can be taken from the sand, and many pools have been aban-
doned which may still contain a considerable quantity of gas. How-
ever, on account of the great original pressure and the consequent
relatively small original volume of the gas, together with its elas-
ticity, it is apparent that when the pressure in a well has been reduced
nearly or quite to zero, the percentage of the original amount of gas
remaining in the sand and having access to the well must be low.

Possibility of extension of field—A most interesting question con-
cerning any discovered gas or oil field is whether or not the pro-
ducing area may be extended, either by discovering that the sands
continue, under favorable structural relations, into neighboring
areas, or by finding new sands in the areas that are already pro-
ducing from other sands. The average of all opinions, estimates,
and guesses is generally well reflected in the prices asked and given
for property in and about the margins of the pool, and it is inter-
esting to compare such opinions with those based on a geologic sur-
vey. Judging by real estate values the operators in the Petrolia field
do not seem to expect any great extension. Land about the margin
of the productive area is almost as cheap as land at some distance
from it, and the prices of oil and gas land within the area seem to
depend largely on the quantity of oil or gas now being produced.
Indeed, it may be said that a gas well in the middle of the field wili
not bring a much higher price than the cost of drilling and equip-
ping the well.

On the other hand, the results of geologic work indicate that the
field is likely to spread laterally in one or two directions. The atti-
tude of the rocks is favorable to an extension of the field a mile or
two beyond the limits of the proved area both to the east-northeast
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and to the west-northwest. - A favorable structure in the area to the
east-northeast is indicated by outcropping beds, the altitudes of

~ which at many points were determined by H. M. Robinson. Con-
tours based on these altitudes are shown in Plate I. The inferences
formed concerning structure in. the area to the west-northwest are
based on well logs, which indicate that the contours open out in
that direction. The outcrops in this area are not sufficient for satis-
factory structural work, so the precise attitude of the rocks is not
known, but there is good reason to expect an extension of the field
in that direction. .

The stratigraphy of the Permian and Pennsylvanian formations
indicates that they include many beds of sandstone, which are pretty
well distributed from top to bottom and many of which are adapted
‘to form good oil and gas reservoirs. Below the bottom of the deep-
est well yet drilled in the Petrolia field there are several sands that
may form good oil and gas reservoirs. This conclusion is further
supported by the logs of the deepest wells drilled in surrounding
territory. For example, in the well drilled to a depth of nearly 4,000
feet on the Halsell farm, near Henrietta, sands are reported at fairly
short intervals to a depth of 2,400 feet, and occasional thin layers of
'sand are reported at greater depths. The well recently drilled a few
miles southwest of Waurika, still nearer the Petrolia field, shows also
numerous sands down to 2,000 feet, some of which would make good
oil reservoirs were the structure and other conditions favorable. The
log of the Halsell well, samples from which were studied by Pro- -
fessor Udden, is given in his report on this region and also in M. J.
Munn’s report on the Grandfield district, Oklahoma. The log of the
lower part of the Waurika well is given below. One or more of these
deeper sands may contain gas in paying quantities, despite the fact
that one or two lower sands already penetrated in wells within the
proved field are barren. One of these barren sands in particular is
known to some drillers as the “ Gulf of Mexico,” because it yields im-
mense quantities of salt water. The fact that its yield of salt water is
so great may indicate that a short distance away there is a gas
pool under great pressure which forces the water out of the sand and -
causes the wells tapping it to flow copiously. A

The history of most gas fields justifies the inference that deeper pro-
ductive sands may lie below sands now producing. This inference does
not apply to some fields, such as certain Illinois oil fields, where the
productive sand is underlain by formations that do not contain porous
strata. In many apparently exhausted pools, however, deeper drill-
ing has struck lower productive beds. The development of important
though not great extensions of the producing areas in the sands now
tested may therefore be expected, and also the finding of some gas in
underlying sands not yet touched in the structurally higher parts of
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the pool Since as a general rule the deeper the gas sand the more the
gas is compressed, any gas found below the sands now producing is
likely to be under high pressure.

Probable life of the field—By plotting the average closed pressure
of all the wells of the field month by month in the form of a curve,
the pressures being shown as abscissas and the time as ordinates, a
formula may be deduced from which the probable life of the field may

“be estimated by extrapolation or by extending the curve according to

the formula. An estimate of the length of life of the Petrolia field
made in this way indicates that the closed pressure will reach zero
in 5 or 10 years.

For practical purposes three additional facts must be taken into
consideration. One, which has already been noted, is that the pres-
sure curve is probably not declining quite so rapidly as the loss of
supply, because water and oil follow up the gas to a certain extent..
and keep the pressure higher than it would otherwise be. The second
is that when gas is under high pressure in the presence of oil a con-
siderable quantity dissolves in the oil and is given off when the pres-
sure is relieved, so that really the pool originally contained and still
contains more gas than would be indicated by the pressure and the
amount of pore space. The third is that some time before the pres-
sure reaches zero it will become impracticable to market the gas unless
some special device is used to make complete extraction possible, in
which event the life of the field will be lengthened but the daily out-
put greatly diminished.

The problem may be approached in still another way. Comparison
may be made with other gas pools now abandoned which had similar
areas, sands, pressures, and market demands. Of course every pool
is to a certain extent unique, so the results of such a comparison can
not be precise. The approximation has, however, much value, and if
the length of life of the Petrolia field asnow developed be estimated in
this way, the conclusion is reached that the pool will last five or six
years longer.

The above figures are independent of the probable extension of the
field, both as to area and as to number of producing sands. When
allowance is made for these facts the figures are increased by 40 to 50
per cent, and after making proper allowances and adjustments the
author reaches the conclusion that the Petrolia field will produce gas
from 8 to 12 years longer, but that several years before the end of
this period the annual yield will begin to fall off, notwithstanding the
fact that new wells will be brought in and that powerful pumps will
be used to keep the production up, so that much sooner the cities of
Dallas and Fort Worth will need to look to other fields for an ade-
quate supply for even domestic use.
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Quality of gas—The chemical constitution and heating value of the
gas in the Petrolia field are shown by the following typical analyses:

Analyses of three samples of gas from Petrolia field.

[Nos. 6751 and 6752 are from Wichita Falls Gas Co.’s No. 1 Matlock well, which s ﬁpplies
the town of Petrolia; the third sample (X) is from Beatty No. 1 well, and the ures
were furnished by the Lone Star Gas Co. Bureau of Mines, Nov. 19, 1915;
Burrell, analyst.]

6751 6752 X
0.2 0.2
.0 .0
48.4 52.7
12.8 9.3
38.6 37.8
.0

TOBAL « e e e e e et e e e eeee e e e e e e e e e e aaaaan 100.0| 1000 100

6751 and 6752. Specific gravity (air=1), 0.78; heating value per cubic foot at 0° C. and 760 millimeters
pressure, 755 British thermal units.
X. Specific gravity (air=1), 0.76; heating value, 734 British thermal units.

The most striking and important characteristic is the high nitrogen
content of the gas. On account of the large percentage of this inert
element the heating value is only 755 British thermal units, or about
the same as that of artificial coal gas, whereas the Mexia and many
other natural gases show over 1,000 British thermal units. Another
interesting character is the presence and quantity of the ethane
(C.H;) reported by the Bureau of Mines—a gas that has a heating
value of more than 1,700 British thermal units and a specific gravity
nearly twice that of methane (CH,). It has also a myuch greater
illuminating value than methane. The ethane suggests a relation be-
tween the gas and associated oil.and next to the nitrogen constitutes
the most important point of difference between the Petrolia and the
Mexia gas. The fact that it is possible to extract considerable gaso-
line from the gas, one small plant for this purpose being already in
operation, suggests that the part reported as ethane includes other
substances.

Numerous tests made by the city of Dallas seem to show an in-
crease in heating value of the gas since the compressor plant was
built at Petrolia, the rise being from about 750 British thermal units
to about 800 British thermal units based on a freezing point tem-
perature and 30 inches of atmospheric pressure.

OTHER KNOWN GAS FIELDS IN TEXAS NORTH AND
WEST OF FORT WORTH.

ELECTRA-BUBKBURNETT FIELD.

The oil-producing sands of the Electra-Burkburnett field are prob-
ubly not a potential source of natural gas, though some wells in it
have capacities of more than a million cubic feet, but it is possible
that small pools of gas exist in deeper sands not yet penetrated. The
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pertinent facts are that the structure in the Electra-Burkburnett
field is favorable to the accumulation of both oil and gas, though
more favorable to oil, that the formations are such as yield gas else-
where, and that sands suitable for gas reservoirs have not yet been
reached by the drill in many parts of the producing field, and some
have not been reached anywhere within it. There is no reason to
expect that the field will ever produce much gas, though it may
produce enough to be worth piping to some nearby towns. '

STRAWN OIL AND GAS FIELD.

. The Strawn oil and gas pool lies just west of the town of Strawn,
in the southwest corner of Palo Pinto County. The most thickly
drilled portion of the field is about 2 miles west of the town, where
most of the wells are oil wells. Most of the gas wells are 1 to 2 miles
south of the main oil area, though there are some gas wells among
the closely spaced oil wells. Other oil and gas wells are scattered
over an area 2 or 3 miles from east to west and 9 miles from north
to south, and among them are several dry holes. The field is only
about a year and a half old, but about 100 wells, most of which are
producing, have been drilled. Many of these wells are productive,
and the output of oil is now said to be 400 or 500 barrels of oil a day.
The combined capacity of the gas wells is probably about 50,000,000
cubic feet per day. Most of the wells are between 800 and 1,000 feet
deep and have been drilled with Star machines. Gas was found
some time *before oil.

The rocks at Strawn belong to the Canyon and Strawn formations
(Pennsylvanian), and the pool; like the one at Moran, though
stratigraphically considerably lower, is in strata which are favorable
to the formation and accumulation of both oil and gas. The beds are
of the same age as others that contain oil and gas elsewhere, they are
carbonaceous, they have numerous sands of varying porosity, and
they have not been tilted about and disrupted until the oil, gas, and
salt water have been washed out or allowed to escape. The struc-
ture, as determined by H. M. Robinson and C. W. Hammen, and
shown in Plate III, is roughly that of a dome on a terrace and is
favorable to the accumulation of oil and gas. The dome is, however,
flat or low—much lower than that at Petrolia—and this fact, to-
gether with the well data, suggests that the volume of oil in the
sands is greater than that of gas. The general dip is northwest
about 70 feet to the mile. The field is little more than half as far
from Fort Worth and Dallas as the Petrolia field and is a possible
source of gas for those cities, but the present capacity of the field is
not nearly great enough to warrant piping so far, and it is somewhat
doubtful whether even if it were entirely drilled the field would fur-
nish so great a quantity of gas as to warrant piping to Fort Worth.
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Logs of two wells showing the number, ';thickness, and distribution

of the sands are given below.

Log of Palo Pinto Oil Co.s well No. 5, on the Swenson farm, 2 miles west of

Strawn, Tex.

Thick-

ness. Depth

Feet, Feet.

LR 1 15 G 10 10
Water, sand, and gmvel 10 20
Shale, blue.. . onvn.. 50. 70
lee hard.......... 27 97
Shale blue.....o...... 13 210
Shale, hard, and bowlder. 12 222
Shale, lue .............. 38 260
Redrock................ 25 285
Shale blue, and bowlders 282 g;g
Sh-tle blue.......... 19 594
AN .. s 10 604
Shale , blue, and bowlders. . 161 765
GAS SAN. e 5 770
Shale, blue.......... 45% 8153
Sand,  broken. . 22 838
Hard water sand. ... 1 839
Oilsand............ 4 843
L8 T T N 1 844

Tog of Bendrum & Trees well No. 1, on Ackermann tract, in southiwwest corner

of Palo Pinto County.

Thick-

ness, | Pepth.

Feet. | Fect.
Bandstone..... 4 44
Limestone, h: 41 85
315 400
15 415
9 424
476 900
18 918
Shale, blue............ 27 945
Sand, hard gray.. 19 964
Shnle blue,.enenn.. .. e 41 1,005
Sand, hard LY T A ) DN 17 1,022
Timestone shell....................o.. L.l 8 1,030
Shale, bIue. .. ..o 30 1,060
Timestone shell................... .ol 6 1,066
Shale, blue.............oc..oooll e 39 1,105
Limestone, blue............oooo i 4 1,109
Shale, BIG. .o eI 56 1,165
Sand, 1086, SNOW Of 01l .- vnvroeon oot 10 1,175
Sand'and shale............... .0 1l 71 1,182
Sand, hard, red, showofgas............................. 6 1,188
Sand WALEEe v nerenennns 37 1,225
shale, blue........ 45 1,270
Shale, sandy 10 [ 1,28
Shale, blue.......... 25 1,305
Shale, sandy 69 1,374
Sand, Jwater....... 9 ,383
Shale blue.......... 9 1,392
Sand, Jwater, ........ 9 1,401
Limestone shell 3 1,404
Shale, blue.......... 31 1,435
Shale, sandy 11 1,446

Some small faults have been observed near Strawn. In the Mount
Marion mine a fault trending N. 75° W. and having a downthrow
on the southwest side of 15 feet has been traced for 3,000 feet.
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A generalized section of the rocks expesed in the Strawn field has
been compiled by H. M. Robinsen and is given below :

Generalized section of rocks exposed in Strawn oil and gas field, Texas.

. Feet.
Jonglomerate, chert, and quartz pebbles, with siliceous cement; pebbles

average one-fourth inch in diameter, fairly well rounded____________ 1
Limestone, weathers gray ; fresh surface shows numerous calcite veinlets;
contains a bed of conglomerate 1 foot thick; makes top of Loyd

Mountain 45
Shale, gray.. - 10
Limestone, sandy ; numerous crinoid stems and other fossils_____________ 5
Clay, bluish gray’; numerous white streaks and blotches ’ - 5
Shale, sandy —— 5
Sandstone, buff, loosely cemented irregularly bedded; cross-bedding

common : 15
Shale and clay, bhush gray 15
Sandstone and sandy shale; sandstone is buff and on the whole is irregu-

" larly bedded ; cross-bedding common 55
Interval for most part grassed; presumably made up mostly of shale; - -

some sandy shale and one or two limestones each about a foot thick_.. 110
Limestone, resistant, exposures poor ; estimated thickness_______________ 2
Shale and shaly sandstone; exposures poor_ 3 20

Sandstone, light brown, massive, thick bedded, grains medium size and
fairly well rounded; weathers to dark rusty brown, massiire, irregular
blocks; generally closely cemented X 3

Sandstone, brown, massive, loosely cemented in some portions; some por-
tions very friable, slightly coarser grained than member immediately
above. Grains mostly quartz. Pore space comparatively large in some
parts of the member. In some places minute cross beds less than an
inch thick are evident. Olive-colored specks as large as a small pea and
imperfect cross bedding are common in lower part. Cross beds average
about 1 foot in thickness 50

Sandstone very similar to that above but contains much more iron. Ap-
parently because of irregularity in distribution of the cementing material,
the sandstone weathers into very irregular shapes. In lower portion of
member are some light- blOWﬂ specks and streaks which are probably

FeCOs 10
Interval of grassy slope, more gentle than the upper concealed interval,
probably friable sandstone, light gray_- 12

Limestone, very arenaceous. This member forms the top of the first ter-
race below top of the main ridge in the field. Light gray, weathering
darker, fine-grained, ‘fairly well cemented, weathered surface hard and
smooth. This member contains a resistant ledge just above the fossil
horizon, which is the key rock used for the structure map (see P1. III)__ 10
Limestone, light gray, beds rather thin, averaging 1 to 2 inches. Highly
fossiliferous. Abundant crinoid stems, Productus (?), and Bryozoa
(?) ; breaks with an irregular fracture 12
Sandstone, cream-colored, very fine grained. Calcareous. Bedding fairly
well developed; beds average about 4 inches thick; well cemented.
Weathers darker in color. ' 7
Shale, sandy at base and top, light buft : - 8
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Sandstone, very calcareous; abundant crinoid stems; some as large as 1 Feet.

inch in diameter and several inches long. ' 1
Shale, sandy, and thin sandstone beds 2 inches to 1 foot thick; tan-
colored in the main _ : : 60

The quali‘ty of the gas is shown by the following analyses:

Analyses of two samples of gas from Strawn oil and gas ﬂeld

[No. 6838 is from Stuart Bros.’” well No. 10 (Texas Pacific Coal Co. No. 37) from pipe
line one-fourth mile from well. No. 6839 is from Texas Pacific well No. 10, from pipe
line 1 mile from well. Collector, H. M. Robinson. Bureau of Mines, Dec. 17, 1915.
G. A. Burrell, analyst.]

6838 | 0839 °

0.00 0.00

... .00 .00

... 79.00| 78.20

.| 13.90 12.90

7.10 8.90

100.00 | 100.00

lEPemﬁe F e At T ) R 0.65 0.66
eating value at 0° C. and 760 millimeters pressure per cubic fo0t ... ....ovveeeaenn. .. 1,100 1,072

MORAN OIL AND GAS FIELD.

The Moran oil and gas field lies southeast of Albany, near the
southeast corner of Shackelford County. The 40 or 50 producing
wells are, as at Strawn, scattered over an area 2 or 3 miles across, and
among them are occasional dry holes. Most of the oil wells are from
1 to 2 miles west of the town, and the gas wells, which are much
less numerous, are to the east of the oil wells. The yields of the
wells, even of wells that are close together, differ greatly. One
5-barrel well is only one location from a 600-barrel well, which is
only two locations from a dry hole, and one location farther there is
a well which at first yielded only a show of oil, then 25 barrels a
day and a good showing of gas, and then went dry. Another well
is reported to have made 3,000,000 cubic feet of gas for about four
days and then to have changed abruptly to an oil-water well.

It has been known for years that the field contained natural gas in
paying quantities, but active drilling did not begin until 1913. Ex-

“citing interest in the field began when the No. 1 Wild came in with
“a reported yield of 20 to 30 barrels of oil at the start and 40 to 50
barrels a little later. The No. 1 Edwards yields 100 to 200 barrels
of light-gravity oil, reported to be 45° Baumé, from a depth of a
little more than 2,500 feet.

The facts concerning the Moran field that are of principal interest
to the people of Dallas and Fort Worth are that the geology of the
district appears to be favorable to the existence of a valuable pool of
oil and gas; that the rocks, except those near the surface, belong to
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the Pennsylvanian series, which commonly contain much gas; that
the beds are carbonaceous, as they commonly are in oil and gas
regions; and that the sands are lenticular and have not been so dis-
turbed as to cause the oil, gas, and salt water to be washed out of
them.

d is evidently capable of producing considerable gas, though
@sent indications are that its yield will not be great enough to -
pay for a pipe line to Fort Worth and Dallas, which are farther
from it than from Petrolia. Several logs showing the approximate
number and thickness of sands and other features of the stratigraphy
in various parts of Shackelford County are given below:

Driller’s log of well No. 1 on Terry farm, Shackelford County, Tex., southewst
corner SW. % block 47, Lunatic Asylum land.

[Drilled August 1 to December 5, 1912.)

Thick-
nelscsk Depth,
Feet.
130
180
T it
imestone, gray N
“Slate,” Wit I 1 40 250
Red MU, . e i e it caee e e 25 275
Limestone.....ceevemeeanennnnnnn.. ettt eeeetccaceieeaeieasaniiacaaaans 10 285
170 11 ¢ 15 300
Shale, DI, - o e et i eeiieeieaeae. 25 325
L Y < 25 350
Red mud.... 30 380
Limestone. 385
Red mud.. 15 400
Limestone. .... 10 410
“Slate,’”” white. . 40 450
Shale,Ted......ocoiiiiiiiiiiiiiiiieaains . . 20 470
Sand, gray....... eeeeaeaaas et teaeeieeeeeeeaanaanaan 5 475
Limestone, blue................... et eeiereiearee e . 15 490
Limestone........ccocoeeiiiiiaaas s eeees .- 10 500
Shale,red.......ccovenmeinnnnnennss et 5 505
ROA TOCK oot eesecseeeeaaaeaenaaeeeeaeneaaeaanerannnaeesnneeennnesennnenenanseennnns 45 550
S 0 1 U 25 575
LAMeS O, BTaY . ..o et m e iie ettt . 10 585
€81ate,” White. ....uene e ittt ee e, . 15 600
Limestone.......c.oceeenn. . .- ... 5 605
Shale, dark. . 10 615
Shale, light. . 25 640
Limestone. .. 5 645
Shale, white. 15 660
Sand, blue. . 10 670
D28 1 1T N 5 675
Sand, Show 0il. . ..ooien e i .- 2 677
LS 0 TR o) T e 3 680
D05 00T ) 0T 5 685
2T 1 T .. 10 695
Brown shells. co.ee.ieiiniieiiiiii et R e 5 700
PinK ShellS. oo oot ieeeenn S 25 725
Lime, gray....... R 25 750
Shale, gray 50 800
Redrock... 30 - 830
Sand, watel 20 850
Shale, gray 120 970
Shale, brown . 30 1,000
Shale, gray....... P 80 1,080
Shale, brown..... e e 2 1,100
Shale, gray......... PN e, 40 1,140
Limestone, gray........coceveeinnn e 10 1,150
F)VE IR 40 1,190
Sand, Salt Water. . .....oceretiiiiiei i 50 1,240
Shale, BraY ... .euueiiaeee i eee et aaeieaaaa e, 5| 1,245
Limestone, gray . - . cc.cemriiiiiaienae e i e iaieeaeaaas ees 5 1,250
BAN, ZTBY eunnnnnentiiiiaitreeerremaaeaeaaeeteetearaaa i nraeereaaiaar e nraaaaann 5 1,255
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Driller’s log of well No. 1 on Terry farm, Shackelford County, Tep.~—Continued.

Thick-
ness. | Depth.
. Feet. | Feel.
“81ate” and Shells. . ..ol : 95 1,350
Limestone, white. ........... 130 l 480
“Slate,” black. .............. 50 | 1,530
Sandy hmestone and water. . 5 1 535
Limestone, white............ 145 1 680
Lxmestone, ) T 80| 1,760
Limestone, white............ 20 1 780
Water. .. .veeiiinieeineeaa.. 10 1 790
6-inch casing......c.coeenet. 5 1 795
Limestone, blue.............. 10 1805
Lxmestone, crystalline. ...... 2! 1 830
“Slate”. ..o, 10 1,840
leestone, white.......... .. 70 1,910
““Slate,” white............... 90 2,000
Limestone, whito. ........... 10| 2,010
‘““Slate,” blue ................ 6| 2016
Sand, water ........ 4 2,020
6-inch casm% ...... 25 2,045
Limestone, blue................ 25 2,070
leestone, white.............. 10 2,080
Limestone, black, water.. 65| 2,145
“glate,” DIACK, . vnnemnnnnns 5| 2150
Limestone, white. ........... 60| 2,210
“Slate,” biack ........ 5| 2215
Sand, white.................. 20 2,235
Sand black........ceeennna. 351 2,270
.................................................................................... 15| 2,285
Show of oil at 2,280-2,285 fect.
Sand, White. .. ..ottt 15| 2,300
g-mch casing set at 2,300 feet.

81ate,” DIACK . < oo e eeeenin e . 50| 2,350
Limes one thte s 10| 2,360
“Slate,” black,.......-...... 4| 2400
Limesfone white, shells ..... 40| 2,440
“Slate,” Dlack. ....eeeniennno- 10| 2450
Limestone, white.............. 40 2,490
leestone white, gritty....... 25 2,515
Red shell and cave............... 5 2,520
Limestone, white........... 10 2,530
“Slate,” black................. 5| 2,535
Limestone, white. ... ......... 151 2,550
Shale, blue.......ccovvvnnnnnnan 80 ( 2,630
Limestone, white. ............. 5 2,635
Shale, bIuG. ...\ oonvonnonnns 10| 2,745
Sand , dark gray, hard, no water. 2| 2,765
Shells.. ..o imeiiiiiiiiiiannn .. 30| 2,795
leestone, White, gritty. ..o 2,795

Water filled up hole 500 Teet.

Log of Corsicana Petroleum Co.’s well N 0.1 on the Weddington ferm, in Shackel-

ford County, Tex.

[Contractor, J. W. Dyson. Drilled April to August, 1912. Casing: 13 inch, 418 feet; 10 inch, 1,116 feet

8 inch, 1,520 feet; 6 inch, 1,785 feet; 5 inch, 2,720 feet.]

Thick-

ness. Depth

' Fect. | Feet.
Shale, red. 30 30
Limestone 4 34
Shale, dark 40 T4
Limestone. 5 79
Shale, whit 50 129
Shale, red. 21 150
Limestone, 35 185
Shale, White. .e.ocemeen ot e 10 195
Lignite, DIACK, .« o oo et c et et 5 200
S1at0, 7 DIACK -t et e 15 210
Sand (6 boilers of Water).........ooiioiiiii it 35 255
Slate,”? WHItO .o e e i 50 300
leestone e e e e e ettt ettt aaeaaaaaann 5 305
.............................. .. 5 310
”Slate”black. et e .- 20 330
"Slate”wlute,.,.-...,.....................,.................................\ ............ 10 340
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Log of Corsicana Petroleum Co.’s well No. 1 on the Weddington farm in Shackel-

ford County, Tex.—Continued.

ness, | epth
Feet. Feet.

£ 1 o N 35 375
Shale, white............ 10 335
Sand, )white, ............ 20 405
“Slate ? white.......... 5 410
Limestone. ......... ... 10 420
“Slate,” white........ 40 460
Limestone. ........... 10 470
¢‘Slate,” black ........ 80 550
Limestone. ...............0000 15 565
“Slate,”” white, and limestone 20 585
“Slate, o black, 'and limestone 25 610
#Slate” and limestone. ...... 25 635
““Slate’” and shell .. ... 80 715
Limestone, sandy ... 15 730
‘S‘Sl%te ? black ...... %(5) ;g(s)
‘Slate,”” black . 60 845
Limestone........ 6 851
“Slate,’”” white 50 901
Limestone........ 9 910
“ Slate ” whlte .- %(5) 33(_)
.............. 5

“ Slate” a.nd limestone 110 1,055
Black cave............ 40 1,095
“ Slate ”” white.. {(2) %, i(l’?

............... ,
“Slate ’? black.. .. 5 1,122
Sand and shale, . 28 1,150
Limestone...... 15 1,165
Shale, black....... 4 1,169
Limestone........ 160 1,329
Sand, white....... 60 1,389
“Slate’” and shells 135 1,524
““Slate,” white.... 10 1,534
Limestone. .............. 11 1,545
¢“Slate,” black, and shells. . 80 1,625
Limestone, sandy ............ 50 1,675
“Slate” and limestone shells. 110 1,785
Shale, black................ 90 | 1,875
Limestone and slate. 50 1,925
Shale, pink....... 55 1,980
Limestone. . -2 2,000
“Slate’..... 80 2,080
Limestone...... 80 2,160
Limestone, sandy.eeeeseeeenneananaa .. 40 2,200
‘I:Slatet" and sh3 R 4?3 g,ggg
1mestons, SaNdy..eeeeeeeranannennnn X

“Slate” and sheF ............ 40 2,675
Limestone, hard .- ...ccoeueeeaeean. 8| 2,68
LS BRSO 12 2,695
Limestone, hard....................... . 5] 2,70
“Slate,”” white......c.cceevieaeaoaL 10 2,710
and, White...noonomneie s 9 2,719
“Rlate’ . e 6 2,725
Limestone, black, hard................. 5 2,730
“Slato,” DIACK .. noeruersniennennnns 35| 2,765
Limestone, sandy................ . 40 2,905
“Slate”’ andshell......_...... ... .. 80 2,985
LD P 49| " 3,034

Bottom dry.

Log of Reynolds No. 1 well, 3 miles north and half a mile west of Albany,

Shaclelford County, Tex.
[Drilled from Sept. 23, 1913, to Mar. 22, 1914.)

Thick-
ness. | Depth
- Feet. | Feet.
£ 10T £ T 40 40
Limestone. . .... 12 52
Shale, thte 13 65
Shale, pink. . 10 75
20 95

Shale, 20} (- T e eeeeecraeaiaaaaes S T ELITTRPRPRPRPH
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Log of Reynolds No. 1 well, 8 miles north and%alf a mile west of Albany,

Shackelford County, Tex.—Continued.

Thick-

ness. | Depth
. Feet. | Feet.
Limestone and shells and white ‘“slate’".... 85 180
45 225
35° 260
10 270
15 285
135 420
25 445
10 455
12 467
Shal B 5
ale, gray..
ROCK, T80 e e cnenenenneenuininniiiiinaaaes ceen e 15 510
SHA16, WHIO . - a s meeece e e ee e eeen et e e e e e e eaa e e e annan 20 560
B0 T30 oL Y 25 585
L 5 590
LAMIESEOMO . -« e e et ncne ettt e ettt ea e - 10 600
L LR P 25 625
LT Y T 10 635
Limestone. . e 25 660
35 693
20 716
...... 15 730
...... 30 760
30 790
15 805
35 840
10 850
10 860
...... 15 875
...... 35 910
............................... 30 940
............................... 15 955
Rock, red... 5 960
B 0Tt o Y 10 970
Bhale, WHite. ceu e et en ittt 55 1,025
Limestone, White.........o i e 95 1,120
ROCK, TOA . e ieeiie i e 5 1,125
Shale, White..e..ooemn e 65 1,190
Limestone, White. ... .. onee i e 20 1,210
810, Whil@eenessemanvnnemnsmnsmn s 40| 1,250
22002 T N 10 1,260
Shale, WHILE «.veeeereeeeee e e 30 1,290
L8 T 125+ U 40 1,330
Shale, White. co. e e o e i 10 1,340
Limestone, White.eeus e ne e i 85 1,425
2] 1T LT ) 75 1,500
L TS 60 1,560
Lime, sandy...eeeceveeenanaiiiiii s e 7 1,567
Shale, BIACK. . . .+ eene et 28 1,595
Limestone, hard, shell........ ... e 5 1,600
Shale, s0ft, Qark. ... s 85 1,685
Limestone Shells . .. ... i i it ittt ietiaiiaaeettaatraeaenaatataanaaan 10 1,695 -
[T G - PP 5 1,700
Limestone shells. . . ..ot e et . 10 1,710
81810, SOft, QAIK o .iet ittt 60 1,770
0. 20 1.790
Shale, sandy, B0A WaLEI. ... ... ..ttt 25 1,815
T oy 11 PN 20 1,835
Limestone shells and sand..............ooiiiniiiiii ittt 40 1,875
“Slate,”? sandy, Very Nard .. ... in i aaa e aaeaaan 20 1,895
Limestons, very hard. .. ......oooiiii i e 45 1,940
[ LI £ A PP 10 1,950
B 02T 2 10 1,€60
Shale, QaTK. ..o e e e aieaeieean 35 1,985
Limestone, hard.........oooviemnnnu i et 51 2.000
ROCK, TOA . .. le it e et 20 2,020
Limestone Shell. .. ..ttt et ear et eeeeaene et raaaaaan 5 2,025
Shale, gray... e e ‘5 2,030
Limestone. . e e ettt i e aee e 35 2,065
Shale, blue. 25 2,090
Shale, dark. 15 2,105
Water sand. . 30 2,135
Limestone, sal 15 2,150
Shale, blue 40 2,190
Shale, gra; 151 2,20
Shale, dark. 35 2,240
“Slate,” dar 10| 2.2:0
Limestone (3 b 20 2,270
Shale, dark......cccovevenencnennnn. 25 2,205

29388°—Bull, 629—16——4




T

50 GAS RESOURCES OF PARTS OF NORTH TEXAS.

Log of Reynolds No. 1 well, 8 miles north and half a mile west of Albany,

Shackelford County, Tex.—Continued.

Thick-
ness. | Depth
Feet. | Feet.

Sand, dry,gray...................T ......................................... e 9 2,304
LimeStone. ..o voonenonss . 9 2,313
Shale, dark.................. 282 2,59
Limestone................... 5 2,600
Sand, gray, dry............. 5 2,605
TAmeStone, .eern v nomonnnss 20 2,625
Lime, sandy, water........... 2 2,627
7 38| 2,665
Sand, dry O .5 2,670

31«1 R S 87 2,757
Band.....oociiieiiiiiiiiian. 20 2,777
Shale, black................... 83 2, 860
Limestone, blacK.............. 5 2,865
Shale, black.... ..onenien 35 2,900
Limestone, water 4 boilers. 5 2,905
Shale, black (7)) PO, 7 2,912
LAMO e enoeonoooioii, 13| 2,92
Shale, gray.....cccoeeeemnnn... 87 | 3,012
Limestone.......coooeeeaaaaan 73 3,085
Shale, blue.................... 35 3,120
Limestone, bide.. .o 30 3,150
Water sand ................... 71 38,157

LAIMOSEOMOn e n e oo oo e

Log of well on Cauble ranch, in Shackelford County, Tex., near northeast corner

of county (north of Clear I'ork).

[Drilled May 31 to Sept. 16, 1912.]

Thick-

ness. | Pepth

Fect. | Feet.
L= 1 10 10
Clay,T0a - oo . 80 %0
Y 10 100
£ 1T 40 140
Limestone, White. . ....coviiiii ittt e 51 145
Shale, WHEbE - - -envs o omenn oo 13 158
Limestone, hard. ...l 3 161
Shale, White.. ..eneeeeeeeeoiiiee i s 94 255
ROCK, 100 .ol 5 260
Sand, white, saltwat;er........ ............... 25 285
Limestone Whlte soft........ 35 320
Rock, red, PO < o o - 50 370
leestone white. i 10 380
Shale, white i 55 435
Limestone, black, hard... ... .c.. . iiiiiiiiie i 10 445
Shale, White.....oooon e 50 495
ROCK, TeA . e e et 25 520
Sand, gray (little gas) -« o oo unn e 10 530
Shale, WhibB. .« euce it 70 600
ROCK, Ted .o 12 612
Limestone, White. .. ...oouo i it 18 630
Bhale, While . . «voene e 20 650
Limestone, white, hard. ..... ..o iii i e 10 660
Shale, whi ceeile 30 690
Sand,gray,dr ................ 10 700
ROCK, T . oo ettt 30 730
Sha]e WREEC -+ o o oo o s 70 800
Sand, Whlte (salt water) e e e eieeiiieieeaeieaas 25 - 825
Sha.le 2417 T % 900
Shale, bla.ck, soft. et e eieeieeaieeeaeiaaaas 20 920
SHAIE, WHEG . « - - v veese o saem e memem e m e e e e e et e e e e e e e aaes 150 | 1,070
ROCK, T8A .. e ettt ie e 5 1,075
SANA,) DIACK . - e eeee e 52 1,127
Shale BIBCK. . .. oo aaaan 11 1,138
TAMEStONe SHEHS. - +n oo e e s s s s esesam e amem e e e e e e e eaeaan 24 1,162-
Limestone, L T R 22 1,184
ROCK, T8A 4 e eeeeetee i ia ittt iiee e e e cteeeateaeeneraaataaa et aaanaas 36 1,220
Sand (salt L3 7:) 9 T N et 18 1,238
Shale, white........o.....ooo L e .. 46 1,284
leestone, white. ......enen.. P e s eerteeae 4 1,288
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Log of well on Cauble ranch, in Shackeiford County, Tex.—Continued.

Thick-

ness. Depth.
Feet. | Feet.

30T 0 1 42 1,330
Limestone, dark. . co.ueeeuiieiiiie e 201 1,350
2 T0) 90 - 35 1,385
D050 T (T 00 R 25 1,410
LAmMestone, DlaCK . ce. e uueem it 30 1,440
EUSIAEG,” WHIEB. e e eememen e meeeeeeemennsnsnmnasanansm e ae e e e s aerannanasaas 50 [ 1,490
oY T 1) S 40| 1,530
Bhale, BIACK . .. e ettt e 139 1,669

Imestone, White. .....oeeueeneiem e 21 1,690
T I T O 2701 1,960
Limestone, gray, little Water. ..........oooiiiii it 6 1,966
Limestone, WHite. «.couunerennimee e 34 2,000
LAMestone, DIACK e e emnenennnnne e 12 2,012
Shale, black... ...t et 28 2,040
Limestone, BArd, BTay..eeenn etemnniie et 160 | 2,200
Shale, DIACK. o« v e eeieeiae e D 40| 2,240
Limestone, hard, ShellS....ceveeeeeeeereaiiiiiiiiieniiieiiieeeiieet e eaieaaneneens 12| 2,252
[ T T T 26| 2,218
Limestone, gray, and hard shells............ooooiiiiiiiiiiiiiiiiiiiiiiiiiiiiieen e, 6 2,284
Shale, black......ceeeeennne. 1| 2,205
Sand, black, salt water. 18 2,313
Limestone, white, hard 17 2,330
Shale, IacK..cooiemn e 35| 2,365
LiAmestons, BraY..ceeeeeeeeaeeaetieeieae e 12 2,877
Shals, black.. et 63| 2,440
Limestone, BIaY « . - ceueeerannnnaseecmmeaaareanaeraraooanereesnnas 6| 2,446
Shale, black... eereeeaeeeeeeeaiaeaeas .. 9| 2,456
Limestone, BraY . - e eeeueerevneeeeeseereaeeenessaneeeeenneetoneeeeemeeoneeenmsnrencnnees 251 2,480
F2 T LT3 0 N 20| 2,500
Limestone, Bray, BAIA. ... e eeeeeaeaeeneiateieieaaieatieaettaeataeetaeatereianannaa, 60| 2,560
LT T S T 15| 2,575,
Limestone, black, b0P.«ce.uaenuacineiiiii 4 2,579
Shale, White. . «oveeeeeenmeaennmi e 61) 2,640
Limestone, gray, Bard. . . ...cveeier it 130 2,770
£S3 0T G T o3 (5T P 37( 2,807
Limestone, gray, shells....=. ..o 18! 2,825
Shale, BIACK ... « e ceeueemeeacmenet ettt e et eanaanas 20| 2,845
Limestone ShellS. e eeeeeeeunnenen e 30| 2,875
13 T 1 s 42| 2,917
) 2 T 31| 2,048
Ba0A, DIACK -« e vuteereeenereereeeeeeerietieieereeeteareaeaaraetetttateteeereraaraaoaaens 30| 2,978

Log of Nelson No. 1 well, 3 miles north and 1 mile west of Mohm, Tez., 200 feet
north of south line aﬂd 800 feet west of east line Nelson lease.
3. M. Guffey Petroleﬁm Co. (4), Treat Crawford (3), Lone Star (3). Contractors, Halfest & FEaston.

Drilled Nov. 16, 1914, to Feb. 11, 1915. Casing: 124 inch, 455 feet; 10 inch, 1,092 feet; 8 inch, 1,550 feet;
6 inch, 1,897 feet.]

Thick-| Depth.

. Feet. | Feet.
[T 1T Xt 35 35
Shale, blue. . 10 45
Rock 5 50
3 53
5 58
7 65
20 85
5 90
5 95
Rock,red............. 5 100
¢ Slate,”” white........ 20 120
Shale, blue............ 10 130
Limestone.............. 6 136
Shale,blue....c.eennnen. 19 155
Limestone.............. 10 165
Shale, white.......... 35 200
Sand, show of oil 10 210
Rock,red............. 20 230
Brownmud........... 10 240
Rock,red....eeunninn... 10 250
Brownmud........... 10 260
Limestone............ 15 2156
Shale, brown,,........... 20 205
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Log of Nelson No. 1 well, 3 miles north and 1 mile west of Moran, ’I’ew.—Con..

Thick-
ness, | Depth.
Feet Feet.
2T 98 - RPN 5 300
Shale, white.... 35 . 335
Lmestone. [P 5 340
.............. 10 350
“Slate ’? white. . 5 355
Limestone...... 27 382
Shale, black..... 18 400
Shale lighteeseannnnnn.n. 30 430
Sand, salt water (holefull). 30 460
Brown mud............. 10 470
Shale, blue........ 10 480
Shale, brown........ 15 495
Shale, blue.......... 5 500
Limestone .......... 6 506
Shale, dark....... 12 518
Limestone. -...... 17 535
Shale, dark. ...... 15 550
Shale light......... 5 555
Limestone. .cz...-. 5 560
Shale, dark......... 55 615
“Qlate”, ...unnnnns 5 620
Limestone.......... 5 625
Shale, dark........... 25 650
Limestone....c....... 10 660
Slate, white........... 5 665
Shale,dark............... 15 680
Sand, salt water (hole full) 20 700
“glate,” dark............. 50 750
“Slate,” white........ 30 780
Shale, dark. . eeceuenn.. 10 790
Shale, brown............ 42 832
Shale, dark....coeeeenn. 48 880
“Slate,” white.......... 20 900
Shale, ilght ............. 20 920
Limestone. ..ee....... 8 928
Shale, dark. .. 72 1,000
Shale, black... 5 1,005
Shale, white. . 20| 1,025
.................................................................................... 30 1,055
Water at 1,032 feet.
Shale, w 1017 90 1,145
.................. 7] 1,152
leestone (““big lime”’). 43 1,195
Shale, light. . ........... 50 1,245
TAMeStONe. - vevnmneeroomnnnns g 40| 1,285
Water at 1,255-1,285 feet.
Shale, BIACK. ceaunenenceceueneean e ann e 15| 1,300
leestone .................... e eeeeeeeeaeananaaas e eeeeeeeeeeeeeaeeennaaaa 153 | 1,453
Water at 1,342-1,372 feet.
Slate, White. e e oe e feneeeeesnananans 5 1,458
lee, sa.ndy. ceesaacmanann e 15 1,473
Shale,dark.....ceeen..... 27 1,500
Limestone. .............. 8 1,508
Limestone, sandy, water.. 4 1,512
Limestone., - «-ecnveeenennnns - 45 1,667
Shale, light. . covevennnnnnnn... 23 1,580
Sand, 123 RIS 10 1,590
Shale, light. - -~ oo 15| 1,605
Shale, N £:9 S 95 1,700
Limestone shel]s. R 5 1,705
Shale, light. 37 1,742
Limestone. . 5 1,747
Shale, blue. 45 1,792
LimeStone. . «ocneeeueveaneennnnn 23 1,815
Sand (hole full of water)...... 22| 1,837
Shale, light. . ool 60 1,897
Limestone. ...eceeeeenannnn... 33 1,930
Shale. . .ovenmevineaaianin 13 1,943
Limestone. . -vunvenernnnennnnns 12 1,955
Shale, white. . .ooeninenannann. 7 1,962
Shale black.. 6 1,968
Slate, 'dark. . 32 2,000
Shale, light - 251 2,02
Shale, dark. . 45| 2,070
Limestone shells. . 3 2,073
Shale, light. . ... 32| 2,105
T 0T S 15 2,120

Holc full of water. Abandoned.
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PALO PINTO GAS SHOWINGS.”

The possibility of developing gas or oil in the region north of Palo
Pinto has recently been discussed by Wegemann,® who suggested that
tests be made of deeper sands in the vicinity of the Dalton well on the
Kyle Mountain anticline. The structure of the region, including a
plunging anticline and minor lateral folds, was correctly described
by Mr. Wegemann though, through inadvertence, it was erroneously
contoured on the map. A revision of the contouring has recently
been published by L. J. Pepperberg.? Mr. Wegemann suggests a test
of a small anticline 4 miles north of the Brazos River bridge on the
Palo Pinto-Graford road, should an adequate test of the Kyle Moun-
tain anticline prove successful.

Gas showings of greater or less size have been found in various

_parts of Palo Pinto County. A good showing of both gas and oil has
been found in a 2,600-foot well recently drilled on the Frank Corn
land in the southeast part of the county. The first notable showing
in the county is said to have been found in a water well 4 miles north
of Palo Pinto. A good oil well and also a gas well having a capacity
of 500,000 cubic feet were reported in December, 1915.

A log of a recently drilled deep well to illustrate the strata encoun-
tered in drilling in this county is given below.

Log of well No. 1 on Holt ranch, 6 -miles southwest of Salesville, Sylkes & Pal-
laint, operators.

[Contractor, L. C. Hevick. Drilled September, 1915.]

Thick-
ness Depth
. Feet, | Feet
531G 3o

Shale in small 1 4722 PR 46 50
Shalse, blue...... e eeeeeaaeaa 40 90
Shell, lime. .. 10 100
Shale, blue. 40 140
Shell....... 8 148
Shale ........................................... 47 195
................. 200
Shale, blue. 45 245
Limeshell. . 10 255
. Shale, blue,. 125 380
‘Water sand, ‘fresh .. 20 400
T PR 20 420
‘Water sand, fresh 440
hale....... 120 560
Lime shell. 12 572
Water sand . .. 283 855
“Slate’”......... 39 894

Water sand, salt 136 1
“Slate”......... 75 1,105
‘Water sand, salt .. 10 1,115
“Slate’...... .. 551 1,170
Lime shell. . 6 1,176
“glate”.. e e, 29| 1,206
Shale, sandy et et ettt ae et eaeaeaetaeeaaaa, 20 1,225
Shale, blue. .. et ettt eieeiaeeiicaeeeeeaiaaaa 10 1,235
T 140" 1,375

1 Wegemann, C. H., A reconnaissance in Palo Pinto County, Tex., with special reference
to oil and gas: U. 8. Geol, Survey Bull. 621, pp. 561-59, 1916.

8 Pepperberg, L. J., Western Engineering, vol, 6, No. 8, pp, 252-254, San Franecisco,
Dec., 1916.
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Log of well No. 1 on Holt ranch, 6 miles southwest of Salesville—Continued.

Thick-

ness. | Depth.

SCATTERED SMALL GAS POOLS AND SHOWINGS.

Small showings of gas have been found in a great many wells in the
region north and northwest of Fort Worth, but most of these prob-
ably have no connection with any considerable gas pool. The experi-
ence of the prospectors justifies this inference. It is commonly.re-
marked that little puffs of gas may come from any well drilled in
northern Texas, but that they have no significance. At several places,
however, noteworthy quantities of gas have been found, though fur-
ther prospecting has shown that the pools are small.

A brief examination was made of 4 small area just north of Man-

 kins, about 20 miles southwest of Wichita Falls, where two or three
showings of oil are reported in the log of an 850-foot well, but no
good indications of a gas reservoir were found. Dundee, 15 miles
farther southwest, where a 2,000-foot dry hole was recently drilled,
was also visited. The rock outcrops a few miles south of Dundee are
much better than.at Mankins, and apparently the beds at both places
lie nearly flat.

At Graham, in Young County, some gas was found only a few
hundred feet below the surface, and as a consequence several deep test
wells were sunk, the log of one of which is given below.

Driller's Ior/ of Corsicana Petroleum Co.'s well No. 1 on C. N. Keen farm, in
: Young County, Tex.

[Contractors, Halfest & Easton. Drilled July 4 to Oct. 5, 1912. Casing: 13} inch, 415 feet; 10 inch, 840
feot; 8% inch, 1,022 feet; 6§mch 1,762 feet, 5y inch, 2,024 feet.

Thick-
_ness.

Sand 20
HR1ate s e eieciiiiii i teereans P PP TN 105 305-
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Driller’s log of Corsicana Petroleum Co.s well No. 1 on C. N. Keen farm, in
Young County, Tex.—Continued.

0....
Limestone. .
Limestona. . o o 8| 1,18
“Slate”’ .. 1,412

Limestone. . 2,500
Limestone. . - 2,623
Limestone. . 2,636

Bottom dry. Abandoned.

Strong showings of gas are reported from depths ranging from
255 to 696 feet in a 2,171-foot well drilled by the Producers Oil Co.
on the R. F. Arnold farm 3} miles south of Newecastle in Young
County. The gas showings here and in the Murry well, about 8 miles
distant, are said by some to have been decidedly the best so far found
in Young County.

Several wells in Archer County have yielded small quantities of
gas. At one well the gas is reported to have caught fire and burned
with a flame many feet high, but these reports were not confirmed.
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Showings of oil have also been reported in some test wells, the logs

of three such wells being as follows:

Log of Corsicana Petroleum Co.’s well No. 1 on R. J. Garvey farm, in Archer

County, Tez.

[Contractors, J. W. Dyson & Co. Drilled May 11, 1912, to July 12, 1912. Casing: 13% inch, 385 feet;

10 inch, 810 feet; 8% inch 1 306 reet, 6§ inch, 2 325 feet.]

Thick-

R ness. Depth.

’ Feet. | Feet.
Red mud. ..o i e 20 20
Sand, whlte et e e e PR 10 30
e 30 60
20 80
20 100
40 140
25 165
10 175
70 245
...... 15 260
........ 40 300
.......................... 10 310
.................... 30 340
........................ 25 365
.................. 20 385
............ 60 445
.............. 65 510
............................ 15 525
.......................... 25 550
............................ 30 580
.............................. 25 605
........................ 5 610
.................. 50 660
30 690
50 740
20 760
10 770
60 830
20 850
Shale, white.. 60 910
Shale, sandy. . ceee .. 30 940
Shale,dark.....ccooeiemiiiiiii it 70 1,010
Shale, white. . e ettt . 30 1,040
ShaIe,dark.... et . 50 ,080
Sand, white et et . 20 1,110
Limestone. . R . 40 1,150
Bhale. .o eeeet et . 9 | 1,240
Limestone and shale. .... PN s . 45 1,285
Limestone. .............. e, . 30| 1,315
Shaleand limestone........ et . 240 | 1,555
Limestone......eeveeuen-.- . 20 1,575
Shale...oceveermnnnnnnnnnnn e eeeeaea e . 30 1,605
Limestone. . et . 10 1,616
Shale, dark. e e 150 1,765
Shale, white... e eer et 57 1,815
Sand, dark.... R 10| 1,8
‘Shale....... .. 85 1,910
Shale, sandy 140 2,050
Shale, dark. 140 | 2,190
Shale, white 90 2,280
Limestone, d 20 2,300
Shale......... 20 2,320
Sand. 5 2,325
2131 - T PN 5| 2,330
2 T N 20| . 2,350
£33 L R 27| 2,317

Bottom dry. Abandoned July 18, 1912.
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Driller’s log of Corsicana Petroleum Co.’s well No. 3 on M. P. Andrews farm,
in Archer County, Tex.

[Contractor, E. W. Morgan. Drilled Soptember 3 to November 10, 1912, Casing: 13} inch, 430 feet;
10 inch, 898 feet; 8 inch, 1,315 feet; 6 inch, 1,600 feet; 5y inch, 2,100 feet.]

Thick-
ness. Depth.
Feet. | Fect.
ed mud, sand, etc 1 1.
Red mud d, et 80 80
Sand, water. 20 200
Red rock.. 90 290
Sand, wate 20 310
ed rock 40 350
Sand, water 80 430
Shale, light 1 440
Red roc 15 455
nd, dry...
LA, DIUO. et 10 580
8and, dry............ollls et ee e naaaaas - 10 690
“8late,” light. ..ot . 50 640
Limestone. .. ... e . 15 655
“Slate,” lig] 5 660
Sand, dry. 30 690
Shale, light 20 710
Sand, watel 40 750
“Slate,” ligh 25 776
8and, water. 15 790
Shale, light 102 892
Limestone, h .- 6 898
Shale, th e e ettt ettt .. .. 13 911
Band, 0il..oeeeeenennn i . . 13 024
ROATOCK. ceeeemeeniin i 11 935
[0 16 T o 10 945
ReA TOCK . . e e eeeeittmt e .. 15 960
Shale, light . ... .. 200 | 1,250
FSEY (T IR 1) N .. 60 1,310
¢ Slafe," White. oo . 90 [ 1,400
B 031 1T 170) T R .. 10 1,410
HS1ate,”? DIUO. o vc ettt it .. 20 1,430
Shale, light brown. .. .. 0 1Tl | 10| 1,440
Limestone, White.........cooiiiiiiii i .- 10 1,450
Shale, BIUe. ..o nnniee e .. 10 1,460
B9 (LIS o) T . 6 1,466
ShR10, DIUO. « e eeeeeteneeee et et e . 10 [ 1,476
Limestone, White. .. .. ..coeooiiito i et . 20 1,496
Shale, ligrtxi. S o B Lss
XTI ) N :
33 0T T R . 10| 1,565
BANd, WaLRT e inee ettt .. 115 1,680
Shale, lHght....ooiiiiii i .. 30( 1,710
Limestone. ...ceeeennanannnn.. ettt eteeaeeaeaaeaaaan .. 15 1,725
Shale, light.....oeiiviiiiiiiiiiiiiiiiiis e .. 45 [ 1,770
LimeStone. ..o ouueee e . 25 1,795
Shale, light . . o oee . . 165 1,960
Sand, Water. . ... . 80 2,040
Shale, light blue. ... .. ... i . 10 2,050
FoE:9 s Te IR ] PPN .. 10 2,060
Shale, light............... P .. 30 2,000
Shale, SANAY . .ot .. 110 2,200
Shale, dark.....ooeueieen e . 150 | 2,350
Shale, Hght. .o iieeeni e . 50 | 2,400
04T e PN .. 5 2,405
Shale, (l{rght .......................... 10 g, 415
2531 0 b , 420
E 0 1 T OSSR, . 951 2,515
L TG TR 51 2,520
Dry. Abandoned May, 1913.
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Dmller’s log of Corsicana Petroleum Co.'s well No. 2 on Cora Harmonson farm,
in Archer County, Tex.

[Contractors J. W. Dyson & Co. Drilled July 28 to Dec. 12,1912, Casing: wooden conductor, 357 feet;
31- mch 357 feet; 10 inch, 711 feet; 8 inch, 1,332 feet; 6§ mch 1,356 feet; 54% inch, 1,500 feet ]

’Iggscslf' Depth.

Feet. | Feet
90 90
10 100
1
45 250
55 305
2 307
83 390
15 405
10 415
8 438

7 4
Sand, gray, 25 455
Red rock......... 85 540
Sand, gray......... 10 550
Sand water,....... .. 65 615
“Slate”wmte .. . 5 620
Limestone. ..............0.000 . 20 640
“Blate,” EraY e oveernniannnnn.n. . 5 645
Sand, Water,. ..o .. 35 630
“Slate S -+ 2 el e . 6 686
Lnnestone ......... et . 66 752
“Blate,” gray..ceeeeiieeiriiiii i e s s . 123 875
Limestone. ........ . 10 885
£ Y L 31 916
Sa.nd (show [ ) S S 5 921
............... . 9 930
leestone et . 5 935
Shale.............. . 17 952
Limestone. 957
Shale and 118 1,075
10 1,085
60 1,145
8| 1,153
72 1,225
............ 5 1,230
............................ 8 1,238
...................... 2§ i, ggg

e . e s
Sand, water....................... e . 5 1,270
_ Limestone. .......... i 8 1,278
Sand, water.......... e R 37 1,315
“Shale”............. N 82 1,397
Limestone. i 13 1,410
“Slate”...... s 30| 1,440
B 14T 1) T 10 1,450
L 17 5 1,455
9] 4113 10 o T T S 10 1,465
L) 8 2 S 5 1,470
Limestone. . . ...t eriieireeeaeaaeeanas 25 1,495
33T L 25 1,520
s USRS 40| 1,560
Shale. . . et e et 155 1,715
Limestone. o et e e et eeaeeeaaaeaeeraanaaaaan 12 1,727
Shale. . 43 1,770
Limestone. 15 1,785
Shale. .. 15 1,800
Limeston 35 1,85
Shale. .. 25 1,860
Limeston 15 1,875
Shale, blue 63 1,938
Abandoned May 1, 1913.

+

Small showings of both gas and oil in Montague County have been
reported, and a deep well has recently been sunk north of the town of
Montague. A log of this well is given below .
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'Ldg of C. B. Shaffer well No. 1 on J. D. Jameson farm, Montague County, Tex.

[Drilled in 1915 with cable tools. Contractor, C. A, Steelsmith, Casing: 12} inch, 638 feet (underreamed
from 512 feet); 10 inch, 1,101 feet (underreamed from 780 feet); 8 inch, 1,704 feet (underreamed from
1,253 feet); 6§ inch, 22 feet (underreamed from 1,943 feet).]

Thick-
ness. Depth.
Feet. Feet.

“Cellar”’ (sandy soil), soft. .. e eemeeeieaeeeaaanaas .
Sand, hard......ccceu..... 3 10
Red rock, soft 15 25
“‘Slate,’” soft, whit: 50 75
Shale, Soft, blue................. 90 165
Sand, soft, gray, much fresh water. . 45 210
Shale,S0ft, Fed ... ouo e it . 15 225
Shale,s0ft, blue. .......oouiiin i . 55 280
Sand, soft, gray, alittlefresh water..... ... ... ... ..cooiiiiiiiiiiil.. . 10 290
“Slate,” soft, White........ccoeiiiii i e 10 300
Shale, Soft, Xed. . . ..o et .. 5 306
“Slate,” soft, White...... ...l ... 5 310
Sand, soft, gray, alittlefresh water.............c...cccoiiviiiiiiiiiaiaa, eee 5 315
Shale, s0ft, Ted. .. .....ociiii e e 20 335
““Slate,” soft, white................o .- 20 355
Sand, soft, %ray, alittle fresh water . 15 370
Shale, soft, blue................ 10 380
Sand, soft, gray, alittle fresh w: 15 395
Shale, soft, blue............... 35 430
Sand, soft, gray, alittle fresh w: 10 440
Shale, soft, blue... 70 510
Sand, soft, %ray, 20 530
Shale, soft, blue............. 40 570
“Slate,”’ soft, white 30 600
““Slate,” soft, black. 10 610
Shale, soft, biue.... .. 23 633
Limestone shell, hard, white 7 640
Shale, soft, blue......... e et ieeeieieieaeieatieeeaeataaitaaaaans e 20 660
Sand, soft, gray, a very little fresh water........................oool. can 15 675
Shale, S0ft, PINK . v oot i e 15 690
Shale, soft, brown...... et . 10 700
Shale, soft, blue.................... e a.- 65 765
Sand, soft, gray, much fresh water. et . 25 790
Shale, soft, blue.................. e e iiieiieieiiaeaa. 15 805
Shale, soft, pink.......... et ettt eeeeeaeeeeaieeeeeaeeaanas 25 830
Shale,S0ft, Fad . ceuu.ton ittt e 20 850
Shale,soft, blue. .. ..vee e .. 10 860
Sand, soft, gray, muchfresh water........................... ... . 20 880
Shale, 801t, DIUe. . . e v e 10 890
Twelfth sand, soft, gray, fresh Water. ... . .. ... it 35 925
Shale, soft, blue. ... ..o oo i 5 930
Thirteenth sand, soft, gray, fresh water e e et ettt ieeceeeeieaiaaaaaa, 30 960
- Shale, soft, blue........ PN 25 985
Shale, SOft, TeA . ¢ e uueuninian ittt aeean 25 1,010
Fourteenth sand, soft, gray, fresh water.. ... .. ... iiiiiiiiiiiiii i iieaaaiiaaans 25 1,035
Shale, 80ft, blue. . .o oe et 5 1,040
Fifteenth sand, soft, gray, fresh water..... Qe r e eeeeeeeenanaeaas 45 1,085
S Y CIRETe) (A ) L S S 5 1,090
Sixteenth sand, hard and sharp, gray, fresh water................ et 10 1,100
L3 TN LT ToT 0 5 1,105
Seventeenth sand, soft, gray, fresh water. ........ .. ... .....oliiiiiiiiiiiiiiii 10 1,115
Shale, SoMt, B, . ... ittt iiecaeeaaieaaaaaaas 15 1,130
Eighteenth sand, soft, gray, brackish water. .. ......ooiiiiiiiiiiiiiiiiiiiiiieannnn.. 35 1,165
Shale and limestone si:ells, softand hard, gray. ... ....ooiiiiiiiiiiii i 15 1,180
Nineteenth sand, soft, gray, brackish water. .. ....... ... ....ooooiiiiiiiiiiii., 25 1,205
Shale, 5071, DIUC. . ... et 20 1,225
Twentioth sand, soft, gray, salt water. ... ... . . i 20 1,245
Shale, soft, blue................ e e et e eneeeceeanaaeesaasiseaseetiateeeeatenneaean 30 1,275
Twenty-first sand, soft, gray, slight salt water................... ..ol 30 1,305
Shale, S0ft, DIUe. . .. oL e eaaaes 25 1,330
Twenty-second sand, soft, gray, dry and coarse. ... ....ooiiiiemiiirieeiiirancniianaan 8 1,338
Shale, Soft, Dlue. ... e 17 1,355
Twenty-third sand, soft, gray, dry and coarse. ........co.oeeooiiiiiiiiii b 8 1,363
'%hale% so:t{l}%llle. ot ey 82 i, 445
'wenty-fo sand, Soft, Eray, Ary...ccoueieeitmenim e 7 ,452
8hale, S00t, DIUO. . ¢ e et ettt 48 1,500
Twenty-ﬂ(’th sand, soft, gray, salt water.......... ... 25 1,525
SA1e, 80T, DIUG. - s e eavsemseemseneannrnanenensnnnsensnennnennananananeaeaeananananan 70| 1,59
Twenty-sixth sand, soft, gray, salt water. . ... .. ..o . i, 20 1,615
Shale, S0ft, BIUB. . ..o ee e i 60 1,675
Twenty-seventh sand, soft, black, dry and coarse. ... .....o.oooooiiiieriiiiieaoninnaan 20 1,695
8hale, 801, DIACK. o v eenn ittt it iaetoteacasaat e aaeaaaanas 15 1,710
Lime, black, bard..... esemesustatstasetaennecas erestoasssearnasnstasnseratsas 20 1,730
GhA160, S0ft, BIACK. 1 vnnvnnssnsonennsoeesososse s e e e ee st 3| 1,765
Lime, hard, gray.eernrenneenii il ORISR s NP 0| 1,75
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.' Log of C. B. Shaffer well No. 1 on J. D. Jameson farm, Montague County;

Tex.—Continued. .
Thick-
ness Depth.
Feet. | Feet.
Shale, S0ft, DIUO. . 2 e e v eeeec i ee et eee e e aaar e earaaan e 55 1,830
Twenty-eighth sand soft, gray, slight salt water. .. _..........o..oioiiiiiiiiiii., 15 1,845
Shale, soft, blue........coviiiiiiiiiieremnennennaa.. ettt teeeeieeeenateeanaaas 10 1,855
LAMO, BATA, WRIES. - - -onn oo s oo so s ee e e oo 2| 1875
Shale, [0 S0 - RN 40 1,915
Lime, hard, w! 1te ettt aeeaaas 10 1,925
Shale, soft, gray.......... s e et eeene et e e araeaeaeanaan ceen 30 1,955
Lima, harci P hibe, 15| 1970
Shale, soft, gray ................................................. ererraeeaeas 50 2,020
Twenty-ninth sand, soft, gray, much salt water. . 20| 2,040
Shale, soft, gra; 35 2,075
Lime, haré whlte 10 2,085
Shale, soft gray 15| 2,100
Lime, hard, whit 10! 2110
Shale soft, gra 20 , 130
Thirtfeth sand, hatd, gray, much sait water................. ceee 10 2,140
Shale, Soft, graY.....cvvroerraaerrenerrenenennn e eeeeeieaeeaeas 20 2,160
Thlrty-ﬁrst sand, soft, gray, much salt water.........................L 15 2,176
Shale, S0ft, BIAY .. e e cee it aeiiiiaeieii v 5 2,180
Thirty-second sand, soft, gray, much salt water....................... 40 2,220
Shale, SOft, BraY. ... oo cecieereraenceecacaaanaacearaeeaannneaaans 5| 2,225
’l‘hlrty thir sand, hard, gray, much salt water.................o.ooe 15| 2,240
Shale, sof‘tmﬁ:a ..................................... ceas 5 2,245
Thirty-for sand, soft, brown, much salt Water............ccoiiiiiiiiieeniiiiaias 1 2,246

Small showings of both oil and gas are reported from Cook and
Denton counties and a well 2,365 feet deep has recently been sunk
about 6 milés south of Denton by J. S. Darnall, of Denton,and P.L.
Tippett, of Gainesville. These men are drilling another well between

Myra and Red River in Cook County.

Small showings of oil are reported in some wells in the eastern
part of Dallas County, but on the whole the sands underlying Dallas
and Tarrant counties seem to have lost all the oil, gas, and salt water
they ever had and are now filled with fresh water. A mile east of
Paradise in Wise County good showings of oil are reported and a log

of one well follows:

Driller's log of well 1 mile east of Paradise.

hick-
’1;miscsk Depth
ci Feeé. Feez.5
E:N
Quicksand........ 35 40
Sand, whn:e, water 20 60
Sand and shells. 10 70
Sand, water..... 10 80
“Gi prock" ..... ceen e ieeariienaaaaa rerereiieanan 4 84
CPTIVALlY ?? SANA. e eeeee it el .. 14 98
SN TOCK oot s 2 100
PACK SAIA - -« eeee et et et e ettt et eteaea e e aeaaaas 10 110
GUMDO, TOA. - - ettt e 6 116
1372840 I 1103 6 122
Sand rock “crystalhzad” ettt e eaeeeeeeeaeneeeeaeeeaeeaeeareeaeaaan 3 125
Pack san(f ................ . 13 126%
13 128
Shale, blue.eeernuaerrieirrnncanncnanns 6- 134
20 154
33 1573
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Driller’s log of well 1 mile east of Paradise—Continued.
Thick-

ness. Depth.
Feet.

1603
165
170
173
181
190
246
272
292
297
309
310
328
330
333
340
3;4
373
Gumbo....cee... e 374
Band, S8LE WALET - ... oo 376
Sandrock, hard......oooiiieii i IR, 23 399
Gumbo...caeen-n 4 403
Bhal0, BIUO. ¢ e eee et e 4% 407
53 1412 1 253 660:
ChalK (N0, 1) e aneee ettt ettt ettt e eaas 13 673,
1) Y SRR 2% 676
Shale, DIUe. cunnn e e anaaaenaeaeaaaaaan 10 686
+8and, ShOWInG 01l e ennn e e 30 718
L6 o 26 742
B T LS PP 4 748
Shale, blue, @ark COlOT. .« ..o et 2 748
SaNATOCK, BTAY evvnnereeeeeeneiinee et caaaaaaannnan . .. 12 760
Shale, blue........... JU 7 767
Sand, salt water; set 8- 1 768
Sand rock, bard, white . 46 814
Gumbo..ceeuunnn.- 34 848
Shale, blue........... 8 856
Shale, blue, with strea 10 868
Sand, blue....... 5 871
| S, 46 917
Sand, hard 3 920
Sand rock, 3 923
Packed sand 3 926
Sand rock, gray (soft p; 2 928
Lime rock, soft....... 6 934
Shale, har&, gray. 7 941
Sand rock, gray, a 7 948
Packed sand, hard... 20 968
Shale, hard, blue. 144 1,112
Sand rock.......... 4 1,116
Shale, blue, and lime shells....... ..ot 114 | 1,230
Soft 0BT (1TK8 BSPNALEY + « ve e eee e e ean e e emaieee e eeeeam et aenaaann 1| 1,231
F T2 L 3 1TV .. 9 | 1,240
SANA TOCK, BT ¢ e e v et em e e ee e aearaa s amesanamreenaiaenanaaeanarsaan s 6 1,246
Shale, hard, BIUe. ;. cxeesee e ti o ieie it ie e ee e e e anaeeeaeane s 44 | 1,290
Sand rock, soft, gray, and quartz .........ocooeiiiiii i 6 1,296
Shale, blue, hard. .. .....oeeii e 24 | 1,320
[SEY o6 000101104 - U 2 1,322
£ L T D 2 1,324
Sand 1ock, hard, BIaY ... e ee et i eiee e iieie et 8 1,332
Shale, hard, blue. . ... .o eovi et et e e et 3 | 1,335
C0al, CaNMel. . . ie it i ieieeeieieeiieeaee e aeaana 2 1,337
£ T LT ) g 5 | 1,342
Shaleand sand shells..........coooeiiiiiiiiiiiiiiiiiiian... et 6 1,348
[Ty LT ) Y PPN 39 | 1,387
Shale, BT, BTaY e - n e e e e et ieieea ittt et e et an e aaeaeaaaaaas 4 1,301
SANA TOCK, BIBY e ce et eaeenanraasseetsaasesnrenneeeessaseseasssnassnocasassosanassnnanes 16 1,407
Shale, Bard, DIU. . - eu et treet et eam e et 26 | 1,433
SaANA TOCK, SOft, BTy o e eenie it ie et i e et et e iieei e et e e etaaaanas . 3 1,436
Shale, hard, DIUE. . . e ien ettt it e e e ee e eaaaas 4 | 1,440
Sand rock, gray, and gas (verY POLOUS TOCK) e+ e v e ceeeeancceeaacneranaaanencnenancnnns 16 | 1,456
Shaleand hard Iimestoneshells. . cv..ooeeuiniien e 14 1,470
1 )T LA 4 P 10 1,480
Sand, Soft, White. ....ceeeiereimaiii i 5 1,485
Shell, hard, lImestone. . .. ....o.ooeeeineemeeeneaneaeanaaanennn. .| 10 | 1,495
LT T O O PR, 5 | 1,500

» . 2
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In the southwest corner of Throckmorton County a gas well re-
ported to have a capacity of 20,000,000 cubic feet is 1,060 feet deep.
Several other wells have been drilled, some to much greater depth,
but none have been successful.

UNDISCOVERED POOLS.

Geologic indications.—The geology of the region extending north
and west of Dallas and Fort Worth for 150 miles is, as already stated,
generally favorable to the origin, accumulation, and preservation of
gas and oil pools. All considerations, both practical and theoretical,
point to the existence of undiscovered pools both of gas and of oil in
the region. The favorable geologic conditions may be summarized
as follows:

1. The rocks of the region belong to the Carboniferous and Cre-
taceous systems, which contain much gas and oil in other regions.
Such rocks as the pre-Cambrian, which nowhere contain valuable
pools of gas or oil, are not found, or lie so far below the surface that
they may be left out of consideration. 4

2. The general structure is favorable. The layers of rock have the |
form of a broad, shallow basin or geosyncline, and most of the gas and
oil of the world occur in such general basins. The rocks lie nearly
flat and at some places, particularly betweew Fort Worth and Red
River, have a broad terrace form.

3. The details of structure are locally favorable. Though the beds
lie nearly flat, their general attitude is at many places modified by
irregularities of various kinds, and here and there they are undoubt-
edly arched up into well-developed domés and anticlines, as has
been shown by observations made in similar basins elsewhere and
by the conditions existing in those parts of this basin that have been
tested.

4. The chemical composition of the rocks shows that they may have
been the source of large quantities of oil and gas. Carbonaceous sedi-
ments, including coal, though not so abundant as in some other re-
gions, are very common.

5. The physical nature of the rocks also shows that they are well
suited to accumulate and retain gas and oil pools. They include many
layers of open-textured sand of various degrees of porosity, in more
or less lenticular beds. These sands make up less than half of the
rock, a faét favorable to their retention of pools of oil and gas, because
it makes the washing out of the beds with fresh water difficult or
impossible.

6. The history of the rocks has been favorable to the accumula-
tion and retention of pools. With the exception of those underlying
Dallas, they have apparently not been tilted back and forth until
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all the original fluids in the sands have migrated elsewhere. Salt
water; which is considered an indication of slight or no underground
circulation, is found almost throughout the reglon, and it may be
fossil sea water which has not been shifted far since the beds were
deposited. '

7. The rocks have been under sufficient pressure to induce the
degree of metamorphism required to separate the hydrocarbons that
make up gas and oil, but have not been so much compressed as to
drive these fluids out of the region and leave nothing but carbonized
remains. David White, in discussing this subject recently, has
pointed out that the quality of gas and oil found in any rocks shows
a relation to the stresses to which the rocks have been subjected
and has suggested that gas pools are likely to be most numerous on
the sides of an oil region that lie nearest to regions in which the rocks
have undergone greater stresses. According to this principle, gas.
pools should be most numerous on the east side of this oil and gas
region.

The discovery of new pools may undoubtedly be hastened by care-
ful studies of the rocks, made to determine the most promising places
for drilling. Without such assistance in finding pools, the cities
of Fort Worth and Dallas will probably fail to obtain abundant
supplies of natural gas unless they draw supplies from Oklahoma
or other distant fields. As the country is developed, and as the oil
and gas resources gradually become exhausted, more wildcat wells
will no doubt be drilled and greater care will be taken to drill them in
the most favorable places. The search for gas and oil pools should
" begin with domes and anticlines, for they are by far most likely to
contain such pools. Later explorations should extend to structures
less favorable, and finally to regions in which the underground struc-
ture can not be determined because significant outcrops are poor or
are lacking. .

Inferences based on experience and on the doctrine of chances.—
The proportion of wildcat wells that have been successful in the
region under discussion indicates that if it were practicable to make
tests of each square mile, a good many more gas pools would be found.
Such a series of tests is, of course, as yet out of the question, but illu-
minating inferences may be drawn from the results of the somewhat

random wildcatting and the proportion of successful wells. The
importance of these tests becomes more obvious when the law of prob-
abilities is applied to them and the fact is remembered that in some
counties, es<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>