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GEOLOGY AND UNDERGROUND WATERS OF THE 
WICHITA REGION, NORTH-CENTRAL TEXAS. 

By C. H. Gorpon. 

INTRODUCTION. 

Location and area.—The region considered in this report is a part of 
north-central Texas. Red River forms its northern boundary, and 
it comprises Montague, Clay, Wichita, Wilbarger, Hardeman, Foard, 
Knox, Baylor, Archer, Jack, Young, Throckmorton, and Haskell 
counties. Its area is approximately 11,139 square miles, and its pop- 
ulation, according to the census of 1910, is 158,046, an increase of 
78,215 over the population in 1900. 

The United States Geological Survey has prepared atlas sheets cov- 
ering Montague County and the tier of counties bordering the Wichita 
region on the south (Palo Pinto, Stephens, Shackelford, and Jones), 
but for the remaining portion no accurate base maps are available. 
Plate I is based chiefly on Hill’s map of Texas. 

Purpose of the investigation.—This region depends for its water sup- 
plies almost wholly on surface waters, which are insufficient, so that the 
problem of finding underground sources of potable water in sufficient 
quantities is of great importance. The field investigations were 
directed to the determination of the geologic conditions with a view 
to locating water-bearing formations that might be available sources 
of water. The region is one of interest to geologists because of the 
stratigraphic problems occurring within its boundaries. On these 
problems numerous papers have been published, in which wide differ- 
ences of opinion are expressed concerning the stratigraphic relations 
of the beds. The explanation of the discordant views concerning the 
stratigraphy of the region is found (1) in the diverse character of the 

formations and the lack of satisfactory exposures, which render the 
tracing of formations and their correlation even at points not far 
distant from each other difficult or impossible; (2) in the lack of 
detailed investigation and of accurate maps; and (3) in the lack 
of knowledge in regard to the life and relations of the American 
Permian. 

o
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Field work and acknowledgments.—Portions of the field seasons of 
each of the years 1906 and 1907 were devoted to investigations for 
this report. During the first season the work was done by the writer 
alone. During the second season he was assisted by Messrs. Leon F. 
Russ, of the University of Texas, and Frank Brock, of the University 
of Kansas, to whose efficient services he is much indebted. The 
necessity for rapid work in a region so difficult of study makes the 
adequate treatment of the stratigraphic problem impossible, but it 
is believed that the results of the investigation constitute an impor- 
tant if small contribution to the solution of the problem connected 
with the much-discussed ‘ Red Beds” of Texas. 

LITERATURE. 

Much of the literature relating to this region is widely scattered, 
and no attempt is made to present here a complete bibliography of it. 
The effort has been made, however, to compile a list of the writings 
of chief importance on the problems involved in the preparation of 
this report. For a more exhaustive record of the publications relating 
to the geology of Texas the reader is referred to the excellent bibliog- 
raphies of Hill * and Simonds.? 

Apawms, G. I., Stratigraphic relations of the Red Beds to the Carboniferous and Permian 
in northern Texas: Bull. Geol. Soc. America, vol. 14, 1903, pp. 191-200. 

Beebe, J. W., Invertebrate paleontology of the upper Permian Red Beds of Oklahoma 
and the panhandle of Texas: Sci. Bull. Kansas Univ., vol. 4, No. 3, March, 1907, 
pp. 115-172. 

Case, E. C., New or little-known vertebrates from the Permian of Texas: Jour. 

Geology, vol. 11, 1903, pp. 394-402. 

——— The osteology of Embolophorus dolovianus, with an attempted restoration: 
Jour. Geology, vol. 11, 1903, pp. 1-28. 

The character of the Wichita and Clear Fork divisions of the Permian of Texas: 

Bull. Am. Mus. Nat. Hist., vol. 23, 1907, pp. 6569-664. 

The Permian of Texas: Am. Jour. Sci., 3d ser., vol. 43, 1892, pp. 9-12. 

On the value of the evidence furnished by vertebratg fossils of age of certain 
so-called Permian beds in America: Jour. Geology, vol. 16, 1908, pp. 572-580. 

Coreg, E. D., Description of extinct Batrachia and Reptilia from the Permian forma- 
tion of Texas: Proc. Am. Philos. Soc., vol. 17, 1878, pp. 518 et seq. 

Contributions to the knowledge of the fauna of the Permian formation of Texas 
and the Indian Territory: Proc. Am. Philos. Soc. (various papers). 

Cummins, W. F., The Permian of Texas and its overlying beds: First Ann. Rept. 
Texas Geol. Survey, 1889, pp. 183-189. 

Report on the geology of northern Texas: Second Ann. Rept. Texas Geol. 
Survey, 1890, pp. 357-552. 

Notes on the geology of northwest Texas: Fourth Ann. Rept. Texas Geol. 
Survey, 1892, pp. 177-238. 

Texas Permian: Trans. Texas Acad. Sci., vol. 2, 1897, pp. 93-98. 

Drake, N. F., Report on the Colorado coal field: Fourth Ann. Rept. Texas Geol, 

Survey, 1892, pp. 355-460. 

  

  

  

  

  

  

  

  

1 Hill, R. T., The present condition of knowledge of the geology of Texas: Bull. U. 8. Geol. Survey 

No. 45, 1887. 

t Simonds, F. W., A record of the geology of Texas for the decade ending Dec. 31, 1896. Trans. Texas 

Acad. Sci., vol. 3, 1899, pp. 17-296.
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PHYSIOGRAPHY. 

The surface of the region constitutes in the main a gently eastward- 
sloping plain dissected by well-marked systems of drainage. It has 
an elevation of about 1,000 feet above sea level at the east and about 
1,600 feet at the west, showing an average eastward slope of about 
5.5 feet to the mile. The valleys are relatively wide and are bounded
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by abrupt escarpments within which the rivers flow in broad, shallow 
channels. During stages of high water the channels may be filled 
from side to side, but in dry seasons the streams may shrink to the 
dimensions of brooks and may wind about through the sands of the 
wide flood plain. 

Extending through Shackelford, Throckmorton, and Baylor coun- 
ties, from Albany north to the vicinity-of Harrold, is a series of rock 
terraces along which the surface descends in a succession of escarp- 
ments 150 to 250 feet in height. These scarps mark the outcropping 
edges of limestone strata which constitute a prominent feature of the 
Wichita formation toward the south. Scattered over the plain sur- 
face in the western part of the area are many eminences rising from 
100 to 200 feet above the general level; they are remnants of an 
older plain surface, the main portion of which lies to the west of the 
area. 

Owing to the change in the character of the formations in the 
terrace belt in their northward extensions, the contrast in relief that 
is notable in the western and eastern portions of the region becomes 
less well defined in the northern portion and appears only in the 
increase of gradient in the surface level, as shown, for example, in 
the profile of the Fort Worth & Denver City Railway. 

The plain lying to the east of the terrace belt is moderately dis- 
sected by the streams and their tributaries, but the relief on the 
whole is not so marked as in the higher surfaces on the west; in general 
the stream valleys are wider and shallower and the interstream areas 
more worn and rounded. Instead, therefore, of level interstream 

areas trenched by narrow and deep channels, as in the western part 
of the region, the eastern part has an irregular rolling surface of mod- 
erate relief. The explanation of these physiographic features is to 
be found in the effects of erosion as determined in large part appar- 
ently by the character of the rocks. 

CLIMATE. 

The region lies at the border of the semiarid portion of the United 
States. The mean annual rainfall ranges between 32 inches in the 
eastern and 23 inches in the western part of the region. The mean 
annual temperature is 64° F. in the eastern part and 60° F. in the 
western part. 

The line of 20 inches of annual rainfall, which is the approximate 
limit of agriculture without irrigation, follows closely the foot of 
the Llano Estacado, about 60 miles west of the region here discussed. 
The average annual rainfall in the Wichita region is 29 inches. In 
the eastern half of the region the average is nearly 31 inches; in 
the western half it is about 26.5 inches. The westernmost tier of 
counties, Hardeman, Foard, Knox, and Haskell, have an average
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of 25 inches. The maximum precipitation occurs in the eastern- 
most counties, Montague having 35 inches, Clay 32 inches, and 
Jack 33 inches. The records show in general a regular decrease in 
rainfall from the east toward the west, but Wichita County departs 
from the rule in having an average fall of only 25 inches, which is 
less than that of any of its adjoining counties—Wilbarger and Bay- 
lor on the west having 28 inches each, Aresher on the south 30 inches, 
and Clay on the east 32 inches. The rainfall in this portion of the 
State comes mainly from the Gulf of Mexico and descends most 
abundantly in the winter. 

SURFACE WATERS. 

The drainage of the region is toward the east and southeast, in 
the direction of the general slope. The northern half is drained 
by tributaries of Red River, chief of which are Wichita, Little 
Wichita, and Pease rivers. The southwestern portion is drained 
by the Brazos through its two main tributaries—Salt and Clear 
forks—and the southeastern portion is drained by the West Fork 
of Trinity River. Only the large streams have permanent supplies 
of water, and in.dry weather even these dwindle to mere brooks. 

The unindurated character of the formations over considerable 
portions of the district favors rapid erosion during times of freshet 
and the larger streams are choked by the abundance of material 
supplied to them by their tributaries. They partake, therefore, of 
the nature of overloaded streams. Except in times of freshet the 
bottoms of the wide channels are covered with sand bars, and much 
of the water sinks below the surface. Owing to the treacherous 
character of these beds of sand, the fording of the streams often 
becomes a matter of considerable difficulty and even of danger. 

Interesting examples of the physiographic development of valleys 
are presented in the streams of the region, especially by the Brazos 
and its tributaries, Salt and Clear forks. Tarr! has called attention 
to the superimposed character of the drainage of the region and to the 
differences in the work accomplished by the Brazos and the Colorado. 
He remarks that the Brazos, owing to the accidental selection of a 
region of softer rocks, has had the advantage in the struggle for 
drainage territory and has been enabled ‘‘to push the divide close up 
to the Colorado in territory which under more favorable circumstances 
should belong to the latter stream.” The general course of the Brazos 
and its tributaries has been selected without reference to the struc- 
tural character of the beds upon which it flows; nevertheless, the 
effect of variations in the hardness of the rocks is clearly registered 
in the differences in the work accomplished by the streams in the 
different parts of their courses. Both the Clear Fork, from the point 
  

17Tarr, R. 8., Superimposition of the drainage in central Texas: Am. Jour. Sci., 3d ser., vol. 40, 1890, pp. 

359-362.
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where it enters Shackelford County to its junction with the main 
stream, and the Brazos itself, to and beyond the point where it leaves 
the region, flow with serpentine courses in comparatively narrow 
valleys with more or less prominent rock escarpments. In this portion 
of its course the Brazos has been working upon a series of rocks in 
which hard limestones are conspicuous. On the other hand, the 
Salt Fork flows throughout most of its course upon softer beds in 
which it has excavated a valley much wider than that of the Clear 
Fork or that of the main stream below the junction. The serpentine 
course so characteristic of the Clear Fork and of portions of the Brazos 
is not a feature of the Salt Fork. West of Seymour the stream flows 
in a valley 2 to 4 miles in width which has been excavated to a depth 
of 50 to 60 feet below the general plain level. An important stage in 
its physiographic history is recorded in the remnants of a terrace 
which occurs about 25 feet above the present flood plain. At Seymour 
the river crosses a belt of limestone and for several miles is confined 
within a rock-walled valley not exceeding a mile in width. After 
passing this obstruction the valley again widens to 4 or 5 miles. The 
25-foot terrace probably finds its explanation in the obstruction at 
Seymour, but their relation has yet to be determined. 

DEEP WATERS. 

Occurrence.—The water which permeates the rocks has its source in 
the rainfall. It does not come wholly nor, it may be, mainly from the 
local precipitation, but may be derived from some far-distant region 
where the rocks come to the surface and form catchment areas for 
the rain. This is especially the case where deep-lying rocks are 
overlain by impervious strata which effectually prevent the water 
falling locally from finding its way into the strata below. Shallow 
wells derive their supplies from the rainfall of the immediate locality 
or from closely adjacent regions. 

The upper surface of the ground water, called the water table, 
conforms in a general way to the surface of the ground, being higher 
under elevated areas than under valleys. The depth to the water 
level is, however, generally greater under the hills than under the 
valleys. Where the streams have cut their valleys to the level of the 
water table, springs and seeps abound along the valley sides. The 
fact that the water obtained from shallow wells comes from the 
surface suggests the dangers involved in their use, especially where 
they are most liable to contamination, as in towns and cities. Many 
people suppose that any contaminating elements absorbed at the 
surface by the water will be soon removed in its course through the 
ground, but this is not invariably the case. Some deleterious sub- 
stances go into solution and can not then be removed by filtration, 
and certain injurious microbes sometimes present along with harmless
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ones in the soil waters may find their way for long distances under- 
ground. The waters obtained from deeper sources are rarely subject 
to surface contamination. 

Relation to rock structure.—The distribution of underground waters 
depends on the character and the arrangement or geologic structure of 
the rocks. A knowledge of the geology of the region is therefore 
necessary in order to understand the underground water conditions. 
Rocks which have had their origin as sediments at the bottom of some 
body of water are arranged in a succession of layers, varying according 
to the character and abundance of the materials supplied and the con- 
ditions under which they were deposited. Normally the different 
strata would lie in regular succession, the oldest being at the bottom 
and the youngest at the top. The strata were not laid down in a per- 
fectly horizontal position and, moreover, in most places they have 
been somewhat tilted since they were deposited. In view of this 
inclination of the beds and of the fact that erosion has modified the 
surface of the land, each stratum is likely to make its appearance at 
the surface somewhere, under conditions determined by the character 
and thickness of the rock bed, the dip of the strata, and the surface 
relief. A rock sheet, therefore, consists of two related parts, the out- 
crop, or exposed portion, and the embed, or portion which is concealed. 
As a rule the embed is by far the larger part of the stratum. In a 
water-bearing stratum the outcrop is its main catchment area and 
the embed constitutes the storage reservoir. 

The capacity of rocks for absorbing water varies greatly. Rocks 
of open texture, like sands, sandstones, and gravels, imbibe water 
freely. Rocks of close texture may be nearly or quite impervious. 
Thus slate, marble, and granite imbibe very little water unless they 
are fractured. Limestones may become water bearing through the 
development of spaces and channels by solution. The conditions 
which determine the availability of deep-lying water are (1) the 
presence of a water-bearing stratum capped by an impervious stratum 
whereby the water is prevented from being dissipated into the adjoin- 
ing beds; (2) a sufficient outcrop or catchment area in a region of 
sufficient rainfall to furnish a water supply; (3) an inclination of the 
water-bearing bed not so great as to carry it too quickly beyond the 
reach of the drill; (4) the absence of openings which will permit the 
escape of the water at a level below the well; (5) such relation be- 

tween the elevation of the outcrop and that of the top of the well that 
hydrostatic pressure will bring the water to the surface or so near to 
it as to be economically available by pumping. 

Quality of underground waters.—All underground waters are min- 
eralized to a greater or less extent. The composition of the waters is 
determined by the character of the rocks through which they pass 
and the kind and proportion of mineral ingredients which they take
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into solution. Moreover the quantity of mineral matter taken into 
solution is likely to be greater in proportion to the distance from the 
point of entry. Hence water from shallow wells in the catchment 
area of formations which contain much soluble mineral matter may 
be fairly good, while that from the same formations under cover may 
be too highly charged with deleterious mineral matter to be used. 

To yield abundant and satisfactory supplies of water the water-bear- 
ing stratum should be sufficiently porous to permit the free movement 
of the water and should contain only asmall proportion of readily soluble 
mineral compounds which render the water bad for use. The most 
abundant of such substances in this area are the carbonates and sul- 
phates of calcium, magnesium, and sodium and the chloride of sodium, 
or common salt. The prevailing type of water from the Permian beds 
is highly charged with sulphates, carbonates, calcium, magnesium, 
and sodium, and the water of the Carboniferous rocks is for the most 
part strongly impregnated with salt. The mineral ingredients of 
rocks are not uniformly distributed, and hence wells at different places 
in the same formation may yield water very unlike in quality. For 
example, at Graham and Jacksboro wells in close proximity to each 
other yield water that is wholly unlike in quality. (See analyses Nos. 
2 and 3, p. 77.) 

Fluctuating wells.—According to G. A. Stafford, of Belcherville, 
who has put down a number of wells in Montague County, water in 
many wells in the county whose depth is from 60 to 120 feet is lowered 
when the wind blows from the north. On the other hand, it is 
said that the water in some shallow wells is lower when the wind is 
from the south. The probable explanation is that the ground-water 
level is affected by changes in barometric pressure. With decrease 
in barometric pressure the water will rise, and with increase in pres- 
sure it will descend. Such wells are often called ‘weather wells,” 
from the fact that they indicate the change in weather which is also 
indicated by the change in barometric pressure. With this phenom- 
enon is sometimes associated a clouding or boiling of the water. 
This also is probably due to change in barometric pressure, which 
affects the water surface over a large area and causes a movement 
whereby the water gathers up the fine clayey material in the sand- 
rock and thus becomes cloudy. In some wells there is a daily fluc- 
tuation, the rising and falling accompanying the daily change in 
pressure, or it may be the changes of temperature. The fine material 
in the water of this region contains a considerable percentage of iron 
oxide, and cloudy water taken from a well requires a considerable 
time to settle. This appearance is sometimes taken as an indication 
of oil, and some persons even assert that the water smells of oil. 
Although it is not improbable that oil exists in small quantities in



GEOLOGIC FORMATIONS. 13 

the rocks of this region, it is the opinion of the writer that the sup- 
posed indications of oil are due to the presence of the iron, a very 
small quantity of which is sufficient to give the appearance described. 
In favor of this conclusion is the statement of Mr. Stafford that the 
water, after standing for some time, tends to clear at the top by 
settling, whereas if oil were preseat it would remain at the top. 

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING 
CAPACITY. 

GENERAL RELATIONS. 

All the rocks of this region are of sedimentary origin, except possi- 
bly a deposit at Red Bluff, near Vernon, which is said to be volcanic 
ash.! Except in the Cretaceous area in the eastern part of Montague 
County the basement rocks are all of Carboniferous age (Pennsyl- 
vanian or Permian). They consist of limestones, clays, shales, 
sandstones, and conglomerates. The shales and sandstones in 
many places are soft and yield readily to erosive agencies. The 
limestones are harder and more resistant and appear in outcropping 
ledges and rock terraces, which in some localities constitute notable 
features of the topography. 

The Carboniferous strata have a general west-northwest dip of 
about 25 to 30 feet to the mile, though locally they are horizontal or 
dip in the opposite direction. No faulting o1 extensive folding was 
observed within the region. That the formations have suffered 
pronounced erosion is shown by the present configuration of the 
surface and by the indications that in former times the region was 
covered to a considerable depth by rocks of which only traces remain. 
Triassic and Jurassic beds are not known in this region, though 
formations of Triassic age doubtless supplied much of the material 
composing the Pleistocene gravel beds in the Seymour formation. 
Hill? and Tarr? have shown the former extension of Cretaceous rocks 
over large areas in central Texas from which they have been removed, 
though Comstock * takes an opposite view with reference to the 
“central mineral region.” The only Cretaceous rocks in place within 
the region here considered are in the eastern part of Montague 
County, which belongs to the main Cretaceous area lying farther 
east. In the region south and west of this area remnants of Creta- 
ceous formations occur as isolated knobs and buttes, which indicate 
the former extension of the Cretaceous over the Carboniferous area 
as far north as Wichita River and possibly into Oklahoma. Cum- 
  

1 Soil survey of the Vernon area: Field Operations Bur. Soils for 1902, U. S. Dept. Agr., p. 369. 

3 Hill, R. T., Geography and geology of the Black and Grand prairies, Texas: Twenty-first Ann. 

Rept. U. S. Geol. Survey, pt. 7, 1901, p. 108. 

3 Tarr, R. S., Am. Geologist, vol. 9, 1892, pp. 169-178. 

¢ Comstock, T. B., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 663-664.
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mins ! is of the opinion that the Cretaceous extended in a narrow belt 
across the southern border of the Carboniferous, but not as far north 

as Wichita River. The presence of worn Cretaceous fossils in abun- 
dance in the surficial gravels and sands in Haskell and Knox coun- 
ties indicates the former extension of Cretaceous beds far beyond 
their present limits. The Tertiary appears to be unrepresented in 
this region, but the character of part of the material composing the 
Seymour formation (Pleistocene) suggests that some of it was 
derived from Tertiary beds whose remnants outcrop in the escarp- 
ment of the Llano Estacado to the west of this region. In the valley 
of the Wichita, in Wichita County, there are some gravels which 
may possibly be of Tertiary age. Prior to the Cretaceous period the 
Carboniferous strata suffered great erosion, and upon the beveled 
edges thus produced the Cretaceous sediments were laid down. As 
the Cretaceous beds dip toward the southeast, the rainfall in the 
Cretaceous area of this region is drained away in the same direction 
through the porous beds. The principal catchment area for the 
Carboniferous terranes probably lies west of the boundary of the 
Cretaceous formations. 

As the surface of the land rises to the west, in the direction of the 
dip, the prospects of obtaining flowing wells are poor except in 
localities near the outcrop of the water-bearing beds where erosion 
has locally lowered the surface level below that of the artesian heads. 
Such localities exist in the southeastern part of Stephens County, the 
western part of Jack County, and the western part of Montague 
County. 

J CARBONIFEROUS SYSTEM. 

PENNSYLVANIAN SERIES. 

CLASSIFICATION. 

The undoubted Pennsylvanian rocks of the region are divided into 
three formations, the division being based on differences in litho- 
logic and stratigraphic character. From above downward these 
formations are as follows: 

Section of Pennsylvanian formations in Wichita region, Texas. 

Cisco formation (clay, shale, conglomerate, and sandstone with sion 
some limestone and con). ccnavei annie st inane daa aan 800 

Canyon formation (alternating beds of limestone and clay with 
some sandstone and conglomerate). ........cienaieiiinanana.n 800 

Strawn formation (alternating beds of sandstone and clay with 
some conglomerate and shale; the lower thousand feet consists 
of blue and black clay locally containing beds of limestone, 
sandstone, or sandy shale, and a coal seam at top)............ 1, 900 
  

1Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 370-371.
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STRAWN FORMATION. 

GEOLOGY. 

The upper three-fourths of the Strawn formation as here defined 
consists of sandstones alternating with beds of blue clay. It contain 
some conglomerates and shales, but they are not abundant, and 
limestones are rare. The sandstones are usually massive, of a light 
gray color, which changes very little on exposure, and they afford a 
very good building stone. The rock consists largely of angular grains 
of white quartz with some red grains and some mica. It contains a 
little cement, which is mostly siliceous, though. calcareous and argil- 
laceous materials occur in some of the beds. The thickness of these 
upper beds is estimated to be 800 to 900 feet in this region. They 
thicken toward the south, in central Texas, where they are said 
to have a thickness of 3,000 feet. The lower portion, about 1,000 
feet thick, was originally called by Cummins! the Millsap divi- 
sion, but these beds were later included by him in the Strawn forma- 
tion, from which, he states, they are inseparable to the south. It is 
his later definitions of the Strawn formation that are here recognized, 
and “Millsap” is abandoned.? These lower beds have a compara- 
tively small outcrop, being largely concealed by an overlap of the 
Cretaceous to the east. This overlap makes a very definite deter- 
mination of their thickness impossible, but it is estimated at about 
1,000 feet. The beds appear at the surface only in the extreme south- 
eastern part of the region, the westerly dip carrying them below the 
surface in the remaining portion. These lower beds consist largely 
of blue and black clay, with a few beds of shale, sandstone, and lime- 
stone. The limestones are compact and hard and according to Cum- 
mins have been used for macadam on the streets of Dallas. Toward 
the south these beds, if present, are completely concealed from view 
by the Cretaceous. They reappear in the northern part of Erath 
County. According to Cummins? a deep well at Thurber passed 
through 1,000 feet of blue clay, with some sandstones and limestones, 
belonging to this division. At the top of the beds is the coal seam 
which Cummins designates No. 1. 

WATER RESOURCES, 

Portions of the lower beds of the Strawn formation are porous and 
water bearing and are reported to contain gas in some localities. 
At Gordon and Thurber gas and water are found in this part of the 
  

1Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 372-373. 

2 Prof. Cummins, being asked for his opinion regarding the usefulness of the term “Millsap,” writes as 

follows, under date of November 18, 1912: “If was my intention to abandon the name ‘Millsap’ and include 

the strata in the Strawn division. In all my publications after the first and second reports the name 

Millsap was not used. I thought it the better plan. The beds referred to the Millsap in the northern 

field could not be separated from the Strawn in the southern field. The name Millsap for the Texas field 

ought to be abandoned.” 

8 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, p. 374.
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formation. The water contains too much salt to be of general use, 
and hence these beds can not be utilized as a source of water supply. 
The sandstones in the upper part of the formation likewise contain an 
abundance of water, and in the area of its outcrop water is obtained 
in shallow wells at depths ranging from 15 to 50 feet. Several 
flowing wells in Palo Pinto County derive their supply from this 
formation. In one of these, at Gordon, in the southern part of the 
county,! the water-bearing stratum was found at a depth of 485 feet. 
The well is reported to have a flow of 1 gallon a minute of salt water 
accompanied by some gas. Another well, 4 miles north of Gordon, 
is 498 feet deep and has approximately the same flow of water. 

It is not probable that in their extension under cover westward 
these beds would undergo any change in character that would improve 
the quality of the water, and hence there is little likelihood that wells 
sunk to this horizon would furnish potable supplies. 

CANYON FORMATION. 

GEOLOGY. 

The Canyon formation consists of alternating beds of blue limestones 
and blue clays, with some sandstones and conglomerates. The 
limestones for the most part are massively bedded and constitute the 
distinguishing feature of the formation. Many of the beds are rough 
and irregular in texture and unsuited for building purposes, but 
some ledges furnish a stone of good quality. The few sandstones 
are more or less friable and porous. The formation has a thickness 
of about 800 feet. It outcrops in a narrow belt extending northeast- 
ward across Jack County. The west boundary of the formation 
enters at the southwest corner of the county, passes northeastward 
through Jacksboro and beyond, and thence curves eastward and 
meets the west boundary of the overlapping Cretaceous in the north- 
ern part of Wise County. : 

A general section of the upper part of the Canyon formation follows: 

Section of upper part of Canyon formation. 

1. Sandstones and clays (Cisco formation). Feet. 
0 TAGSIONG. a od Rn IE SR fi Tin ants duns Sas en ais 20-25 

3. Sands, sandstones, and conglomerates..................... 1004 
4. Limestone, massive, with thin beds of sand............... 20 

REL UT ee Ce Re pL 2 BE SLE Baan ed eet 80-125 
6. Sandstones with water and in places oil................... 10-20 

7A TTD ROL AR rel Ee he Sue LI Dee MR Ci Ae 15-20 

8. Limeslone.... oc. ones na raid a a RR 35 
  

18. Ex. Doc. No. 222, 51st Cong., 1st sess., 1890, p. 257,
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WATER RESOURCES. 

Limestone rocks as a rule are too dense to permit the free movement 
of water, but some limestones are sufficiently porous to absorb it in 
considerable quantities. Limestones are usually intersected by frac- 
tures, however, which offer passageways, and these the water by its 
solvent action enlarges, the rate at which enlargement takes place 
being determined by the amount of water, its character—especially 
as to the carbon dioxide contained in it—and the solubility of the 
rock. Underground channels and caverns are thus a characteristic 
feature of limestone regions. Near the top of the Canyon formation 
is a series of massively bedded limestones whose outcrop extends across 
the eastern part of Stephens County and the western part of Palo 
Pinto County, continues northeastward past Finis and Jacksboro, and 
disappears beneath overlying formations near the boundary between 
Jack and Wise counties. 

In the area where the Canyon formation crops out springs are 
numerous and water can generally be found in shallow wells. The 
water is found chiefly in the sandstone beds. The second of these 
from the top (No. 3 in the section) appears at the surface on Little 
Caddo Creek and at Finis and Jacksboro. Most of the wells, however, 
derive their supplies from the sands (No. 6) below the second lime- 
stone. This is the horizon of the water-bearing stratum in the wells 
at Jacksboro. The character of the water differs greatly in wells in 

- close proximity. In many of the wells good water is found, but not 
far away from a well of good water may be one in which the water is 
wholly unfit for use. To the west the Canyon formation is overlain 
by the Cisco formation. The depth of the beds increases in that 
direction because of the dip of the strata and the rise in the land sur- 
face. At Breckenridge, in Stephens County, the water-bearing beds 
of the Canyon formation can be reached at akout 250 to 300 feet, and 
at the west boundary of Stephens County at about 1,000 feet. In 
neither place are flowing wells likely to be obtained, though at Breck- 
enridge the water would doubtless rise within 50 or 100 feet of the 
surface. 

With increasing distance from the outcrop the water tends to 
become more highly mineralized, and it is doubtful if good water 
can be obtained from these beds at distances greater than 10 or 15 
miles from the outcrop. 

CISCO FORMATION. 

GEOLOGY. 

With the close of Canyon time the clear waters of that epoch gave 
place to shoal water and swamps, with a corresponding change in the 
character of the sedimentation—limestones becoming less conspicuous; 

~ 70056°—wsp 317—13—2
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conglomerates, sandstones, and sandy clays increasing in importance; 
and coal being formed here and there. These beds constitute the 
Cisco formation. The limestones are usually hard and irregular in 
texture and occur in thin isolated beds, chiefly in the lower and upper 
parts of the formation. About 200 to 250 feet above the base is a 
bed of coal called the Chaffin bed, which outcrops in the Colorado 
Valley, to the south, but is not found in the region here described. 
Near the top of the formation thin seams of coal and an abundance 
of plant impressions occur in bluish and gray sandy clays and sand- 
stones, along with a few thin beds of limestone. The main seam of 
coal, however, designated No. 7 in the Texas reports, is somewhat 
above the middle of the formation. This coal is usually from 30 to 
40 inches thick, with several partings of clay or shale. The outcrops 
of this bed of coal appear in a belt which enters Young County 8 or 9 
miles east of the southwest corner, extends northward past old Fort 
Belknap, bears eastward to the northeast corner of the county, 
thence extends eastward across the north end of Jack County, and 
makes its last appearance in the vicinity of Bowie, Montague County. 
Near Belknap it is underlain by 25 to 30 feet of shaly sandstone, 
beneath which is a bed of limestone underlain by another seam of 
coal 12 to 15 inches in thickness. This seam appears to be local, as 
it has not been found elsewhere. 

A feature of importance in the Cisco formation and one which it 
shares with the next succeeding formation is the series of changes 
observed as the formation is traced northward along the strike. 
These changes relate both to variation in lithologic character and 
to thickness of beds. In the Colorado Valley, interstratified with 
the sandstones, clays, and conglomerates, are six or more beds of 
limestone, each from 5 to 25 feet thick and all aggregating a thick- 
ness of 100 to 150 feet. In the southern part of the Brazos Valley 
the calcareous divisions are only about half as thick as they are 
farther south, and the clays show a corresponding increase in thick- 
ness. In Young County the calcareous material diminishes north- 
ward at an increased rate until at the northern boundary of the 
county the limestones have practically disappeared, and beyond that 
point they are represented apparently by irregular nodular masses of 
earthy limestone in a matrix of clay. With the thinning out of the 
limestones the shales ‘and sandstones increase in thickness. In 
Stephens County and farther south the shales are prevailingly blue 
and the sandstones gray. Red beds are dispersed sparingly through 
the formation. The blues gradually give place to reds until in the 
vicinity of Red River the red color dominates. In this part of the 
region the rocks consist, for the.most part, of red sandstones, clays, 
and sandy shales, with a few beds of blue shale and bluish to grayish 
white sandstones. Limestones are conspicuously absent.
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The thickness of the Cisco formation in the southern part of the 
region is estimated to be 700 to 800 feet. As to its thickness in the 
“Red Beds” area no very definite statement can be made. The 
transitional character of the sediments offers a serious obstacle to 
the determination of dip. In the main the formations appear to 
dip slightly west-northwest. Locally the dip may reach 40 feet or 
more to the mile, but for the formation in general it is believed that 
25 to 30 feet to the mile is a fair approximation for both these beds 
and the overlying beds of the “Red Beds” area. Toward the south 
the strata have a slightly steeper dip. 

The area underlain by the Cisco is about 25 miles wide at the 
southern boundary of Young County, but widens somewhat to the 
northeast. In the southern area the boundaries are clearly defined 
by the prominent ledges of limestone that mark the top of the Can- 
yon formation on the east and those at the base of the Wichita 
formation on the west. Owing to the changes that take place in 
the formation toward the north, the boundaries are not so clearly 
determinable in that part of the region. In northern Wise County 
and in Montague County the Cisco is in part covered by overlap 
of the Cretaceous. As the conditions of sedimentation were appar- 
ently much the same at the close of the Cisco epoch and the begin- 
ning of the Wichita epoch, no clear line of division can be made out 
between these formations in this area. It is to be understood, 
therefore, that north of Young County the boundary as indicated on 
the map is an approximation only. In Stephens and Young counties 
the Cisco is in general highly fossiliferous. 

At Graham Salt Creek flows at the base of an escarpment which 
gave the following section: 

Section on west bank of Salt Creek, Graham, Tez. 
Feet. 

1. Coarse conglomerate of siliceous pebbles in a matrix of sand; 
locally the rock varies to a white or ferruginous sandstone; forms 
top of Prominent ridge. i. sirivey nonin ainivs solinn suds T er ons 10 

.- Blue shale, highly fossiliferous. ....... cc cesvsven ess. tus bve.. 50 
. Layer of hard blue fossiliferous limestone... ................... 1} 

4, Dark-blue shale, darker and carbonaceous below; a layer of sandy 
shale 3 feet thick 10 feet above the base....................... 50 

5. Blue arenaceous shales and soft shaly sandstones................ 15 

6. Bluish-white sandstone, irregularly indurated; bedding irregular 
and surface uneven; more or less conglomeratic and containing 

numerous impressions of plants, also iron concretions of brown 
iron ore; in places this bed resembles the upper conglomerate 

(1); eXDOBEd.siuvaint nes ssmeryorsrunerarnsntoanvenns aden 58 

Ww 
nN 

  

1 In a study of the oll and gas fields of Wichita and Clay counties, made for the Texas Bureau of Eco- 

* nomic Geology since this report was written, J. A. Udden (Bull. Unly. Texas No. 246, 1912, pp. 61, 62) 

records a series of detalled observations on the attitude of the strata, from which he concludes that the 

strata lie essentially horizontal In an east-west line but are affected by minor flexures constituting shallow 
and wide anticlines and synclines trending east-southeast to west-northwest.
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The shale underlying the upper bed of conglomerate is filled with 
excellently preserved fossils which strew the surface of the weathered 
slopes. The following is a list of the forms collected, a number of 
which are new. They were identified by George H. Girty: 

Cyathaxonia n. sp. 
Cyathaxonia n. sp. var. 
Lithostrotion ? sp. 

Syringopora ? sp. 
Polypora 2 sp. 
Fenestella sp. 

Synocladia biserialis. 
Fistulipora sp. 
Rhombopora lepidodendroides. 
Crania sp. 
Lingulidiscina sp. 
Derbya sp. 
Chonetes n. sp. aff. geinitzianus. 
Productus semireticulatus. 
Productus nebraskensis. 
Marginifera lasallensis. 

Marginifera wabashensis. 
Spirifer cameratus. 

Amboccelia planoconvexa. 
Hustedia mormoni. 
Pugnax osagensis. 
Pugnax n. sp.   

Nucula ventricosa. 
Leda bellistriata. 

Conocardium sp. 
Deltopecten sp. 

Solenomya sp. 

Edmondia gibbosa. 
Astartella vera. 
Patellostium montfortianum. 
Bellerophon percarinatus. 
Euphemus nodicarinatus. 
Trepospira spheerulata. 
Pleurotomaria conoformis? 

Pleurotomaria subconstricta? 
Pleurotomaria 2 sp. 
Meekospira sp. 
Meekospira ? sp. 

Spheerodoma sp. 
Euomphalus catilloides. 
Orthoceras rushense. 
Chonetes sp. 

Crinoidal fragments. 

Cummins ! made a section in the same locality, which is practically 
identical with the section given above, though arranged in reverse 
order. The following is a list of the fossils reported by him ? from 
bed No. 2: 

Allorisma subcuneata. 
Bellerophon percarinatus. 
Bellerophon carbonarius. 
Euomphalus rugosus. 

Lophophyllum proliferum. 
Pinna peracuta. 
Pleurotomaria spheerulata. 
Pleurotomaria tabulata. 
Productus cora. 

Productus costatus. 
Productus longispinus. 

Productus nebrascensis. 

Schizodus wheeleri. 

Beds of red clay make their appearance south of Young County, 

  

Spirifer cameratus. 
Spirifer lineatus. 
Spiriferina kentuckyensis. 
Zaphrentis spinulifera. 
Hemipronites crassus. 

Nucula ventricosa. 
Rhynchonella uta? 

Myalina subquadrata. 

Cheetetes milleporaceus. 
Orthoceras rushensis. 
Conocardium obliquum. 
Aviculopecten occidentalis. 

but they increase notably to the north, especially in the upper part 
of the formation along with the diminution of the limestones, and 
they constitute the dominant feature of the formation in eastern 
Clay and western Montague counties. 

1Cummins, W. F., Second Ann. Rept.’ Texas Geol. Survey, 1890, p. 378. 2Idem, p. 362. 
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WATER RESOURCES, 

Most of the sandstones of the Cisco formation are water bearing 
in varying degree, but there appear to be few persistent water- 
bearing strata. An exception is a sand in the lower part of the 
formation, which is the source of supply for a large number of wells 
in eastern Stephens and Young counties and western Jack County. 
The flowing wells at Wayland, in Stephens County, and those west 
and northwest of Jacksboro probably draw their supplies from this 
sand. In some wells of this area water is found in a limestone asso- 
ciated with the sand. 

The water from surface wells in the lower beds of the Cisco is in 
general good, though in some wells it is strongly mineralized. The 
water from the higher beds is usually too strongly mineralized for 
general use, but there are some exceptions to the rule. The contrast 
in the character of the water from wells in this part of the formation 
is shown by the analyses of water of wells at Graham, given on page 
77. On the west the Cisco formation is overlain by the Wichita 
formation, and the basal water-bearing beds can be reached “only 
at considerable depths. In the vicinity of Albany, in Shackelford 
County, the depth to these beds is estimated to be 1,300 to 1,400 feet. 
‘Moreover, with increasing distance under cover, the water of these 
beds is probably too highly mineralized for use. 

PERMIAN SERIES. 

CLASSIFICATION. 

Although much has been written concerning the beds between the 
Cisco formation and the Triassic beds which underlie the ‘‘Staked 
Plains,” much detailed stratigraphic work remains to be done in this 
region before authoritative statements can be made about the classi- 
fication of these beds. On the evidence of fossil remains found 
chiefly in the lower beds in Baylor and Archer counties, these strata 
are now assigned by most geologists to the Permian. These rocks 
as they exist in the Wichita region were subdivided by Cummins? into 
the Wichita, Clear Fork, and Double Mountain formations. The 
lowest formation, the Wichita, consisting mainly of red clays and 
sandstones, is seemingly a near-shore or delta deposit, and in it are 
found the remains of reptiles and plants of Permian age. Interstrati- 
fied with the clays and sandstones in the upper part of the formation 
are beds of limestone containing marine invertebrates, of which a large 
proportion are Pennsylvanian types and few, if any, are considered 
characteristic of the Permian of Europe. South of Baylor County the 
Clear Fork formation rests conformably upon marine strata, consist- 
ing mainly of blue clays and shales, including considerable thicknesses 
  

1 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 400-424.
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of limestone containing marine invertebrates. Neither reptilian nor 
plant remains have been reported from these beds. The Pennsyl- 
vanian aspect of the fauna led to the assignment of these beds, 
under the name ‘‘Albany,” to the Pennsylvanian in the earlier 
reports, although they were recognized by some as being possibly of 
Permian age.! 

Subsequently Cummins ? asserted the equivalency of the Wichita 
and the ‘“ Albany’ formations and recommended the abandonment of 
the name “Albany.” Adams? corroborated Cummins’s conclusion 
as to the equivalency of the beds included in the Wichita and 
‘“Albany”’ formations, but recommended the abandonment of all the 
names, Wichita, Clear Fork, and Double Mountain, as ‘having no 
stratigraphic significance.” In a paper by the writer and others * 
Cummins’s conclusion as to the identity of the ‘Albany’ with the 
Wichita and likewise the Permian age of the formation is confirmed. 
It is shown also that the definition of the Wichita as a formation is 
sufficiently established to warrant the retention of the name, and that 
usage is followed in this report. It is to be noted, however, that some 
limestones in Baylor County which Cummins regarded as belonging 
to the Clear Fork are the equivalents of the upper beds of the 
‘““Albany” and are here included in the Wichita. The upper Per- 
mian beds included under the names Clear Fork and Double Moun- 
tain in the Texas reports have had very little study and no attempt, 
has been made to determine a definite line of division between the 
two formations. In this report these beds are classed as undifferen- 
tiated Clear Fork and Double Mountain. 

WICHITA FORMATION. 

GEOLOGY. 

Character—The Wichita formation underlies practically the whole 
of Wichita, Baylor, Throckmorton, and Shackelford counties, a 
considerable part of Clay and Archer counties, and a small part of 
Young County. In Shackelford County it consists of blue clays and 
shales with thick beds of limestones which, on account of their 
greater resistance to erosion, crop out in a series of eastward-facing 
rock scarps. The limestones, which constitute about a third of the for- 
mation, are blue, gray, and yellowish and for the most part massively 
bedded. They are generally hard, semicrystalline to compact, but 
some beds are friable and chalky and others are rough and earthy 
in texture. Thick beds and thin and shaly beds alternate. The 

1 Drake, N. F., Fourth Ann, Rept. Texas Geol. Survey, 1893, p. 371. Tarr, R. 8., Bull. Texas Geol. 
Survey No. 3, 1892, pp. 14-18, 

2 Cummins, W, F,, Trans, Texas Acad, 8cl., vol, 2, 1897, pp. 93-98. 
8 Adams, G. I, Bull, Geol, Soo, Amerlea, vol, 14, 1903, p. 198, 

¢ Gordon, C, H,, Girty, G, H,, and White, David, The Wichita formation of northern Texas Jour. 
Geology, vol. 19, 1911, pp. 110-134, 
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remainder of the formation consists of blue, gray, and black shales. 
The limestones contain an abundance of marine fossils, but well- 
preserved specimens are difficult to obtain. 

Farther north there is a marked diminution in the proportion of 
calcareous sediments with a cor esponding increase in argillaceous 
and arenaceous materials. Some of the clay beds in Shackelford 
County are sandy, but toward the north the sandy sediments become 
more and more prominent, many of the layers taking on a red color. 
Red, white, and yellowish sandstone beds also make their appearance 
and constitute a marked feature of the formation in Archer and 
eastern Baylor counties. The red sediments increase in amount 
northward until in northern Throckmorton County and beyond the 
red color dominates in the formation. 

Throughout the northern area the clays are red or red mottled 
with bluish-white and drab colors. The red clays contain an abun- 
dance of nodular concretions of irregular shape, ranging from those 
the size of a pea to masses 4 or 5 inches in diameter. Many are 
elongated or subspherical, and some are flattened and stand verti- 
cally in the clay, suggesting their origin from the filling of fissures. 
They consist of clay, iron, and lime, and some of them are either 
hollow or have their interiors filled with calcareous clay. Here and 
there is a bed that consists of rounded lumps of hardened clay 
cemented together by ferruginous matter, which Cummins called a 
“peculiar conglomerate.” It is suggested that this deposit may have 
had its origin in the breaking up of a thin bed of clay soon after 
deposition, by the action of running water or waves.! 

Fossils.—Traces of plants appear locally in the sandstones, and in 
one place the large frond of a fern was obtained. David White, of 
the United States Geological Survey, has collected a considerable 
amount of plant material from these beds at two localities, one in 
Cassil Hollow, 24 miles south of Fulda station, on the Wichita Valley 
Railway, and the other at the breaks of the Little Wichita, 4 miles 
southeast of that place. These collections include the following forms 
as provisionally identified. The species listed in italics are charac- 
teristic of the Permian. 

Cassil Hollow: Cassil Hollow—Continued, 
Pecopteris arborescens. Annularia splicata. 

Pecopteris hemitelioides. Sphenophyllum? sp. 
Pecopteris densifolia. Sigillariostrobus hastatus, 
Pecopteris grandifolia. Walchia schneideri? 
Pecopteris mertensioides, Gomphostrobus bifidus. 

Gigantopteris sp. (cf. nicotianifolia), Cardiocarpon n. sp. 

Neuropteris (cf. lindahli), Carpolithes sp. 

Aphlebia sp. Pelecypods, 
Taniopteris multinervis, Estheria and fish scales,   
  

1 Merrill, G, P,, Rooks, rock weathering, and solls, pp, 33, 34, Gardner, J, H,, Jour, Geology, vol, 186, 

1008, pp. 452-458,
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Breaks of Little Wichita: 

Pecopteris hemitelioides. 
Pecopteris grandifolia. 

Pecopteris candolleana. 
Pecopteris tenuinervis. 
Diplothmema? sp. 
Odontopteris fischeri? 

Odontopteris neuropteroides. 
Neuropteris cordata. 

Taeniopteris coriacea? 
Taeniopteris abnormas. 

Breaks of Little Wichita—Continued. 
Sigillaria sp. (leaf). 

Gomphostrobus? sp. 
Cordaites principalis. 

Poacordaites cf. tenuifolius. 
Walchia piniformas. 
Aspidiopsis sp. 

Araucarites n. sp. 
Cardiocarpon n. sp. 

Insect wings. 

Estheria. 
Tanvopteris n. sp. Anthracosia. 

Sphenophyllum obovatum. Ostracoda and fish scales.   
At Cassil Hollow the plants occur in a bed of blue and yellow 

laminated clay and sandy shales which crops out on the west side of 
a small tributary flowing into the north branch of Little Wichita 
River from the south. The following section was obtained at this 
place: 

Section of Wichita formation at Cassil Hollow, 2% miles south of Fulda, Tex. 

F 

1. Sandstones, thin bedded, shaly, with a fine exhibition of ripple i 
marks. Represents the top of the section and grades into No.2. 6 

2. Blue and yellow laminated clay and sandy shale, grading hori- 
zontally into white shaly sandstones same as No.1. The plants 
were found in a thin shale stratum near the middle of this divi- 

BIL se a ts She i Fe i sem amas at Sa Aes 63 

8. Hard bluish limestone which weathers to a brown. Apparently 
the equivalent of a limestone which outcrops on the Wichita 
nearly due north from this locality at the Bar X ranch. Contains 
an abundance of fragments of vertebrate remains, but all in such 
a comminuted condition as to be indeterminable............. 2 

4 Blueechy shales... cr. ine ames aan 3 
5. Red clay shales; same as No. 4, exceptincolor................. 4 

6. Gray sandy shales and sandstones to bottom of ravine ........... 15 

36% 

The limestone (No. 3) is made up of several layers, some of which 
are composed largely of fragmental remains of vertebrates, includ- 
ing plates, spines, fish teeth, etc. The stratification of the argil- 
laceous and arenaceous sediments is very irregular, the sandstones 
and shales grading into each other both vertically and horizontally. 
Moreover, there is a monotonous likeness in both the sandstones and 
the shales throughout the area, which in the absence of persistent, 
clearly recognizable strata renders the correlation of beds, except 
within very narrow limits, practically impossible. 

Some of the most prominent limestone divisions of the southern 
area persist, although in diminished thickness, as far north as Red 
River, perhaps farther. The limestones so well developed on Clear 
Creek, in the southwestern part of Throckmorton County, extend
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northward through Seymour, are crossed by Wichita River about 3 
miles east of the Seymour-Vernon road, and are last seen on Beaver 
Creek, in the eastern part of Wilbarger County. The transition of 
limestone into sandstone is well marked in an exposure in the bluffs 
of the Salt Fork of Brazos River, about a mile west of Spring Creek 
post office, in the northwest corner of Young County. A bed of 
limestone 3 feet thick and an overlying bed of blue shales 5 feet 
thick, both filled with fossils (chiefly Myalina permiana), are replaced 
within a distance of 200 yards by a light-colored cross-bedded cal- 
careous sandstone having a maximum thickness of 15 feet. The 
transition is rather abrupt in appearance, but the sandstone contains 
much lime and also some fossils. Farther along the limestone reap- 
pears as before. 

The limestones of the Wichita formation are for the most part 
highly fossiliferous, though in many of the beds good specimens are 
hard to obtain. A list of the invertebrate fossils obtained from these 
beds has been published elsewhere.! Collections of vertebrate remains 
have been made at various times in Archer and Baylor counties. 
A list of localities where the earlier collections were made is given by 
Cummins.? In many places the remains are found at the surface, 
having weathered out of the clays or lime beds. Certain strata, 
called the ‘“bone beds,” have furnished most of the material. A 
chalky friable limestone exposed in a railway cut just west of Ma- 
belle station, in Baylor County, is filled with fragments of vertebrate 
remains allied to Eryops, mostly indeterminable. In a recent paper 
Williston 2 announces the discovery of a new genus and new species 
of amphibian allied to Eryops, which he names Trematops millers. 
This specimen is said to have been found on Craddock’s ranch, near 
Seymour. The figure of the skull given by Williston shows a close 
correspondence to one found by the writer in the friable limestone 
at the railway cut near Mabelle, which was unfortunately broken 
and in part lost before opportunity was given for identification. It 
seems probable that both came from nearly the same horizon. 

Copper.—In places the bluish clays are copper bearing, but efforts 
to mine the deposits have not proved successful. The ore occurs in the 
form of small nodules in the clays and also as a replacement of pieces 
of wood. It is the copper oxide chiefly. 

Oil.—Mention has been made of indications of the presence of oil 
in the Wichita formation in different localities. In 1907 the only 
producing field in the area was at Petrolia, in Clay County, where there 
were several producing wells. Later the Henrietta field, in the same 
county, was brought in. (See p. 47.) In a well put down for water 
  

1 Jour. Geology, vol. 19, 1911, pp. 131-134. 

2Cummins, W. F., Jour. Geology, vol. 16, 1908, pp. 737-745. 

‘Williston, S. W., Jour. Geology, vol. 17, 1909, pp. 636-658.
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at Electra a number of years ago by Mr. Waggoner oil was struck at 
about 600 feet. The well was extended to 1,790 feet. The water, 
most of which was found below 800 feet, rose within 15 feet of the 
top. The oil which covered the surface of the water was dipped out 
and used locally by the cattlemen, and also to burn, but no further 
attempt had been made to determine the existence of oil in commer- 
cial quantity. Most of the wells in this neighborhood show oil in 
small quantities. On January 17, 1911, the Producers Oil Co. 
brought in the second producing well on its No. 5 Waggoner tract, 
about 2 miles north of the town of Electra. This well yielded 50 
barrels a day at a depth of 1,825 feet. From this time drilling was 
extremely active, particularly by the Producers Oil Co., the Clay 
County Oil Co., the Magnolia Co., and others. The oil is found in 
sands from 10 to 30 feet thick, lying at 580, 965, 1,035, and about 
1,900 feet in depth. The wells yield from 50 to 1,200 barrels by nat- 
ural flow. Natural-gas pressures are light, compared with those in 
the Petrolia and Henrietta pools. In September, 1911, the Electra 
field was credited with a production of 6,000 barrels a day. 

A well put down in 1899 on the farm of Mr. Carmack, 1 mile north- 
west of Murray post office, in the southwestern part of Young County, 
struck gas at about 360 feet. In 1907 the escape from this well was 
sufficient to form a blaze from 1 to 2 feet high. As this well is located 
near the eastern border of the Wichita formation, it may be that the 
gas comes from the topmost beds of the Cisco formation. 

Conditions of sedimentation.—The character of the sedimentation 
and the contents of the strata in the ‘“Red Beds” area suggest that 
the region was a tidal flat or a low, swampy area subject to overflow 
and adjoining the open area which lay toward the south and west. 
This view is maintained by Case, who states that ‘‘the whole forma- 
tion seems to be very clearly the result of deposition, either in the form 
of a wide delta or in very shallow water.” He adds, further, that ‘‘the 
remains which are found on or in the sand layers were evidently 
washed there by currents from a distant shore, and they are gener- 
ally more or less imperfect, having been dispersed by the action of the 
current or by predatory animals, while those found in clay were evi- 
dently animals which mired down on wide mud flats or were drifted 
out on the surface of the stagnant lagoons.” 

The clays and the sandstones are separated in some places by 
unconformities which are considered by Case? to be the result of 
currents that eroded channels in the clay in which the sands were 
afterward deposited. They do not represent apparently any consid- 
erable time interval between the two deposits. Moreover, the con- 
glomerates containing concretions of ferruginous clay are evidently 
  

1Case, E. C., Bull. Am. Mus. Nat. Hist., vol. 23, 1907, pp. 659-664. 2 Idem, p. 661.
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additional indications of transitory currents in an ordinarily quiet 
lagoon or over the tidal flats of a wide delta. 

The red sediments evidently had their source in the degradation of 
the Wichita Mountains, which lie directly to the north of this region, in 
Oklahoma. These mountains were uplifted during or at the close of 
the Pennsylvanian epoch and are now, together with their accompany- 
ing elevations on the east, the Arbuckle Mountains, partly buried in 
the sediments they have furnished. 

The fact that in this region, as shown by their outcrop toward the 
east and by the strata penetrated in deep wells, the upper beds of the 
Cisco formation consist of sediments corresponding in character to 
those of the Wichita formation, suggests that mud flats may have 
characterized the closing stages of the Pennsylvanian epoch in this 
region. 

Thickness.—In Shackelford County the thickness of the Wichita 
formation is estimated to be 1,000 to 1,200 feet. Two-thirds or more 
of the formation consists of blue clays and shales. Farther south, in 
the vicinity of Colorado River, limestones constitute the major part 
of the formation. To the north from Shackelford County the calca- 
reous sediments diminish, and before reaching the Oklahoma border 
they practically disappear. No reliable estimate can be made of the 
thickness of the formation in this part of the region, though it is 
probably not less than 1,500 feet. 

WATER RESOURCES. 

As shown in the foregoing description of the geology of the region, 
the stratigraphy of the Wichita formation in the southern or ¢‘ Albany” 
area presents a marked contrast to that in the northern or typical 
Wichita area. 

In the southern area there are limestones at several horizons, some 
massive and others thin bedded, alternating with blue clay and sandy 
shales and sandstones. Though the shale beds greatly exceed the 
limestones in thickness, the latter, owing to their hardness, resist 
erosion better, and hence are found capping the elevations and con- 
stituting a series of parallel benches or escarpments that may be 
traced for long distances from the northeast toward the southwest. 
About two-thirds of the formation in Shackelford County consists of 
blue and gray clay shales, interbedded with which are some red clays 
and beds of sandstone. No good water-bearing bed is known to exist 
in the Wichita formation in the southern area. Locally the lime- 
stones and sandstones contain water, but it is usually saline. When 
followed northward the beds of the Wichita formation show marked 
diminution in the proportion of calcareous sediments and a corre- 
  

1 Case, E. C., op. cit., p. 664. Beede, J. W., Jour. Geology, vol. 17, 1909, p. 714,
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sponding increase in sandy shales and sandstones. Moreover, the 
blue and gray colors of the shales and sandstones are in large part 
replaced by reds and browns, thus giving rise to the designation ‘‘ Red 
Beds.” In Archer, Clay, and Wichita counties the sandstones of the 
Wichita formation are locally porous and contain water, but owing 
to their transitional character and lack of persistency no correlation 
can be established between the sandstone beds of different localities. 
There are probably no persistent water-bearing beds in this region, 
the reservoirs being for the most part local. In Baylor and Wilbarger 
counties, where the upper beds appear, there are fewer sandstones 
and more limestones and shales, but no water-bearing beds of any 
importance. As a whole the Wichita formation is destitute of good 
water, but salt water is found at several horizons. A hole put down 
near Geraldine in Archer County struck water at 106, 298, 346, and 
540 feet from the surface. The first water rose within 60 feet of the 
top and the others within 20 feet. All these waters were salt and 
unfit for use. 

CLEAR FORK AND DOUBLE MOUNTAIN FORMATIONS. 

GEOLOGY. 

Overlying the Wichita formation conformably are red and blue clays, 
sandy shales, and sandstones, including deposits of gypsum and a few 
beds of earthy magnesian limestone. These rocks were subdivided by 
Cummins ! into the Clear Fork and Double Mountain beds, but, as 
stated by that author, “no attempt has been made to determine a 
definite line of division between the two,” and in view of the char- 
acter of the sediments it is evident that the determination of such a 
line, if it can be made at all, will require much detailed work. Hill 2 
proposed the term Brazos series to embrace ‘‘ all those rocks of Texas, 
Oklahoma, Kansas, and New Mexico between the top of the conform- 
able Coleman division of the Carboniferous beds below [and] the base 

of the unconformable Cretaceous above,” but the suggestion has not 
been elsewhere adopted. According to Gould 3 these beds correspond 
to those in Oklahoma which he has termed in ascending order, the 
Enid, Blaine, Woodward, Greer, and Quartermaster formations. 

In the lower beds red and blue clays predominate, but the upper 
beds are characterized by an increase in the proportion of arenaceous 
constituents and also of limestone and gypsum. The sandstones and 
limestones are friable and, together with the clays, yield readily to 
eroding agencies and supply a large amount of detritus to the streams, 
which are heavily charged with the red sediments brought down by 
their tributaries. In the lower beds the gypsum occurs as thin layers 
  

1 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 401-402. 

3 Hill, R. T., Twenty-first Ann. Rept. U. 8S. Geol. Survey, pt. 7, 1901, p. 100. 

8 Gould, C. N., Water-Supply Paper U. 8. Geol. Survey No. 154, 1906, p. 17.
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and lenses in the clays. Beds of massive gypsum 2 to 3 feet thick 
crop out in the hills south of Quanah. At Acme, where the material 
is quarried, the deposit is from 10 to 20 feet thick. In many places 
fibrous gypsum fills cracks which cut the alluvial clays in every 
direction. 

The massive gypsum does not constitute persistent strata but thins 
out or is replaced horizontally by clays or limestones. J. J. Cyrus, 
a well driller of Quanah, states that the wells of that city derive their 
water from a porous limestone stratum at a depth of 75 feet and that 
no gypsum occurs in the overlying beds, which consist mostly of clay. 
A well put down a mile south of Quanah passed through a thick bed 
of gypsum at 40 to 65 feet and another at 75 to 83 feet, the latter 
apparently the equivalent of the limestone found in the city wells. 

Except where overlain by fluviatile deposits of Quaternary age, the 
Clear Fork and Double Mountain formations constitute the surface 
rocks west of the Wichita formation as far as the escarpment that 
marks the eastern extension of the Triassic in Texas. 

The age of these beds is generally recognized as Permian. Fossils 
are scarce and are confined chiefly to the limestones. The meager 
collections thus far made from these beds in Texas are not sufficient 
to warrant definite conclusions concerning them. 
Cummins has assigned to these beds a total thickness of 3,900 feet, 

1,900 feet to the Clear Fork and 2,000 feet to the Double Mountain. 
Only the lower beds of the formations are exposed in the Wichita 

region. Red gypsiferous shalds and sands, with beds of gypsum and 
some limestones in the upper part, represent the formations as they 
appear here. 

WATER RESOURCES. 

Water is found in the shales and sandstones and to some extent in 
the limestones of the Clear Fork and Double Mountain formations. 
That which occurs in the shales and sandstones or near beds of gypsum 
is almost invariably strongly gypseous, but that in the limestone or 
closely related sandstones may be fairly good. Locally these waters 
yield supplies that are used for household purposes, but more generally 
they are available only for stock. 

The character of the formations precludes the hope of finding pota- 
ble water supplies at any general horizons. 

CRETACEOUS SYSTEM. 

COMANCHE SERIES. 

East of the region the Carboniferous is overlain unconformably by 
the Cretaceous, patches of which also appear west and southwest of 
the region. Worn specimens of undoubtedly Cretaceous shells are 
found in the gravel escarpments along Wichita River in Knox and
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Foard counties. The conclusion seems warranted, therefore, that the 
Cretaceous formerly extended over a large part if not the whole of the 
region. The only portion of the area, however, where Cretaceous 
rocks are now found in place is in the eastern part of Montague County, 
where the Trinity sand and the overlying Goodland limestone are 
recognized. The Trinity here consists of compact but easily eroded 
sand, usually called ‘‘pack sand,” whose thickness ranges from a 
knife-edge at the border to 500 feet in the southeastern part of the 
county. Pebbles in varying amount are scattered through the forma- 
tion, but only in the basal zone are they abundant enough to consti- 
tute a conglomerate. The Goodland limestone, which represents the 
Comanche Peak and Edwards limestones to the south, consists of a 

white limestone of dull or chalky texture and luster intersected with 
layers and seams of semicrystalline material. - The thickness of the 
Goodland is about 15 to 20 feet. 

QUATERNARY SYSTEM. 

PLEISTOCENE SERIES. 

SEYMOUR FORMATION: 

GEOLOGY. 

Over the western part of the region, including Knox and Haskell 
counties, portions of Foard and Jones counties, and probably adjoin- 
ing areas on the west, is a deposit of fine silts, sands, and gravels 10 to 
50 feet thick except where removed by denuding agencies, to which 
the name Seymour beds was given by Cummins.! The sands are 
mostly red varying to white and are interstratified with lenses of 
gravel and red clay. In Knox County Brazos River and branches of 
the Wichita have removed this formation over wide areas and cut 
their valleys down into the underlying Clear Fork and Double Moun- 
tain formations. In the breaks of these streams the gravels are well 
exposed. On the south side of the valley of the South Fork of the 
Wichita, 5 miles north of Benjamin, the gravels with their accompany- 
ing sands and clays have a thickness of 25 feet. The pebbles are well- 
rounded and consist of quartz and crystalline rock, mostly of igneous 
origin. Silicified wood is common, as are also waterworn Gryph®a 
shells of Lower Cretaceous age. The character of the material sug- 
gests that it was derived from the Tertiary beds whose remnants out- 
crop in the escarpment of the Llano Estacado west of this area. 
Gould 2 has referred to the presence of waterworn Gryphea shells of 
Lower Cretaceous age in the gravel beds at the immediate base of the 
Tertiary. 
  

1 Cummins, W, F., Fourth Ann. Rept. Texas Geol. Survey, 1893, pp. 181-190. 

2 Gould, C. N., Water-Supply Paper U. 8S. Geol. Survey No. 154, 1906, p. 29:
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~The area known or believed to be covered by this deposit is shown 
on the accompanying map (P1.I). In the region between the North 
Fork of Wichita River and Pease River the flat interstream areas are 
underlain by 6 to 8 feet of fine dark-colored silt resting upon a bed 

- of gravel 2 to 3 feet thick. These beds, which evidently belong to the 
Seymour formation, overlie the red Permian clays. The western 
limits of the Seymour formation are not known. 

At several places east of the indicated boundary of the formation, 
patches of conglomerate were observed which may be related to the 
Seymour. Some of these patches cap the higher gravel terraces of the 
Brazos below Seymour. Half a mile south of Round Timber the 
river bluff, which is about 60 feet high, is capped by a bed of gravel 
and sand in which the pebbles consist chiefly of quartz and quartzite. 
This material is also spread over considerable areas in the vicinity of 
the river to the south, where it forms a thin veneer of sand and pebbles. 
In places it is consolidated into a fine conglomerate. The principal 
deposits of this character lie about 90 feet above the river. Pebbles 
of quartzite, quartz, and other siliceous rocks evidently derived from 
this bed are scattered over the surface of the lower terraces and along 
the river bed. Another locality where deposits of the same kind 
were observed is in the vicinity of Mabelle station, in Baylor County. 
The determination of the stratigraphic relations of these deposits 
and their connection, if any exists, with the Seymour formation must 
await more detailed observations with the aid of good maps. A 
valley conglomerate found on Concho River at San Angelo and else- 
where in Tom Green and Concho counties evidently corresponds to 
the formation here described. In that locality it is composed chiefly 
of fragments of chert derived from the Lower Cretaceous beds. 
Cummins, who first described the Seymour formation, asserted 

its Pleistocene age and gave a list of fossils collected from beds pre- 
sumably of this horizon, though the correlation was not definitely 
made. Fossils other than the worn fragments of extraneous source 
already mentioned are not abundant. The fragments of bones of 
Pleistocene mammals occasionally found include Mastodon and 
Equus. At Knox City Mr. C. A. Benedict showed the writer the tooth 
of a mastodon which was found in a well at a depth of 40 feet, also 
a femur of the same species which was found in a ravine in the vicinity. 
Cummins 2? states that 14 miles east of Benjamin he collected frag- 
ments of the bones of Mastodon and Equus, among which was a femur 
4 feet 2 inches in length. 

Cummins considered these beds to have been formed in an inland 
lake which extended from Seymour westward to the range of gypsum 
hills bounding the formation on the west and which was drained 
  

1 Cummins, W. F., Fourth Ann. Rept, Texas Geol. Survey, 1892, pp. 181-190. 2 Idem, p. 182.
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when Brazos River cut through the limestones at Seymour. The 
character and general relations of the sedimentation, however, 
suggests deposition by streams rather than in a lake. As shown by 
W. D. Johnson,! the heterogeneous distribution of clays, sands, silts, 
gravels, and conglomerates such as characterizes the Quaternary in 
the High Plains is the result of branching streams of desert habit. 
From Haskell north to the Brazos the formation has a thickness of 
40 to 50 feet and is composed of about 30 feet of reddish calcareous 
silt or clay, with some sand and gravel, resting upon about 10 feet 
of sands and gravels. In the upper 1 or 2 feet the formation contains 
a large amount of lime which has partly consolidated to form an 
impure limestone or conglomerate. Calcareous deposits of this 
character, which have a wide distribution in arid regions, are known 
as caliche. The deposit is harder and more regular in structure at 
the top than below and is usually hidden from view by a slight cover- 
ing of soil. The caliche surrounds and includes sand grains, gravels, 
and earthy materials, cementing them together, but does not usually 
become sufficiently hard to constitute a solid rock. Blake,> who 
has described such deposits in Arizona, states that ‘‘the formation 
is clearly the result of the upward capillary flow of calcareous water, 
induced by constant and rapid evaporation in a comparatively 
rainless region.” 

WATER RESOURCES. 

An abundant supply of good water is usually found in the gravel 
beds that constitute the basal part of the Seymour formation. Where 
these lower beds are exposed by erosion under favorable conditions 
springs may be found, as at Haskell. 

In the vicinity of streams which cut through the formation into 
the underlying Permian the supply is largely lost through seepage. 
In places in the upland areas also the beds are destitute of water, 
many wells extending through the gravels into the Permian beds 
called ‘‘Birdseye” by the drillers. The localization of the water 
in the gravels may be due to collection in basins in the unevenly 
eroded surface of the Permian. 

The water is in general of fair quality and in places very good. It 
usually contains some gypsum, the amount differing with the locality. 

RECENT SERIES. 

GEOLOGY, 

The stream valleys are floored throughout the greater part of their 
courses by gravels, sands, and silts which have been transported from 
higher levels to their present position by the present streams. The 
  

1 Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 4, 1901, p. 655. 

* 8 Blake, W. P., Trans. Am. Inst. Min. Eng., vol. 31, 1901, pp. 220-226.
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valleys of the larger streams, such as Wichita, Brazos, and Pease 
rivers, are usually wide and along their sides may be found remnants 
of terraces to a height of 60 feet. These terrace deposits consist of 
gravel, sand, and silt of recent origin and are not to be confounded 
with the somewhat similar Pleistocene materials composing the Sey- 
mour formation and the apparently related high-level Pleistocene 
gravels and conglomerates mentioned on page 31. The bottom lands 
of Brazos and Wichita rivers are in places from 1 to 2 miles wide 
and are covered over large areas by sands that have been exposed dur- 
ing low stages of the river and on drying have drifted into mounds 
and ridges along the adjoining flats. Outside of the ordinary flood 
plains there are in places wide belts of excellent farming land, as seen 
on the Wichita north of Holliday and on the Brazos in southeastern 
Baylor County. Being derived for the greater part from the Per- 
mian red beds, the alluvial clays are in many places reddish in color. 

In certain areas there are accumulations of sand of greater or less 
extent caused by the action of the wind. As to their mode of origin 
these sands are of two kinds—those blown from the stream channels, 
as already noted, and those derived from the disintegration of rocks 
in place and heaped up by the winds. The dunes of the first kind 
occur along the flood plains of practically all the larger streams and 
are composed of white or nearly white rather fine sand grains. For 
the most part they are barren of vegetation, but in places they are 
covered with a scanty growth of grass and bushes. 

Sand hills of disintegration occur chiefly in the northwestern 
part of the region, in Wilbarger and Hardeman counties, and appear 
to be confined mostly to the areas underlain by the Seymour for- 
mation. They are best developed in the uplands north of Pease 
River, where they constitute ridges 6 to 8 miles long and 3 to 5 miles 
wide. Corresponding ridges of less extent occur along the south 
side of Pease River. Gould! states that the material of these upland 
sand hills has been derived largely from the disintegration of the 
underlying rocks. As the Tertiary and Pleistocene deposits are 
especially susceptible to the action of weathering agencies, sand hills 
of this character are most common in the regions to the west and 
north, where rocks of these ages are best developed. As the clay 
and silt present in the formations are removed by the action of water, 
the sand and the gravel remain behind and the finer materials are 
then rearranged by the action of the wind. As to the deposits of 
Pease River, however, the view has been advanced ? that they were 
formed before the rivers had reached their present levels, and were 
blown out from the adjacent mud flats of the wide river or estuary, 
  

1 Gould, C. N., Water-Supply Paper U. S. Geol. Survey No. 154, 1906, p. 30. 

2 Lapham, J. E., and others, Soil survey of the Vernon area, Texas: Field Operations Bur. Soils for 1902, 

U. S. Dept. Agr., pp. 369,372,373. 
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and have been left behind by the recession of the streams. There can be 
little doubt that the sands were derived through the disintegration 
of the underlying rocks. It is not necessary to infer, however, the 
presence of a former large river or body of water from whose shores 
the sands were drifted inland. The disintegration of the rocks under 
the effects of weathering, the removal of the clay and silt through 
rainwash, and subsequent heaping of the sand by the winds would 
seem to offer an adequate explanation of the phenomena. 

On Red River at Red Bluff, northeast of Vernon, there is said to 
be a deposit of volcanic ash,! the sole indication of igneous action 
so far as known within the area. It occurs near the top of the bluff 
and is overlain by fine sandy loam which is evidently of eolian 
origin and has apparently been modified more or less by the volcanic 
ash. The writer had no opportunity to examine this deposit, the 
source of which is wholly conjectural. 

WATER RESOURCES. 

In the vicinity of the main streams the alluvial sands and gravels 
usually contain ample supplies of good water. In the valleys of 
Wichita and Brazos rivers an abundance of good water is generally 
obtained at depths of 18 to 25 feet. Wells on the higher filled 
terraces have to go deeper, being from 40 to 60 feet deep, according 
to location. 

In general the water in the valley deposits is of good quality, but 
locally, especially in the Permian area, it may be affected by the 
intrusion of waters from the adjoining beds. 

SUMMARY AND RECOMMENDATIONS. 

The present investigations have shown the occurrence of abundant 
supplies of underground water in this region, but almost invariably 
the water was found to be highly charged with mineral matter. 
This is especially true of most of the supplies obtained in beds belong- 
ing to the Carboniferous period. Ixceptions are found in wells 
located near the outcrop of certain sandstone beds occurring near 
the contact of the Canyon and Cisco formations. Throughout a 
considerable area in the western part of the region good water is 
found in sands and gravels of Pleistocene age (Seymour formation) 
and is reached by wells from 20 to 50 feet in depth. Some of these. 
beds furnish springs, as at Haskell. To these sources are to be 
added the shallow wells in the valleys, which derive their supplies 
from the alluvial deposits of Recent age. 

Over a large part of this region the surface waters constitute the 
chief source of supply, both for domestic use and for stock. Away 
from the main valleys the rainfall is stored in surface tanks for use 
  

! Lapham, J. E., op. cit., p. 369.
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during the dry part of the year. Owing to the generally friable 
character of the rocks, the surface waters are charged with fine 
reddish silt which settles very slowly. The large amount of this red 
silt in the surface waters makes it desirable that the water be cleared 
in a settling tank before being used. Wichita Falls derives its supply 
from an artificial lake 7 miles long outside of the city. This water 
is decidedly red in color before it is filtered. An analysis of this 
water is given on page 54. 

In view of the importance of surface waters as a source of domestic 
supply in this area, especial care should be exercised for the preser- 
vation of these supplies against pollution by animals or other means. 
“It is now universally recognized that the degree of prevalence of 
typhoid fever in a given community is a reliable measure of the 
extent to which sewage is an ingredient of its drinking water. The 
prevalence of typhoid in cities is a true index of the quality of the 
water supplies.” ! 

Shallow wells and springs are especially susceptible to contamina- 
tion from vaults, cesspools, broken sewers, slops thrown on the 
ground, pigpens, stables, and other sources of filth which readily 
passes into the ground. For the elimination of such contamination 
the location and care of a surface tank are important considerations. 
The tank should be placed at a considerable distance from any 
known source of contamination, in an open, clear drainage basin, 
preferably grass covered, from which stock and other agencies of 
pollution are rigorously excluded. Moreover, it should be frequently 
and carefully inspected to guard against the accidental access of 
contaminating substances. 

Although the fine red silt so abundant in the waters of this region 
is not especially harmful to health, its presence in domestic supplies 
is objectionable and means should be employed for its removal. 
This may be accomplished in cities by the use of settling tanks in 
which the water is clarified before it enters the city mains. In 
smaller places recourse may be had to filters. 

DESCRIPTION BY COUNTIES. 

MONTAGUE COUNTY. 

PHYSIOGRAPHY. 

Montague County lies along the State boundary line. It has an 
area of 976 square miles and its population according to the census 
of 1910 was 25,123. The mean annual rainfall is 35 inches. 

There are two drainage systems in the county separated by a divide 
which extends from the southwest corner northeastward past 
Bowie to St. Jo. The area on the north and west of this line is drained 
  

1 Ann. Rept. Connecticut State Board of Health, 1896, p. 21.
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by several small northward-flowing tributaries of Red River, and 
that on the south and east by Clear Creek, Denton Fork, and other 
tributaries of Trinity River. Most of the streams which head in the 
sands near the divide carry perennial though small supplies of water. 
Those tributaries of Red River which lie wholly within the area of 
the Carboniferous rocks are for the most part wet-weather streams. 
In this area the relief is moderate and belongs to an advanced stage 
of dissection of a preexisting plain, the interstream areas being 
reduced to irregular hills and knobs of the more resistant sandstones. 
The altitude of the general plain surface is about 875 to 900 feet 
above sea level. Along the boundary of the Cretaceous the surface 
rises rather abruptly from 50 to 200 feet, with here and there irregular 
knobs and hills composed of the more resistant conglomeratic phases of 
the Cretaceous sands. Several elevations of this character, known 
as Cougar, Grindstone, Norton, and Rattlesnake mountains, exist 
near and to the southwest of Bowie. Queens Peak is a rather promi- 
nent elevation about 4 miles north of Bowie, and to the northeast of 
it are the Belknap Hills. Southeast of this range of hills is a belt 

of rolling sands, which toward the northeast is much dissected by the 
streams flowing northward into Red River. The southeastern 
boundary of this sandy area is marked by an escarpment, and sand- 
stone knobs are noticeable features of the landscape. One of the 
most prominent elevations is Gordon Mountain, a narrow limestone- 
capped ridge 4 or 5 miles long just north of St. Jo. 

GEOLOGY. 

The geology of the county is simple. Underlying the whole area 
are rocks of Carboniferous age, and resting unconformably upon these 
in the southeastern part of the county are sands and limestones 
belonging to the Cretaceous. The Carboniferous rocks lie nearly 
horizontal or dip toward the west; the Cretaceous rocks dip south- 
eastward. The boundary of the Cretaceous crosses the south line of 
the county about 6 miles east of the southwest corner and passes 
northward through Bowie and thence northeastward to the northeast 
corner of the county. The boundary as thus delineated is irregular 
and serrate, as a result of the erosion of the formations which once 
undoubtedly covered the whole of the county. 

The Carboniferous rocks which constitute the surface formation 
over the northwest half of the county belong to the upper part of 
the Cisco formation and consist of variegated red, brown, and blue 
sandy shales and shaly sandstones that grade horizontally and verti- 

cally into cross-bedded yellowish and white sandstones. The sand- - 

stones are locally conglomeratic and, owing to their greater resist- 

ance to erosion, in places cap elevations or project in ledges above 

the general surface. Coal which Cummins regards as his coal seam 
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No. 7 crops out about 4 miles southwest of Bowie, and attempts 
were at one time made to mine it at this locality. A tunnel 400 
feet long was driven into the side of the hill, and 14 miles farther 
north shafts were put down to coal, which was reached at a depth 
of 150 feet. In all the shafts water was encountered in the sand- 
stone above the coal. The following section was made by Cummins? 
at the mouth of the tunnel: 

Section at mouth of tunnel near Bowie, Tex. 

  

Ft. in 

Sandslongi ito. iie. coset ili oN na ra 6 

ORY. cd etd aa esr alin tae i wad ain tw dad aie ai i era a 20 
DARNELL SE SRE a Sa St 15 

BO, rr eh a Ra TR NHR LR a 3 

COAL, itt ei aE. as GRRE aE Et 2 

BIG: ars a GE a a Ee Ee 6 

Con) ea ea RR 1 4 

Fire ClAV., i. tin suivants di ns Ede dev a 2 wa rade Seri Snes 10 

48 7:9 

The dip of the coal, according to Cummins, is to the northwest. 
The coal shaft of the Max Edser mine, now abandoned, is reported 
by the owner, C. H. Boedeker, of Bowie, to be 160 feet deep and the 
coal to be 48 inches thick, including a slate seam of about 4 inches. 
A hole drilled 200 feet deeper failed to show other beds of coal. The 
records of this drill hole were not obtainable. Six miles northwest of 
Bowie, on the north side of the track of the Fort Worth & Denver City 
Railway, is an abandoned coal shaft which is now filled with water within 
30 feet of the top. This shaft is reported to be 412 feet deep, but no 
reliable data concerning it could be obtained. The dump shows a 
considerable amount of black carbonaceous shales as the last mate- 
rial taken out. The only other occurrence of coal in the county of 
which information is at hand is in a well 4 miles north of Bowie and 
1 mile east of the Peak schoolhouse. The well starts in sandstone 
of the Cisco formation and is said to have reached coal at 62 feet. 
The seam is 6 inches thick. When the coal was reached, water was 
encountered which probably came from the overlying sandstone. 
It rose within 25 feet of the top of the well. On the assumption that 
the coal in these several localities belongs to the same seam, which 
is probable, it is estimated that the northwest dip of the beds is about 
70 feet to the mile. 

The southeast half of the county is underlain by sands and con- 
glomerates belonging to the lower division (Trinity sand) of the 
Cretaceous. Overlying these sands and capping the higher eleva- 
tions in the eastern part of the county is a limestone which in Okla- 
homa is known as the Goodland limestone. It represents the forma- 
  

1 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, p. 508.
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tions to the south called the Comanche Peak and Edwards lime- 
stones. The Trinity formation in Montague County consists of 
compact but easily eroded sand, usually called “pack sand,” whose 
thickness ranges from a knife-edge at the borders to 500 feet in the 
southeastern part of the county. Pebbles in varying amount are 
scattered through the formation, but only in the basal zone are they 
abundant enough to constitute a conglomerate. In this zone the 
pebbly beds are locally of considerable thickness and are in some 
places loosely consolidated and in others indurated to form a hard, 
resistant rock. The Belknap Hills, Queens Peak, Brushy Mound, 
and other elevations along the border of the Cretaceous area owe 
their relief to the resistance to erosion offered by these beds. As 
shown by Hill * the Goodland limestone is exposed along the western 
border scarp of the Grand Prairie and in the numerous inlying areas 
of the valleys of the many tributaries of the Trinity and the streams 
which score its surface. It is a white limestone of dull or chalky 
texture and luster, intersected with layers and seams of semicrys- 
talline material. The thickness of the limestone is about 15 to 20 
feet. 

WATER CONDITIONS. 

WELLS. 

CARBONIFEROUS AREA. 

Most of the water supply of the county is derived from shallow 
wells. In the Carboniferous area water is found in the sandstones 
at depths varying from 30 to 250 feet, and throughout a large part of 
the county water may be reached at 20 to 50 feet. The water in 
these shallow wells is usually hard and often impregnated with 
objectionable salts. The supply is rather scanty, and it is necessary 
in some areas to go deeper for satisfactory quantities. Other hori- 
zons are reached at depths ranging from 50 to 200 feet, but owing 
to the varying character of the formations no correlation can be 
made between the wells at different horizons. 

At Nocona water is found in the northeastern and southwestern 
parts of the town at 20 to 40 feet in depth. The wells in a belt 
extending - through the town from northwest to southeast are 
reported to be from 100 to 250 feet deep. The most common depth 

. is 100 to 130 feet. In the shallow wells the water stands about 18 
feet below the surface and in the deep wells, according to the prin- 
cipal of the public schools, it stands at about 80 feet. A well put 
down by G. A. Stafford for Carmichael Bros. yields when pumped 
7,000 gallons a day. It is cased with 6-inch pipe for 217 feet and 
with 4-inch pipe for the remaining 42 feet. The water varies in 
  

1 Hill, R. T., Twenty-first Ann. Rept. U. 8S. Geol. Survey, pt. 7, 1901, p. 217.
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quality, being good in some wells and poor in others. In general, 
the water from the deeper wells is soft and that from the shallow 
wells is hard. on 

About 2% miles north of McCallum, on the farm of John Morris, 
a well 134 feet deep was put down in 1892. For a time the water 
was fairly good, but later it became so highly charged with mineral 
salts that it could not be used. Another well 84 yards to the north- 
east struck water at 137 feet. The record of this well, given by Mr. 
Morris, is as follows: 

Record of well on farm of John Morris, near McCallums, Tez. 
Feet 

1. Surface sand anid clay... cee ssessss ain rvwvansns ss snsnnessssranss 28 
2. Soll Sansone, ...covtnssassans donner iisnes sssrangosesdsesss aren 36 

Blak aay rte ees Sir nas kant a ain © Sh Hn 8 

4. Mixed clay, sand, and lime, in part concretionary................. 15 
B. Pa Rad. rk rs sneer A Ea ved sk takin 40 
6. Darle-red clay, almost Black. .ccaevcnns scr s vain sr ge'stinss ssn oninnn 6 

7 Hardrock. ve visit a Tie aR idee a eWdeine baw ear 4 

8. Sand with gravel and water. 

Nos. 1 to 5 represent the basal portion of the Trinity sand; Nos. 6 
to 8 belong to the Cisco formation of the Carboniferous. The water 
in this well is fairly good. 

At Belcherville the public well is 165% feet deep; the water, which 
is of fairly good quality, rose rapidly, when the bits were drawn, 
within 90 feet from the surface. The water of other shallow wells in 
the vicinity is said to differ considerably in quality, but no analyses 
have been made. In 1895 a well put down by John Witherspoon 
was extended to a depth of 961 feet. William M. Cassel, the foreman 
in charge of the work, makes the following statement concerning it: 

The principal water-bearing stratum was reached at 600 feet. Several other water- 
bearing strata were passed through above this, but they were cased off. The water 

from the 600-foot level rose within 100 feet of the surface. Deposits of coal, ‘‘granite,” 
sulphur, and salt were passed through, but nothing definite is now known concerning 

them. Analysis was made of the water, but this has been lost. It is known, how- 
ever, that the water was highly charged with salt and sulphur. 

At Ringgold water is obtained at depths of 20 to 200 feet. The 
water in this vicinity is predominantly brackish. Cisterns constitute 
the main source of supply, the statement being made by residents 
that there is “no good water outside of cisterns.” 

In the vicinity of Stoneburg water is found in shallow wells at 
depths of 25 to 40 feet. In these wells the water rises within 10 to 20 
feet from the surface. At depths varying from 72 to 160 feet water 
is struck which supplies flowing wells in favorably situated localities. 
A. S. Jamieson’s well, located 200 yards south of the Chicago, Rock 
Island & Gulf Railway Station, is 160 feet deep. The water flows
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out in a small stream and is said to be fairly good for general use, but 
hard on boilers. The elevation of the top of the well is about 930 
feet above sea level. The drill is reported to have passed through 
5 to 6 feet of soil, about 8 feet®f white sand containing plenty of soft 
water, and blue shale and sandy clay with alternating beds of sand- 
stone down to about 145% feet. Water was found in a clay or quick- 
sand formation underlying & “honeycomb” rock, probably a sand- 
stone. The fine material pumps up and chokes the well. 

About 200 yards south of the Jamieson well is one put down by the 
Chicago, Rock Island & Gulf Railway Co., the following record of 
which was furnished by Mr. Paul Friesen, acting chief engineer: 

Record of Chicago, Rock Island & Gulf Railway Co.'s well at Stoneburg, Tex. 

  

  

Thick- 
TBS. Depth. 

Feet Feet 
SRC IN OI] rei iSeries rhs Se eA ve de NE RPE a: 2 
Cen WH War... sn sa beh van dirs ie dainty seu via Between a 3 dle Bin an pb 13 
Cay i Ee ES RE a SLSR RE 11 24 
Blue sandrock an@ slate. . ci is. Tr ti se Se Ae Se ee Se ree a ie wee Sree 34 58 
SB ANGIOCK i ose iceis sR Tans Ponies sh sh a vs i dae EAA REE wd i wii San sn Be de Winiin 12 70 
Red Glay. cl a Lo read a i ea a ER a TIE EI TS 10 80 

A POR Sh CL RSET Eo 0 S00 26 106 
Sandrock and some water......................z Beri RAE ia bee a are iat a aa Tn 12 118 
REA Oa ci i en Sree ann ee nh wea RAE a HORS ea ds REE Sh SS 11 129 
Hoard aanroek. . oc oi ii astute ras smn das Ben ans ds sat aa SE Sn SR ah 13 142 
Quicksand with water,. which OWS GUL BL 10D... intaas crs isnsionni Sodus su indades sone 8 145 
Hard RONBYCOMIDTOCK ot ce dee ttn re Sub son Sr wih dane ws ede SiR dag wha Sai mh 3 145%     
  

The water was struck at 143 feet. The well flows at the rate of 
1,000 gallons a day and affords about 17,000 gallons a day when 
pumped. The rocks penetrated in this well belong wholly to the 
Cisco formation. At this place the elevation of the water beds is 
approximately 890 feet above sea level. 

About 1% miles south of the Stoneburg station a flowing well was 
obtained by James Anderson at a depth of 98% feet. The exact 
elevation of the top of this well is not known, but an estimate based 
on the contour map of the region indicates that the water is reached 
here at a level 40 feet higher than at the station. 

Three-fourths of a mile farther south W. T. Small has a flowing well 
72% feet deep. The top of the well is possibly 10 feet lower than that of 
the railway well. It is estimated that water is reached in this well 
at about 835 feet above sea level, or 63 feet higher than at Stoneburg. 
It seems probable that all these wells terminate in the same stratum, 
which has a northward inclination of about 32 feet to the mile. As 
the real dip of the strata is to the northwest, the data here given 
harmonize with others showing the dip to be about 70 feet to the 
mile (p. 37). The character of the water from the Small well is 
shown by the following analysis, by Walton Van Winkle, of the 

United States Geological Survey:
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Analysis of water from well of W. T. Small, near Stoneburg, Tez. 

[Parts per million.] 

Silica (BIO)... coc ier td A RR at an 4.8 

Tron {IB id i svn celine sis vdsims we a me v2 S Sah als win Sans dle <u 4% .08 

OCINICDY. . 41s isco san innn ss mx AS morn kB viv aS sd hs mais 32 

Maghesiumi(Me).-.. ox ort. et SR a RTL. 8.2 

Sodium (Na) and potassium (RK). ..cccccicnic iin. wo io tn vera avs s 121 

Carbonate radicle 00,). .... 2... a nd ea iL .0 

Bicarbonate radicle (HCO). 5. sv. dvi lanai gna si id 365 

Sulphate radicledS0,).. coc. cvovnisvvs ses Tanna Doss vas on 40 

Chlorine (Cl) erie soe vn nminv ns cu ssnmsinn sos vsddassninass 61 

Nitrate 1aGiclo (NG, ). vo i virarvs sins Paviviin aie w Se ian she ws iss 1.06 
Dota SOE, os ener Deda rend vas nase Se Si yA Sen 457 

This analysis shows that the water comes within the limit of ordi- 
nary river water in the proportion of calcium and magnesium, but 
is higher in chlorine and bicarbonates. It is used for household pur- 
poses and for stock and would apparently do well in boilers. 

Water from the well of C. M. Chase, near the Small well, May, 1907, 
gave the following results according to the same analyst: 

Analysis of water from well of C. M. Chase, near Stoneburg, Tex. 

[Parts per million.] 

DICH (S10). dice ci consis nv nrovnne Tessin intimios Senne iilny Huei 7.2 

Ton (Te)... vn iii sus tis sonst sn vines vues rims Sein said 3 

Oletor (0n).0 devi reciint iva sata suse sais sss ara sans enn shes 6. 4 

Magnesium (Mg)...............508% Ee iad 10 
Sodium (Na) and potassium (R)......0.. o.oo an 5a. 174 

Carbonate radicle (CO) 0. st rims rss a ih a .0 

Bicarbonate radicle {TIC00). +. vx iccasrsisin sn sr npns wainnin sams s = 381 

Sulphate radicle (BO, )...c- iil LB ms Se en a 25 
Chlorine (C1). ..0.. cineca sided se se ad Sri i anil 36 

Nitrate radiclo (INQ). cit ararcsnne sin sav Satis Kum 5s vine 2.4 sins owes .97 
Pola SOlIAN. . cs rr eas Pena an sr va na se seh we gine 458 

This water, although slightly higher in alkalies and lower in chlorine, 
corresponds fairly with that from the Small well. The flow is small 
but constant. 

About 3% miles east of Stoneburg, on the farm of C. H. Bacon, 
are two wells 113 and 96 feet deep. Both are flowing wells and when 
cased up the water stands 2 feet above the level of the ground. These 
wells are located near the border of the Cretaceous at the northwest 
base of the Belknap Hills. Their flow is small but regular. A 
bucketful taken from the basin will cause the flow to cease for a 
few seconds. 

Bowie is situated near the southwest corner of the county, just 
within the border of the Cretaceous area. The thickness of the 
Trinity sand here, as shown by well records, is about 40 feet. The 
increase in thickness toward the east is rapid and in that part of the



42 UNDERGROUND WATERS OF WICHITA REGION, TEXAS, 

county, so far as known, no wells extend through the Trinity sand. 
There are several deep wells in the town which extend through the 
Trinity into the underlying Cisco formation. The Bowie ice plant 
and the Bowie Oil Co. each have wells about 500 feet deep. The old 
well of the city waterworks derived its supply from a depth of 540 
feet, but this proving insufficient, a new well was finished in 1907 at 
a depth of 640 feet and gives, according to Mayor C. H.Boedeker, 
‘“an inexhaustible supply of good water.” 

Its record is as follows: 

Record of new well of city waterworks, Bowie, Tez. 

[Elevation at top of well, 1,145 feet above sea level.] 

  

  

  

    

Thick- 
Hose, Depth. 

Trinity sand (Cretaceous): Feet. Feet. 
1.°Soft sandy soil with some gravel and Water... .. eu re ve sana ans sans nmr sas ssn 30 30 

Hard ew Clry Lt he Se So Cs Linas nine sina n a ile a nina aie miiin ie wn ma tne 10 40 
Cisco (Carboniferous); 

Bo Hard SONASTONE. Lf shea esis sain sins sola mami dis ie Be 5 wiles Ws les mn ori a 2 38 78 
CE Sn en Re BR CU Re SL RR 18 96 
D.C a ares OL CORY dl oe i Cucina natn nien i vant en tai a ss mirre Ts 4 1680 
O-TInrd S0aPStONCIOr YO CIV: ov vianaiin inn bins ua ene swans aa LAL s dna a wn mews 108 
7: Conglomerate (CoNeIeteroCK). «os i Ce i i ed a ar a saan na ss 132 240 
ND es Tl matte sar a eae Ae Ana le ah ae aa he A ae ea Sen san 11 251 

9. Hard conerete, similar toNo, 7... C0 or a iis eis se aad rds anes s 54 305 
OE Qnty shale harden ile i ns een ds vay 75 380 
11. Hard concreterock diffemlb tori Lr coi tl re es sa SN 55 435 
12 Redshale. ... los ni iieining a a i Seah veins Aa aes Pe 13 448 
I EIR ONE Tr i a wh res ne dT sae ie sk mann wd ee 32 480 
WM. Bedshale........ cco. nofeuse: ; 18 498 
15. Hard shale, ‘“hardpan’’ 3 12 510 
10. Candstone.. cn. iin Svan nee 2. 9 519 
17. Bandowith Water ..... .ociv iii cee sirendas el eve tcssnvifiassninsiesannnse is 9 528 
18, Banas One fs ii dE a sr ah ses Ten aS wih 4 532 
19. Soapstone, shale, and Stale. cue ic i ni tit i vans ensvss sas sis suanannsnnvuns 69 601 
20: Bana WH War cee. s tases tii iiton wien asandossnnaiia soniravsconsnssnnnns 19 620 

  

The water in bed No. 20 stands 180 feet below the top when 
pumped. This water was analyzed by Walton Van Winkle in March, 
1907, with the following results: 

Analyses of water from new city well, Bowie, Tex. 

[Parts per million. | 

SHHen (B10). voc ean sso ve ins sro nT ans ene n ss ss ann 5.4 

ion Br RRR Salen NE RRR TE Bl CI SIRE Be A 4 
Caletum (Ca). co. i dlr ds es a aah 21 

Magnestium(Me). Jodi iia dif A vii Bh sens Shin ves omen 9.5 
Sodium (Na) and potassium (KB). . ..ccuncincesnncovnve snnnes 772 
Carbonate radielo (CO: Yo. va-aii7ai mtv somin San soins vrs ais .0 

Bicarbonate radicle (HCOg3)..cocueeeae an.... SE I ames 382 
Sulphate radicled(S0,). . oun tdi so regis 129 

Chlorine (C1)... ccc-cnnunnnvess tasiinmessnsnnva Virus crsoniven sive 972 
Nitrado radicle{NOg) i. «oc ivvsvinsdons vasnimn fnnune s un snsmnns 1.86 
Total solids... outs. oi nans Ee ees Re dh A Sah ete 2,119 

This is a soft water high in chlorine and alkalies.
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CRETACEOUS AREA. 

In the Cretaceous area water may be obtained as a rule at depths 
of 20 to 150 feet. Most of the wells are from 30 to 80 feet deep. 
The differences in the depths of the wells are due in part to the char- 
acter of the relief as related to the position of the water table, and in 
part to the changes in the character of the beds themselves, the sands 
in places containing more clay or being finer grained and more com- 
pact. For the most part water for domestic purposes is obtained 
from shallow wells. There are no deep wells within the area except 
near the border, as at Bowie (p. 42). At that place the deep wells 
find water in the underlying Cisco formation. The water in the 
Trinity sand is generally mineralized to a greater or less extent, and 
hence it is in many places necessary to rely upon cisterns both for 
domestic use and for stock. Owing to the compactness of the sands, 
the movement of the ground water in them is slow and generally the 
supply from these beds is small. E. B. Sizemore put down a well at 
Newharp, near the southeast corner of the county, and says that it 
is 129 feet deep, is nonflowing, and furnishes about 10,000 gallons a 
day. The water is used for running a large gin. The drill passed 
through the following beds, according to Mr. Sizemore: 

Record of well of E. B. Sizemore at Newharp, Tex. 

  

  

BO) ci ns hh iS Sr dens ma wa Bn wan anomie 5 ns nn Ew a et Sn RR es salbim a 1. 
 Packsand or SaNATOCK. or a dt le x an SA ss 4 he wei ninie Sle ws He sie R md 40 44 
8 Blut clay and Struc Water. ... Sl EE i eS rs Sanne Ah ess ram de Sean 
A Paeksant: Waler at BO Jet... a Pe A ae BR SL A Rata 41 85 
BD: Bod DOO AY co. otis ce eae Sn Seem rent nse Ph Bost mere mp uta 2 87 
GRP0COPA00 . . on eatin. nah dic tat Tanne Ae A Ea PES aa Sms a a ae Aa Fee as 27 112 
lo BOND O08): savas svn ns van mnn ssi frat nine e eaten Satan a ae Se ree Soh Eve Sarde aT 211122 
RT GR CO Ca Cn Se I Ye TO A I SS RC SR 26 10 {129     
  

The beds to and including No. 4 are Trinity and those below No. 4 
are evidently Cisco. Water is reported from the Trinity at 44 and 
80 feet. No mention is made of water in the Cisco formation. 

Four miles southeast of Nocona is a well 235 feet deep. The 
record of this well is not available, but it was learned that the drill 
passed through sandstone, red sandy shale with some hard rock, and, 
near the bottom, soft sand with water which rose within 60 feet of 
the top. This well is situated on a hill near the border of the Trinity 
sand. The water is soft and evidently comes from the underlying 
Cisco. The elevation at the top of the well is 1,050 feet above sea 
level. About a quarter of a mile northeast of this well is an old well, 
73 feet deep, in which the water is hard. The top of the old well is 
about 20 feet lower than that of the other well, and the water in it 
is evidently in the basal part of the Trinity.
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Montague, the county seat, is located on the Trinity sand, in which 
water is found at depths of 60 to 80 feet. The water contains a 
considerable but varying amount of mineral matter, wells near to- 
gether showing marked differences. The courthouse well is 60 feet 
deep, as is also the parsonage well, located 600 feet farther south. 
The “old well” on the square, which is 80 feet deep, contains some- 
what better water than either of the other two. About 500 feet 
west of the courthouse well is the “wagon house” well, which is about 
40 feet deep. All these wells derive their supply from the Trinity. 
Analyses of the waters are given below. 

Analyses of water from wells at Montague, Tex. 

[Parts per million. W. M. Barr, analyst. Samples collected December, 1906.] 

  

  

      

Court- Wagon 
house a house 
well. [28 “| well. 

SIHien (BIO8) cers is dices is devnssesh dunann asin sein iL DN re a 19 26 21 
18 gO RE mG Te SE Ce AE BLL STL LU SRR Tr. 3.6 .05 
ColI(OR) oc aden Le ies ih nn soa San sols She ha ale SVSRRBEE S40 wa iain vrs 327 96 270 
Manes EY nian frat tena a SNR rs a me 74 27 29 
Sodium (Na) and pofassiam (I). ..o vas. ae ctu lol al ae ae a 284 26 88 
CATHODE (C03). = cstv sinmienin 2s et ie ute wos ads hun Sen ¥ wlan me Stir m = wes .0 v0 0 
Bicarbonate redicle (HCO)... cou. 2 cu fae aa a 442 334 249 
Salphaleradiele (801)... ca saa se san Re hen a a 262 54 104 
COIR (Cl). os io cations stn sors san tans nmr a ee rad al ada ads 653 43 186 
NHrate T001010 (NOT). de cts tains ans sn von otis bis na sams saa St aah san en Z. 102 Tr. 334 
otal SONAS: . or Pi een nn Se pe hh Semen Se ease 2,075 446 1,272 

  

Owing to the large proportion of iron the water from the par- 
sonage well has a disagreeable taste and is not used. The porous 
character of the sandy formation underlying the town is decidedly 
favorable to the contamination of the ground waters by sewage. 

SPRINGS. 

Springs in Montague County are few and are for the most part 
small and unimpertant. Most of them are in the Trinity sand area 
and along its border. Near Gladys and Forestburg are small springs 
and one near Forestburg is reported as yielding a ‘““‘never-failing” 
supply of warm water. The springs supplying cold water usually 
run dry in summer. The water of these springs is hard. A few soft- 
water springs occur in the Cisco area, notably near Stoneburg and 
Ringgold. Their flow is small. 

CLAY COUNTY. 

PHYSIOGRAPHY. 

Clay County has an area of 1,250 square miles, and its population 
in 1910 was 17,043. The mean annual rainfall is 32 inches. The 
county is drained chiefly by Little Wichita River, which flows north- 

-
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eastward through the middle of the county into Red River. The 
Wichita flows through the northwestern part of the county. 

The surface is for the most part a timberless, moderately dis- 
sected plain. The soils consist of fine sand or sandy clays derived 
from the underlying sandstones and shales. 

GEOLOGY. 

The rocks outcropping in this county consist of white, brown, and 
red sandstones and red sandy shales, the colors in places varying to 
blue. Except in a small area of the Cisco formation in the southeast- 
ern part of the county the indurated rocks belong to the Wichita 
formation. Owing to their apparently conformable relations, their 
lithologic correspondence, and the lack of good exposures the bound- 
ary between the formations is nowhere clearly defined and can there- 
fore be indicated only approximately. 

The Cisco consists of sandstones and shales, mostly red, the sand- 
stones appearing here and there over the plain surface in outcropping 
benches and low escarpments. Just over the line in Jack County, 
near Postoak, the upper part of the formation consists of 25 to 30 
feet of conglomerate overlying red shales grading into sandy beds. 
The conglomerate is composed of partly worn subangular fragments 
of siliceous limestone and chert in a matrix of sand. In places it 
grades into brown ferruginous sandstone. In general the fragments 
are of the size of peas or navy beans, but locally they are larger or 
smaller. This conglomerate is apparently identical with that seen 
at Graham, in Young County, and it is believed to represent about 
the same horizon. No exposures of this bed were seen in Clay 
County, but the indications are that it is present in the southeast 
corner of the county and across the boundary in Montague County. 

In the area underlain by the Wichita formation the exposures are 
mostly low ledges of sandstone scattered over the plain capping low 
elevations and stream slopes. The main part of these ledges is com- 
posed of red and variegated shales with intercalated lenses of sand- 
stones. The thickness of the Wichita in Clay County is not known. 

A short distance west of Henrietta copper is said to occur in the 
red sandstones and shales, chiefly in the shales. The ore, which con- 
sists of small nodules disseminated through the shales, according to 
reports, assays about 60 per cent of copper. 

At Petrolia oil is found at depths of 278, 358, 438, 650, and 750 to 
800 feet. The principal supply is derived from beds at the 278-foot 
and 438-foot horizons. The deepest bed supplies one well only. The 
first 10 wells in this district were put down by J. L. Jackson, of 
Jackson & Moore, of Wichita Falls, from whom the following record 
was obtained:
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Record of oil wells in the Petrolia oil field. 

[Elevation of top of wells, 1,025 feet above sea level.] 

  

  

    

Thick 
ness. | Depth 

Feet. Feet. 
1.-Redshalo with afew deol of SO ontop... cout. titi atis sasriian dane nnnissuns 100 100 
2. Sand, with Showing of Olli ci. os I A SE a a ade 5 105 
8 ROA Shale os. iE I ere seat tad ee bea 75 180 
4, 0and, With trae OF oll... i oes ei er cL hr trian rein eb ws Eres adn FS mamas 8 188 
BR OA BNO. avis sr Care Eres a Sean enh ea ae ae A ORs Ae ER 75 263 
EI Re ee RN RE Sn Le AS Ro Se Me SIRS SE a 15 278 

ORS rs PE A I ea, 15 293 
BE RO SAO. aE ot LR ra sR a Lt J 4 Sk AR eS A a ia 40 333 
OBIE Shale, rn Nr ra ee AR SR SE aan Bl as 10 343 
30.:8and, with some oll. o. nt citi ol i ae re that sh ig ae ses ria 5 358 

ed SNale. aes a a aa sae Tn st she Sen hve mss eas 2 430 
Blue Shale. dst ei its sams nana st Th sass nde eens Sn te Se Sah ee ad ied 8 438 

33 and, WI Of, oC a Ra RB a ene a i 10 448 

  

The first oil produced in the field came from the sand (No. 7) at 
278 feet. When first put down, in 1903, the wells produced from 5 
to 55 barrels a day; in 1907 the wells had declined to about 3 barrels 
a day. Later wells were extended to the sand at 448 feet, from 
which in 1907 the chief production was obtained. The oil from the 
lower sand is said to have a higher specific gravity than that from the 
upper sand. 

Well No. 1 of the Corsicana Petroleum Co., of Corsicana, Tex., is 
located on the farm of Byers Bros. It is the deepest hole that had 
been put down ih the field at the time when this investigation was made 
(1907). No oil or gas was found. The well is located about 3 miles 

northeast of Petrolia. It is cased with 6-inch pipe down to a depth 
of 367 feet and with 4-inch pipe to 1,002 feet. No notice was taken 
of water horizons. The following record was made by M. W. Bahan: 

Record of well No. 1 of Corsicana Petroleum Co., near Petrolia, Tex. 

[Elevation of top of well, about 1,025 feet above sea level.] 

  

  

    

Thick- 
ness. Depth 

Feet. Feet 
18nd, sandstone, and Clay... Car eT ear erst suse nec svn eres vas ss ae Se 243 243 
2. White sand, WEISMAN SNOW OF Olle tov srr r nave ie ga a 6 249 
Se SDA ANG CY. el i eee areas Se av ate AR eS a 118 367 
4. Sandrock an@ rad Shale. co. lil Sui tsa tan ass Tend si en Ae Laat 629 996 
5. Sandrock and shale, with some sand (indications 0f gas). .....cceeenmenennnnnnnn.. 9 1,005 
Ba Bard red rota. ictal El Sle Ech ts ST de ee Bd en dea 49 1,054 
RR eR MR De i dS pe sp Oh a a SN SS LEO Se 5 1,059 
Sar A TOA TOK cSt eco lrn co muvns sans news vi sani some w wisn s Spefeu vaus sais ba Tne siamo r 33 1,092 
0, BO SNAlE. oii ese vetnad saver ran Sessa tn ras naan s TURE aa Ae SE Ere yee 51 1,143 
1 RET Le a Ee a FU Rp ag Sl SR BRS SECS I SECA BL el SN 157 1,300 

  

Neither of the records obtained gives any satisfactory evidence as 
to the location of the plane of separation between the Wichita and 
the Cisco formations. From Mr. James Darling it was learned that 
in some of the wells a conglomerate bed 12 feet thick was found at a 
depth of 490 feet. If this is upper Cisco, then the Wichita is probably 
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penetrated at a depth of 263 feet. The major part of the develop- 
ment of the field is in an area less than 3 miles in diameter, the center 
of which is about 1% miles southeast of Petrolia. 

WATER CONDITIONS. 

In the valley of Red River, at the north end of the county, plentiful 
supplies of potable water are found at a depth of 25 feet. Along the 
bluffs bordering the valley there are numerous small springs, but no 
deep wells are reported from this or any other part of the county, 
except as already mentioned. 

In the upland areas water is found in the sandstones at depths 
varying from 30 to 130 feet. Shallow wells and cisterns furnish 
water for domestic use. Water for stock is obtained from artificial 
pools and to some extent from wells. 

At Henrietta the wells are from 25 to 40 feet deep. A few miles 
out of town it is necessary to sink to a depth of 72 to 100 feet. The 
town supply is obtained from two wells located in a draw about 
three-fourths of a mile south of town. The supply is insufficient to 
meet the demand during portions of the year when the gins are in 
operation, and it is then supplemented by pumping from a surface 
tank near by. At the time of the writer's visit the surface of this 
tank was covered by slime and the water appeared to be unfit to 
drink. No record is kept as to the amount of tank water that is 
mixed with that of the wells in the mains. If a sufficient quantity 
of water can not be obtained by sinking other wells, steps should be 
taken to construct a tank in a location where it will be free from the 
danger of contamination. In some wells the water is brackish or 
alkaline; in others it is fairly good. 

In the vicinity of Bellevue two water horizons are reported, the 
first at 30 to 35 feet and the second at 100 to 110 feet. The water in 
the shallow wells is soft and that in the deeper wells is hard. There 
is no public supply of water for the town of Bellevue, but a supply 
may be obtained from a lake in the vicinity covering 40 acres, which 
isfed by underground springs and issaid to be practically inexhaustible. 

Since 1907, when this field was examined, there has been a marked 
development in oil operations, especially in the vicinity of Electra, in 
Wichita County. The region including Clay and Wichita counties 
is said to be now producing 10,000 barrels of oil a day.! The principal 
oil area is in Wichita County and the principal gas area is in Clay 
County. According to the report cited, which is based on investiga- 
tions made by J. A. Udden, the oil and gas have accumulated in 
lentils of sand that were originally bars and beaches in the Cisco and 
Wichita seas. ‘The Henrietta-Petrolia gas and oil field is an irregular 
elongated dome about 200 feet high, having an area of 6 or 7 square 
  

! Press letter, Bur. Econ. Geology, Univ. Texas, W. B. Phillips, director, Mar. 15, 1912.
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miles. It is about twice as long as broad, and the longer axis extends 
in awest-northwest and east-southeast direction.” The author quoted 
considers that the oil and gas bearing sands of this field occur in the 
upper part of the Cisco formation or the lower part of the Wichita 
formation, and that they are contemporary in deposition with the 
coal beds occurring at this horizon farther south. This places the plane 
of separation between the Cisco and Wichita formations here at 700 
to 900 feet from the surface, a position which accords with the 
writer's view. 

Two logs of borings kindly furnished by Mr. Udden are given below. 
In each of these borings six water-bearing sands were noted. In the 
Byers well No. 3 a fresh-water sand was found at 137-172 feet which 
was not encountered in the Myers farm well No. 1, and the latter 
well shows a water sand at 955-975 feet which did not appear in the 
former. The correlation of the other water beds seems to be fairly 
well established, but it should be remembered that in formations of 
‘such irregularity in lithologic character the determinations are pro- 
visional only. There is probably little doubt that all the waters 
except that at 137 to 172 feet in the Byers well were saline. 

Log of Myers farm well No. 1, near Henrietta, Tex. 

Elevation of Henrietta, 915 feet above sea level (Weather Bureau). Began drilling 
May 27,1909. Finished drilling December 31,1909. Set 176 feet of 124-inch casing, 

589 feet of 10-inch casing, 1,310 feet of 8-inch casing, 1,924 feet of 6-inch casing. 
All pipe pulled when well was abandoned. 

  

  

    

Thick- 
Hess Depth 

Feet Feet. 
Bernd. tn TE a dL EL TR RE RR ee LH LSE 280 280 
Gray water Sandel B) . .. a Ls is is ides st ann rein Sera en ee Rei 20 300 
Bed Caves on A or a ae Rr an A AR ST mee See TRE RS A SR Gy meee Ae wie 15 415 
Gray Jats a a a Ne LR Cp Se 10 425 
Red Cave. cn i aT ae me SR AR Te RS 75 500 
White. waiét San) a a a sr arta aR Sh Ae rea le ee Xe he 25 525 
Bod Cave co. eis er ee Te Ln ee Ee SA aA Gena mes 10 535 
Broken nd PE Ee OC Sn IL TE SA 15 550 
CTaSalt SANA. J. i ar ah Tea Ba et res Sa a ne Se AE A aa 10 565 
ROA EVO ccc ser ahs brn te en = ne SRS hE sw na ie SH et a Fa aint 4 10 575 
WHO SIO rr os ne a A a RN ER GT aR 15 590 
Redan While, Mixed. cout. iinn in ernst nse hss nn ols 4s S03 vain Sk wie odin hw mite 0 25 615 
Salt-water Sand (PB). ea A SE TERRE 21 636 
hdd mente Ree or ATRIA DI eas CoRin Lobel ati lear i Tooled gn ons 19 655 

SIO i me a de da es A Tia en Sr rh ee J eS 20 675 
Bed and Dao mand. . oe. he ri rir tr na a PEE Rt ys wh wate sa He Wn 10 685 
Whitomlate a i cl TR Sa Te de I rR a 5 700 
LI Tl pA A eS LR i Se RE Ll RR SR, 5 705 
WO SIE Lt. ht Jens tin Tam ana Sana se Br wh an La mai nos ales an Sieh ew a S 710 
En EE IT A a A ly TR DR AE SOON SE Sy eh Rs 25 735 
Brokea gray sand. 0... eR NL aaa aa 10 745 
Hard brow Oa Sana. Ol. Co. Se si a i er ii sabe shay Sain in we Ak a Sats 5 a es aie Sw Sore 10 755 
J oosewBite sand. i TR a A a i eae 45 800 
Broken ray Sanl .  ereseriar rarer sh nts Ae Ee nA Sn sale sh 4 se Ber ais 10 810 
Red Cave rd ieee ide de De Ll oH Se we i ae See sw nn meen 10 820 
Whitoslateand ghell.. 0 a it iS rai edt be asses an aaa Bnd sen aan 5 825 
RB COVE i RE ee EE I a nn we PE SAR re A Ren Sk Fea a ae 20 845 
Grin nn 1 ee SS UE SE I ARR LESS | SOR 10 855 
Red conoid NS Re SE ate sina 10 865 
White Sand. oc rl eh ade a ts sh ne eis ma STs AH BE CRA Ro sm a a 10 875 
Nae SANA. s.r A rnd eH na A SE fee CE RS Se hE 10 885 

SL HE Dat SOI. i i vere EE ss saa Saas WE a a sere FRETS SUE ava. { 
Light ht slate crecseuririre ity r Yaris sane ty cE tr E ns Eee S ese sta nE ane ennv ssn 10 910
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Log of Myers farm well No. 1, near Henrietia, Tex.—Continued. 
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Thick- 

  

    

ness, Depth 

Feet. | Feel. 
ROA DEd. a. as ci abe tens sn gae naan se anes on ses base b aaah en Enters evant abel 15 925 
Nh HO San. i. cae i de credit ants ss Sinn sn ae bens en aiees nn yin ass ane Sas 15 940 
HL ea le nl TRE a RR TR ARN RR EE a” Tp Cn Wl 15 955 

VAR ET RE oy PO BRO SR pL GB pr SO RN i 20 975 
HEUTE DT SG SIAC Ro aN Tr RE Se Be AO I NR CRN CELE 5 980 
Red op RIN Ct OR DI IE J RE Np i RESIN iE DSR 25 1,005 
BIS IO. cr cca sata a ns ss Seas raves tris snes a ent Sa Sea wa Set d Same A Sas 5 1,010 
WW hilo salt sand cio, i edt sass sind Satins oh aise bin sweats ving tian ain vals a Wiis a a 10 1,020 
Red marl streaks of Blue Shale. ..ci.. co. to cid doi sles den cei een da bent as stan mies Senses 10 1,030 
Light-gray ky I SI A NE CA A on Re NEE I SRY 10 1,040 
CAMA a a a a a Sy 15 1,055 
DIY SraV SING. vavmenl are deena ES 0 A it Shes ay al Ayala AS dg vera eS wa 5 1,060 
BCA ION] cli rans rsa rns ns st Pan sneer aml bales a the ee Sanna te 25 1,085 
ho snl mand aa re re a ee sae res a Sd se Ss 15 1,100 
BrOKON SNA. Lf Shas anne ori dens ra Ps Bd Shon as Seals shad stbmin as a 5 dies glee wa nad nds oo 15 1,115 
SE ECR SRR al DE TO i SR RR 10 1,125 
DIOReN SONA...  ceassmasnsrsnsnissnnnsns saison rgesisnns send tessias ade iiinsiansssaserisans 15 1,140 
BUG BIAS. oc cn van nts rains Sans tts Sis seat snes mnt r sar oS mss avian sans winds vs 10 1,150 
Dry White SANA Li Tr irl Sins ante seer nd 5 1,155 

i 8 DE Ee RS RN RR On RP RR UR 25 1,180 
Sond siren km ol Shale, Ch wt de a Se as aS rad 20 1,200 
Bed amar], i. ce Te a ee a ea Ms de ennai aang 25 1,225 
She var ORRIN Ln RRS LS BR ER ie BB KY RR SR 5 1,230 
Belmar LL Ui rens de i ec A ae Sees en ee Sa yh oa 40 1,270 
Liang sh CR Rn RR I SRE Sa ER TR SA SR SR aR LRT, 10 1,280 
BARI). CL rts tsar tc leider ev mtn ah be bah sh nD Lia wh wiki 4 raw dn pie Aan Si SRR RS 50 1,330 

BLOW SA (0) 2 sce it i hss sr umes on Th en am a a ns vin wos anda sb oun nin nt Ras 20 1,350 
HE OL Re A SI I GRC ER EL CO EB PRL pe CR Vf 30 1,380 
Redmon streaks ol white sand... andres al fe i iN ies dass saan tne sa ses 90 1,470 
BOWL Bla cy lard i oh ed Cee ot de dade sh SR ean Swe Ea id 25 1,495 
Ne SIO, Ree Sher he nl edad eds woman ma ASI A RES Nie Sirs Sid 11 1,606 
hile Sot sand de ihe sos ss vrs i tema ra nts pane rea rE Sp BD 22 1,628 
UE SNIO at id te a Le rr ee es a SN a Se ess 20 1,648 
White Bo USA Caen os se se sr as sas SR As as a Wn Se Hale ws A SAE Ws nba ae we 15 1,663 
Blue shale. ........ Be nae fa el Ts gn dr hee en hd ee i ES SA Sa Sa 37 1,700 
AEE SU RE rh oy AL i ees SUN Re Re GE A a 15 1,715 

TUE LN St a PR i, TNC SRR RI LY DR SR, 12 1,727 
LE en a CARE Te RPT a TAS SP CS a nT ELT 10 1,737 

LE BN AR ae REN RE A Rp Ee. tS STN RS 7 1,744 
DB INa Shale. pp eh ce te sh eet se Ie I CS NS Deeb oa 46 1,790 
Sand; streaks of DIN Sale. ae a Ta Lr se a tere Sr na abe ee pas Sams 20 1,810 
WER RRIE SON. ees eres ert a gn 10 1,820 
Ld Shals EI LENCE SRL RT DE dh NDE Arn Se Cle SE SO SR Ri 20 1,840 
TRY SANA i so tnnt oess Pis ve sa anspor a a a dl SST LI I an 10 | 1,850 

Blas Se streaks of black slate. 80 1,930 
Blneslate...... co. 0d 0 "243 2,173 
Gray salt sand..... 7 2,180 

  

    
  

Log of Byers well No. 8, Petrolia field, Tex. 

Elevation of Petrolia, 967 feet above sea level at station. Began drilling October 
20, 1908. Finished well April 14,1909. Set 127 feet of 12-inch casing, 697 feet of 10- 

inch casing, 1,466 feet of 8-inch casing, 1,789 feet of 6-inch casing, and 1,959 feet of 

43-inch casing, 

  

  

    

   

    

    

Thick- 
1105S. Depth 

Feet. Feet. 
ROA CIaY . inves cuinidirn as ves vans sd or aal stn wal senna t ens v ab ean sn aT syd ss uias 75 75 
LI | IBIAS ERT A Ee ae LE ER EN ral 23 2 77 
Blue MUA. ai ve sms sie siren tenia 0 4 ba nnn gies wis sens SAS 20 97 
Bod aye. rit rar hdr Le ra ren As rn ene nn ete 40 137 
Big froshewnter sand (A) ou. ci ih daadi Sart an sss nies 35 172 
Rod and DINo 1S. io revdarsass ratte sont cuss dueene ve 35 207 
Bed mud. .....c..cinesveassves sav sboch vines tunts 20 227 
Dry sand. i... conteeanudt deen rains 15 242 
Sandy blue mud 20 262 

md... .... --eeszssicusnassens 40 302 
Watersand (B)..-.erevaznse 8 310 
Bed and blue rock. 175 485 

8 493 
Seid ensrsnarnsiniinsiivnsivnsens ented 4 497 

  

70056°—wsp 317—13—4



50 UNDERGROUND WATERS OF WICHITA REGION, TEXAS. 

Log of Byers well No. 8, Petrolia field, Tex.—Continued. 

  

  

San EWA Or (CY. cs 0 ae se a ae BE i Pl ad Fe so Eds way 
pins guns 0 snl fava se Pd RB a 

EOTANO GRA ETAVEL, serene sr sh sve diiis Sr ves tte Tomas a hE paw Sains eG rans ens 
Ie ala. se a di en hme Sa i wn ema A es 
Very dark red shale........ 
Blue shale. . ..c....cuiuv- 
Dark-red shale........... 
White shale.......-.0.u.. 
Water sand (D).......... 
Matershale.............. 
Red and blue mix........ 
Blaesshale. - -..o..c. aa. 05. 
Neryred shale... iat no a LE ae haat 
BPO SON oo. Li a nat AN Rh wen ae Rei we sw es aR ein en we 
A A SE CR el SEO SOW BR Cn i SE So Wel SR NR 
Bloke Slate. tin sen Ri ds 
Bed and De THER... sel a tr irt ensign Lew nn san nae He te des 
Redshale is... 0 tats a NG a RTS 
Bluashole. .. +. athe i dl slat a I ae suis he 
¥: aa (dh ee A etal el eae 

    

BHO SHO, «cl. nie ede as ae aT id 
DOR OS MX EIT . o vasnie nce den ain o sin ates 5 wns nalts wo winin n wn nis He Tar ta aie se eis ae Ta 
Syl Shale... a. ee a Re i a dw sie do vi ie Rn ee Se Be shai h pias 
Brew ey Sale Cd. se NE OL 
Rotten sand. oii dence saddle eC dee Sgt ae MLE LR RG OR 
Blueshale sand shells... .. ie ui doi in vise Tsansmn situs dds Sus wt ns towns sss adnate oe 
Pr E-rod Bae... a A Si i ae bee ve 
Wonter sand (I)... oo ed rss st tuoi dene oF bis man oa wom Sin ew aetna wom a a’ 
Ble BNAIO a TE Sh als SE Se rd a 

Darke SanB... .. tess eens rE RIN RoR PRR ERR Set ett nn We 
Dlark-blge shale a i Se re a I Eo Sadat ee 
Yelvy nord darkhblne shale. edo. ctu etait ti an od ee de a EY 
EEL ERR a SR NEAR Sh Se TRE BO pe 0 PO RN Gn 
ard blacle Sant oc I de a ates 
Dark-Tol SAA. co. oe. RS Bi ee Tee ae ahs ae SB a men Sneha 
Dark sand. i Gein a a sired re dB Le SR a ne 
Dark-blue shale. . 
Blue lime. ..... 
Sky-blue shale. 
Gas sand....... 
Black shales... 
Fine dark sand. 
Dark-blue shale 
Hard shell lime. . 
1 TR RCC aR ea a Eo A Sy Ree En SR NL SN PI LA 
SOE Sand (ANC Ol). vi. svt dr senna ie es i ee sa Se eC Ji 
BOW BOOS. i Lr ee i eA A RL Tat SR 

   

  

Blue Shale. se ee a ts Se Se 
Big salt sand QUIT 0] Mexico’... i. cinch ulanlie  fuisih sno sinie dt -biwa sss tus swwevesos nisin 
Abandoned.     
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WICHITA COUNTY. 

PHYSIOGRAPHY. 

Wichita County has an area of 606 square miles, and its population 
according to the census of 1910 was 16,094. The mean annual rain- 
fall is 25 inches. 

The surface is an eastward-sloping plain incised on the south by 
Wichita River and its tributaries and on the north by a few insignifi- 
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cant tributaries of Red River. The general surface rises toward the 
west, or northwest at the rate of about 7 feet to the mile. The main 
valley of Wichita River is a wide alluvial plain about 60 feet below 
the general surface. The river flows in a narrow channel sunk 25 
feet below the valley bottom. According to the railway profiles the 
station at Wichita Falls, the lowest point in the valley, has an eleva- 
tion of 946 feet above sea level. The stations at Iowa Park and 
Electra are on the plateau level and have elevations, respectively, of 
1,037 and 1,229 feet. 

GEOLOGY. 

The rocks exposed at the surface in Wichita County belong wholly 
to the Wichita or lowermost formation of the Permian series. Ex- 

posures within the county are not abundant and are confined chiefly 
to the gullies and ravines along the sides of the Wichita Valley. As 
noted elsewhere the rocks consist of red and variegated shales and 
sandstones. The shales are generally sandy and in places contain an 
abundance of ferruginous concretions. The sandstones are of vary- 
ing hardness. In places the strata are 5 to 10 feet thick and grade 
“horizontally and vertically into the associated shales. Owing to the 
nonpersistent character of the sandstones it is difficult to correlate 
rocks of different localities. With the disappearance of a sandstone 
in its horizontal extension, new beds of exactly similar constitution 
appear at higher or lower levels, and these in turn give way to others. 
About 3 miles west of Wichita Falls the following section was obtained 
in the breaks of the Wichita: 

Section near Wichita Falls, Tex. 
Feet. 

1. Red clay filled with ferruginous concretions. ................... 10 

2. Red and variegated sandstones, cross-bedded, and for the most 
part in thin layers... ..0...u. i iil alae dei ok 8 

3. Red nodular clays to bottom of ravine........c.coceeaill. 20 

This bed of sandstone (No. 2) can be traced three-fourths of a mile 
to the west and then disappears below the bottom of the valley. The 
transitional character of the sandstones is well shown in a mound 
about 4 miles northwest of Holliday. The top of the mound, which 
covers about an acre, consists of soft gray sandstone resting upon red 
concretionary clays. On the north side the sandstone is about 10 
feet thick and 25 feet of clay lies below it. On the south nearly the 
whole side of the hill is composed of sandstone in place, only about 5 
feet of the clay being exposed. 

Limestones representing higher horizons make their appearance in 
the bluffs of the Wichita about 5 miles north of Dundee station, 
on the west side of Horseshoe Lake, where the section following is 
exposed:
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Section tn bluff on west side of Horseshoe Lake, Wichita County, Tez. 

Feet. 

1. Limestone, hard, dark blue, brown on exposure, cavernous.... 4 
2a Blue CAV. hited ini vans n Sanam Tra rE Ss et 5 Rea A he here 4 
3. Red concrelionory Clava. i coved sa vesnssiisle s snnnnss sais ein 2D 
4. Soft red sholy sandstone. ........ clues innrnssnssssvs esse 15 
5, Rell CONCTeliONIIY CIAY.: . . shies ss «bin sons mais sss nsins spun 4 
6. Redishaly sandstone. i... ...... Sod tl, cl dda. aa 9 
7. White and red variegated sandstone, more massive than Nos. 

CR a TRI I Rr SO Ya DR ES LA 6 
8. Nodular clay (eonnlomerslo” Y. comes es ciiinssnana sass wan 1 
9. Red concretionary clay... ou... aed ih dhs fils aS ine naie 15 

10: Nodular clay or “conglomerate”: o Loi wd. 50 anivaen/s veins i 
Nl. Bed concrolionaty Clo. « . cc os iin send sits snr ssvpsinnsihns sninaes 25 

108% 

Scattered over the upland surface in the vicinity of Electra are 
fragments of limestone that were weathered out of the clays, but no 
limestones were seen in place in the northern part of the county. 
About three-fourths of a mile southwest of Electra some thin nodular 
limestones are exposed, interbedded with blue nodular clays, cal- 
careous shales, and sandstones. 

Recent deposits are represented in the main valleys by consider- 
able thicknesses of alluvial sands and gravels. In the valley of the 
Wichita these deposits are from 20 to 30 feet thick. Their thickness 
in the valley of Red River is not known. Traces of the presence of 
similar but older deposits appear in the upland areas in the form of 
rounded pebbles of quartz and other crystalline rocks scattered over 
the surface. In places small patches of these gravels have been 
consolidated into a conglomerate a few feet thick. They are pos- 
sibly of Tertiary or early Pleistocene age. 

A prospect well for oil was put down at Electra some years ago by 
W. T. Waggoner, but no authorized record of this well can be ob- 
tained. The hole is located near the railroad station, which has an 
elevation of 1,229 feet above sea level. The driller was B. P. Gates. 
Information concerning this well was supplied by Mr. Estes, who 
assisted in the sinking of the well. He states that the drilling was 
extended to a depth of 1,790 feet, passing through the following strata: 

Record of the Waggoner oil well, Electra, Tex. 

  

  

Thick- 
Tess, Depth. 

Feet Feet 
Or RolaLIAlETIAl. Lf. carr tds ne crane ave Seas sn wash ans Semen ars Saree ee wea 10 1 
2, Bed oonerotionary olay. ...o. cde tees rea. Sle a a ss tn a Sed sem sme R a e's 
Bn Cd Join Olay. ol. a. ina asses sense nein se ren sve tes st Sea dS arse 45 105 
4, Red ax clays and shales, sandy shales alternating with blue................... 645 750 
5. Sand with some oil; water struck at bottom of sand rose within 15 feet of the surface.. 50 800 
6. Shale, alternating with other rock; blue shale at 1 20D A0BE. asa Tiare sn a es 990 1,790     
 



WICHITA COUNTY. 53 

Water was first reached in quantity at 800 feet. Above this there 
was only a slow seepage. The water at the 800-foot horizon is salty 
and mingled with a small amount of oil, which stands at the surface 
and is dipped out for use locally by cattlemen. 

Since 1907 borings in the vicinity of Electra have revealed the 
presence of extensive deposits of oil in that region. As stated else- 
where (p. 47), the principal oil area is in the western part of Wichita 
County, in the vicinity of Electra. The region as a whole now pro- 
duces about 10,000 barrels of oil a day, the larger part of which is 
derived from the Electra field. There are several oil-bearing sands, 
of which the one most explored lies 900 to 1,000 feet below the sur- 
face, in the lower part of the Wichita formation. Below this are 
others with which have been correlated some that occur in the Hen- 
rietta-Petrolia field. 

WATER CONDITIONS, 

WELLS. 

In the alluvial flats along Wichita and Red rivers plentiful water 
supplies are found at depths of 20 to 25 feet. 

In the valley of the Wichita supplies are obtained generally from 
wells varying from 18 to 25 feet in depth. At the Tom Jones ranch, 
northwest of Holliday station, an abundant supply of very good 
water is obtained from a well 22 feet deep. The section is as follows: 

Section of well on Tom Jones ranch, near Holliday, Tex. 

  

    

    

Thick- 
11085, Depth. 

Feet. Feet. 
B01 and SANA Y CIOT. casi sass ein rss savas aint suslsins sss snsinnes vile vse usls ss assess sienns 8 8 
TaVEL  Tdi  e cath da Sh dal cian SOLE aed abies we Ve wn Caan we a eae Ae nah demas 4 12 
I A Dy AO SR NESE pC MIC SNES ie SI TR SR SA NR 6 18 
Sand with.a plenti{iul SUpPDIV.Of S00@ Walter... uu. coca iti i ves dad a ead ide sani an eas 4 22 

  

In the upland areas few good wells are found. The water in these 
wells is derived from the red shales and sandstones of the Wichita 
formation and is usually too highly mineralized for use. Some of the 
shallow wells yield supplies for stock, but few of them are available 
for domestic use. The depth of these wells is from 16 to 50 feet, the 
principal supplies being obtained at about 45 feet. The water from 
these shallow upland wells is rich in salt and gypsum, as is shown in 
analysis No. 2 of the subjoined table. The water from the deeper 
horizons shows a much greater content of mineral matter, as indicated 
by analysis No. 3. This water is absolutely unfit for domestic or 
industrial use or for irrigation. 

The character of the water from the wells at Wichita Falls is shown 
in the following analyses:
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Analyses of well waters from Wichita Falls, Tex. 

  

      

  

      

  

[Parts per million.) 

1 2 3 4 

SHES). ao rr teas ta ens sa ee ta Sa SE a ae mae , 117 
Fron (Ie) ne a UE pe . } : 6.4 
Aluminum Al)... io 5 is desman srs Pa 34 
Calcium (Ca). ........ 18 
Magnesium (Mg) 411 15 
Sodium (Nad ovale aid ae dh 40 AL Bis ii sae nid de 
PobassiumiC). .... 0. 0. an se ey 14 
Carbonate radiels (00s)... . Sutil sites Saude an, A . +0 
Bicarbonate radicle (HCO3) T60 
Sulphate radicle (SO). . i. i... Lid ibn oe hl dds L003 20 
CRlorine (Cl), (ii i am Sis a as 22 
Nitrateradiclo (NOs). . ... uu. dada Sidi soda mn ibe i .88 
Suspended Mater. . ce: v.-  noniint scans . 120 
Potal dissolved solids... ci t i fad idiitainin ees 310 
RI DIRIY . 3. os ec tits sii a san ov Fe ne 8 RSA RA 5 165 

  

1. Elevator well in alluvial deposits. Depth, 20 feet. W. M. Barr, analyst. Sample collected Oct. 1, 
906. 
2. Edson A. Chamberlin’s well, Bluff Street. In red shales and sandstone of Wichita formation. Depth, 

40 feet. Walton Van Winkle, analyst. Sample collected in 1906. 
3. Well owned by F. D. Keona (?). Depth, 220 feet. J. B. Bailey, analyst. Sample collected June 8, 
1 J 1911. ; 
4, City water from artificial lake. W. M. Barr, analyst. Sample collected Oct. 1, 1906. 

According to R. B. Dole, of the United States Geological Survey, 
the water of the Keona well will yield on evaporation a residue con- 
taining 86 to 88 per cent of sodium chloride (common salt), the chief 
impurities of which would be calcium chloride and calcium sulphate. 
He considers it worth investigating as a possible local source of salt. 
The percentage composition of the anhydrous residue computed from 
the analysis is as follows: 

Percentage composition of anhydrous residue from water of Keona well, Wichita Falls, Tex. 

Chlorine (Cl). 5 tv.v ut ctiiiiiinit c didi s ads eds mms evden vo 60.5 

NOI ANDY oro iss ir sar Yon vives awn Annie ns ole sn we mug wia ns unten 34.5 
Caleimin (00)... cece se ne ole St el te minnie n Ee wraine's 2.9 
Magnesium (Ma)... civ civ sv den sit ides ss tne Spr tw aniiniiin 4 .8 
Sulphigte 13icle {B80 ). coc ctu teni stn ant erin swe swine Seve 1.1 
Potassium {R).. o vcs iirae wnte ds vrata inh nant ban wun ie wiwiuin Fam 33 

Carbonate radicle (CO) 5. . 2. hc ovvar wv diitiine no dal Faia su suo des 1 

100.0 

In the upland areas cisterns and tanks constitute the chief source 
of water supply for domestic use and for stock. The water thus stored 
holds in suspension a large amount of red sediment derived from the 
adjacent soils. This matter settles very slowly, and the rivers and 
ponds are rarely clear. The city of Wichita Falls is supplied from a 
reservoir 7 miles long. The character of the water, as shown by 
a sample taken from the pipes before filtering, is indicated by analysis 
No. 4. The water is red-brown in color and is not clear after filter- 
ing. The high content of silica, aluminum, and iron is due to the fer- 
ruginous clay held in suspension.
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SPRINGS. 

There are a few springs in the county along the sides of the valleys 
of the main streams or their tributaries. Most of them are the result 
of the deepening by erosion of the valley to the level of the water table 
in the alluvial deposits. One of these springs is located about 4 
miles northwest of Electra, in the valley of a small tributary of Red 
River. The water issues from the west bank of the stream for a dis- 
tance of 100 yards. The main spring is about 25 yards back from the 
stream. It yields a considerable flow of slightly brackish water. 

ARCHER COUNTY. 

PHYSIOGRAPHY. 

Archer County has an area of 960 square miles. The population 
according to the census of 1910 was 6,525; the county seat is Archer 
City. The county lies at an altitude of 1,000 to 1,200 feet. The mean 
annual rainfall is 30 inches. 

The northern and southern portions of the county consist of ex- 
tended rolling plains. The middle portion of the county is dissected 
by Little Wichita River, which flows from west to east directly across 
the county. 

GEOLOGY. 

With the possible exception of a small area in the extreme south- 
east corner of the county the rocks appearing at the surface belong 
to the Wichita formation of the Permian series. They consist for the 
most part of the red shales and sandstones characteristic of the for- 
mation in this part of the State. Near the western boundary thin 
beds of limestone appear at wide intervals, alternating with blue and 
red clays and sandstones. These strata constitute the lower portion 
of a series of limestones which belong to the upper part of the forma- 
tion. The bones of vertebrates and the remains of plants that have 
been collected at different places in the middle and western parts of 
the county have contributed to the determination of the Permian age 
of the Wichita formation. 

Deposits of copper have been found in the county, and at one time 
development was attempted, but the results were not satisfactory. 
The ore occurs in the form of nuggets and masses (some due to replace- 
ment of wood) distributed in beds of blue clay which are themselves 

highly impregnated with copper.’ 

WATER CONDITIONS. 

There are very few wells in this county. Water supplies are drawn 
chiefly from cisterns and artificial ponds or “tanks.” D.M. Segler, 
a well driller, states that he has drilled many wells in this region and 
  

1 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 449-455. Schmitz, E. J., Copper 

ores in Permian of Texas: Trans. Am. Inst. Min. Eng., vol. 26, 1896, pp. 97-108.
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has found but one good well in the northern part of Archer County. 
The water from shallow wells is in general strongly mineralized, but 
some wells yield water that can be used. These wells are from 16 to 
30 feet deep. At depths between 60 and 600 feet from the surface 
are found four or five beds which contain an abundance of water, 
but it is invariably salty and unfit for use. The water from these 
beds rises on being struck by the drill, but usually fails to reach the 
surface. 

In 1906 three wells were put down in the vicinity of Geraldine by 
the Geraldine Coal & Oil Co. in the search for oil, of which only traces 
were found. The record of one of these wells was furnished by the 
driller, Mr. F. D. Kerns: 

Record of well No. 8 at Geraldine, Tez. 
  

  

  

Thick- 
ness Depth. 

Feet, | Feet. 
Surface soil, followed DY Xed JOIN Clay . - clu iasnesis sstans 2 assvasinmss sas ns sasnsnss sree 90 90 
Gray sondsione, waterin lower Parl... . dae. aaviaau as ddl ra LL UI 1 1% 

EL ere a pI SENTRA SEI I TOR ee NE A Re 
Brown clay 20 128 

a SER I lS a 15 143 
Brown clay. 55 198 
Gray clay and fine sand. . 30 228 
day. cr 24 252 

Yellow clay ae 28 280 
Gray sandstone with salt water which came within 20 feet of the top of the well......... 18 298 
REA CIAY .. cere cred iincnns saci vilini menses anios an siosicnotn tus sss snsslelenisestaa 22 320 
Blue SOA DSEONEL . do usd Je vi y ov hgh obs ot giv Biskm dtm nis vie Readies dneles ble slvinic vues ine nin $e wlaielais 18 338 
360 Shale With Walter Al 10D... . cas ssastnss vas sans nss srmsnsesnarossnmessysens assessors 8 346 
Quicksand with a thin seam of coal; water in the quicksand.....cceceeceeaaoiiiiaaaa 4 350 
IE RR eB Cn BRR NaN SER a Dr Ton ea a neti 2 352 
Red shale; showing of ol aNQ Bas... oc cise inva Tovias sondloinis nis esimnsiasiios's sir enaiesssmsies 178 530 
Soft blue sandstone, water at top; water salty and flowsoutattop...................... 10 540 . 
FINO While Sand... ui. cit. esivsarestnnsr snares chvsnasass ssdsin vases esas riven ssshhls 30 570 
oa Shale... i clea tis dates esa sv inrst st stu ede Sus sit r sr vs nme nn rnin sewn Ga ww aise 2 572     
  

At Archer City several attempts were made to find potable water 
in the deeper beds. The courthouse well is said to be 480 feet deep, 
and salty water was found in it at 125 and 180 feet. The following 
is the record of a well put down at Archer City, according to F. E. 
Roesler:? 

Record of well at Archer City, Tex. 
  

  

   
Thick- 
11658, Depth 

Feet Feet. 
C4 ER Na A RRL ES 0 SS SR Ee HE A RS CL ne 25 
LL ER re ERG LRT a NL UT IR a AE RL RI 10 35 
Red clay and hardpan 500 535 
Black soil 5 540 
Light-red clays. 30 570 
Cap rock 570% 
Red clay 100 670% 
‘White rock 10% 681 
Sandrock 14 695 
Soft white rock 7 702 
Red clay 5 707 
Sandrock. 6 713 
CADSR... otis va ssi devin nas ns huss sens sr ans atnn vavennee mess siiasnss sassy sasnse dames 1 724 
Cr VOL WI WOE sen sss snisn snsni rnarssnanss nesses suns sons susas sworsnsisinsnenesesssss 1 725 
RIO OC Wa Dn Je a des FS a ee rn a SN ba ena s biam 12 737     
  

18. Ex. Doc. No. 222, 51st Cong., 1st sess., 1890, p. 262.
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The water found in the gravel and sandrock at the bottom rose 
but did not flow out at the top. Elsewhere in the same report ® 
mention is made of salt water occurring at 500 feet. 

No wells have been put down in the vicinity of Holliday, water 
being obtained from ponds and cisterns. 

At Dundee also cisterns and ponds constitute the source of supply 
both for domestic use and for stock. There are no wells in the town 
and very few in the surrounding country. Small supplies are found 

at depths of 18 to 24 feet. 
At Windthorst wells range in depth from 16 to 170 feet. The most 

common depth is 40 feet, but the largest supplies are found at a 
depth of 65 feet. In the shallow wells the water is mostly soft, and 
in the deeper wells it is alkaline. In this vicinity wells and cisterns 
are relied on for water for domestic use and ponds for stock. 

At Geraldine water is found in shallow wells at depths of 20 to 40 
feet, but cisterns and ponds are the most satisfactory source for all 
uses. In the borings made for oil (p. 56) water was found at 90-106, 
280-298, 338, and 530 feet. The water from the lowest bed flowed 
6% feet above the surface and would probably rise higher. In all 
the borings the water was strongly salty. 

WILBARGER COUNTY. 

PHYSIOGRAPHY. 

Wilbarger County includes the area between Baylor County and 
Red River and is bounded on the east by Wichita County and on 
the west by Hardeman and Foard counties. It has an area of 932 
square miles and a population of about 12,000 (census of 1910); the 
county seat is Vernon. The mean annual rainfall is 28 inches. 

The relief of the county is that of an eastward-sloping plain, or 
high rolling prairie, intersected by the wide, flat valleys of Pease 
River and Beaver Creek and their tributaries. The northern half 
of the county is drained chiefly by Pease River, which flows north- 
eastward across the county into Red River. Beaver Creek drains 
the southern part of the county; it has a general eastward course 
and empties into Wichita River in Wichita County. From Electra, 
in Wichita County, to Harrold, in Wilbarger County, the Fort 
Worth & Denver City Railway runs along the crest of the divide 
between Beaver Creek and Red River. The elevation at Harrold 
is 1,235 feet above sea level. Vernon is situated on the south side 
of the Pease River valley, and the elevation at the St. Louis & 
San Francisco Railroad station is 1,205 feet. A prominent physio- 
graphic feature of the northern part of the county is a high sand 
ridge which runs northeastward about 6 miles north of Pease 
River. This ridge is several miles wide and rises about 100 feet 
  

18. Ex. Doc. No. 222, 51st Cong., 1st sess., 1890, p. 298.
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above the surrounding prairie, which is estimated to be from 100 
to 120 feet above the level of Pease River at Vernon. Pease 
River flows in a rather wide valley, following closely the northern 
bank and in places cutting into it. The valley plain on the south 
side of the river is about 11 miles wide and is bordered on the 
south by terraced slopes. Within this valley the river flows in a 
channel about one-fourth of a mile wide. The water of Pease River 
fails entirely during times of extreme drought, and the same is true 
of Red River above the North Fork. The water of both streams, 
more especially of Pease River, is saline, because of the salt re- 
ceived from the beds through which it passes near its source. The 
great cattle trail leading from central Texas to Dodge City, Kans., 
passed through the present site of Vernon and crossed Red River at 
Doans. In 1885, according to J. E. Lapham! there were driven 

through Vernon 300,000 head of cattle, 200,000 head of sheep, and 
190,000 head of horses. The same writer says: 

~ The climate of the Vernon area is comparatively dry and is characterized by high 
winds and light annual rainfall. The temperature during the summer months is 

generally pretty uniform, averaging about 80° for the months of June, July, and August 
with a few sudden changes. In the fall and winter months, however, considerable 

fluctuation is noticed. Cold winds of great severity sweep down from the north 
without warning, changing the temperature through many degrees in the space of a 

few hours and causing at times much suffering to men and animals exposed to their 
force. During the months of July and August the winds sometimes carry with them 
the other extremes of temperature, the hot blasts at times resulting, in the course of 
a few hours or a day, in the total destruction of a crop of corn, wheat, or cotton. 

GEOLOGY. 

The rocks constituting the substructure of the county belong to 
the Wichita, Clear Fork, and Double Mountain formations of the 
Permian series. The southeastern part of the county is underlain by 
rocks of the Wichita, consisting of red clays and red sandstones 
interstratified at certain horizons with white and gray earthy mag- 
nesian limestones. These limestones represent the northern exten- 
sion of the strata exposed in the bluffs of the Wichita north of 
Seymour. The most northerly exposures of these limestones occur 
on Beaver Creek 9 miles southwest of Electra. The diminution in 
the proportion of limestones in the formation and the change in the 
character of the beds themselves toward the north, as noted else- 
where (p. 23), is readily seen by comparing these exposures with 
those on the Wichita and at Seymour. 

The western half of the county is underlain by sandstones, red 
clays, and conglomerates belonging to the Clear Fork formation. 
Limestones are few and mostly of earthy magnesian type. Irregular 
conglomerate beds constitute a noticeable feature of the formation. 
These beds appear to be composed of a mixture of clay and limestone 
  

1 Soil survey of the Vernon area: Field Operations Bur. Soils for 1902, U. 8. Dept. Agr., pp. 365-381. 

"»
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constituents, the proportion of lime carbonate being sufficient to 
give decided effervescence with acid. 

The Quaternary deposits are represented by patches of the Sey- 
mour formation (Pleistocene) which cover the higher areas between the 
streams and the alluvial deposits in the valleys. The sands and gravels 
of this formation are from 30 to 40 feet thick in the western part of the 
county but thin out almost entirely in the eastern part. A line drawn 
from the northeast corner of Wilbarger County southwestward 
through Seymour will mark approximately the eastern limit of the 
Seymour formation. East of this line the formation seems to be rep- 
resented only by small isolated patches of coarse conglomerates. 
The streams have cut entirely through the formation in that part of 
Wilbarger County in which it is found, and it appears therefore only 
as finger-like extensions in the interstream areas. 

The bottoms of the main valleys, such as those of Pease and Red 
rivers, are covered to a considerable depth by alluvium, the product 
of the rivers themselves, and along the bluffs in the lower part of the 
Pease River valley and in adjacent parts of the valley of Red River is 
a deposit of sandy loam which may be of eolian origin and considera- 
bly older than the alluvium. Underneath this sandy loam at Red 
Bluff and near Doans Crossing is a bed of volcanic ash. 

WATER CONDITIONS. 

In the valleys of Red and Pease rivers water is obtained in wells 
from 12 to 60 feet deep. In the Red River valley the most common 
depth is 12 to 20 feet. In the sandy areas adjoining the main valleys 
the depth is somewhat greater. The water in these wells is somewhat 
gypseous but as a ruleis fairly good. The springs found in some places 
along the borders of the valleys have their origin in the old alluvial 
deposits now found as terrace remnants along the sides of the valleys 
or at the base of the Seymour formation. A notable spring of this char- 
acter occurs at Doans. The flow here comes from a cluster of springs 
which yield a small stream that persists throughout the year. It 
does not reach the river on the surface, but sinks into the sands about 
a mile from its source.! Another notable spring is Condon’s Spring, 
situated 2 miles west of Vernon at the south side of the Pease River 
valley. The flow here comes from several springs which issue from 
the base of the Seymour formation. The water is good, and a good 
flow is maintained throughout the year. 

In the upland areas north of Pease River and south to the breaks 
of Beaver Creek water can be obtained in wells usually at depths of 
20 to 30 feet, except where the Seymour formation has been removed 
by erosion. The eastern boundary of the Seymour formation is 
apout 5 or 6 miles east of Vernon, and beyond this boundary good sup- 
plies of water in shallow wells seem not to be common. 
  

1 Lapham, J. E., op, cit., p. 369. 1Idem, p. 370.
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HARDEMAN AND FOARD COUNTIES. 

PHYSIOGRAPHY. 

The area of Hardeman County is 532 square miles and that of 
Foard County is 636 square miles. The population of Hardeman 
County is 11,213; that of Foard County 5,726. The mean annual 
rainfall for the two counties is about 25 inches. 

The relief of the area resembles that of Wilbarger County in its 
essential features, comprising a high rolling eastward-sloping plain 
dissected by a number of eastward-flowing tributaries of Red and 
Wichita rivers. The elevation of the plain surface at Quanah is 
1,568 feet above sea level and at Acme, 5 miles west, it is 1,578 feet, 
according to railroad profiles. The northern part of Hardeman 
County is drained by the tributaries of Red River and the southern 
part by Pease River, which constitutes in part the boundary between 
Hardeman and Foard counties. The North Fork of Wichita River 
drains the western part of Foard County; the eastern part is drained 
by the upper tributaries of Beaver Creek. In general the streams 
have wide valleys, but considerable tracts of level land make up the 
interstream areas. 

GEOLOGY. 

These counties are underlain by rocks belonging to the Clear Fork 
and Double Mountain formations of the Permian series. Over consider- 
able areas these beds are covered by later formations, but exposures 
are numerous along the sides of the valleys and in the ravines tribu- 
tary to them. In the eastern part of the counties the rocks consist 
of red clays, red sandy shales, and red sandstones, with a little gypsum 
in thin scattered seams. The slight westward dip of the strata, com- 
bined with the eastward slope of the surface, brings later beds to view in 
the western part of the counties, where the rocks consist of red clays and 
sandstones alternating with blue clays and sandstones, beds of gyp- 
sum, and some limestones. The gypsum occurs in lenses from a few 
inches to 8 or 10 feet thick. The lack of persistency in the gypsum 
beds and their associated magnesian limestones and the varying posi- 
tion of the beds vertically render ineffectual any attempt to correlate 
the different deposits except within small areas. A composite section 
taken between Crowell and Quanah shows the following formations: 

Section showing rocks exposed between Crowell and Quanah, Tex. 

Soil, dark; thins out on approaching breaks of Pease River. Feet. 
Limestone... vu coin dieesih vivniide ss tl se nn 2% Lois a dlele «wg oe Sw un 5 
BIO CIAY. sav ssns ses tr rini vd n ait ving =n sole Mivit wis www os siwmiyain vs 15 

CV DSUIY: oo ts ssn he in wh win sitien 4 ip vim #15 + So Ea Sms Shs i Cy bins 3 
Red and blue clays, with thin layers of limestone. .................. 10 

AY IBUI 2. te es sos Tos van wanna mutans ss sme sos vranpeticsdrnnnnes 2 

Blue clays. oi ri te saves saan sans anes eae s eens Ren us 15
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B. SPRING FROM THE CANYON FORMATION AT JACKSBORO, TEX.
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Feet. 

Red and blue clays, with some thin beds of red sandstones......... 20 

Bed smdstones, cross-beddbd........cn. ccna a ada anna 4 

Red clays, with thin beds of sandstone. ..ceceeeeucueenenencnnnannnn. 10 
Bluish-white sandstones, cross-bedded....cceeeeeeeeneeennnannns 5 

Red clays, with seams ol gypSUIM. .... coevvsvssnnswesys sie suisaninnnins 15 

The uplands south of Pease River in the vicinity of Crowell and 
south to the breaks of North Fork of Wichita River are covered by fine 

~ black silt 6 to 8 feet thick underlain by gravel (Seymour) 2 to 3 feet 
thick. The gravels rest upon red joint clay of the Permian. A 
well drilled in the southeastern part of Quanah by J. J. Cyrus gave the 
following section: 

Section of well at Quanah, Tez. 

[Elevation, 1,570 feet.] 

  

  

Thick- Ness. Depth. 

Feet Feet 
Baek HPL. ie eins sierra sash tn senssasitss etn s viernes sande rennrsessrnssinse 5 

DB oA Clay. cs cna ran ea A a TR A BN LS 5 10 
A RE A Se INES RR VT RAE WR MR Rr MOE 5 15 

5 IO OI os i ead ida dr a a ee ed rw det Ca ad Seb See seine 5 20 
ered. and DISC OY ty de de RC i a a i ar Ao te eee 20 40 

6. dvi OI, ease va sis sn AP a sim wart ws # she oe Ald Waly pid wag wan was Se Nae ns 25 65 
7. Red and blue uy uo Te ai re ls Re ie ee rte +e Shh, gin in ED ae bn WE 5s oe SE wn ieee 10 75 

8. Syhm replaced locally by Mimestone. od: Lo le seh LS Sha La aS 8 83 
9. Thin bed o PV WHI WORF ae i be ih er ars sr fan Sam sds Ss ae edits 24+ 85+ 

30. Lighi-e0loretalay on ot rl A SR 10+ 954     
  

In the center of town bed No. 6 is all clay and No. 8 is replaced 
by limestone. . 
Gypsum is quarried at Acme (PL II, 4), 5 miles west of Quanah, 

and also at Gypsum, 10 miles west. 
The Seymour formation appears in the interstream areas in thin 

beds of gravel resting upon the eroded surface of the Permian red 
clays. These clays when struck in wells are called “Birdseye” by 
the drillers, from their variegated appearance. In Foard County the 
Seymour formation is about 10 to 15 feet thick and consists of gravel 
below and a dark silt above. This formation was apparently deposited 
in a small body of fresh water, which long ago vanished. 

The wide bottoms of the streams are covered by alluvial deposits 
of considerable depth. The rivers are constantly at work upon these 
deposits and change their channels from time to time, making the 
maintenance of bridges expensive and troublesome. Hence bridges 
are few and the streams are usually crossed by fording. 

WATER CONDITIONS. 

In Hardeman County the Seymour formation is thin or absent, and 
supplies of well water are found in the Permian rocks at depths of 
40 to 150 feet. The water obtained in these wells differs greatly in 
quality, but in general it is highly mineralized. For the most part 
cisterns are relied upon for domestic supplies.
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At Quanah water is found in the center of town in a porous lime- 
stone (No. 8, p. 61) at a depth of 75 feet. Locally this limestone is 
replaced by gypsum and the water occurs in a thin stratum of gravel 
below the gypsum bed. The city supply is drawn from this zone. 
The limestone is not uniformly porous and considerable differences 
exist in wells put down to this horizon. The water found in limestone 
is of fairly good quality, but that in other rocks is gypseous. 

At Acme wells and creeks supply water for general purposes. Most 
of the water for drinking is shipped in, and the supply for other domes- 
tic uses is obtained from cisterns. The wells are from 60 to 160 feet, 
deep, the most common depth being 100 feet. Acme is situated on 
South Grosbeck Creek, a perennial stream supplied from springs. 

In Foard County water for domestic use is derived mostly from 
shallow wells and cisterns. Over a considerable part of the county 
water is found in the Seymour formation at depths of 10 to 20 feet. 
Elsewhere the Seymour formation is thin or altogether absent, its 
water supply is small, and in places it is dry. Springs which derive 
their supply from it occur in many places along the sides of valleys 
where the streams have cut through the formation. Some wells 
extend into the Permian clay below. The water from these wells 
is usually too highly mineralized for general use. Some of the water 
from the gravels of the Seymour formation is fair, but as a rule it 
1s more or less mineralized. 

At Margaret water for domestic use is obtained from wells about 
20 feet deep. Artificial ponds furnish water for gtock. 

In the vicinity of Thalia both wells and cisterns are used for domes- 
tic supplies, the water being found at depths of 12 to 50 feet. 

At Crowell most of the water used is obtained in the gravel under- 
lying the black soil at 12 to 20 feet. This supply is inadequate, how- 
ever, and is supplemented by cisterns and tanks. 

Analyses of water from wells at Quanah are given below: 

Analyses of water from wells at Quanah, Tex. 

[Parts per million. Analyst, B. L. Glascock.] 

  

    

1 2 

TOE LD MR SR LE ie Ne I CN Sr RE Mb CT 16 18 
Aron (FO) a A FN Rit 6 1.2 
Alainun (AD Sh die se a he Ls I se de ea aa ok 2.2 1.0 
Calcium (Ca)... 2. ede rr i Lt A Te Jan CE 406 252 
Manes AME). i le el De se Va tie hk 2 Sp am SSS 79 85 
SOAR. vrs a BR RR A aE 46 74 
Poles (2 LV ais SRR ba re se Sen Ss Sma as sae Se | 13 12 
Carbonate radicle (COs)... -..c.c irl sro res tort ss isivn cons pide sd Wass wa I .0 : 
‘Bicarbonate radicle (HCO1) i... ves: i ostadaiis al, odd ab 249 151 
Solphateradicle (SO)... . coe re vii Dias Satins cin gie s sss sits = wows 2] 1,141 816 
Nitrato pyGICIo (INO). oi facia i 23s crs re irra sists Yannoni r arin i ve ns sus soll i 5.0 19 
CRITIC. ci Fives arrs iuih vans is rinses sass shrine ates #5 ies vole sab sade sha 60 173 

RR AR Sr TR SS ll 5 TE i 0 HR SEN 1,988 1,618 
dist TE RR eI RE BA Cl PE ee RA LR SO De POR SR, 0 
Date Of COHBCHION . oo icoioc inns sis smi ais ons sibesarioniniaissniltionssl basses Sept. 12,1907 | Sept. 24,1907   
  

1. Well of Bert Abbott. Depth, 65 feet. Upper Permian. 
2. Well at ice plant. Upper Permian.
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The following note has been prepared by R. B. Dole: 

Both waters are too high in mineral content, and especially in sulphates, to be 
very good for domestic use, though they are drinkable. They would be corrosive 

and contain too great quantities of scale-forming ingredients to be suitable for boiler 

use. The chemicals necessary to correct the scaling and corroding tendencies would 
render them likely to foam badly in boilers. 

KNOX COUNTY. 

PHYSIOGRAPHY. 

Knox County, which adjoins Foard County on the south, is rectan- 
gular in outline and contains an area of 947 square miles. Its popula- 
tion is 9,625. The county seat is Benjamin. The mean annual 
rainfall is 25 inches. 

The surface consists of a rolling eastward-sloping plain intersected 
by the wide valleys of the Salt Fork of Brazos River and the North 
and South forks of Wichita River. Considerable areas between the 
drainage systems remain undissected. The soil in these upland 
areas is generally of excellent quality and well suited to agriculture. 
The bottom lands, where not subject to overflow, offer favorable 
conditions for farming, but at the sides of the valleys there are con- 
siderable areas of badlands due to the erosion of the Permian shales 
and sandstones. The present valley of the Salt Fork has a depth of 
about 75 feet below the general plain level, which ranges from 1,475 
to 1,525 feet above the sea. The valleys of Wichita and Brazos 
rivers are 3 to 4 miles wide, the main valley plains having a depth 
of about 50 feet below the general surface. Within these older 
valleys and about 10 feet below their level the rivers have cut later 
valleys with terraced slopes. The rivers flow in channels about 10 
feet deep in the bottoms of these later valleys. 

GEOLOGY. 

The substructure of Knox County consists entirely of the red clays 
and sandstones, with their associated blue shales and gypsum, be- 
longing to the Clear Fork and Double Mountain formations of the 
Permian series. These formations outcrop extensively along the 
valleys of the streams, but in the upland areas they are covered by 
the sands and gravels of the Seymour formation. A section taken 
in the breaks of the South Fork of the Wichita near the road leading 
north from Benjamin shows the following formations: 

Section in breaks of the South Fork of Wichita River. 

Pleistocene: Feet. 
Sand and gravel with lenses of red clay. Gravels contain 
numerous worn shells of Gryphea (Seymour formation)...... 25 

Permian: 
Red clay with white spots (“Birdseye ’’ of drillers). .......... 10 
Bluish-white clay grading horizontally into magnesian lime- 

BLOMG crete sm vine sin sun mmsivemne snes ssw iiiol ds bindu oes vies 1-5 

Red clays mottled with white (‘“Birdseye” of drillers) with 
lenses of limestone and gypsum. .....ccccecveeeecncececennnee-- 15
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In the southern part of the county the surface formations consist 
of 30 feet of the sand and red silts underlain by gravels (Seymour 
formation). In these are often found the bones and teeth of mammals, 
Mastodon and Equus, as noted elsewhere (pp. 31). 

WATER CONDITIONS. 

Where well developed the Seymour formation usually contains 
water of good quality. The supply is not everywhere abundant, 
however, and some wells extend through the Seymour into the Per- 
mian beds before obtaining water. 

The red clays of the Permian constitute the source of supply in 
many wells, but the water from them is always mineralized, so much 
so in places that it can not be used. The wells are of varying depth, 
usually more than 50 feet. 

The deep-water conditions are not such as to warrant the expecta- 
tion of finding potable supplies of water within the range of practi- 
cable drilling. 

HASKELL COUNTY. 

PHYSIOGRAPHY. 

The surface of Haskell County consists of a high rolling plain which 
rises toward the west. The county has an area of 843 square miles, 
and its population in 1910 was 16,249, an increase of over 500 sper 
cent in the decade since 1900. The county seat is Haskell. The 
mean annual rainfall is 25 inches. There are few streams in the 
county, and these are small and unimportant. The eastern part of 
the county is drained by Paint and Millers creeks, the former flowing 
eastward into the Clear Fork and the latter northeastward into the 
Salt Fork south of Seymour. In the western part of the county the 
Double Mountain Fork of the Brazos swings eastward into the county, 
but leaves it again before reaching the northern boundary. 

At Haskell the elevation at the station of the Wichita Valley Rail- 
way is 1,574 feet above sea level. At Rule, on the open plain about 
10 miles west of Haskell, the elevation is 1,672 feet at the Kansas 
City, Mexico & Orient Railway. Carney, near the northern boundary 
of the county, nearly due north of Rule, on the same railway, is 1,560 
feet above sea level. 

GEOLOGY. 

The geology of Haskell County does not differ essentially from that 
of Knox County. The Seymour formation has a thickness of about 
30 feet over the eastern part of the county but thickens toward the 
west to 50 or 60 feet. For tiie most part the streams cut through 
this formation into the red beds of the Permian below. The larger 
part of the Seymour formation consists of fine red and yellow calca- 
reous clay or silt containing a varying amount of sand. The red
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clays, which are 20 to 30 feet thick, rest upon about 10 feet of sand 
and gravel. In places the calcareous clays are consolidated in their 
upper portion into an irregular deposit of impure limestone, the 
caliche of the semiarid regions (p. 32). 

WATER CONDITIONS. 

At Haskell water is obtained from the gravel bed at the base of the 
Seymour formation. The wells are generally from 20 to 35 feet deep 
in the vicinity of the town. As the formation thins toward the south, 
the wells are shallower in that direction. Where the streams have 
sunk their channels through the gravels, springs may appear, as, for 
example, the Rice spring at Haskell. 

West of Haskell the wells in the gravels increase somewhat in 
depth, owing to the thickening of the formation. On approaching 
the Double Mountain Fork, whose channel extends considerably 
below the level of the gravels, these beds appear to be bereft of water 
and the wells extend some distance into the red clays (Permian) 
before striking water, which, as elsewhere in this series, is of poor 
quality. 

The following table gives several analyses of Haskell County waters: 

Analyses of ground waters tn Haskell County, Tex. 

[Parts per million. Analyst, B. L. Glascock.] 

  

  

            

1 2 3 4 5 

Silica (S102)... c ne evrsedanan 23 29 20 37 20 
Tron (FRY... . harasses asosvns .35 .6 1 .3 2 
Aluminum (AD. ceae.via 50 5.6 .4 3.8 .8 4 
Colelnm (Ca)... eens stan x 464 30 311 70 9259 
Magnesium (Mg). .caeennn.-- 301 16 120 30 106 
Sodom (Na) .o0 exis duds 2,377 133 190 73 195 
Potassium (KY. ..n.i.. ives 25 6.5 8 8 25 
Carbonate radicle (CO3).. 19 19 4,8 2.4 0 
Bicarhonate radicle (HCO3). 571 283 202 373 150 
Sulphate radicle (SO4)....... 3,512 134 1,237 50 1, 14 
Nitrate radicle (NO 8 iam snes 1.06 26 4 11 
Chlorine (Cl)... -2i: ues a-- 2,512 102 169 21 a 
oto Solids. 0. dev cnn ainy 9,469 626 2,320 446 2,065 
Turbldify. .. os some cei vrs nee 0 0 0 
Date of collection............ Sept. 6,1907 | Sept. 6,1907 | Sept. 24,1907 | Sept. 24,1907 | Sept. 12,1907 

1. Well of J. W. Westbrook, at Haskell, Tex.; depth, 10 feet. Seymour formation. 
2. Courthouse well at Haskell, Tex.; depth, 20 feet. Seymour formation. 
3. Well “Harder water,” at Rule, Tex.; depth, 75+ feet. Upper Permian. 
4. Well, “Softer water, b at Rule, Tex.; depth, 40-50 feet. Seymour formation. 
5 . Foster & Jones’s hotel well at Rule, Tex.; depth, 60 feet. Seymour formation. 

The following note regarding the usefulness of these waters has 
been prepared by R. B. Dole, of the United States Geological Survey: 

The first water is so strong that it is unfit for use. Analyses 2 and 4, of calcium- 

carbonate waters only moderately mineralized, represent the best supplies. These 

two waters are fairly well adapted to irrigation and to use as boiler feed and are accept- 
able for domestic service. The waters represented by analyses 3 and 5 are similar to 
each other, being sulphate waters of too high mineral content to be very acceptable 
ford omestic use, though they are drinkable and may be classed as fair for irrigation; 
they are unfit for supplying steam boilers. 

70056°—wsp 317—13——5
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At Rule the well of Werner Rule, located in the southwestern part 
of the town, gives the following record, according to the driller, 
E. F. Heller: 

Record of Rule well, at Rule, Tez. 

  

  

Thick- 
ness. | Depth. 

; 
Feet. Feet. 

SO Aa SAY SOIL. de se as i th amin Se Sea ee Lain ave Ss wa ee able thw ae as 3 3 
Hard Who ar i a he J de td as Es eva stn se vhnns navn sans 24 27 
Sol While Sond and gravel... oie ieies vss sas siviiss ane cies iit cde nn rniinbicssniiaadans si 14 41 
Hard reddish Yo0 es. i I TR aid i i ee Sa 2 43 
Hard Whe Cy... a et se ii its dad a den Yada Pha ysl sos ois mas SN 2 45 
Hard red clay, water Dearing. iia. J. iii oo, a RB aad a Sd ie 2 47 
aPA TOA CIAY . occasions rrsnacymesronivss i ventiitse Ede int tte iin ne eid aed nash dt 17 64 
Hard white clay, water bearing, yielding one-half gallon a minute..................... 2 66     
  

The well of Mr. Williams, located on the north side of the town, is 
105 feet deep, with the following record: 

Record of Williams well, at Rule, Tex. 

  

Thick- 

  

noes Depth. 

Feet. Feet. 
BOft Gar SOI... ii ie nna san sina s sli ann sohs suas ds ne yas a ea vad veal nas maa mee 3 3 
EE OE Pe RS a EA ee LI Bi | I er I Rt eB 0 27 30 
Soft red Sand and gravel. cau i. iin ol is dan has ane ne aden Tw Shia oh ate ite 10 40 
Bard reddish rock... 0 dine TE ay St Sl SH SB LULL 2 42 
THATA SPAY ClO... ches aic nna ot siwsiiannsss dF nota ss Suis sus wlalehs s nieia' ss ole wiete Ts nities Pia id pie min Wie 1 43 
Hayd red Gay, water Dearing. co i. a es a ss iid aid aie 50s ot sian 12 55 
Hard whiloelay, Walor bearing... ... co. i tn ia a dr a dade i i as 2 57 
Hordredeay...............- ER Sl Ll SR ER 28 85 
ord erayish clay, Water DOaTIng, .. cc uc shite te nin idiimnin's ssn 2 ale aa's she nia winiaiernialatein's'e minis 2 87 
Hard rodiolay. .. od ds ee see ped a a i dT ME I a ey 8 95 
Hard grayish clay, water bearing....... PRE RR ACR Rape La RB ee 5 100 
Hard Tod Ody fc sr eR a a CR sae 5 105     
  

Ten miles northwest of Rule, on the farm of W. E. Pyeatt, is a 
well whose record, according to the driller, E. F. Heller, is as follows: 

Record of Pyeatt well, near Rule, Tex. 

  

  

   

    

Thick- 
ness. |Depth. 

Fect Feet. 
Soft dark sandy soil..... 5 5 
Hard red sand. ..... 15 20 
Hard gray marl... 5 25 
Soft red sand........ 52 72 
Hardred olay. ....... co. di asi siiameila id Sieee nd Sond 5 82 
Hard white clay, Walor Dearing. oa. sr a Lh er SO de es rm snd ass 1 83 
Hard rediolay. . .. oi. ai teasiiduiones ben babe Sout Lat SM dd odd ddd de dd ds 24 107 
Hard red clay, waler Dearing. . n  al i dh aes Ft aas sa inate aides 1 108 
Prd ved Cay ce oc dv a Sn CN Cs vines bs SRE 5 iS Sms a tir Sri aie 4 112 
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About 12 miles southwest of Rule, on the farm of C. Boardner, is a 
well 70 feet deep, with the following record, according to the same 
authority: 

Record of Boardner well, near Rule, Tex. 

  

Thick- 
ness Depth. 

  

Feet. Feet. 
BIO OT SOIL. Lt reer re Se I a A SE i ih a we Sand San ea anes 
LEE wa] Re eb a MRR Sp Na SE RI SS SH CORSE LE RT Rg 
BR eAISh SOIL SaNA i, rh os ie Bi stn dob in Soltis flv Sle Ste me Sun Best Smee bd 
Hard Tod stone... oi... ai ral saa tae. ew Bert ef wn a dwn nnn He a Sia Se 
White soft sand. .o. cous side Bb doh tains den Siu Sad oom ali alow adorns s Bo wa a FE laine 

ow
 

Od
 
=
 

DO
 C
O 
O
W
 

—
 

©
 

Hard TOM QI. fr tr sis ih Sue iin AEA i AEs aun ni 4 En a Bliss sim es DR a mrels 
Hard grayish clay, Walter Dearing... coi ce dieni si ra senna s mss smmivame ds sn wien ddan dsdsns 
Hoard While San aslone. - ob i ts the Sutienn vine ads So wa und a bins Pho uma a ns psi hein 
ee DERE EL yr Ree Ce i SAC SAR CR CC AIR 70 

—t
       

The water in the Boardner well is said to rise within 40 feet of the 
surface. 

Many wells in the western part of Haskell County derive their 
supplies from the Seymour formation at depths of 40 to 50 feet. 
The water from this horizon is reported as “soft” and fairly good. 
The water in the deeper wells is obtained from the Permian beds and 
is more highly mineralized. 

BAYLOR COUNTY. 

PHYSIOGRAPHY. 

Baylor County has an area of 957 square miles and in 1910 had a 
population of 8,411. The mean annual rainfall of the county is 38 
inches. The altitude of the county is approximately 1,500 feet above 
sea level. The north half of the county is drained by Wichita River, 
formed by the junction of the South and North forks in the western 
part of the county. The Salt Fork of Brazos River flows in a south- 
easterly direction across the southern part of the county. For the 
most part these streams flow in rather wide valleys. At Seymour 
the Salt Fork cuts across a belt of limestone, and in this part of its 
course its valley is narrower. 

The surface of the county in the interstream area is a high rolling 
plain. In the valley of the main stream and over portions of the 
uplands the soil is fertile and capable of producing abundant crops. 

GEOLOGY. 

The indurated rocks of the county belong to the Permian series. 
The Wichita formation crops out over the eastern half of the county, 
and in this area some of the most interesting Permian fossils have been 
found. The rocks, which consist of blue and red shales and white 
to bluish-gray magnesian limestones, constitute the upper portion
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of the Wichita formation. At Seymour, where the river has cut into 
the formation, the following section was obtained: 

Section at Seymour, Tex. 

Light-reddish sandy soil at surface, underlain by dark-red Ft. i. 
BAY S08) es a Sees 20 to 25 

Blue shale, with thin ledges of magnesian limestone........ 6 
Limestone in massive beds, passing horizontally into shaly 

Bede. cy etn ven Te a Dr Re Sh i seam re 5 
Dark elay shale... oii sarany foab rn. Sidley Jaga 1 6 
Concretionary calcareous shale and limestones............... 6 

Limestone in two massive ledges separated by 1 to 4 inches 

of Bua clay Shale. i. ero seers sie avin is solo dies an 
Blue hale, a a I Se Ss see de ya 
Argillaceous limestone and dark-blue shale................. 

Limestone with varying proportions of shale................. 
Blue clay... oo ooh dL A SS Ca ie 

ft
 

C
T
O
 
N
N
C
T
W
 

Rd 
W
O
 

WwW 

Blue clog coi ove ie Jos dal i Signs oi Arh 

LATOBIONO So. cds evs ssn is in sans sei iw ain 2s Bike Aglare 
Blue clay shale... cei cei ct gar sabies ne sada Sa aie 

Yiamestone. oii... a a SL ae 6 

Blueleloy shale LL 0.0. La Aan a li a REI OL : 4 
TAmbstone. ... iu las ee SY ik 
Blue shale, with lenses of limestone. ...................... Fass 

Blue clay shale, interbedded with thin limestone. ......... 2 
ANOSIONG. « Cvrsdssanes anne sreuss ssn vannvainnysssaunkes eas 16 

102 

These limestones outcrop in a belt extending southward from this 
point across Throckmorton County and beyond. North of Seymour 
they were observed in the valley of Wichita River, east of the Sey- 
mour-Vernon road, and also on Beaver Creek. In their northward 
extent the limestones diminish in thickness, and there is a correspond- 
ing increase in the proportion of red clays and shales. Many of the 
limestones are white and chalky and in beds of this kind near Ma- 
belle abundant fragments of vertebrate remains were seen, among them 
being the piece of a jaw of a vertebrate, but vigorous search failed to 
bring to light remains sufficient for identification. Williston! has 

~ recorded the discovery in 1909 in Baylor County of the remains of 
vertebrates, among which are several forms new to science. Some of 
these were found about 6 miles east of Seymour and others on West 
Coffee Creek. 

The Seymour formation constitutes the formation at the surface 
over the upland areas west of the town of Seymour, which lies upon 

the sand of this formation. The formation does not occur generally 
east of Seymour, but in some places, as near Mabelle station, there 
are patches of conglomerate which possibly represent outliers of the 
formation. 
  

1 Jour. Geology, vol. 17, 1909, pp. 636-658; vol. 18, 1910, pp. 526-536, 585-600; vol. 19, 1911, pp. 232-237.



BAYLOR COUNTY. : 69 

WATER CONDITIONS. 

In the eastern part of the county cisterns are in common use for 
supplies of water for domestic purposes, but tanks are the chief 
resource for stock. Some wells are used in the upland areas, where, 
however, the water is not generally of satisfactory quality. In the 
western part of the county fairly good water is found in the Seymour 
formation, and in the sands and gravels along the main valley. The 
depth of the wells in this area is from 15 to 45 feet, the most common 
depth being 20 to 25 feet. Some wells extend below the Seymour 
formation into the underlying formation, but these invariably yield 
gypseous water. : 

The character of the water obtained from the Seymour formation 
at Seymour is shown by the following analysis of the water from the 
roundhouse well: 

Analysis of water from roundhouse well, Seymour, Tez. 

[Parts per million. W. M. Barr, analyst. Sample collected Nov. 1, 1906.] 

Sillea (S105). or aaii lL nein oR I EL a 22 
Tron (Fe)... oo ih airieinis nes abiess sivas sin's Sut wnat nins an nae neni $8 ie .05 
OCI (RY ee sd re a vein nin aay ws Su 61 

Magriesinm (MY). os oils de ei We SL, 32 
Sodium (Na) and potassium (BR). .«.coiurinins tutus nis snes 183 

Carbonate 1aQiCle (CO). uo vx « susisie sienna dunn « bbe ewis man sn nies .0 
Bicarbonate radicle (HOO)... conunl on ce be nd LL LT 401 

Sulphate radicle (80,). «sv ii teas i oo sms viaizmsiyivals Hod ivy 86 
Chlorine (CD). he a hs Le teers Jos 152 

Nitrate'radicle (NOY... oi tou svat de Nn SRR Lose 9.7 
Total solids... . ool adoh sv diids dodge Lc Bl Gilani Aes 1s 746 
Suspended Matter dot. 1. concn ciel ssition in esis on 5s unmsm's mains 0 

Along the valley of Salt Fork water is found in the sands and gravels 
at depths of 15 to 25 feet. In some places the water is of good quality, 
but generally it contains a considerable amount of mineral matter. 

The following are analyses of water from two wells at Round Timber: 

Analyses of water from wells at Round Timber, Tex. 

[Parts per million. Samples collected Oct. 9, 1906.] 

  

Well 200 
Gin well; yards 
depth northeast 
about of the store; 
20 feet. «depth 40 

feet. 

  

SHI (BIO). mr td Te shit Le RL ST 24 28 
PON (170). ui 3 ois sh Ser Si nie ole iris inis wi aie witinin sun v tities s wibleid uate ns vis mide dS ely wn in's .6 4 
CCHIT (CR) aed Ce ye a Ll ess 139 82 
Magnesium (Mg). -...... a a ee re sa sen de Ea nes 51 54 
Sodinm (Na) and potassium (RB)... or re a agra ii, 79 323 
Carbonate TAAI010 (OOD aia vias ors ess se Ba emi sd tin dol x £8 mie 4 sewn nS sm mn = Se 0 0 0 
BicarhonbiaradiCle (TCO... -. oc. cr ee a LE Ne LL aN 437 414 
Sulphate radicle (BOs verso ri nc sss s smh menses spon mn rs Axis vs so dink ar si wnis 172 173 
COTO (BY rn se a na ee ue a ale ad haut Pe Tam etl 130 401 
NIT to yaicIo CN Og Yates i rss avid s die pen vis se we Pera she Lc Va a Was wy Sn wv nl 4.3 40 
500 LL aap eg He eh Tl AR Le SMA dnb A I pi TE pS I LA 839 1,318 

5     
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The differences in the analyses of these waters are probably due to 
the fact that the well at the store derives its supply in part from the 
Wichita formation. The character of the water, considered in con- 
nection with the depth and location of this well near the side of the 
valley, indicates that the bottom of the well is in the shales of the 
Wichita formation. 

At Shady, in the southwestern part of the county, water is obtained 
chiefly from open wells, ranging from 15 to 40 feet in depth, the most 
common depth being 35 feet. These wells have their source of 
supply in the Seymour formation. The well of J. F. Jones is 93% 
feet in depth, and evidently finds water in the Permian clays under- 
lying the Seymour formation. 

Springs are rare in the county. They exist chiefly where streams 
have cut their channels to the level of the ground water in the Seymour 
formation. The most notable spring in this region is owned by Albert 
Par, of Shady. 

THROCKMORTON COUNTY. 

PHYSIOGRAPHY. 

Throckmorton County lies south of Baylor County and east of 
Haskell. It has an area of 821 square miles and a population, 
according to the census of 1910, of 4,563; its county seat is Throck- 
morton, situated near the center of the county. The mean annual 
rainfall is 28 inches. 

The surface is high and rolling and there are few streams of impor- 
tance. The Clear Fork of the Brazos cuts off a small triangular area in 
the southwest corner and the Salt Fork a like area in the northeast 
corner of the county. The county is drained by these two streams 
and their tributaries. The interstream areas, which are either flat 
or gently rolling, constitute remnants of an extensive plain into which 
the tributaries have cut wide and shallow valleys. The topography 
is characterized by a benchlike structure resulting from the resistance 
offered to erosion by a series of heavy beds of limestone. The east- 
ward-facing scarps of these limestones constitute a series of rock ter- 
races that extend in a north-northeastward direction through the 
middle of the county. These terraces have their best development, 
however, farther south in Shackelford and Stephens counties. 

GEOLOGY. 

Except in small areas in the northwestern part of the county and 
along the eastern boundary the rocks outcropping in Throckmorton 
County belong to the Wichita formation. The beds strike nearly 
north and south and dip slightly to the west. The upper part of the 
formation is made up of heavy beds of hard limestone alternating with 
thicker beds of blue and red shales and sandstones. The limestones
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appear about 8 miles east of Throckmorton and cap the higher levels 
throughout the middle and western portions of the county. These 
beds outcrop in prominent escarpments on the north side of the Clear 
Fork and farther north wherever the streams have eroded their 
channels through them. 

The limestones vary in color from grayish white to blue and in 
texture from earthy and granular to hard and compact. Some of the 
layers are thick and massive, and although the limestones constitute 
the minor part of the formation, their resistance to erosion makes 
them, in the area of their outcrop, the dominant features of the land- 
scape. The character of some of these exposures will be seen from 
the following section of the bluff facing the Clear Fork: 

Section of Wichita formation on north side of Clear Fork. 

Soil, from a few inches to a few feet in thickness. Feet. 
Blue shales and thin beds of limestones. ......ccoeeeieieninaann... 30 

Hord earthy JANIORIONe oi. a sissnnr ein ri rm sinsia ssn nsiannnvn seins von 1 
Blue shale... cites ese si ean sls rns Od man nies wae we 2 

Fossiliferous limestone, earthy and containing more or less gyp- 

sum. Upper 4 feet hard, blue, and full of remains of brachiopods 
and gastropods, mostly changed to gypsum or calcite............ 10 

Blue and red shales, some portions grading locally into sandy 

shales and sandstones. The upper part contains considerable 
gypsum; the lower has an abundance of iron concretions. Con- 
tains also thin lenses of limestone and gypsum; exposed........ 40 

Three miles north of Throckmorton a 10-foot ledge of limestone 
yielded the following fossils: 

Derbya cymbula. 
Myalina deltoidea. 
Aviculipinna peracuta. 
Pleurophorus aff. calhouni. 
Annelid n. g., n. sp. 

The eastern part of the county is underlain by lower beds consisting 
mostly of sandy shales and sandstones with some limestones. Some 
hills in the southeastern part carved out of these formations by erosion 
are known locally as Fane Mountain. The section obtained here 
shows chiefly sandy shales and sandstones, blue clay shales, and 
scattered lenses of blue limestone. In some of the beds there is a 
profusion of Myalina permiana. Some buttes in the northern part 
of the county, on the Throckmorton-Seymour road, apparently 
belong to this horizon. They consist mostly of shales with a few thin 
beds of limestone and some sandstones. Many specimens of Myalina 
permiana are scattered over the surface. Red colors dominate over 
blue in the shales of this locality, but at Fane Mountain the reverse is 
true. 

Beds of upper Permian age appear in the extreme western and 
northwestern parts of the county.
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With the possible exception of a small area of Seymour formation 
in the western part of the county, the only deposits later in age than 
the Permian are the alluvial deposits along the valley bottoms. 

The soils are exceedingly fertile in the limestone areas and only 
slightly less so in the more sandy areas. 

WATER CONDITIONS. 

Except in the valleys, the principal water supply is derived from 
pools and cisterns. Here and there a well on the upland areas fur- 
nishes good water. 

Two wells in Throckmorton find water that is said to be soft at a 
depth of 50 feet. Few wells in the county reach a depth of more than 
100 feet. Plenty of water may be found at different depths in the 
underlying rocks, but it is more or less mineralized and unfit for use. 
There is little prospect that good water can be obtained in the deep- 
seated beds. A few good springs occur in the county. 

YOUNG COUNTY. 

PHYSIOGRAPHY. 

Young County adjoins Throckmorton County on the east. In 
shape it is rectangular (approximately square) and has an area of 
821 square miles. Its population according to the 1910 census was 
13,657. The county seat is Graham. The mean annual rainfall is 
30 inches. 

The surface of this county is more or less irregular and broken and 
may be characterized topographically as a plain in which denuda- 
tion has proceeded to the extent of removing a large portion of the 
original surface and has developed a moderately mature system of 
drainage. The underlying rocks include several series of hard beds, 
whose resistance to erosion is expressed in a succession of escarpments 
extending from southwest to northeast. The heights of these escarp- 
ments vary according to the relative thickness of the hard and soft 
formations. The creeks and rivers have transected them in many 
places, leaving isolated hills and elevations, some of considerable size. 
The highest of these hills are locally called mountains, as the Belknap 
Mountains, near old Fort Belknap, and Flat Mountain, in the north- 
eastern part of the county. 

The county is drained by the Salt Fork of Brazos River and its 
tributaries, except a small area in the northeast corner, which is 
drained by small tributaries of the West Fork of Trinity River. The 
Salt Fork enters the county near the northwest corner, and after 
making a wide detour toward the south, receiving the Clear Fork 
from the southwest, passes out at the southeast corner. The princi- 
pal tributary lying wholly within the county is Salt Creek, which, 
with its affluents, drains the northeastern portion of the county.
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GEOLOGY. 

By far the larger part of the rocks outcropping in Young County 
belong to the Cisco formation, but the Wichita formation occupies a 
narrow belt along the west side of the county. In the extreme 
southeast the Salt Fork has cut through the Cisco, exposing the canyon 
formation in the immediate vicinity of the stream. 

The beds exposed in the western part of the county consist of 
sandy shales and sandstones, blue shales, and a few limestones, repre- 
senting the lower division of the Wichita as seen in eastern Throck- 
morton County. The surface is covered with a mantle of residual soil 
which hides the indurated rocks more or less completely. Moreover 
a close correspondence in lithologic character exists between the lower 
beds of the Wichita formation and the upper beds of the Cisco, and 
hence the boundary line between the two formations as shown on the 
accompanying map is to be considered as approximate only. 

The Cisco, which underlies the larger part of the county, consists 
chiefly of sandy shales and clays, sandstones, and conglomerates, with 
a few beds of limestone and two or more beds of coal. The con- 
glomerates are made up of waterworn siliceous pebbles in a sandy 
matrix, with numerous concretions of iron ore, often in hollow 
nodules. They pass locally into pebbly sands and coarse-grained 
sandstones. Owing to their resistance to erosion, the conglomerates 
cap many of the hills and escarpments. The sandstones are mostly 
coarse grained and yellowish to red and white. The clays are blue, 
yellow, and red, or in places variegated. There is a transition in 
color from blue, which prevails at the south side of the county, to 
red, which is the predominating color at the north. The limestones 
are scattered through the formation, but are more characteristic of 
the upper part. They range in thickness from a few inches to about 
2 feet. The banks of the Salt Fork expose several strata of limestone, 
one of which is underlain by a bed of coal. This coal appears at 
the bridge crossing, west of Graham, and at Millers Bend crossing 
several miles above. The combined section obtained in these two 
places is as follows: 

Section between Millers Bend crossing and bridge crossing. 
Soil. Ft. in. 
YANO OE reser ares a iin se ne an nn ae 10 
Shales, blue, SOME Vers SANAY. . . vise rsssnsnsnrnvsnensnensnnn 70 

LAN eSIONE ie the oils Cl ls eve scrim miata eo Fe wn pw wa es An ae 1 
310 1 Ce MET Co SR Sh SSE BT SE AE Bi 2 
Limestone, Jossllerous. . . i 0 co tes a a SR aL a2 

Coal; not well exposed; thickness estimated at about 1 foot. 
Fire clay filled with brown iron ore. ......................... 6 

Blue clay shales with alternating layers of red clays containing 
Fon CORCTELIONE. oii. a idaasnnns o abi oh va we wu mwiaiulain wre 10 

Sandy shales and sandstones. . ..c.cesesnsssrrmsseennsnsansss 15 
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In the vicinity of old Fort Belknap coal is mined from a seam lying 
above the one indicated in this section. In 1907 Williams & Merrill 
were taking out coal from the bed of a small stream about a mile north 
of Fort Belknap by stripping. The coal is exposed for some distance 
in the bed of the stream and at the place worked has a thickness of 3 
feet. Within a distance of 25 yards upstream it thins to 20 inches 
of impure shaly coal. About 150 yards north of this point at Clark 
& Merrill’s mine, the same seam is reached by a short slope. The 
coal here is 3 feet thick and is overlain by 20 feet of sandy shales with 
a thin seam of coal near the top. Above these are sandstones 30 to 
40 feet thick. A detailed description of the coal formations of 
Young County is given by Cummins.! 

A section of the rocks exposed in the bank of Salt Creek opposite 
the gin at Graham is given on page 19. 

A well put down at Graham a number of years ago gave the follow- 
ing section:? 

Section of well at Graham, Tex. 

  

  

Thick 
ness Depth 

Feet Feet 
SANA JORTO. Sul sierra ss niles cabin iain on si na a saa on a Se ah hse stan ohn ale wow Sean wns ae 16 16 
Be aN V Clay a ih se she Pa di Tete te daa ne See an See ae 3 19 
io TT SRR ee IS on SS TO Rn VEE SHR REM NE SEI PE Ca al 8 27 
CONE OIE. 2s 2 is an sis nessa wh san pin hn sia nih vain ak Sn nw us no ain mi a 4 me SE le 50 16 43 
Cre am=C0l0Ted Clay crn da ss BS i J DS hs a a a mains wn eg Sale man 8 51 
Yellowish and bIniSh SONASIONE.... 0. cid incite ss dba sare ss tale sae ae namie On wana Ve ab 10 61 
Hard eHow: SanASIONE. «co. i in eri ve ag aR 2 saad abi ns 4 Aare man Sams AT aS aE Rahs 3 5 66 
0a. a. dr oe dn oe i ste ens mE me a Sm A a sh ses ee an nn 1 67 
Coarse yellow soft SaRASIONG. iui. nd de td a SL 1 TL i ls dis ms sn wan He salud 4 71 
Sard QUATTI0S SandSiONG, or. nd i ved ston sak wiaie smn sw win neh Se winie se gn Han ies sie 13 84 
a Lai DR he Ie Ne EU SRR se oR SE TRL 42 126 
Ar DT OWI Cl Lt ress sie snnten tas aniavss suns in sans tenss de is hauenenmee eaves 5 131 
Brown Sandstone, POTOUS (08). tuus. 2a sis sues cannes ivinnn sissies sain snnidas sneer selene ses 5 136 
Clay and slate, 0. dl, a rc ein ws Sine ae aie eS 9 145 
Brown ln NOY ATA to oh Sa Stead side dn vaio ra sn ddan bs sain b » Aa A ad Sate hata 8 153 
NN arieeaer lay, a ea saa be 148 301 
Fire clay ay thin stratum of Sok EE CEN GED CF San EE el Re EH 70 371 
Ea ER I eS SR ea Bl Wei IC AS SE La I 8% 3793 
ed Sale ee de i rl a ss ea ere Sanh Sens awa s 5 i 10 389% 

nr Ty Ld a CI a RES ST, gg dre a BS cs se arises ars nns seas 13 391     
  

The record of a prospect hole 34 miles southwest of Belknap was 
kindly furnished by the owner, Judge R. F. Arnold, of Graham. 
This hole is located in what is known as Sugar Hollow, on Gibbon 
Creek. The drill began near the top of the Cisco but did not pene- 
trate the full thickness of that formation. 
  

1 Cummins, W. F., Second Ann. Rept. Texas Geol. Survey, 1890, pp. 492-502. 2Idem, p. 505.
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Record of Belknap well, 3% miles southwest of Belknap, Tex. 
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Thick- 
ness. Depth. 

Feet. Feet. 
1."Rock concrete (CONGIOMEIAte). i... oo uous ii adi hc aids danas va inns ma Ee naman os 3 3 
EN CHOW CIAY. 0 ir as oh er ee Std t oR arts as irs ead natin as ae 4 7 
3. Carbonaceons HMESEOR0. .. va. co. cs A iii Seri vins swan nh det ad ad aa hes 4 11 
TY CY aeons en es BE AE Lh sn ma ws hn drs ht maT ae ae ior Se alain SE A Ey 2 13 

S AMOSIONe. a. i i i ditch i a hae Brn de das See aa en 13 143 
RE OE Se Tea sR Ci i TRE BR SE Se Tam eR 33 18 
le ROCK (a ted i i LE Sa RRS TE i dn 2 20 
8. Spotted clay 5 25 
9. Sandstone.. 8 33 

30. Bale, ou. tna e ness imninis sa isinn bs 3 36 
11. Coal (*‘ Belknap coal”) 23 38% 
12: Soapstone. . 7% 46 
13. Sandstone. . 3 49 
14, Soapstone. . 5 54 
15. Limestone.. 3 57 
Yo BIealay. i. i a LT aaa 1 58 
17. Carbonaceous limestone 2 60 
hn TR ARC ES A RE MC Dis a sg Sera a sles br as 63 663 
dO, IO. cde tees a i i i Sa ada a a Sat a de aa ed SRR 4% 71 
0, DIC OIA. an. os cniss issn umn ns baie r sds sis ot sx ann x 4/4 ASE % wh We raat woes oles wiyei'wiafn 5 76 
21, Carbonaceons HMeStoNe. ... cu: Ln. ea es i A RE SR 2 78 
DD BIE Clay. vers sr ss Snes san sane sas AEE oh Shem has a ain Bk Sie so aig Sh wnlaisias om Siete Em nm 3 ats 1 79 
23. Carbonaceous limestone... 0... Lo on ae SS eu 2% 81% 

BIE Clay... rs a Ey a A Ss aia eae 1% 83 
25. CatboNaceous CY, . uv. oe oil hl aE LR SE Sg TS iss 5% 88% 
26. Coal, “of 200d QUANEY Yaa th cs ih hice sida dint sin de ae wie San = kn wale 2% 91 
Be Clay... a Si a eh La Se Te 10 101 
OME PO SE SO SE PER SR re | SE BN RF 6 107 
IE Lo Ed A Se RT Oi BE ES ER Mp ele NR Se 10 117 
30. Ble rock (Very hard). ou or ee as 2 119 
Sl. Blueday..:v:....io ius ntl. EE dN ar ee A BLL a Sh ee 11 130 
32 CODON CONS ITO ONC. co ia di sia an sini was be iain Son Hae sien be ine vn wn ein + aera o 20 150 
33. Sandstone (“coniaing S0INe Ga). aii ie. ve nh i a a Sian hn ye aw vial dle 42 192 
8 BB... oc oes sininns sna sions naan we ad cI Lys re bh whe sed SRE ae Shad aw Ha oS 12 204 
35: BUIOTOCK. .ovatoiiin snsan ins van vnnns ts st nt ras A AE RR Le Be i SRE Dl 3 207 
B36, BlUG CIA. vs 0unserasassvinssestons- LE I NS as Sa a aes 2 209 
rE Ra ah RTO Ie Ca Ra So He IR ENE REC SESH NE SC ER 3 212 
BE BIS CI din sn usb en Tea EA de ke A a en Se i we we Sess we 13 225 
HURL ET Se A A CS REN SS Is RR 0 SA SC eg 0 7 232 
40, COTO BONE, rs re sas ts sama das ns sais ash win n kn wn an dS pn ad A en Ss ele wane Eds 25 257 
CREE PAR NOR SR eS ee ACEI ONE Pa I CU SR RG 7 264 
A DIA, od ii ride a ta eR nk sn wie sd Se BS in i A Biers Oh Sih en 6 270 
48, SandAsStORe (WAber). .. ..c rs il se Fai a 3 He Se en A Ses saat Sea 33 303 
44. Carhonaceous HMOSIONe. ... co... lies bie batnnas duavi svi sileins sgintniuas sain sda eleis nidi0ete 5 308 
ETE RR EC A RR SUE TRL ERS RI WR ok SE al 6 314 
B30, DANAE ONC... i ds a ata See Es a Haat Se Res va ys Fh 21 335 
47. Rock concrete (CONZIOMETALR). .ccau ssi ch tia ss i i ia tr dita an « 22s As 2 na Boh naisens 37 372 
AS OY TOC EARY. oa oe cs naar saat san sns bas nss nsw awe TA es a s 3 2a Aa Tea ese avn 13 385 
40, BIO SRA0. oo vicina n d d bd a ah St Sem shee Ls Stix ns Sih ele ns 45 430 
D0 Bak TOOK Jo. ene dani nn nn abs Bini nine adi uns a als Hata sn nmin oA ST se Sw 5 435 
SY BIO IY cde ia dm as in ad a PI da a ad eS io a i ik a a Sie SE tN dt 16 451 
I Lon DT LN EN MSR Re i CLO CER ea LE EA LER ae 5 456 
53 Be RANE. cs i a ati A st dane I bh des eee Shee es Pes tea vi 5 461 
SA BIC GUMBO... aioe as hs iE aa ny 53% in wn ne Da A a 3 dawn PS vase va se ae 6 467 
EE GUT a aR SAS eR SSI re Gh tS Rr S| nl RL AR 12} 489% 

50, Gray SAAS OMe. Ll. Le ah i at et Re Es Saal 43 504 
B.S SamArORK. .. cy nc ia En in dee hana Ra EL enn be AP Ss ete 22 526 
58..Shale.......... 136 662 
59. Rock (water). 22 684 
60. Blue clay... 2 686 
61. Rock (oil)...... 8 694 
62. Dark-blue clay... 8 702 
63. Hard sandstone 18 720 
64. Soft rock (water) 6 726 

  

  
  

river (p. 73). 

The upper coal (No. 11) is the one mined near Belknap, and the 
lower seam (No. 26) is probably the stratum seen in the banks of the 

Beds 47 to 56 are believed to represent the outcrop 
shown in the banks of Salt Creek at Graham. (See section, p. 19.) 

Indications of gas and oil were reported at several horizons, but 
not in commercial quantities.
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One mile northwest of Murray post office a well put down in 1900 
struck gas at a depth of 364% feet. Pressure has decreased since the 
well was first opened, but in 1907 the escape was sufficient to furnish 
a blaze about 18 inches high. 

In the eastern part of the county the indurated beds consist 
principally of sandstones and some conglomerates interbedded with 
blue and yellow clays. At a number of places outcrops of thin beds 
of limestone were observed. These belong near the base of the Cisco 
formation. There are several of these limestone beds, ranging from 
a few inches to 1 or 2 feet in thickness and interbedded with shales. 
The southeastern part of the county is underlain by sandstones and 
conglomerates and a few thin beds of limestone interbedded with 
blue and yellow clays. These rocks rest upon the limestones of the 
Canyon formation, small exposures of which appear in the banks of 
the Salt Fork of the Brazos, in the extreme southeast corner of the 
county. The country is much dissected by erosion, the hills being 
for the most part capped by conglomerate. 

WATER CONDITIONS. 

Water for domestic use is obtained largely from cisterns and shallow 
wells. The wells derive their supplies from the residual sands or 
upper portions of the sandstones. In many places the underground 
waters are unsatisfactory and supplies are difficult to obtain. Creeks 
and storage tanks are relied upon for stock. 
Many of the sandstones of the Cisco are porous and contain abun- 

dant supplies of water, but for the most part the water is more or less 
impregnated with sodium chloride and other mineral salts, although 
a few wells of moderate depth in the sandstone furnish water of fair 
quality. Salt Creek owes its name to the fact that during dry seasons 
salt was found incrusting the rocks and gravel in the bed of the 
stream. The water found in quantities in the deep well put down 
at Graham (p. 74) is reported to contain 22 to 25 per cent of salt. 
The largest supply of water is found at a depth of 200 to 300 feet. 
No flowing wells are known in this locality, the water in the deep 
wells rising no higher than 30 feet from the surface. 

Samples from a number of wells were analyzed in the Survey 
laboratory, with the results shown in the following table:
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Analyses of water from wells in Young County, Tex. 

[Parts per million.) 

  

  
1 2 3 4 

Sion (R105)... (du ia Sd it Se Ws 7.6 13 12 8.4 14 
TIO (TPR). oc th 2 ah a ich pate ns www ns adel nom seis 4.0 1.8 Tr. .45 Tr. 
Calelomy (Ca). i tan Lh tum J a 898 554 83 504 116 
Magnesium (Me) dre. sus sie Sh sass is 230 534 16 222 46 
Sodium (Na) and potassium (BK)... ......- cea eens 7,316 166 70 295 164 
Carbonate radicle (COs)... sci t-nn 1s mm sageorevins .0 .0 20 .0 .0 
Bicarbonate radicle (HCOs)..... .. .o.. =. Loc ove. 164 445 339 242 354 
Sulphate radicle (SO)... .. connie t aan ica ils ms aiass 42 2,934 55 1,887 154 
Chlorine (Cl)... Lh od is Sains ila, 13, 580 293 56 158 245 
Nitrate radicle (NOuX ivi cv verensims 1S mw viwn mes sone 2.2 8.2 4.2 16 28 
rIAIY cache oh a ere t ae (GY sti Be 5 (a) «9 
dhe UE ES A El a GT Ae 22,579 b 5,334 451 3,223 945 
Date of COlleCtIoN (5h saree srascrnssnsnssnsrnnnsnsee Decem- | Febru- | Decem- | Decem- | October 

ber, 1906 | ary,1907 | ber, 1906 | ber, 1906 | 11, 1906             
a A slight turbidity, probably due to precipitation of iron after collection of sample. 
b Phosphate radicle (P04), 0.0. 

. Judge R. F. Arnold’s well, Graham; depth, 110 feet. 'W. M. Barr, analyst. 
. Barber shop well, Graham; depth, 61 feet. H. S. Spaulding, analyst. 
. John C. Kay’s well, Graham; depth, 65 feet. W. M. Barr, analyst. 
. Well on lot 10, block 11, Graham. W. M. Barr, analyst. 
. Pandy’s well, 3 miles southeast of Spring Creek; depth, 20 feet. W. M. Barr, analyst. C

r
s
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The following notes on the quality of these waters have been 
furnished by R. B. Dole, chemist, United States Geological Survey: 

1. Probable scale-forming ingredients, nearly 3,000 parts per million; foaming 

ingredients, 20,000 parts; water is probably corrosive. This is a sodium-chloride 
water, unfit for boiler use, for irrigation, or for water supply. 

2. Probable scale-forming ingredients, 2,500 parts per million; foaming ingredients, 
450 parts; water is probably corrosive. This is a calcium-sulphate water, which would 

be bad for domestic use on account of its high mineral content. Its high scale-forming 
content and the probability of corrosion make it very bad for boiler use; if it were 

purified by the use of lime and soda ash, the foaming ingredients would thereby be 
increased to a degree almost prohibitive. The water could be called only fair for 
irrigation. 

3. This seems to be the best water. It is a calcium-carbonate water of moderate 

mineral content and fair for boiler use. It could be improved by softening. The 

probable scale-forming ingredients are 280 parts per million; foaming ingredients, 
190 parts; water is noncorrosive. It would be entirely acceptable for use in irrigation. 

4. Calcium-sulphate water of high mineral content; probable scale-forming ingre- 
dients, 1,800 parts per million; foaming ingredients, 800 parts; water is probably 

corrosive. This water is unfit for boiler use without purification and softening, which 

would increase the foaming ingredients and render the water likely to foam badly. 
It is potable but would probably have a distinct “gypsum” taste. It probably 

could be used for irrigation on loose sandy soils where there would be good opportunity 

for thorough undecdiainage. 
5. A water of fairly high mineral content; probable scale-forming ingredients, 430 

parts per million; foaming ingredients, 440 parts; corrosion uncertain; water bad for 

boiler use in its raw state, but could be purified. It would be acceptable for domestic 
use but would be considerably harder than No. 3. The remark on No. 4 regarding 

its use for irrigation applies to No. 5. 

There are few springs in the county, and none of any importance 
as a source of water supply.



78 UNDERGROUND WATERS OF WICHITA REGION, TEXAS. 

There is scarcely any probability that flowing wells can be obtained 
in this county, except possibly at a few localities in the eastern part. 
Wells put down to the basal beds of the Cisco formation find supplies 
of water which in a few places may reach the surface. The limestones 
of the Canyon formation should be reached in the eastern part of the 
county at depths of 250 to 500 feet. Farther west they lie at greater 
depths from the surface, possibly at 800 to 1,000 feet. Aside from 
the fact that the water would probably not rise to the surface, the 
unfavorable prospects for obtaining desirable deep-seated supplies 
in this part of the county are enhanced by the probability that with 
the increased distance from the outcrop the water would become too 
highly impregnated with mineral matter for use. 

JACK COUNTY. 

PHYSIOGRAPHY. 

Jack County, which adjoins Young County on the east, is rectan- 
gular in shape and has an area of 858 square miles. Its population 
is 11,817 (1910). The mean annual rainfall is 33 inches. The county 

seat is Jacksboro. 
The surface of the county is made up of hills and ridges, interspersed 

with broad valleys and plateaus. The striking features of the topog- 
raphy of this county are the broad, flat prairies, flanked by hills and 
ridges, a result of the varying resistance offered to erosion by the 
different rock formations. Northeast of Jacksboro the hills are 
capped by sandstone and conglomerate; the valleys are located upon 
the more easily eroded limestones. 

The larger part of the county is drained mainly by the West Fork 
of Trinity River, which enters at the northwest corner and flows in a 
southerly direction across the county. A small area in the southern 
part of the county is drained by small tributaries of the Salt Fork of 
the Brazos. 

GEOLOGY. 

All three of the formations of the Pennsylvanian in Texas, the 
Strawn, Canyon, and Cisco, outcrop within the boundaries of Jack 
County. The Strawn underlies a small triangular area in the south- 
east corner of the. county; the northern and western portions, con- 
stituting more than half of the county, are underlain by the Cisco. 
The intervening belt is occupied by the Canyon formation. All these 
formations dip toward the northwest at approximately 30 to 40 feet 
to the mile. 

The character of the Cisco is much the same as in Young County. 
Sandstones, shales, and conglomerates, with a few limestones, con- 
stitute most of the formation. Coal outcrops in places in the valley 
of the West Fork in the northern part of the county. A drill hole 
put down in 1900 to a depth of 340 feet on the land of D. Li. Knox on
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Lost Valley Creek, near Squaw Mountain, failed to penetrate the Cisco 
formation. Three water-bearing beds were passed through, the first 
at a depth of 130 feet, the second at 189 feet, and the third at 228 feet. 
The water, which is of fairly good quality, flows out at the surface. 
Shales and sandstones make up the larger part of the section, as 
shown by the following record furnished by the owner, Mr. D. L. 
Knox, of Jacksboro: 

Record of well on Lost Valley Creek, near Squaw Mountain, Tex. 
  

  

   

      

   

  

Thick- 
ness. | Depth 

Ft.in. | Ft.in. 
Solana yellow Olay... ue. il id iit ss din sn dae sna an sre Sanam ere sas nae pane ass 8 8 
Yellow fsoapsione i. a a Sa TR Reals 16 24 

a BT I eR RR oA NI SE RE TR ol I PE Se 8 32 
LAh-DIne “Soapstone. vc... cu dN i re sin see aed SS ie sa ee Bd 14 46 
BIRo Mes Ome. ee i se de ied Sin wily cd hr ety ob dea de te Se mmisi we ae 9 55 
Bhs Sansone”. rt ee i I eA LB ec IR te SR a de Cele 24 79 
ORL. ac nns toes saad torte as Sane th a A SE RE El Le Sle a Tl Ly eee 8 79 8 
BNC OIA. tec nna dd i a Ee LI LL NE See dn win uh dR SS de 82 8 
Sand and “Soapstone vc. tens traded HB El he ens lites sw hn sms abn sh Senses 90 8 
Bed S00DSION0 ass. tale r sculls en sede L a LIRELSLL  ded Sea ei yee dS han eu ees 97 8 
Blue Soapstone cee Ven daitd be fe ced Ld bod coy u is Hud rns Raed bia oles tim wd eins 101 8 
Red S0apSlOne”, Jot case. titulo di i Sida Sd dE te ses deve Be date na WS U5 30 107 8 
Blo SOR DIOMNEY cas serena staan ns sites eam ae Sanne Ete dy eine Se Dele fe nla 115 8 
White sandstone; first flow ol Wale... os viie sil inde in : 130 8 
Blue “soapstone ’’......cavusuceaes ; ome 132 8 
Rod ‘soapstone’, ...c cee cern. 138 8 
Blue ‘““soapstone’’ and sandston 145 8 
Red ““soapstone’’ and sandstone. . 153 8 
Blue “soapstone” and sandstone.. 163 8 
Rad Sandstone. i. oiiess es oivhims esis « Far vi sivalnlon oh vit woinr we Belin ss tase simiee = melee ninion nis 165 8 
Blac “soapstone” and SONASIONG... icc cueine saber: tives ote vo smsntivensose vos ovis 178 8 
White sandstone; second flow of water 189 8 
D0 S0ADBIONG cus a sh he re ee SS SS a ci pals He Sa sd Sek en be ns 198 8 
‘White sandstone; {rd flow of Walter. .....0 ooh. dg te ast a a dias 228 8 
Blue sandy ‘‘soapstone,” with vegetable matter, and thin layers of sandstone one-half 

Inchito S inches Chick... i. coeli.c o ee eils at ed ase cf i se dd et LL EL 111 4] 340     
  

The well starts below the coal, which outcrops at the foot of Squaw 
Mountain. The coal has been mined to some extent for local use. 

The following record of a boring made for oil on the Bazette ranch, 
10 miles a little east of north of Jacksboro on the Postoak road, has 
been furnished by Mr. Charles A. Lee. | 

Record of boring for oil on Bazette ranch, 10 miles north of Jacksboro, Tex. 
  

  

    

   

Thick- 
TOSE: Depth. 

Feet. | Feel. 
1. Suvi SOM. «ede be re re I eS a i i Ss Nae 5 5 
2. Black shale....... a RT swrivssirooni on 95 100 
3. Sand with some oil; in other near-by wells this sand appears to be 10 to 12 feet thick; 

yicllod 3 2allonsSiof oll BAY... an. co i i vat aa ea Es 6 106 
4, 8 anA WIN Soll Wala. ou cl ee a ii aaa dariea 10 116 
3. Bholoand SOME S800... . cor a tail oe, a a dina naiats dt ae anne 134 250 
0. Running sand, With Salt Water. ...-. atic iain sida sir v sn ns ns ning insonnnns 10 260 
7. Unknown, recordmiSsing. ...c... uc Lh otis tii de TL Le sat ee 230 490 
8. Hard sandrock; oil with salt water under it ‘ 10 500 
9. Shale with shells.,......-.......c.......h. 100 600 

10. Hard crystalline limestone a 50 650 
11. Conglomerate, soft.......... 655 
12. White crystalline limestone. ig ans 40 : 100 755 
13. Sandstone and shale..................... LL. 2d : 35 790 
14. Sandstone saturated with oil and gas ve 10 800 
15. Black Shale. oo erste ude ddan dh dt a se sa es eal 50 850 
16. Bhnla and “rok... ie Lt rs di aad wn eed Se Sen 40 890 
LPR EIT ED Ce SRR ll a A Go et FSC SRR TE LT 10 900 

Sandstone with gas; pressure sufficient to throw water over derrick shed; not pene- 
vicitisenvin rane hde tre me te Arad d he yee Paes es Sena A 30 930     
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The upper 600 feet of this section apparently belongs to the Cisco, 
and the remainder (Nos. 10 to 18) to the Canyon formation. Several 
borings were made in this vicinity in the search for oil. A small 
amount of oil and some gas were found. 

Jacksboro is located on the western margin of the outcrop of 
the Canyon formation. The limestone beds exposed are about 20 
feet thick and belong to the upper series (No. 10) shown in the fore- 
going section. In the Texas reports! they are called the Campo- 
phyllum beds, from the great number of the cup coral (Campophyllum 
torquium) that they contain. These beds are underlain by 5 to 75 
feet of sandy clays and sandstones, locally conglomeratic, called by 
Drake the Bluff Creek bed. Below this in the Colorado coal field, 
as shown by Drake, are five series of limestones, each 25 to 75 feet 
thick, separated by corresponding thicknesses of clays and sandstones. 
The wells put down at Jacksboro show a greater proportion of clays 
and less limestone than in the region farther south. A quarry, 
located near the track of the Chicago, Rock Island & Gulf Railway 
at Jacksboro,is operated by the railroad company for ballast material. 
The beds furnish a good building stone, which has been used for some 
of the most. prominent structures in the town. The rock is a hard 
bluish-gray compact fossiliferous limestone. The upper strata are 
rather irregular in bedding. The lowest stratum quarried is a dark- 
blue limestone about 15 inches in thickness, and from this stratum 
the best building stone is obtained. 

A number of wells have been put down in the town, the records of 
some of which, follow: 

Record of well of Judge Horton, in the western part of Jacksboro, Tex. 

  

  

    

Thick- 
ness. Depth. 

Feet Feet 
rR ED EA NS A RA SNARE Oh aN Cee SRC OR RT Ca VE GR NP 35 35 
BIO BNAlO. .. vuisa da ole win hs i sas Se wR os Sih wd BR 5 an Sh le wh Anim SS ww wi 54 a nw 15 50 

OE OIE. eo iad ie we si wis «Ges wah wi as wis aaa n 5 Waid an ww 4 wens mae ns 16 66 
Dark-blue shale or clay, with two or three streaks of limestone... ..........ccoceaann... 139 205 
Sand ad’ blue shale (mined With Ol). au es eiib ras sae se wr wisn ns mds De a wininniuia 20 225 
Shell formation, With SAll Water. . oh i ie. cis staat a a sninin ne tins espns = Soles dn wamaivins ne 2 227 
Sand And SOI War, a Li er ea sma nae ts ane Sat evar d ans seins 27 254 
Blue shale (not penetrated). 

  

Record of well of M. W. Cooper, near center of Jacksboro, Tez. 

  

  

  

Thick: HoYE Depth 

Feet Feet 
OY. YD se i cs ih au sats a aa int Sane wn Sa 8 A a aN Ask eas Sea Ses vi 52 
JHTERIONG . © di Ba lee dais nS made she as yw She 3 els te 5n oa ni Ban Sk minim nm a0 0 in mn 8 Wg Tale mans 22 74 
BIE SOEs i dE Dale ee aR TR as hha kd wna nn SER Sh wn a nN 25 99 
Gy RR SN SC PNT lL RSE Ea CM Fa RH NRL BEN TR 14 113 
OO i i tse IU as iis alanine ate ak sna A alnthis, ars wan ar he Wd MR wd pw 2 RS Rey 20 133 
LUE UL ep ROR RED SL A CE aE SRC RG SR Cl ICO Se Gr ENN 10 143 

dO ET A a Sa re haa aa aes 57 200 
Shale andisand (Some SU DIT ua cs evan svisvnsss soasnrins 2 radar vss sns ass vsnessysrsss 12 212 
Blue shle (ROGDOROTIAECA) inv s Snes Seman ss ananvss a dans snansanssnnsassessenssnssdess 3 215 

  

1 Drake, N. F., Report on the Colorado coal field: Fourth Ann. Rept. Texas Geol. Survey, 1892, p. 400.
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A well put down in 1899 about 12 miles south of Jacksboro for 
D. L. Knox, by W. F. Nawatny, gave the following record: 

Record of drill hole 12 miles south of Jacksboro, Tex. 

  

  

Thick- 
Begs. Depth. 

Feet Feet 
LenS Ol ANA ALN. LL iis ccc ison vanmams sins sans nasties sseimansasse soe scsvnssasbauwmont 8 
iY CHOW NEI ONO fo cco nee bonnns anos sn sls ve mao aa Teint a iam sie set 20 26 

Fen CORCI IC TORR de i st Thy Si cninnie swan tae awa ot vs Se sabe who Swe orerdmraie 2 2s 
eB I SOA I ONE. ie so di ins sins sala eins an ese wien sa ven an nine tn Salam tieimmin oreo ardhm ims 42 

Sa RO ODS ON: cos s ss th si Aas ns wd ak amin a = San ws Sas nn sie wits Shine suis ei Snsini als se 20 90 
0. .Dark-blue soapstone, with hard Iron NOAUlES. . .c.aanvaeivanesecrssrunssanssrsnesnnnss 188 278 
es Hoard CarhONACeOUS SIMA Y SNAd0. iin dei esn tan nea nav nsne sasetamine vesomemm 76 354 
SeaSOIL DING “Slate (CAVING)... arr vit sina sias nnn an snares ss onsses snes sss vemeiiaymety 13 367 
aD IC THINLY UITINOS ONE. ue crc hernia inns so aos own via a we amma ss rnim dns wins ws Siem isi 43 371% 

18. Be SOAR ONI0 i ice cers cena e sane nts en. rd bia wil were while spe ay 2% 4 
11. Blue flinty limestone.............. A EM AO ne RE Se i 7 381 
2 A ET TR TL Te A SOR AE Dl SEAN adn Ur DEER Se NE a 16 397 
13..Very hard limestone, With chert and Pyros... ces. ccvssacnsnssssvssserasesnssinsvvin 30 427 
ENO SE a Le UT RR Ge LS ep tL lS RS SR ee 12 439 
15, 801 hiNe S0ADILONG (CAVING). . 0% vive sar cn ne ve ss on nian e san smssdmmsnesensssssusneiswe 22 461 
JO LAMESIONE. .. oh ons ccinnss edema wannes sansa tn smist nner nas esicnnenasseevinses des 15 476 
17. GIy SANA Y SOAPS ONE i. si vor css svntanss aba ns vanane sr tbs ss Saran sis Paid suiwy 21 497 
18 LAMY SONASIONG. os. co icc en trsmn asda e sas a ens sn nists ne Hak eNi wed gs aR a 6 503 
19. Soft light-blue to 2ray Streaky S0ADSIONG.. cnt ceresssss ses inns ssn sinmesans we vues 79 582 
YR EY eS in AT es Te ENR Tbr 2 584 

ol NY HOS EONG oi cD ans shen sins mnn mags niian si sn nbe nil senna as sds ns noid 4 588 
22. Hard sandstone, hONCYCOMDEA. a. esceesirssonsncasnnsnncassonssdessnsnseasebmnie 12 600     
  

This well evidently starts in rock below any shown in the Jacksboro 
wells. In comparing this record with Drake’s section! the following 
correlation can be fairly well established: 

Correlation of Drake’s section and record of Knox drill hole, near Jacksboro, Tex, 

Drake’s section (Canyon division) Knox drill hole. 

12. Campophyllum bed 
11. Bluff Creek bed. [-*==--=t=t====s=se=- svsnmaes a Not represented. 

10. Home Creek bed [limestone]........ 
9. Hog Creek bed [clays and indy AT Nos. 2408, 
8. Chert bed [cherty limestones]............. evewinesd Nos. 9 to 14, 
7. Bel WO. M7 . convucnss csminss suse soinivvins sie viign wo pw ans Nos. 15 to 18. 

6. Clear Creek bed [clay, some limestone] ............No. 19. 
5. Cedarton bed [sandstone}.................. “wee es No. 20. 

4, Adams Branch limestone................ teas. ne No. 21. 
3. Brownwood bed [upper sandstone].....cccceeuen... No. 22. 

On the Lee farm, 9 miles north of Jacksboro, on the West Fork of 
Trinity River, the Amber Petroleum Co., of Pittsburgh, Pa., sunk a 
well 2,200 feet deep in prospecting for oil. This well was begun in 
February and finished in July, 1907. The drillers were Joseph Kerr 
and Edward Wasson. The record as given by Mr. Kerr follows. 
  

1 Fourth Ann. Rept. Texas Geol. Survey, 1892, p. 387, 

70056°—wsp 317—13——6
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Record of prospect hole of Amber Petroleum Co., 9 miles north of Jacksboro, Tex. 

[Diameter of well at mouth, 13 inches; at bottom, 5 inches.} 

  

  

          

Thick- 
ness. Depth. 

Feet Feet. 
RO Yel OW Cat IS i Nis ss vsne sens nenng sans wate shania ata nae Sao eas rE 30 30 

2 Boll lack CoE? LOUK asa e cide sis snsnivistnain sins e iite SES ins dav iman nun dan vs 80 110 
8. 00DIck SANA ANA STAVE cas sonscsccerocnovses oasis wevidh susan i nnmime ction sation 10 120 
4. Soft black “cement” rock...... 85 205 
5. Red “mineral rock”.........2-- send - : 30 235 
6. White sand; hardness variable; first water, salf.........cccevaeereeansnsnsnanann i 25 260 

Sol DIC amen? TO sn ee A le | 90 350 
3: Redrock, caved (Probably Shale): . ... cond. i a fe i a Tide acs tsast ian ene 10 360 
9 Hard cray sand; Second Waler, Sal: oo i. atin i tnt nen ate ss none nae asnne 40 400 

BC BD IT A a GN Lg A Re ANE TNL en SS 175 575 
NH ard red HICrOk. coi. ei ri cde et st RR Ee dE eA Nu x 15 590 
380i DIC DIORe IMG... s.r sada suc aas esc ionnessenss SSR Eh rie. 45 635 

LD ER i at DD NI SS Sd is ob so lp 1 gh 15 650 
34 "Whitesang; salt water (third), and oll... o.oo oii a i sii iiansnomnsns 52 702 

Sol black Slater rr ra etre a NIA Pe eae 48 750 
16. Sand and slate; salt water (fourth) at 800 feet. eels 00 850 
3 CC Asphaleirock. i. a na 10 860 
Io Softiwhitesand... ....i.cnisicaitoiaiaininaas : a 30 890 
RR EE Gd ET I eT SS Re ROR IE LS BL 10 900 
20. Softiwhite sand (show of Yed oll as... sae coi naa cin tals saa sasns ss ss lin sso s sage 60 960 
dR da es 1943 | 1,1543 
Sr sofl: White sand; salt Water (ANY. . ooo ol a ticaiaii ia iasenssssansssnsns ssn asas 30 1,184% 
23. Soft black slate (thin stratum). 
24. Softiwhite sand; salt Water (Bilh) aoc eescversssassninnssnnnnsasnsans sis esnsssssnsarns 70% | 1,255 

So IRC SI By. ri Ts nS ed a ny a re Sa vale Yea Sea as 43 1,298 
20 SOI DICK “aSDAl 2. ci a Cie eens asses SR ta SR arta ta Aes re 6 1,304 
or -Mediom DIack Slab. Ci I a man ae wee sie ie a ae Si a em ww 80 1,384 
28. Medium gray sandy lime (show of oil and water)... a 88 1,572 
29. Soft white sand; salt water (sixth) in upper part... 103 1,675 
30. Hard gray lime (almost flint)...........c. 00.0.0 ia a 25 1,700 
SE -Mediom-black state... i... i. cater arama a2 75 1,775 
SE Hard ory SANAY Shal0. cease casos as senor soins e davonadnns sono mntanesssnmsdise te 40 1,815 
D3 SOILD I SION. ci ssa cncssr sires sree rr Sana ans FE Ame SS He ane 85 1,900 
4. Very hard oray SAN crc... vas ors cmmsron Ate das ru sies e Somes ed mies mind in sera dea 30 1,930 
8. BOI WHEE BION «vl Lu. cs oie sis snidnie's 58s i nat gn % nia dinaiiin bins s snvnn sss ome si vaiios 50 1,980 
0. SO DIAC SOE, os in aries sian in a niE es 2m EA Ae SR SR An Sen RE ema SE a me 80 2,060 
37. Shelly brown and gray sand (smelled of oil and gaS)..eceeivinrenacnniiannannnannnn. 30 2,090 
SS Bol While slate. ol ie ee rei a Ec Ss es vended ete wa Sv w Ere sien 110 2,200     
  

The rock called “asphalt” by the driller was so named because of 
its “smell and from the fact that it mixed with water.” It was 
probably clay impregnated with oily matter. A clearly recognized 
bed in the record is the ‘‘cherty limestone” of the Canyon (No. 30). 
Beds Nos. 11 and 12 are apparently the top beds of the Canyon; and 
if so, the section would be interpreted as Cisco from 1 to 10, inclusive, 
575 feet, and Canyon for the remainder. The sandstones of the 
Strawn were not reached. Two facts of interest in this section are 
the great increase in thickness of the Canyon (from about 800 feet on 
the Colorado to over 1,645 feet on the West Fork of the Trinity) and 
the thinning out of the limestones, their place being taken by clays. 
It is of interest to note also that the ‘“cherty bed” of the Canyon 
(No. 8 of Drake’s section) is an excellent guide in the classification of 
well records in this region. The large amount of chert contained 
makes it the despair of the driller and leaves little doubt of its identity. 
It seems to have been the source of the cherty pebbles so abundant in 
some of the conglomerates of the Cisco.
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In its northeastward extension the Canyon formation passes from 
sight beneath overlying beds several miles east of Cundiff. 

The Strawn formation occupies all that part of the county south- 
east of the Canyon area. The formation has a thickness of about 
4,000 feet and consists principally of sandstones alternating with 
thinner beds of blue clay. 

WATER CONDITIONS. 

Over a considerable part of the Cisco area the water conditions are 
essentially the same as in Young County. Water for domestic use 
is obtained from wells of moderate depth, generally in a porous 
sandstone, though locally in the overlying residual sands and clays. 
The water is likely to be charged with mineral matter, especially in 
the deeper wells. The part of the county underlain by the Cisco 
contains three areas in which flowing wells may be obtained. Oneis 
in the vicinity of Squaw Mountain, where there is a flowing well, the 
record of which is given on page 79. The second is at Gertrude; and 
the third is in the vicinity of Jeannette, 7 miles west of Jacksboro. 
In none of these wells is the flow strong. The wells all draw their 
supply apparently from a sandstone near the base of the Cisco forma- 
tion. Flowing wells in the southeast corner of Stephens County are 
supplied essentially from the same horizon. Whether flows could be 
obtained in the intervening belt has not been determined, but such 
data as are available indicate that they could not. In most wells in 
the region the water rises less than 50 feet above the bed in which it 
occurs. In the Cisco belt, however, it rises from 100 to 350 or 360 
feet. For example, the Squaw Mountain well is 340 feet deep and the 
water is said to have overflowed from a pipe 18 to 20 feet above the 
curb. The flowing wells at Gertrude are from 118 to 130 feet deep; 
how far the water from them will rise above the surface is not known. 
At Jeannette two flowing wells are reported, one 96 feet deep, the other 
105 feet. 

In the vicinity of Antelope dug wells are from 20 to 60 feet deep, 
and larger supplies are found at depths of 90 to 150 feet, but there 
are no flowing wells. In wells 150 feet in depth the water is said 
to rise within 70 feet of the surface. The water of some of the shallow 
wells is of good quality; in others it is too highly mineralized for use. 
The deeper waters usually show a higher content of mineral salts, 
and some of them are so salty that they are not available for domestic 
use or even for stock. 

Springs are of rare occurrence in the Cisco area. In the vicinity of 
Antelope there are several springs in the sandrock, one of which, on 
the farm of Mr. Adkins, is reported to be of considerable size.
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The Canyon formation constitutes the most important water- 
bearing formation in the area studied. The limestones contain water 
in caverns and underground solution channels. These are the source 
of numerous springs which appear along the outcrops of the beds, at the 
contact with the underlying shale. (See Pl.II B p.60.) The occur- 
rence of such cavities and passages, however, is very irregular, and 
although deep wells in limestone regions are likely to strike one or 
more such passages there is much uncertainty as to the outcome. 

Most of the wells in this area find water in the sands that are inter- 
bedded with the limestones. The principal water bed at Jacksboro 
is reached at depths of 145 to 230 feet. This is between the second 
and third limestones from the top of the Canyon formation. The 
beds included between the first and second limestones are locally 
water bearing, and some wells find their supplies at this horizon. 
M. W. Cooper, who has drilled many wells in this vicinity, states that 
the records will average about as follows: 

General section of deep wells at Jacksboro, Tex. 

  

  

    

Thick- 
ness. | Depth 

Feet. | Feet. 
Soil and Say  ssanstis rons tt ens nionsy eins suntan inn gins sant nn snes ins vei strlen sans ra 4 4 
RAINE . vii dnd ii dirs te ee Prides eB Pe nw Aw RE ne SS 8 12 

V1 PO a ORES SR ang ii deg See SD A Np ESSA TRE TL 20 32 
BINSIShola.. . i. hein sn sth sds red eas SR ea sie ae nS San an wn Spa mn we SB Pek aE 4-20 52 
TT EE ST In Dor SL MND SR Ie ls SIE oily 18-28 80 
Shale, in some wells containing sand and water... cceeeee nn ieninniniinniinseneenannnna. 80 160 
Limest i INR el i Sh I PIL rE ET Li 10-16 176 
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The water rises within about 75 feet of the surface in the deeper 
wells. In early days, according to Mr. Cooper, many of the wells 
flowed, but there are now no flowing wells in the town. The average 
depth of the wells is from 160 to 175 feet, depending on the location 
of the top and the differences in thickness of the beds. The water- 
bearing sand (No. 9) is not uniformly developed and is reported to 
thin out toward the east and north. In some wells the second 
limestone (No. 7) is replaced by sands and shales impregnated with 
oil, and the water found at this horizon is usually of bad quality. 
In some wells located on low ground the water flows out at the 
surface. 

The water in many of the wells at Yo lebors shows marked differ- 
ences in quality within short distances. A black oily substance is 
sometimes encountered in the upper part of the sandstone formation, 
but in the lower part of the beds good water may be found. The 
only attempt to find water supplies in deeper beds in this vicinity
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was that of D. L. Knox, who sunk a well at his residence to a depth 
of 550 feet. The main water bed appears to be absent here, and the 
water at deeper horizons was found to be highly impregnated with 
salt. Although the amount of potable water available at the main 
horizon is considerable, it is insufficient to meet the demands made 
upon it by the growth of the town, and this, coupled with the fact 
that in so many wells the water is unfit for use, will soon make it 
necessary to consider the possibility of other sources of supply. As 
to this problem the data at hand offer little light. So far as known 
the Jacksboro water horizon is one of the best in the series. As in 
beds at other horizons, however, the water is affected locally by 
injurious ingredients, and as the beds dip westward under cover 
the water doubtless becomes more highly mineralized. As to water 
from deeper horizons, the data in hand indicate that though abundant, 

it is almost sure to be saline. : 

In the western part of the Canyon area the conditions will be 
found much the same as at Jacksboro. Throughout most of this 
belt the Jacksboro water horizon will doubtless yield ample supplies. 
The conditions as to depth and pressure will manifestly vary with 
the locality. On the east this belt is bounded by the outcrop of 
the cherty limestone beds.! The areas farther east were not included 
in the present investigation, but the data available indicate that 
the water from deep wells in that region is likely to be more or less 
affected by mineral salts. 

Thomas Owen, living 2 miles southeast of Adieu, has a well 300 
feet deep. He reports the following record: 

Common earth about 15 feet, soapstone for about 82 feet, and struck a gray sandstone 
with water, which came up about 36 feet in the well. Continued boring but found 

no more water and finally struck a hard white rock into which the boring was con- 
tinued for 20 feet. 

This water-bearing sandstone was doubtless the same as that in 
the wells at Jacksboro and the ‘hard white rock’ the cherty lime- 
stone which underlies it. 

Gibtown is situated in the southeast corner of the county, on the 
outcrop of the Strawn formation. In this vicinity water for domestic 
use is obtained from open and drilled wells ranging in depth from 
20 to 65 feet. The supplies are found in the superficial portion of 
the sands of the Strawn formation. The water is said to be hard, 
and the supplies are ample for the present needs of the community. 

Analyses of waters from a number of wells in Jack County are 
given on page 86. 

1 These beds are those designated No. 8 in Drake’s report on the Colorado coal field (Fourth Ann. 

Rept. Texas Geol. Survey, 1892, p. 395).
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Analyses of ground waters in Jack County, Tex. 

[Parts per million. Analyst, B. L. Glascock. Samples collected Sept. 24, 1907.) 

  

  

                    
  

1 2 3 4 5 6 7 8 9 10 

SHEA (S102). vveneves i- 12 20 32 15 14 10 2.5 10 5.0 5.0 
Iron(¥e)............. .94 9 . 62 bi .75 .75 .8 .8 .85 .8 
Aluminum (Al)....... 2.0 3.0 2.4 25 1.3 2.3 13 20 1.0 1.3 
Calcium A issn Ree 10 20 105 197 224 8.5 9.0 26 102 96 
Magnesium (Mg)...... 3.0 3.5 54 138 153 3.0 11 11 31 33 
Sodium (Na).......... 330 963 114 1,040 1,109 291 293 944 664 689 
Potassium (K)........ 8.0 13 7.8 13 15 5.3 | 34 12 132 15 
Carbonate radicle 

COs). acai 14 22 7.2 7.2 .0 4.8) 29 7.2 0 0 
Bicarbonate radicle 

08). a cisniswsne sas 817 610 439 756 766 659 669 549 224 266 
Sulphate radicle 209 137 166 303 1,590 |1,758 80 100 231 [1,603 1,468 
Nitrate radicle (NO3).. 1.8 1.33 .44 4.9 1.33 1.33] 3.1 3.1 44 1.1 
Chlorine (Cl).......... 139 [1,040 55 795 870 37 50 | 1,125 181 115 
Total 50lidS.....ceee..| 907 [2,568 922 4,190 [4,595 758 844 | 2,766 [2,806 2,513 
Turbidity... ....s Bscess 0 0 0 0 0 0 0 0 0 0 

1. Well of J. R. Edmondson at Jeanette, Tex. 
2. Well of the postmaster at Finis, Tex. 
3. Vineyard mineral water at Vineyard, Tex. 
4. Helm’s well, 12 miles east of Jacksboro, Vineyard, Tex. 
5. Well of W, L. Vesner, at Vineyard, Tex. 
$ Well of W. F. Worden, 1 mile west of courthouse, Jacksboro, Tex, 

. Well of H. Hensley, 1} miles west of courthouse, Jacksboro, Tex. 
8. Well at Phipp’s place, 2 miles northeast of courthouse, J: acksboro, Tex. 
9. Hensly & Jo n’s farm well at Hess, Tex. 
10. Well at Hannible Pass place, Hess, Tex. 

The following notes regarding the usefulness of these waters 
have been prepared by R. B. Dole, chemist, United States Geological 
Survey: 

1. Estimated scale-forming ingredients, 50 parts per million; foaming ingredients, 
900 parts; water is noncorrosive, but would foam in boilers. It is high in mineral 

content, especially in alkalies, and would be poor in irrigation; it is potable. 
2. Very high in mineral content and unsuitable for use. 
3. A sulphate and carbonate water of rather high mineral content but notably 

lower in alkalies and in chlorides than most of the other waters. Estimated scale- 

forming ingredients, 450 parts per million; foaming ingredients, 350 parts; water is 
noncorrosive; good for irrigation; hard, but potable. 

4 and 5. Sodium sulphate waters of very high mineral content and unfit for use 

except possibly for irrigating land where thorough drainage and other precautions te 
prevent accumulation of alkali have been adopted. 

6 and 7. Sodium carbonate waters of moderately high mineral content and similar 
composition; poor for irrigation; low in scale-forming ingredients but too high in 
foaming ingredients to be suitable for boilers. 

8. A water of very high mineral content; unsuitable for use in boilers or for irriga- 
tion, and too salty to be good for domestic use, though drinkable. : 

9 and 10. Sodium sulphate waters of very high mineral content and similar compo- 

sition; would foam in boilers; potable but not very good for domestic use; poor for 

irrigation.
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