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By Rosexr T. HILI\A.

INTRODUCTION,

Area treated.—The Black and Grand prairies of Texas and south-
ern Indian Territory comprise about 50,000 square miles (see Pl
LXYV, in pocket)——an area equal to that of fifty of the quadrangles
mapped and described by the United .States Geological Survey in its
Geologic Atlas of the United States. The accompanying general geo-
logic map (PL. LXVI, in pocket) is a condensed presentation of the
geology usually shown on that number of- atlas sheets as published in
folio form. Most of these quadrangles have been studied by the
writer and his former assistants.

Sources of data.—An entirely satlsfactory presentation of these
results is still impossible by reason of the lack of adequate maps.
The topographic maps of the United States Geological Survey, which
cover 24 of the 50 units of area, were made in the earlier years of the
Survey and with a contour interval insufficient for the expression of
the geology. For'the remaining portion of the area it was necessary
to use as a base the Land Office maps of the State of Texas.’

The conclusions herein presented, often condensed in a short para-
graph, are founded upon a large amount of paleontologic, strati-
graphic, and topographic data. The results, so far as they refer to
the Black and Grand prairies, are the outcome of studies made by the
writer since 1882, sometimes independently, sometimes with the assist-
ance of the United States Geological Survey, and during two years in

- connection with the Texas Geological Survey. In times past he has
been assisted in this work by his former students, C. C. McCulloch,
now captain, U. S. A.; Messrs. Wilson T. Davidson and L. T. Dashiel;
Mr. Joseph A. Taff, now of the United States Geological Survey; Dr.
J. W. Stone, Mr. N. F. Drake, and Mr. G. H. Ragsdale. Inasmuch
as the details which these gentlemem worked out were problems of
the writer’s suggestion, he has incorporated them into this paper, and
here acknowledges indebtedness therefor. Upon the writer’s retire-

. 23



24 BLACK AND GRAND PRAIRIES, TEXAS,

ment from the Texas Survey, Mr. Taff continued the work of map-
ping the region. He published two reports," which have been freely
used and which have been of great assistance in the preparation of this
paper.

Importance of paleontology.—In addition to the collection of the
data which appear in the text and illustrations, much paleontologic
research has been necessary in order to classify the formations.
Paleontology is the most reliable guide in determining the position of
any bed in the geologic series with a view to ascertaining the depth,
from any particular portion of the surface, of the underground
waters in the Cretaceous regions of Texas. If a few species of fos-
sils, such as can be found in any locality, be sent to one familiar with
the sequence of the beds, he can predict within a few feet the depth
below the surface of any particular water-bearing stratum in the
series. It was a labor of years to disentangle the preexisting confu-
sion concerning the occurrence and succession of these fossils and
their bearings upon the determination and definition of the strata.
Their further consideration has been 1éft to Mr. T. W. Stanton, who,
it is presumed, will make final publication of the descriptions and the
scientific results.

This is not a final and complete report. Detailed field work is
desirable in many localities. Chemical analyses of water and illustra-
tions of typical scenery should be more complete, but these were not
obtainable with the means and time at the writer’s disposal. When
appreciation of geologic investigation shall have been awakened in
Texas and the region under discussion shall have been studied more
closely by resident students, in the manner now common in other parts
of the United States, the data here presented will be largely increased
and refined, and the conclusions will doubtless be correspondingly
amended and rectified. :

1See Third and Fourth Annual Reports Geol. Survey of Texas.



PART L

GEOGRAPILY OF THHE TEXAS REGION.

In a recent paper' the author endeavored to present an outline of
the physiographic features of the Texas region, as shown on a new
map therewith, and to define its salient primary natural subdivisions,
.as a basis for more detailed discussion and differentiation of the vari-
ous phenomena. The limits and plan of that paper forbade extended
discussion or description of specific local features. The present paper
will be devoted to a minute description of one’of the provinces of the
greater region as outlined in the paper mentioned. Before beginning
this description, however, it will be well to give a brief résumé of the
region as a whole.

The Greater Texas region includes practically all the country east
of the Rio Grande south of the northern boundary of New Mexico.
The region thus defined is not a physical unit, but rather an area which
includes a peculiar group of physiographic units, composed of moun-
tains and plains belonging to the four greater natural provinces of the
United States, to wit: the Cordilleran region, the Great Plains region,
the Appalachian region, and the Atlantic Coastal Plain. -The charac-
teristic features of these regions as they extend into the State present
local modifications. There are also extensive stretches of country in
the central portion of the State which bhave no counterpart elsewhere.

Before the individual physiographic features of the Greater Texas
region are described the area, relations, and subdivisions of the State
will be noticed.

THE STATE OF TEXAS.

Area, Relations, and Subdivisions.

The area of the State of Texas is 265,780 square miles, or about
one-twelfth that of the entire United States. Its magnitude will be
better appreciated when it i3 remembered that to the combined area
of the New England States, New York, New Jersey, Pennsylvania,
Delaware, Maryland, and the District of Columbia the areas of Ohio
and Kentucky must be added to equal it. Its extent is about that of

! Physical geography of the Texas region: Topographie Atlas U. S, folio 3, U. S. Geol. Survey, 1900.
’ 25
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France. Itslength and breadth are nearly the same. The former is
760 miles, and the latter, along the thirty-second parallel, is about 740
miles. By rail these distances are 900 miles, or the same as from New
York to Savannah, Atlanta, Chattanooga, Evansville (Indiana), Chi-
cago, or Labrador. Its length is one-half that of our country from
north to south. Its width is more than one-half the southern border
of the United States between the Atlantic and the Pacific. This
width is equal to one-third the distance across the widest portion of
the country, from Cape Hatteras to Cape Mendocino.

In respect to location and natural conditions Texas does not fit
exactly into any one of the ordinary classifications of States. It is
southern—Florida excepted, it is the most southern of all-States in
geographic position. It is central, for it is one of the great tier that
exactly forms the central strip of the.Union. It isa Gulf State, and
has one-fourth the shore line of the Gulf of Mexico. It is a western
State, large areas of both the Great Plains and the Cordilleran regions
being included in it, while its far western corner is nearer the Pacific
than the Atlantic, and has the climatic features of the former rather
than of the latter. Not only do its parts present the geograﬁhic
features of the larger divisions of the United States already men-
tioned, but there are areas typical of the adjacent Republic of Mexico,
such as the northern end of the Tierra Caliente at the mouth of the Rio
Grande. Hence it may be said that Texas is both southern, central,
and western in relative position and interests.

Neither the State of Texas nor the adjacent territories within the
Greater Texas region have well-defined or officially recognized subdi-
visions. In Texas vague subdivisional terms have grown into popular
use, but these have not been recorded or defined. Personal observation
of this local usage shows that it includes two classes of terms: first,
terms of direction, vaguely applied without definite reference to natural
subdivisions; second, names based on specific natural features and
applied to local districts, colloquially called ¢‘ countries.”

The directional names in general use in Texas are as follows: East
Texas, Southwest Texay, Central Texas, Northwest Texas, North Texas,
and West Texas. The bounds of the areas which these terms are
intended to designate have never been defined, and it is doubtful
whether they are well formulated in the public mind. They were not
originally used with reference to the geographic center of the State,

_ but were and still are employed with reference to the early American

ce.ntef's.,f)if populatlon in the extreme eastern part. Thus all the areas
to Whlch these names are applied lie east of the central meridian of the
State. Southwest Texas, for instance, according to this older nomen.
clature, embraces the country between the Balcones scarp line, the Rio
Grande, and the coast. This region, relative to the geographic center
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of the State, is really Southern Texas, as it will be called in this report.
Central Texas was the region traversed by the Houston and Texas
Central Railway, and included a country (the east half of the East-Cen-
tral Province of nomenclature) more than 100 miles east of the true
Central Province as defined in this paper. North Texas was the tier of
black-land counties adjacent to Red River, and included only the eastern
third of the northern border. Northwest Texas was almost the exact
geographic center of the State. The term West Texas was applied to
the region immediately beyond the westwardly migrating line of
frontier settlement.

No set of directional terms coincides exactly with the natural subdi-
visions of the State; nevertheless, such terms are convenient and often
unavoidable in description. The use made of them in this report,
however, is quite different from that which iy customary, and results
from a new classification of the region into provinces, based on physical
characters and relations. The parts of the Greater Texas region which,
by reason of natural features—characteristics of soil, climate, geologic
structure, drainage, underground water conditions, and environment
for human culture—constitute geographic units for discussion, or prov-
inces, are six in number. (See Pl. I.) These provinces may be briefly
outlined as follows:

DEFINITION OF THE YROVINCES.

Eastern Province.—This consists of the northern half of the Texas
Coastal Plain, and includes the forest country east of the Black Prai-
rie and north of the thirtieth parallel, which corresponds approxi-
mately to the latitude of Austin. It represents the continuation into
Texas from Arkansas and Louisiana of the Atlantic Timber Belt of the
interior portion of the Southern Coastal Plain. In Texas it embraces
33,000 square miles.

Southern Province.—This is the southern half of the Coastal Plain
in Texas and the modified southern extension of the Eastern Province.
It includes the area between the thirtieth parallel on the north, the
Balcones scarp line on the west, and the Rio Grande on the south as far
west as Del Rio. It contains a diverse group of countries, such as the
Coast Prairie, the Fayette Prairie, the Carrizo Country (an attenuated
southwestern extension of the Atlantic Timber Belt), the Comal Coun-
try (the southern continuation of the Black Prairie), and the Rio
Grande embayment. Its areaaggregates 52,000-square miles.

Lust- Central Province.—This includes the portion of Texas north
of the Colorado between the Eastern Province and the Central Province
proper, and the portion of southern Indian Territory south of the
Ouachita Mountains and east of the ninety-seventh meridian. It in-
cludes the Black and Grand prairies and the two belts of timber known
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as the Western and Eastern cross timbers. Its area is about 31,000
square miles.

Central Province.—There is a vast area of diversified prairie plainsin
southern Kansas, Oklahoma, Indian Territory, and Texas, lying be-
tween the Plateau of the Plains and the western border of the Ozark
‘Plateau and the East-Central Province. This is the Central Denuded -
region of the writer’s previous papers, and consists of a number of
diverse prairie features occurring in more or less regular north-south
belts succeeding one another to the west, including those established
upon the Red Beds, the Carboniferous, and the older Paleozoic rocks,
each of which will be described under its appropriate head. The area
of its southern portion which lies in Texas is 87,000 square miles.

Great Plains Province.—This includes the Great Plains proper,
which extend eastward from the Rocky Mountain front to the prairie
plains of the Central Province and southward to the Southern
Province.

FPlateaw Subprovince of the Great Plains.—This is the modified
southern extension of the Great Plains Province of the United States.
In Texas it is an extensive oblong plateau south of Canadian River,
comprising the Llano Estacado and the Edwards Plateau—60,000
square miles. The Stockton Plateau, between the Pecos and the Rio
. Grande and the eastern front of the mountains, which may be included
in the Plateau Province, has an area of about 15,000 square miles.

Trams-Pecos Province.—This represents the continuation of the
eastern ranges, plateau plains, and interior basins of the great Cordil-
leran region of western United States west of the Pecos and southward
from northern New Mexico, through Texas, into the eastern Sierra
Madre of Mexico. The portion in Texas embraces 85,000 square miles.

Provisional subdivisions into *‘countries.”—In Texas the name
““country” is used locally for more limited districts (subdivisions of
the provinces) which have some peculiar or specific natural unity of
soil, flora, or topogtraphy. Thuswe have the Coast and the Pine Woods
countries for certain subdivisions of the Eastern Province of the State;
the Abilene, Wichita, Brownwood, San Angelo, San Saba, and Llano
countries for subdivisions of the Central Province; the Uvalde, Laredo,
Carrizo, and Brownsville countries for subdivisions of the Southern
Province; the Plains, Panhandle, and Pecos Valley countries for sub-
divisions of the Great Plains Province; and the Big Bend; El Paso,
Marathon, Fort Davis, and other names for the countries of the Trans-
Pecos Province. No definite bounds of these can be fixed without
good surveys and maps, which have not been completed, and hence
exact definitions or descriptions of the countries are not attempted in
this paper. Each forms a unit worthy of separate treatment in a
special paper. -
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THE RELIEF.

The relief features of the Greater Texas region range from vast
stretches of apparently level country, like the Llano Estacado and
Coast Prairie, presenting no visible breaks in their plain-like extent,
to the rugged mountains of the Trans-Pecos Province, marked in
places along the Rio Grande by abrupt canyons and declivities.

This relief, as a whole, may be classified as that of the mountains
and that of the plains. The altitudes of the region vary from sea
level to 13,000 feet (see Pl. II).

DBroader features of the relief.—In a broad sense the Greater Texas
region consists of a vast and diversified plain bordered on the west
and north by mountains. That portion between the eastern front of
the Cordilleras and the sea may be primarily conceived as an elongated
plain. This plain inclines gently from the Cordilleras toward the sea.
The inclination from the foot of the Cordilleras to the Gulf is gen-
erally in an easterly direction, but there are slight variations of direc-
tion. The area having this general inclination may be specifically
called the Regiondl Coastward Slope, and its variation in gradient and
direction, as will be explained later, has an important relation to the
physiographic history. Except in the extreme northwest corner of
Texas, where the Great Plains continue north unbroken, and on the
east, where the Coastal Plain borders the sea or continues into Louisiana,
the Regional Coastward Slope is terminated by the Cordilleran and the
Ouachitan mountain systems, which extend at approximately right
angles to each other, diverging so as to inclose the plain in a triangle
having its wider base toward the sea. The plain is rudely comparable
to a wide, low stairway, leading upward from the sea to the Cor-
dilleras, in which the various subdivisions of the plain represent the
treads, local escarpments the risers, and the limiting mountains the
balustrades. This analogy can not be carried far, for great irregu-
larities occur in the width and tread of the steps, and the wear and
tear of time has scarred and disfigured their relief, etched valleys
where the drainage depressions have crossed the plains, and lowered
the mountain walls. Some escarpment steps in exceptional instances
face westward, or upstairs, while other subdivisions of the plain suc-
ceed one another without any well-defined feature of relief. Further-
more, the structure of the inclosing mountain systems is of two
entirely different types and periods of architecture.. The formations
which underlie some of the plains are crumpled up in the Cordilleras
and are deposited against the Ouachitas. Hence, parts of the plains
are older than the Rocky Mountains and younger than the Ouachita
uplifts.
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Specific featuras of the relief.— The chief specitic features of the
relief may be enumerated as follows:

Mountains:
Ouachita Mountains.
Trans-Pecos Mountains.
Plains:
Plains of the Regional Coastward Slope.
The Great Plains.
North Plains,
Llano Estacado.
Edwards Plateau.
Stockton Plateau.
Pecos Valley.
Canadian Valley.
Prairie plains,
Muscogee Prairies.
Oklahoma Prairies.
Grand Prairie.
Western Cross Timbers.
Black Prairie.
Eastern Cross Timbers.
Coastal Plain.
East-Texas Timber Belt.
Coast Prairie.
Rio Grande embayment.
Plains of the Trans-Pecos Province.
Bolson plains.
Plateau plains.

Each of the diverse features alluded to has an area equivalent to
that of an average State of the Union; each is distinguished from the
others by different types of soil, rocks, and drainage, and by different
agricultural and industrial possibilities.

Before describing these features in detail it is essential to state
briefly the saliént geologic conditions upon which their existence is
dependent.

Relation of Formation to Relief.

Nowhere is there a more intimate relation between geologic forma-
tion and physiography thanin the Texas region. Nearly all conditions
which influence human environment, except climate, depend on the
composition and arrangement of the various rock sheets. Each for-
mation has peculiarities of stratification, consolidation, cohesion, fria-
bility, and porosity, which, when the formation is acted upon by
climatic agents, result in various relief forms. '

The induration, or hardness, of the rock sheet is the chief factor
influencing the character of the relief. All hills, scarps, plateaus,
mountains, and other relief features of Texas are illustrations of the
survival of the hardest in the denuding processes of land degrada-



U. 8. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART VNI PL. Il

A=
\:,'e‘\'}‘}nix 4

5

N

i

LRIANS

(Y
Sofraifonn
VY o

P

V‘“Y’»‘-i Woed [5 ,":"
X iFor ¥ o Shas wu»].ut‘; /i
Lo % dhaRicnnag s~ el
N '.w\* -t
TN A 2
P .
S
I3 - B S
e R S
R '?‘j. -t
AT i -
\ \
; s {
~4 -
,:llnk on TH L

v\ - A
AP N Y
- ST IR
, . T AN e "
Loy B . - 1 T Q8 t
¢ T N \-‘\ﬁ(‘t.:wmlu 7': . b
; / o b = &
’ rr ' ,\ ob Lo
S \ 1, N
] e i AN
- ST
{ o S Bx&pwux\‘ﬂl}~ ,:~
- - P f
e el )&

A HYPSOMETRIC MAF OF THE TEXAS REGION

1, 1,000 feet, 2, 2,000 feet, 3, 3,000 feet, 4, 4 000 feet, 5, 5,000 feet 6, over 6,000 feet

AN

=

¢

O Iy
el

L

.
|

1

N>
C

s

o Begwnsvil
A')‘

RN

e -
¢
3

B GEOLOGIC MAP OF THE TEXAS REGION.

1, Older granite, 2, Paleozoic and Mesozoic, 3, Cambrian-Siturian, 4, Carboniferous; 5, Permian;
6, Jurassic, 7, Lower Cietaceous, 8, Upper Cretaceous, 9, Nonmarine Tertiary, 10, Marine
Eocene 11, Coast Neocene, 12, later igneous



HILL.] ) RELATION OF FORMATION TO ’REI@EF. 31

tion; correspondingly, the minute configuration of the stream valleys, _
valley plains, escarpments, and many of the level prairies bordered
or surrounded by scarps also depends upon the relative hardness of the
rocks.

The inclination of the rock sheets is an important factor in pro-
ducing relief. Where these are horizontal or but gently inclined the
tendency is toward plane surfaces with vertical cliffs bordering the
drainage grooves; where steeply inclined, rugged mountainous forms
result. ‘

Consolidation, friability, cohesion, solubility, and porosity modify
the relief in various ways. Loose sands are heaped by the wind into
low hills or dunes; unconsolidated clays weather into rounded hills
and flat surfaces; soluble rocks produce sink holes and other irregular
sugfaces with caverns and bluffs: and the degtree of porosity facilitates
or retards decay

Especially in the nonmountainous part of Texas, each formation
produces a characteristic relief and weathers into its own distinctive
type of soil, the color of which—white, red, black, brown, or yellow—
gives a peculiar tone to the resulting landscape, accompanied by floral
individualities resulting from its texture and composition. Some-
times a simple group of strata, like the Plains formation, which
extends over 40,000 square miles, produces an extensive uniform
region, with less differentiation in physical features than is found else-
where within the area of an ordinary township. ,

In general, as has already been explained, the relief of the Greater
Texas region resolves itself into two broad types: (1) True mountain-
ous areas (the Trans-Pecos and Ouachitan), in which the rock sheets
are comparatively more tilted or otherwise deformed; and (2) a greater
plains region, that of the Regional Coastward Slopé, in which the
rock sheets, largely the same as those which make the mountains, are
but shghﬂy inclined and form’ vast extents of sublevel surfaces rather
than eminences. The area of Oklahoma, Indian Territory, and south-
ern Kansas, north of the Ouachita Mountains, is included under this
general head, though its slope is not strictly coastward but toward the
Mississippi.

KINDS OF RELIEF-MAKING ROCKS IN TEXAS REGION.

Most of the surface of Texas is formed of sedimentary rocks, igne-
ous formations covering a much smaller area. There are also exten-
sive formations composed of wind-blown débris, chemical precipitates,
and upland drift.

The sedimentary rocks, superposed one above another in more or
less orderly succession, are of two general classes: (1) Marine forma-
tions, originally laid down upon the marginal bottoms of the sea; and
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(2) surficial formations, deposited upon the slopes of the land or at local
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deposition levels, as in lakes,
rivers, or other bodies of water
which have existed within the
land areas.

INFLUENCE OF THE MARINE SEDIMEN-
* TARIES.

The sedimentary rocks laid
down on the sea bottom are
of all ages from Cambrian to
Recent, with the possible ex-
ception of Devonian. They
aggregate about 25,000 feet in
thickness, as is shown in the
accompanying vertical section
(fig. 1; see also Pl II, B).
These rocks occur as strata of
different hardness, tilted at
steep angles in the mountainous
areas, and nearly horizontal in
the plains region (see fig. 11).
They are of two general classes,
differing in occurrence and rela-
ative importance, viz:

1. An older or fundamental
series of pre-Cretaceous forma-
tions. The structural arrange-
ment of these formations, in
anticlines and: synelines, is dis-
cordant with that of the later
formations of the Coastward
Slope. The series represents
the remains of an ancient
topography which was base-
leveled during Jurassic and
Cretacdous time, prior to the
invasion of the Cretaceous
seas, which completely buried
it with later sediments. These
older rocks, except in the
mountains, are now seen only
where areas of the later strata
have been worn away. In the

structure of this group is written an interesting pre-Cretaceous history,
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involving the growth and decay of relief features quite different in
detail from those of the present time, which is described more fully
in later pages.

2. Formations of the Coastward Slope, from Cretaceous to Recent
age. Most of these rocks were once marginal deposits of the Gulf of
Mexico, laid down when it extended much farther inland than it does
to-day; and as they were elevated the Gulf receded from the Rocky
Mountains front to its present position. All these strata now incline
toward the sea. In some instances the inclination coincides with the
surface slope, while in others it is slightly greater.

Relief expression of the older or Paleozoic sedimentaries.—Classified
according to geographic importance the older rocks may be divided
into two groups—the earlier and the later Paleozoic. The first includes
the Algonkian and Cambro-Ordovician; the second, the Carboniferous,
with the Permian. They may be divided into four greater lithologic
subdivisions—the pre-Cambrian, the Cambro-Ordovician, the Carbon-
iferous, and the Permo-Triassic Red Beds. Of these the first two are
usually more or less associated in geographic occurrence in limited
areas, and by reason of their hardness produce allied features of topo-
graphic relief. The third and fourth, forming the surfaces of large
areas, have each individual features.

Pre-Cambrian and older Paleozoic rocks are the foundation upon
which all the other rocks were laid down,and are still in the main cov-
ered by them. Their outerops are exceptional and restricted in area;
they occur in small districts in the Wichita Range of the Ouachita
Mountain system, in some of the Trans-Pecos Mountains, especially
the district between the thirty-first and thirty-second parallels, and in
a limited territory in the southern end of the Central Province known
as the Burnet Country.

The pre-Cambrian rocks are mostly schists and granites; the former
are greatly disturbed and weather into angular vertical knife-edges of
projecting hard strate or low mammillary hills. The Cambro-Silurian
rocks are indurated sandstones and limestones which weather into
rounded hills with steep slopes. They usually occur in geographic
association with the pre-Cambrian rocks.

The Carboniferous rocks are the chief formations of eastern or
Massern Ranges of the Ouachita Mountains, the eastern border of the
Central Province in Indian Territory and Texas, and the Diablo,
Guadalupe, and Caballos Mountains of Trans-Pecos Texas. The Per-
mian Red Beds prevail in the greater part of the Central Prov-
ince and in the Pecos and Ganadian valleys. Both Carboniferous and
Permian formations occupy an old synclinal trough between the Grand
Prairie and Ozark Plateau on the east and the Cordilleras on the west,
which was buried by the Cretaceous formations. The Carboniferous
and Permian rocks produce somewhat allied but different topographic

21 geor, pT 7T—01——3
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forms. The Carboniferous, largely made up of soft, impure shales
alternating with harder, coarse, brown sandstones and conglomerates,
produces ridge-like mountains and a broken belt of country along the
eastern margin of the Central Province, composed of rough-scarped
and flat-topped sandstone plains and hills of circumdenudation, sur-
rounded by and overlooking wide clay valleys called ¢“flats.” The
Permian Red Beds aggregate some 7,000 feet in thickness and consist
largely of unindurated arenaceous clays, with only a few hard strata.
They weather into extensive flat regions with occasional scarp lines
attended by ‘‘bad-land” slopes. They occupy the western and greater
part of the Central Province and extend beneath the Plateau of the
Plains and outcrop in Pecos Valley against the eastern front of the
Cordilleras.

Relief expression of the Mesozoic and later rocks.—The existence of

the early Mesozoic (Triassic) is doubtful, although possible. Rocks
referred to this period overlie the Permian along the western part of
the Central Province and appear in small areas around the border
of the Plateau of the Plains, but are of no topographic significance.
Jurassic limestone strata of the Mexican type have been found in only
a limited area in the barren ranges west of the Cordilleran front and
are not known on the Atlantic slope or the east front ranges.
" The later group of formations of the Coastward Slope consists of
vast sheets of sea-made sediments, from Cretaceous to Pleistocene age,
inclusive, and of aggradational deposits of upland wash and stream
and lacustral alluvium of Tertiary and later age, all of which, except
the Lower Cretaceous, are mostly unconsolidated terranes of clay,
sand, marl, and loam. Of this later group, the marine Cretaceous,
Tertiary, and Pleistocene rocks are the chief formations, especially
east and south of the Central Province. They were unconformably
deposited across the upturned edges of the older formations above
described. They may be subdivided into two general series, produ-
cing two broad variations of low relief: (1) The older Cretaceous for-
mations; and (2) the newer Cretaceous, Tertiary, and Pleistocene
formations. These rocks occur in belts, each underlying a broad strip
of country. )

The Cretaceous rocks, divisible into an older or lower and a newer
or upper series, occur in the Trans-Pecos Mountains and in the Coast-
ward Slope plain. The older formations consist of hard limestones
alternating with clays, and are underlain by sands; they produce dip
plains, cut plains, and low scarps. The Upper Cretaceous strata con-
sists largely of unindurated clay marls, with a few indurated scarp-
making strata, all underlain by sands and weathering into low, undu-
lating areas. .

Of all the Texas formations influencing the relief the Upper and
Lower Cretaceous rocks have the largest areal development. They
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extend from southern Indian Territory, where their horizontal strata
abruptly.end against the upturned Paleozoic strata of the Ouachita
Mountains, southwest toward the Trans-Pecos and Mexican Cordilleras,
which are largely composed of their crumpled sheets. The upper and
younger Cretaceous rocks, being softer and yielding more readily to
disintegration, usually underlie level plains. The lower and older
Cretaceous formations, composed of hard, resisting limestones, weather
into sharp relief features—scarps, plateaus, and mountains—and, with
the exception of the high volcanoes of southern Mexico, compose most
of the high relief of Texas and Mexico. They are also cavernous.
The newer Cretaceous rocks form the Black Prairie of the East-Cen-
tral Province and the interior portion of the Southern Province. The
older Cretaceous rocks form the southern part of the Plateau Province,
the Callahan Divide, the Lampasas Cut Plain, and many of the Trans-
Pecos Mountains.

The marine Tertiary and Pleistocene sediments are found only to
the coastward of the later Cretaceous formations in the Eastern and
Southern provinces, making, with portions of the later Cretaceous, the
formations of the Coastal Plain. The Eocene strata are mostly uncon-
solidated alternations of sand and clay, with exceptional local indura-
tions of ferruginous sandstone. The later marine sedimentaries of
the Coast, Prairie district (Miocene to Recent) have not been classified
by age, but collectively they make a great thickness of unconsolidated
sands and clays of late Tertiary and Pleistocene age. According to
well borings at Galveston, they are over 3,000 feet thick. They pro-
duce a remarkably level topography—apparently a new plain lately
reclaimed from the sea.

INFLUENCE OF THE NONMARINE SEDIMENTARIES.

The nonmarine deposits of Texas are lacustral deposits, sheets of
upland gravel, and alluvial wash, ¢ tepetate,”* and wind-made forma-
tions, all of which are laid down at local deposition levels. Of these
formations the alluvium is found throughout the whole region, in the
valleys of all streamways, and even over the uplands of much of the
Southern and East-Central provinces. The Iacustral deposits are found
in valleys of the Cordilleran region, partially filling the desert basins.
The upland formations (the ¢ wash,”*?) are flood sheets of gravel, sand,
and marl, sometimes consolidated in the calcareous matrix known as
‘“ tepetate.” They cap the Llano Estacado and occur along the interior
margin of the Southern Province at the foot of the Balcones escarp-

1The word ‘ tepetate,” also spelled ‘telpetate,” is a term used throughout Mexico and Central
Ameriea for secondary nonmarine deposits, either chemical or volcanic, forming a superficial coating
over the country rock, or impregnating the regolith. In Texas and northern Mexico the tepetate is
always a chemical precipitate of lime, formed on calcareous soils, or transported in solution and
deposited through evaporation around the margins of desert basins.

2For a description of the process of distribution of the wash see Nueces folio, U. S. Geological
Survey.
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ment, consisting of the worked-over talus of the mountains and the
débris of the Edwards Cut Plain. These deposits, begun in Tertiary
time, are in constant process of formation. The wash and tepetate
occur on most of the slopes of the semi-arid and arid regions, where
streams evaporate and sink into the plains, in the wind-made forma-
tions on the Llano Estacado, and in the valleys of the Great Plainsand
Central provinces.

¢
INFLUENCE OF THE IGNEOUS ROCKS,

The igneous rocks in respect of occurrence are of three classes: (1)
The older granites accompanying the pre-Cambrian or fundamental
rocks, upon which the whole superstructure of fossiliferous rocks may
have been laid down, (2) intrusive rocks, pushed up through and
between the other rock sheets and necessarily of later age than the rocks
which they intrude; and (3) extrusive rocks, which have flowed or
fallen over the surface. The oldest igneous rocks of Texas, included
in class 1, above, and herein called fundamental, strictly speaking are
not such, inasmuch as some of them at least are intruded into schists
which are the lowest of this portion of the earths’s crust visible to our
inspection. :

The old granites outcrop in the Llano Country (see Pl. XV) of the
Central Province, in the Franklin, Hueco, and Cornudas mountains
of the Trans-Pecos Province, and in the central and western half of
the Ouachita Mountains. They are not of extensive topographic
occurrence.

The intrusive rocks occur extensively in the Trans-Pecos Prov-
ince, and exceptionally along the interior border of the Rio Grande
embayment.

Extruded rocks of Cretaceous and Tertiary age occur chiefly in the
Cordilleran region, as necks, dikes, flows, and cones. Voleanic necks
of rhyolite form the extensive mountain groups known as the Chisos,
Corazones, and Davis in part. Extensive flows of basalt and rhyolite
make the indurated cap rocks of such features as the scarp-cut plains
of the Davis Mountains and the Mesa de Maya. Extrusive sheets of
lava known as ‘“malpais” are also found in the floor of the Hueco Basin
of the Trans-Pecos Province. Volcanic craters, or cinder cones, which
are exceptional features, occur in northeast New Mexico east of the
Rocky Mountain front and in central New Mexico.

The marine sedimentary rocks of the Cordilleran region are of vari-
ous ages prior to the Tertiary, representing in part the survival of
structural features of pre-Cretaceous time, mostly buried by later
deposits of Cretaceous rocks.

The Ouachita group is made up of the same Paleozoic beds that form
the foundations of the nonmountainous regions, where they are buried
beneath the later rock sheets. In the mountains the Algonkian,
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Cambro-Silurian, and Carboniferous rocks are the survivals of ancient
land masses that were not base-leveled in pre-Cretaceous time. Their
arrangement in long anticlinal folds more or less influences the pres-
ent relief, and, assisted by erosion, produces a type of configuration
quite different from that of the mountains of the Cordilleras.

The mountains of the Trans-Pecos Province are composed not only
of the older sedimentary rocks found in the Ouachita uplift and the
floor of the Coastward Slope plain, but also of the Cretaceous rocks
which make much of the surface of the latter region. Here they are
folded and tilted into mountain structure, while sheets and necks of
hard eruptive rock, produced in Mesozoic and Cenozoic time, furnish
further relief-making elements. The marine Tertiary and Pleistocene
formations of the Coastal Plain are missing, but in the flats and basins
between the mountainsare extensive unconsolidated nonmarine deposits,
probably of synchronous age.

The Mountains.

Within the Greater Texas region are two mountain systems—the
Ouachita system of Arkansas and Indian Territory, and the Trans-
Pecos Mountains. These systems are of different structural types,
ages, and configuration, and trend approximately at right angles to
each other. The Ouachita system is Appalachian in structure and
general resemblance, and is thereby related to the mountains of the
eastern half of the United States. The Trans-Pecos Mountains are a
part of the great Cordilleran systems which dominate the western half
of the continent between the Great Plains and the Pacific.

OUACHITA SYSTEM.

This system extends east and west between the ninety-third and one
hundredth meridians, from the Mississippi embayment of the Coastal
Plain to the plateau of the Great Plains, through western Arkansas,
Indian Territory, and Oklahoma. The system as a whole is a narrow
line of old mountains, whose summit nowhere exceeds 3,000 feet. It
is composed of three principal groups, of different types of relief
and rock composition. These are the Massern Ranges on the east, the
Arbuckle Hills in the center, and the Wichita Mountains on the west.

The Massern Ranges were so named by Thomas Nuttall on a map
accompanying his hook entitled A Journey of Travels into the Arkansas
Territory during the Year 1819: Philadelphia, 1820. These consist of
elongated ridges of vertically folded clays and sandstones with some
limestone, mostly of Carboniferous age. They extend east and west
to longitude 95° 30’y where they take a southerly direction, ending
in a manner as yet not satisfactorily explained at the northern edge
of the Grand Prairie and against the eastern end of the Arbuckle Hills.
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The southward continuation of these folds was planed off and buried
beneath the Cretaceous rocks of the Grand Prairie of Texas.

The Arbuckle Ranges extend from the ninety-sixth to the ninety-
eighth meridian, in a series of low limestone ridges and granitic hills
which strike in a direction north of west. These are old mountains
composed of vertically folded limestone strata with a granitic base,
exposed toward their eastern end, in the vicinity of Tishomingo. They
have been so degraded that they have lost that magnitude which is
usually associated with mountains.

The Wichita Range is the western end of the Ouachita system and
forms a rugged sierra between longitudes 98° 30’ and 100°. The
highest peak, Mount Sheridan, rises 2,800 feet—about 1,300 feet
above the surrounding plains, which are composed of old granitic and
volcanic rocks prdjecting through flanks of Silurian limestone.

The mountains of this system in general are old, and represent the
remnants of once more lofty and extensive ranges which have under-
gone degradation since early Mesozoic time.

MOUNTAINS OF TRANS-PECOS PROVINCE.

The Trans-Pecos Province is a peculiar combination of mountains
and stretches of plateau, plain, and bolsons surrounding, bordering,
and lying between mountain ranges. The plains will be discussed
later under a separate head.

The Trans-Pecos Mountains of Texas and New Mexico lie between
the Pecos and the Rio Grande south of latitude 35° 36!, They repre- .
sent the eastern front ranges of that portion of the North American
Cordilleras lying between the southern end of the Rocky Mountains in
- northern New Mexico and the northern end of the eastern sierras of
Mexico. These mountains are called by some the Continental Divide,
but erroneously, for the Cordilleran region has no single dividing
.ridge in this latitude, but is a canoe-shaped area, bordered toward the
Pacific and the Great Plains by broken crests, between which are large
basin plains and low, disconnected mountain ridges.

By origin these mountains are of three distinct types, as follows:

1. True mountains of deformation, composed of structural folds or
tilted fault blocks of sedimentary rocks, the mountain forms cor-
responding in trend to the strike of the structure.

2.- Plateau mountains, consisting of high subhorizontal plateaus
void of serious deformation, occurring either as summits or as
shoulders attending higher relief features.

3. Mountains of igneous material, of three subtypes—old igneous
vents (such as dikes and necks), craters, and summits of circumdenu-
dation capped by sheets of ejecta.

The highest altitudes attained are in the mountains of the eastern
front ranges. Sierra Blanca, of the Sacramento Range in southern
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New Mexico, reported to be 13,000 feet high, is the highest summit.
The highest mountain of the system in Texas is Guadalupe Peak, near
the New Mexican line—9,000 feet, or 5,000 feet above the interior mar-
gin of the Coastward Slope plain. Southward the mountains do not
attain high altitudes until they cross the Rio Grande in Mexico. Liver-
more Peak (8,500 feet) and Mount Emory (8,500 feet) are the highest
summits south of Guadalupe Peak. Immediately upon crossing into
Mexico the ranges again rise to higher altitudes—10,000 feet or more.

The Trans-Pecos Mountains lack continuity and exhibit many irreg-
ular and eccentric forms of relief. In general the individual moun-
tains present sharp and rugged outlines. They are usually barren of
timber, except a few summits of the Sacramento, Davis, and Chisos
mountains that rise above the base of the timber zone, which is about
6,000 feet along the Rio Grande.

The individual mountains may be primarily classified as sierras, dis-
connected peaks, and groups of peaks. The various mountain forms,
whose lineaments are so clear in the arid atmosphere, have generally
been given individual and descriptive names by the former explorers
and inhabitants, who were of Spanish speech. Thus we find the
various eminences called by such names as cabezas (heads), cornudas
(horns), chisos (ghosts), corazones (hearts), sandias (watermelons), sillas
(saddles), cuchillas (knife edges), etc. The term ‘‘cuesta” is also
entensively used adjectively for the surface of a limited plain, plateau,
or mountain which has a distinetly visible slope or tilt—a tilted mesa.

Front ranges.—The east front of the Cordilleras, as the parting
between the mountains and plains may be called, has a southerly
trend from Colorado to the thirty-first parallel. From the latter line
it curves southeast through Trans-Pecos Texas and northern Mexico,
closely following in direction the general course of the Rio Grande
toward the Gulf, which it reaches in Mexico near the northern tropic.
This change in direction of Cordilleran trend is due to certain orogenic
processes which can not here be set forth, but it has an important
bearing on the geography of the west Texas and north Mexican
regions.

The Plains.

By far the larger portion of the Greater Texas region i3 occupied
by plains, and, as these are diverse in structure and relations, their
character may best be explained by a few preliminary words on the
nature and origin of plains in general.

CLASSIFICATION OF PLAINS BY ORIGIN.

The term ¢“plain,” while applied to a region which is dominated by
a conspicuous and persistent subhorizontal surface, is not always
intended to signify an unbroken monotonous physiographic feature,
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absolutely without relief. It is true that some of the districts in the
Texas .region to which the term is applied are vast level stretches
approximating as nearly as is found in nature a theoretical plane.
But every plain, however level it may appear, presents within its area
or as bordering phenomena some inequalities of configuration, such
as valleys and rises, while some of the plains to be described arc so
rugged as to be locally classified as mountainous. The plains herein
described are, by origin, of two broad types—constructional and
destructional.

Constructional plains.—Constructional plains owe their origin and
present surface features principally to the distribution and deposition
of earth material in sublevel sheets along the streamways or at the
margin of the ocean, or to the distribution of lava sheets or other
volcanic ejecta over the surface. Destructional plains originate in the
degradation (or planation) of older and higher surfaces down to a
lower level.

Destructional plains are sometimes evolved constructional plains;
the latter, after elevation and long erosion, are reduced in old age to
the former. On the other hand, constructional plains are usually
established upon areas which were once destructional plains. Ancient
buried destructional plains thus veneered by constructional plaing
might be appropriately termed paleoplains.

Constructional plains may be cither sea-made or land-made. In the
former case, with certain minor exceptions, like the platforms of coral
reefs, they are land-derived sediments which were once distributed
and deposited in the littoral and sublittoral waters around the margins
of the land. In the latter case they are composed of lake and river
sediments or débris brought down by freshets and distributed over
the surface of a preexisting older plain at the foot of higher regions,
such as mountains and escarpments.’

There is one great sea-made constructional plain in the Coastward
Slope region of Texas. This is the Coast Prairie, which borders the
present Gulf shore. It is a young plain, and represents the old depo-
sition surface, which has been but slightly elevated above the sea.

Of land-made constructional plains there are many examples in the
Texas region, two of which—the Llano Estacado and the Rio Grande
embayment—are conspicuous. Both of these are imposed upon old
destructional plains, to which condition they are again being reduced
by erosion. Many of the bolson plains of the Trans-Pecos Province
are constructional plains,

The Llano Estacado is a constructional plain veneering an old
destructional plain. The surface formation is land-made and is com-
posed of talus and wash derived in Tertiary and later time from the
higher Cordilleran regions to the west; it has been redistributed over

18ce description of the wash in the Nweces folio, No. 42, Gcn]ng;ic Atlasof the United States, 1898,
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and over again by the process of sheet-flood and wind erosion. On
the west, north, and east margins this plain has been eroded so that it
now stands above lower-lying destructional plains situated in those
directions. Southward it merges into the destructional plain of the
Edwards Plateau, which is a reexposure of the old destructional plain
that makes the foundation of the Llano Estacado to the north.

The plain of the Rio Grande embayment occupies a low synclinal
trough between the Balcones escarpment and the east front of the
Mexican extension of the American Cordilleras. Its constructed
surface consists of the sheet-flood débris (wash) of the two border
regions—the Edwards Plateau on the north and the Mexican Cordil-
leras on the south. The surface of the Rio Grande Ilain is now
dissected into low summit areas occurring as wide divides between
the streams. By destruction it is being graded down toward the
level of the Coast Prairie.

There are also many notable constructional plains in the Trans-
Pecos region, which will be more fully described later.

Destructional plains.—Other extensive plains of the Texas region,
such as the Edwards Plateau, the Central Province, and the East-Cen-
tral Province, are destructional plains and are the result of leveling
by erosion processes, by which an older relief is reduced toward a
lower horizon or plain, upheld by the resistance of a relatively more
durable stratum. These destructional plains may again be classified
into several minor types of stratum plains.

Stratum plains are level or sublevel surfaces the configuration of
which is conformable to a rock sheet which is relatively hard and
therefore more resistant to erosion than are the adjacent rock sheets.
There are three well-marked varieties of stratum plains, viz, mesa
plains, dip plains, and cut plains.

A mesa plain is the flat summit of a hilly mountain or plateau of
circumdenudation or of a mesa bench. Such phenomena are elements
of a cut plain.

A dip plain is an inclined stratum plain, the surface slope of which
coincides with the dip of the upholding stratum.

Mesas are either the horizontal summits of plateau plains completely
circumdenuded or benches of level plain abutting against a back-
ground of higher relief. The term ‘“mesa,” meaning a *‘ flat surface
on the top of hills or mountains,” signifies a quality of a relief feature
rather than the whole feature. Thus a flat-topped butte is often
called a mesa, when in fact the mesa may be only a feature of the
butte as a whole.

The term *‘ cuesta,” meaning a slope, is used similarly to the word
mesa, as an attribute of a relief form, signifying a flat summit surface
which is tilted rather than horizontal.

‘A cut plain (dissected plain) is a stratum plain of any kind which
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has been so dissected into remnants by erosion that the level of the
original stratum plain is still recognizable in the summits of the
dissected members.

The term ‘* rolling prairies” is well established by popular usage in
Texas for plains of undulating or rounded hilly relief, as distinguished
from flat plains. Such plains are usually built upon unconsolidated
strata of clays or sand. i

The plains of the Texas region may be geographically classified into
two groups: The plains of the Regional Coastward Slope and those of
the Trans-Pecos Province.

PLAINS OF THE REGIONAL COASTWARD SLOPE.

The term Regional Coastward Slope is here used for all the non-
mountainous portions of the Greater Texas region, including the
Great Plains, the Central, East-Central, and Southern provinces.

Before the individual plains of the Regional Coastward Slope are
separately discussed its broader features will be considered. As a
whole it has a general eastward slope from the foot of the Cordilleras
to the coast, from an altitude of 4,000 feet or more to sea level. This
slope is primarily caused by a tilt, or the sum of several tilts, which
the region has received through uplifts of the Cordilleran region in
Tertiary and later time. The slope of the Coastal Plain north of
the twenty-ninth parallel is to the east, and in a direction at right
angles to the east front line of the Cordilleras north of the thirty-
second parallel. DBetween the twenty-ninth and thirty-third parallels
the slope continues east as far as the interior borders of the Eastern
and Southern provinces. Within these provinces the direction of the
slope changes to the southeast. The first-mentioned direction of the
slope pertains to the Great Plains region in general, and the second to
the more restricted coast plains proper. South of the thirty-second
parallel the gradient of the Regional Coastward Slope is adjusted to
the curve of the mountain front in a peculiar manner. . Normally it
should change in direction sympathetically with the curve, but,
instead, it continues cast, in a direction no longer at right angles to
the mountain front, until the twenty-ninth parallel is reached. At
the latter parallel the uniformity of direction of slope is suddenly
broken by the structural deformation of the Rio Grande syncline,
making a low synclinal basin between the Balcones scarp and the
Mexican Cordilleras.

The general average inclination of the Coastward Slope from the
mountains to the sea is 8.7 feet per mile. It varies in the different
provinces, being approximately 8.6 feet per mile across the Llano
Estacado, 9 feet across the western part of the Central Province,
6.7 feet across the eastern part of the Central Province, 16 feet across
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the Grand Prairie, 2.5 feet across the Black Prairie and East-Texas
Timber Belt, and 1.3 feet per mile across the Coast Prairie.

The chief relief feature of all the plains of the Coastward Slope is
their general inclination toward the sea, in conformity with the tilt or
dip of the underlying strata, away from the Cordilleran front, caused
by the regional upward movements of the Cordilleran area as a whole,
as mentioned elsewhere in this paper.

The relief of the individual plains is due to differences in origin, age,
adjustment of erosion to the different geologic formations, climatic con-
ditions (such as wind, humidity, precipitation, and evaporation), and
gradient of the regional slope. Some plains, like the Coast Prairie,
are so nearly flat and unbroken that undulations or elevations can
hardly be detected; others, like some belts of the Central Province
and the margin of the Edwards Plateau, are deeply and extensively
dissected into high hills of uniform elevation separated by valleys, so
that only small remnants of the former surface are here and there pre- |
served; still others, like the eastern and southern extension of the
Black Prairie, are eroded into low, rounded hills called rolling prairie.

The plains of the Regional Coastward Slope are of four general
types, forming wide belts extending approximately north and south.
These are the Great Plains proper, the Central Prairies, the plains of
the East-Central Province (the Black and Grand prairies), the Atlantic
Timber Belt, and the Coast Prairie. They may be classified by rela-
tionship into three major groups: The Great Plains, the prairie plains,
and the Coastal Plain.

The Great Plains are a wide north-south belt of sublevel highland
extending east from the Rocky Mountains to the prairie plains. The
Coastal Plain, including the Coast Prairie and East-Texas Timber Belt,
forms a wide stretch of lowland extending west from the Gulf. The
prairie plains consist of the plains of the Central Province and the
Grand and Black prairies of the East-Central Province. They occupy
an intermediate position between the Coastal Plain and the Great Plains
proper, and they differ from these in many respects, as will be shown
later.

The most conspicuous relief features of the plains of the Coast-
ward Slope are the Plateau of the Plains, the bordering Breaks of the
Plains, the Valleys of ‘the Plaing, the Callahan Divide, the Balcones
fault line, the Anacacho Hills, the Llano Hillg, the Shumard Knobs,
and the White Rock, Grand Prairie, Baird, and Seymour scarps, which
will be described in the specific accounts of the plains to which they
are related.

THE GREAT PLAINS.

The Great Plains Province within the area of our map includes a
portion of the middle and all of the southern part of the Great Plains

a
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region. The middle division, which is locally known as the North
Plains, lies between the Arkansas and the Canadian rivers. The south-
‘ern division is the relief feature which we have described as the South-
ern Plateau of the Great Plains.

The Southern Plateau of the Plains (the combined Llano Estacado
and Edwards Plateau) is the most extensive relief feature of the non-
mountainous portion of Texas. It represents the continuation of the
Great Plains proper south of the Canadian Valley, and is a vast sub-
quadrangular, treeless table-land, about 60,000 square miles in area,
slightly tilted toward the sea and surrounded on all sides by escarpments
of erosion. (See Pl. III.) At one time it was a continuous plain
which extended from the front of the mountain eastward far across the
Central Province. Denudation of its margins has restricted the area to
its present dimensions. It‘is surrounded by the escarpments of the
deeply eroded Pecos Valley, separating it from the mountains on the
west, the drainage groove of the Canadian on the north, and an escarp-
ment of headwater recession on the east. Its southern margin is
abruptly terminated by the Balcones fault escarpment, coastward of
which the level of the country has dropped several hundred feet. In
this manner the Plateau of the Plains has become a subquadrangular
plateau surrounded by low escarpments, which are locally known as
the Breaks of the Plains,

THE PRAIRIE PLAINS.

The prairie plains, which include the vast Central Province of
southern Kansas, Oklahoma, Indian Territory, and Texas and the
East-Central Province of Texas, consist primarily of destructional
plains resulting from the wearing away of the formations of the
Coastward Slope from higher to lower beds. The general type of
relief is that of a greatly denuded prairie region in which the surfaces
have been established upon many different planes of stratified rocks,
some of which are very rugged, although extensive stretches of level
prairie predominate. These stretches occur mostly in subparallel
north-south belts of country, accompanied by scarp lines, isolated
circular buttes and mesas, and deeply serrated cut plains. This relief
is due to erosive sculpture resulting from the ‘establishment of the
natural drainage upon successively lower and lower stratum plains in
the geologic series from the Plains (Tertiary) formation on the west
to the Algonkian at the southeast, inclusive. In a broad way this
relief may be looked upon as a great and deeply cut intaglio, in
which the various surfaces, composed of layers of six groups of
subhorizontal strata of different age, thickness, hardness, and color,
have been successively exposed by erosion.
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PLAINS OF THE EAST-CENTRAI, PROVINCE.

The East-Central Province is composed chiefly of the Black and
Grand prairie belts of Texas and southern Indian Territory, each
bordered on the west by a belt of upland timber known as ‘‘cross
timbers.” These are parallel north-south belts of dip plains developed
upon the outcrops of the various Cretaceous formations. The latter
are a series of marls, sands, and limestones, inclining to the east so
gently that their dip is only slightly greater than the inclination of
the Regional Coastward Slope. Such an arrangement produces broad
areas of outcrop. The topography of the Black Prairie, established
principally on the marls, is undulating. The topography of the Grand
Prairie is established upon beds of firm subhorizontal limestone of
vast areal extent. These limestone surfaces are mostly flat dip plains,
passing into cut plains along their interior margins. They slope
gently eastward, and are terminated coastward by low inward-facing
escarpments composed of the strata of the next plain. The plains are
faintly indented by drainways that are fed by longitudinal branches
whose ultimate and active caletas rise along the inland-facing escarp-
ments.

The interior of the Black Prairie is marked by a low inward-facing
stratified escarpment which extends south from Sherman toward
Austin. Although this does not exceed 200 feet in altitude, it is a
marked break in the otherwise uniform surface of the adjacent
areas. It is an outerop of the Austin chalk, the only conspicuous
semi-indurated bed between the interior margin of the Black Prairie
and the sea. Its margin overlooks the narrow belt of the Eastern
Cross Timbers.

The western or inland-facing escarpment of the Grand Prairie is
a still more conspicuous feature in the Texas region, extending, as it
does, from the boundary of Arkansas due west through Indian Terri-
tory to the ninety-eighth meridian, and thence south through Texas
to the Colorado, in a much-lobed and crenulated line. From the
Colorado it curves west around the southern edge of the Central
Province, where it becomes the eastern escarpment of the Plateau.of
the Plains.

North of the Brazos the slopes of this escarpment, marked by many
low stratified terraces, descend to the west at a low gradient and
include the Glen Rose type of prairie, consisting of open stretches of
country and the various upland belts of the Western Cross Timbers,
which follow certain outcrops of sandy strata. The crests of this
escarpment are produced by an outcrop of the Edwards limestone;
its hardness relative to that of the underlying formations results in its -
preservation as the summit of the escarpments and as many circular
outlying remnantal buttes, usually known as round mountains, along
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the western border of the Grand Prairie and at widely disconnected
intervals over the Central Province, as described later. This lime-
stone stratum caps also the southern (Edwards) portion of the Plateau
of the Plains, into which the Grand Prairie merges south of the
Colorado.

PLLAINS OF THE CENTRAJ, PROVINCE.

The Central Province in its entirety includes the vast region between
the Plateau of the Plains on the west and south and the Missouri,
Ozark, and Grand Prairie countries on the east. It consists of two
great divisions separated by the ranges of the Ouachita Mountain
system—the northern or Kansan, and the southern or Texan. The
northern area comprises various belts or prairie plains in Oklahoma,
Indian Territory, and southern Kansas, closely allied in origin and
nature and often continuous with those of the southern area. In this
paper the latter only can be considered. This is bordered on all sides
except the north by receding escarpments of erosion. On the west
and south these are the eastern breaks of the Plateau of the Plains;
on the east they are the western scarps of the Grand Prairie.

Callahan Divide.~The highest relief features of the Central Prov-
ince in Texas are the numerous flat-topped, circular, remnantal hills
(mesa buttes) which are outliers of the Plateau of the Plains and of the
Grand Prairie. (See PL. IV.) These are capped by the hard Edwards
limestone. Upon some of the most western of these are found gravel
and other remnants of the Plateau of the Plains. The altitude of these
mesas averages 500 feet above the principal drainways, and about 250
feet above the highest of the several intervening plains.

The remnantal mesas occur at widely separated intervals over that
portion of the Central Province which is south of the northern head-
water forks of the Brazos. Although widely distributed, they form
less than 10 per cent of the total area of the Central Province. The
principal group, which may be termed the Callahan Divide, occupies
the watersheds of the Brazos and Colorado, lying approximately
along the thirty-first parallel, and extends, like thickly set bridge
piers, from the western border of the Grand Prairie west to the
Plateau of the Plains, through Comanche, Brown, Eastland, Callahan,
Coleman, Taylor, Runnels, and Mitchell counties. North and south
of this line, separated from one another by great areas of lower-lying
plain, there are many similar isolated remnants, such as Double Moun-
tain, in Stonewall County, and Santa Anna Mountain, in Coleman
County.

Collectively the summits, escarpments, and plateaus thus composed
of the horizontal Edwards limestone represent a wide topographic
level which once extended over nearly. the entire Coastward Slope,
from the mountain front to the eastern edge of the Grand Prairie and
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Balcones scarp line. This was a plain (the Edwards Cut Plain) which
occupied nearly 100,000 square miles of the Texas region. During
long periods of degradation, the first of which was in early Tertiary
time, prior to the deposition of the Plains formations, the continuity
of this level was largely destroyed by erosion, especially in that por-
tion which gently arched .over the Central Province, resulting in its
almost entire removal from that area, only the remnantal summits
mentioned being preserved, and the establishment of the two opposing
escarpments of the Plains and Grand Prairie, which have been grad-
ually receding from each other over the Central Province.

By the establishment of a diversified drainage upon and below the
ancient Edwards Cut Plain the main area of the Central Province has
become a series of benches successively farther and farther below the
general level of the former. These plains are classified into two dis-
tinct subgroups, those of the western portion and those of the eastern
portion of the Central Province, each of which includes several minor
groups. ,

Red Beds plains.—The relief of the western group of plains is that
of a series of almost level plains of wide extent bordered by eastward-
facing escarpments of erosion and established upon the Red Beds for-
mations (Permian). The eastern portion, at least that part south
of the Trinity River, consists of less extensive plains, which have been
more completely broken by deep canyons and are composed of Car-
boniferous and older Paleozoic rocks. The plains of the western sub-
province as above outlined, and of the eastern subprovinee north of
the Colorado, are mostly dip plains which incline to the west and are
bordered on the east by long escarpments. These escarpments occur
at wide intervals in parallel north-south directions and are so arranged
as to impress the traveler who crosses them from east to west, from
plain to plain, with a sensation of constantly ascending a series of
steps. The apparent dip of the plains to the west at a very slight

angle, in a direction contrary to that of the continental slope, is due’

to the fact that the region is the eastern limb of an old pre-Cretaceous
syncline (the ancestral trough of the plains) which underlies all the
Texas region between the Grand Prairie and the Rocky Mountains.
This old structure has been reexposed by denudation of the Tertiary
and Cretaceous strata which once covered it.

Palo Pinto Plain.—The eastern third of the Central Province is
more rugged and varied in relief. This is due to the harder and more
resistant nature of the older Paleozoic formations out of which it is
carved and which are successively encountered by the denudation in
progressing to lower and lower strata.

North of the Callahan Divide, in what is known as the Palo Pinto
Country, this relief consists of a cut plain carved out of Carbonifer-
ous sandstone marked by scarps, mesas, and canyons, with oceasional
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valley stretches of ‘‘mesquite flats,” or level prairie where extensive
beds of shale prevail. Country of this character also extends a short
distance south of the Callahan Divide, where it is called the Brown-
wood Country. '

The Burnet Country.—Still farther south, adjacent to the drainage
basin of the Llano River, the so-called Burnet Country (see P1. X1V)
is found. This is so very rugged that it is considered mountainous by
the inhabitants. It is composed of & series of erosion levels cut below
the Edwards Plateau, imposed in succession first upon the Carbonifer-
ous and then upon the Silurian and Cambrian strata, and finally cut
down to a hasement plane of ancient granite and schists, upon which
the drainage of the Llano and a section of the Colorado is now estab-
lished. These various levels of the Burnet Country are often extensive
features, such as the Backbone Plateau west of Burnet and the Pack-
saddle Mountains. Notwithstanding its rugosity, this area, which may
have been a monadnock—or remnantal hill in a generally planated
region—before Cretaceous times, is now a_subcircular basin of erosion,
below the general level of the Plateau of the Plains and the Grand
Prairie, surrounded by overlooking scarps of their strata, which once
completely buried it.

TIHHE COASTAL PLAIN.

The Coastal Plain of Texas includes the area lying within the Eastern
‘and Southern provinces, and consists of three broad types of coun-
try—the Coast Prairie, the East-Texas Timber Belt, and the Rio Grande
embayment.

This. plain is a continuation of the Atlantic Coastal Plain of the
Eastern and Gulf States, yet is essentially different from that in many
features. At the east line of Texas it has the general characters seen
in the other Southern States, consisting of a gently sloping plain,
extending from a mountainous background (the Ouachita Mountains)
to the Gulf, its eastern border attaining an elevation of about 500 feet
in southern Arkansas. As it bends to the southwest its features
become gradually modified until they present several notable variations
from the Coastal Plain to the east. The most notable differences are
the absence of a well-defined interior border between the Ouachita
Mountains and the Colorado River, the increasing proportion of
prairie, the different adjustment of the fall line of the rivers, and a
great embayment which the plain makes up the valley of the Rio
Grande, somewhat analogous to that of the Mississippi.

Between the Quachita Mountains and the Colorado River the Coastal
Plain is.so continuous with the Regional Coastward Slope, which
extends westward to the Rocky Mountains, that its border in this
region must be an arbitrarily assumed line practically coinciding with
the coastward border of the Black Prairie as far south as the Brazos.
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South of the Brazos the Balcones scarp gradually develops and makes
a well-defined interior limitation of the Coastal Plain toward the Rio
Grande.

The Coast Prairie.—The Coast Prairie is a belt of prairie land not
over 100 miles wide which borders the Gulf of Mexico in Louisi-
ana and Texas. This is a grass-covered constructional plain, newly
reclaimed from the Gulf of Mexico, whose interior margin rises
scarcely 100 feet above the sea. It is marked by an exceedingly level
surface, hardly broken except by a few low-drainage grooves, which
become fewer and -more faintly developed toward the Rio Grande.
Upon it a youthful drainage system is being established, while the
seaward extensions of the through-flowing streams cross it. These
rivers have wide and deeply indented thalwegs, with gentle, terraced
slopes filled with old alluvium.

The floor of the sea border of Texas is a submerged, gently sloping,
sandy plain or shelf extending 50 miles seaward. By action of tide,
wave, current, and wind this sand is piled into long island strips,
which fringe the coast and stand almost at sea level. These are sep-
arated from the land by shallow lagoons, in which most of the sedi-
ments of the river are deposited. The building of the sand bars by
wind and wave and the filling up of the lagoons between them by river
sediments, in connection with gradual uplift, may possibly explain the
origin of much of the adjacent Coast Prairie.

Eust-Texas Timber Belt.—North of the Colorado the Coast Prairie
is practically succeeded on its interior margin by a hilly belt of sandy
timber land, corresponding to the outcrop of the Eocene formations.
This area is a dissected dip plain.

The substructure is sandy and unconsolidated and is occupied by a
greatly branching drainage system, which results in low eminences
with gentle slopes and without sharply marked scarp lines, except
near the western border, where the dissection of an indurated stratum
forms low summit mesas, such as the Iron Ore Knobs, occurring along
a line between Rusk and Gonzales.

LPlains of the Southern Province.—The Southern Province includes in
its relief the major part of the Coast Prairie, together with the western
prolongation of the modified southern continuation of the East-Texas
Timber Belt and the Black Prairie up the Rio Grande into the district
known as the Rio Grande embayment. Collectively, these features
represent the southern attenuation of the greater Coastal Plain as
modified by the geologic structure of the eastward deflection of the
Cordilleran front in northeast Mexico and the increasing westward
development of the Balcones escarpment. The influence of increasing
aridity upon induration and erosion results in a slight variation in the
relief.

In this province the country west of the Coast Prairie, with grad-
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ually increasing altitude and older and more fully developed drain-
age systems, becomes more undulating, and finally, toward its interior
margin, consists of low, rolling hills, which increase in rugosity
toward the Balcones scarp line. These hills are capped by the gravel
wash from Edwards Plateau. West of a line from San Antonio to
Laredo-alow synclinal trough (the Rio Grande embayment), threaded
by the Rio Grande, sets in and the slope changes fromdirectly coast-
ward toward the river, forming the north side of a trough between
the Balcones and Mexican sierras, which inclose it on the north and
south, respectively. The slopes in ‘this district have a normal inclina-
‘tion of less than 8 feet to the mile. The Texas side of the Rio Grande
embayment consists of a low broken plain abutting against the’
Shérply defined - interior Balcones escarpment of the Plateau’ of the
Plains. . Its surface includes long stretches of level country, pre-
se-n’tmg a few interesting features of minor relief, several solitary vol-
Ga.nlc hllls, hllis of circumdenudation,-and a low monochnal mountain
group known'as the Anacacho Hills.

Some plalns, as in the vicinity of Spofford and Del Rio, are of con-
structional origin and 'present the aspect of gravel-covered flats
,analogous to the Llano Estacado; they have been produced by the
distribution of arid material by storm-wash deposutlon

Rising out of the interior or northern margin of this plain, in Uvalde
and Kinney counties, are a number of low, dome-shaped volcanic or
laccolithic necks or stocks and monadnocks of horizontal strata,
capped by sills of igneous rock. The Anacacho Hills, in Kinney County,
form an exceptional feature of relief—a long cuesta or monoclinal
mountain rising out of the plain, presenting a steep escarpment to
the north and sloping toward the Rio Grande.

PLAINS OF THE TRANS-PECOS PROVINCE.

‘Fhe Trans-Pecos Province, as previously stated, is a region of com-
bined plaln and mountain, the total area of whichis about equally divided
betiveen thesetwo forms of relief. (See Pl. VI.) The plains differ from
t‘ahﬁse of the Regional Coastward Slope in origin, geologic formation,
&etaﬂs of relief,-and vegetation. The former are chiefly the result of
the emergence and destructional base-leveling of the Coastal Slope,
upaecompanied by structural deformation. The latter are largely
strietutal valleys' orlglnated%y the deformation that produced the
mountains, which have been converted into construct:ional areas by
As)ceumulatlon of débris of the surrounding hlghland

"The plains of the Trans-Pecos Province are of two-principal types,

plateau plains and -bolson plams, ‘though, exceptionally, lava plams
.. ocgur.

I . -
~ ..t P - -
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THE DRAINAGE.

The extensive region under discussion has a diverse drainage, its
streams varying in origin, number, length, and volume with the topo-
graphic and structural conditions, rainfall, evaporation, slope, and
porosity of the surface. Some parts have numerous streamways which
drain the surface and lead the water to the sea. Others, like the great
bolson deserts of the Trans-Pecos region and the Platedu of the Plains,
are practically without, surficial drainage, and the surface precipita-
tion is disposed of by evaporation and imbibition.

There is little surficial obstruction to the direct run-off of the
rainfall, whereby a constant supply of water to streamways may be
regulated, except such as the forest growth of the Eastern Province,
and the absorbent character of the dry soil and rocks in certain local
areas—for example, in the Cross Timbers, the Llano Estacado, and
the bolson deserts of the west. The Central Provinee and the Trans-
Pecos Mountains are largely without either vegetal or structural
obstruction to run-off, and hence they are rapidly drained after
rainfall.

Types of Streams.

Some streamways, like those draining the Coast Prairie, are of a
simple consequent type; they rise upon a slightly tilted plain and occupy
one geographic province. Others of a similar character traverse two
or more provinces, being prior relative to the one and consequent rela-
tive to the other. Still others are of a.more complicated nature and
origin and traverse all the provinces. (See Pl. VIL)

In the eastern portion of the State, owing to the large rainfall,
streamways are numerous and continuously carry flowing water,
while small streams which enter this region from the west become
large within it through locally acquired laterals. Only in this and
the Coastal Plain is navigation practicable, rapidity of fall and scarec-
ity of water prohibiting it to the west.

In parts of the State, such as the summit of the Llano Estacado and
the great bolson deserts of the Trans-Pecos Province, drainage chan-
nels of local origin are few in proportion to area, feebly etched, and
normally without water except for a few hours after heavy rainfall.
These areas consist of extensive plains of gentle slope underlain by
pervious substructure, and the streamways are the products of the
torrential rainfall, which is sporadic and less in quantity than the
average rate of evaporation. In suchrunways as are developed water
is normally absent, being intermittent in occurrence and consisting of
occasional floods which temporarily (at rare intervals) occupy them.
Furthermore, the temporary run-off is seldom of sufficient quantity to
endure more than a few miles, owing to loss by imbibition in its nor-



02 BLACK AND GRAND PRAIRIES, TEXAS.

mally dry and porous stream bed and by evaporation. Hence the
water does not persist far enough to form outlets to the sea.

Streams of a third type are frequent in the Central Province and
around the interior margin of the Southern Province, which derive
their normal run-off from springs draining the substructure of the
plateau (structurally impeded drainage). These streams, which are
usually vigorous at their head, are often interrupted in their lower
courses, presenting irregular alternate sections of dry and watered
channels, the water disappearing by absorption in sands, gravel, or
fissures and reappearing at other places. They may be called spring
rivers, and are of two general types; the first, those which rise in the
margins of the Llano Estacado and Edwards Plateau and receive their
water from gravity springs; the second, those which originate in
great fissure spri’ngs that rise by hydrostatic pressure, like those of the
Balcones scarp line,

Drainways of a fourth type may be called through-flowing rivers;
they derive their water from the snow-covered ranges of the Rocky
Mountains of northern New Mexico and Colorado and traverse all the
geographic provinces. These streams receive their principal volume
from the Cordilleras and in their courses across the Regional Coast-
ward Slope are practically great antecedent canals passing across the
Greater Texas region without serious lateral reenforcement. Such
streams are the Canadian, the Pecos, and, at certain seasons of the
year, the Rio Grande.

Direction of Flow.,

Most of the streams normally follow the continental slope toward
the sea across the various provinces and are of the kind called conse-
quent streams. Others, which are exceptional, flow at right angles
to that of the normal regional slope, following parting valleys. The
Pecos west of the Plateau of the Plains is the most conspicuous type
of the latter class. The Clear Fork of the Brazos, Hubbard Creek,
and Jim Ned Creek, of the Central Province, and certain forks of the
Trinity in the East-Central Province are minor examples, The Rio
Grande, in portions of its course through the Trans-Pecos Mountains
and the Rio Grande Plain, follows great structural troughs.

Still another class of streams consist of headwater ramifications
(caletas) of the longitudinal streams which drain the inland-facing
scarps. These are called obsequent streams. They are usually short
obsequent headwaters, and flow in a direction the reverse of that of
the consequent streams, which follow the continental slope. They
are found along the north-south scarp lines of the Central and East-
Central provinces and along the western breaks of the Llaro Estacaco.

Some streams are of one of these types throughout, and may be
called simple in character. Others present in different portions of



U. S. GEOLOGICAL SURVEY

TWENTY-FIRST ANNUAL REPORT PART VIl PL.VII

DRAINAGE

OF THE

TEXAS REGION
BY
ROBERT T.HILL

Scale
S0 40 3020 10 0 S0 100 150 200 MILES

1900

EXPLANATION

Newer group

Middle group

RIVERS OF THEACOASTAL PLAIN

Older group

Rivers of the
Edwards Plateau

J ers of U\

OuachitaMountaine

' Rivers e
Bleck and Grand Prairies

A KOER & CO. BALITMORE



HILL] VARIOUS CLASSES OF STREAMS. 53

their course several of the types described, and may be called com-
pound.

The topography of each stream valley varies throughout its course
with the structure of the country upon which it is established. Hence
the menibers of a series of long, parallel streams flowing across differ-
ent belts of country locally resemble one another in each belt.

The run-off in the streamways in the Texas region is of three kinds—
intermittent, interrupted, and continuous. Intermittent run-off is
sporadic in character, occurs only after rainfall, and soon ceases.
Most of the drainageways of the western half of the State are of
this character. Drainways of this type are termed arroyos. Inter-
rupted drainage is that in which the continuity of the permanent flow-
ing stream is broken by alternate stretches of dry streamway. Rivers
of this character abound in the East-Central and Central provinces
and are indicated by alternations of continuous lines and dots. Con-
tinuous streams are those which flow continuously from the head of
permanent water to their mouths.

Classification of the Drainage.

While some of the larger streams flow across ail the different types
of country and are prior thereto, each of the greater provinces we
have mentioned has a distinct group of local rivers, forming a drainage
system which finds outlet directly to the sea or is gathered into the
larger lateral trunks. The different members of each system possess
similar characteristics of origin, slope, length, and valley topography.

‘When a streamway gathers its drainage from one province it is of
a provincial type. On the other hand, when it flows through two or
more provinces, diverting a number of local drainage systems, it
becomes composite. The rivers of the Coast Prairie system are of
the simple type; those of the Central Province are composite.

Geographically the drainage of the Greater Texas region as a
whole may be classified generically as follows: Rivers of the Cor-
dilleras, rivers of the Great Plains, rivers of the Central Province,
rivers of the East-Central Province, rivers of the Edwards Plateau,
and rivers of the Coastal Plain.

Rivers of the Cordilleras.—The rivers of the Cordilleras are the
Arkansas, Canadian, Pecos, and Rio Grande. They receive most of
their volume from the precipitation on the Colorado group of the
Rocky Mountains, and gather little or no drainage from the prov-
inces of the Texas region as they cross it. They are normally flooded
in May and June, at the time the snow melts in the mountains at their
headwaters.

Rivers of the Great Plains.—There are no true rivers of the Great
Plains in the general region under discussion. The few faint drainage- -
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ways that exist upon the plains consist of draws, shallow basin-like
depressions ordinarily without water, leading into the head canyons
of the streams of the Central and Southern provinces. 1tis a mis-
nomer to call these streamways true rivers, for they are shallow,
hardly traceable, seldom contain water, and never present a continuous
flow. In time of rainfall they form wide, shallow, slothful, turbid
floods, which serve only to distribute the loose débris of the surface to
a slightly lower level. To this class belong certain long draws, such
as” the Paloduro, Tule, and Castro creeks, leading into the canyon of
Red River; the Catfish and Amarillo, leading into the Brazos; and the
Sulphur and similar drainways, leading into the Colorado. It is true
that these draws are literally the headwater drains of the rivers of the
Central Province, and that these streams, which were inherited in past
geologic time from the Plateau of the Plains, when it extended far
east of its present border over the western part of the Central Prov-
ince, were once rivers of the Plains, but it is here preferable to treat
them as rivers of the Central Province. The Llano, Guadalupe,
Frio, Nueces, and Devils rivers, which are principally established upon
the Coastal Plain, have similar headwater draws passing back upon the
Edwards Plateau.

Rivers of the Central Province.—The rivers of the Central Prov-
ince are the Cimarron, North Canadian, Washita, Red, Brazos, and
Colorado, with large and important tributaries, including the North
Fork, South Fork, Pease, and Wichita, belonging to the Red River;
the Salt and Double Mountain Forks, belonging to the Brazos; and
the North Fork, Concho, and Llano, belonging to the Colorado. The
constant portions of these streams rise along the eastern margin of the
plains, either in the front scarps or in the deep canyons which incise
them, like Red River. Normally these are continuous streams (inter-
rupted in some instances) of small volume, deriving a constant head-
water supply from the structural drainage of the Plateau of the
Plains through the medium of numerous gravity springs. In months
of maximum rainfall they become excessively flooded with red sedi-
ment, which is carried to the lower countries. They are long, contin-
uous-slope streams, which have their principal and widely branching
ramifications developed in the Central Province, and which gather
little or no local drainage as they pass the lower-lying provinces.

The gradients of these streams across the Central Province become
greatly flattened below their sources, and are farther below the general
summit levels of the regional slope than any othersin Texas. In fact,
Red River cuts nearly 900 feet below the level of the Plateau of the
Plains before it emerges from' it. The Colorado, from the Plateau
of the Plains to- the East-Central Province, is cut 500 feet below
the regional summit as preserved in the Callahan Divide. (See Pl
VIIL:) Such facts indicate the great antiquity of these streams rela-
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tive to the age of some other systems to be described. These stream-
ways were originally established upon the older and higher plateau
level, and by inheritance have approximately maintained their original
locations as they cut deeper and deeper into the floor of unconsolidated
Red Beds and Paleozoic rocks. The upper waters of such of these
streams as cross the gypsum beds of the western part of the¢ Central
Province are often brackish. In the lower portions of their courses,
through the East-Central, Eastern, and Coastal provinces, these val-
leys are marked by wide bottoms, rising in several terraces, which are
veneered with old alluvium derived from prehistoric denudation of the
Central Province.

Rivers of the East-Central Province.—Still another category of
streams is composed of rivers which rise upon and drain the prairies
of the Kast-Central Province. The through-flowing rivers of the
Central Province cross the East-Central Province through grooves
deeply indented below the general level of the flat upland plains
of which the latter is composed. Upon the upland plains interven-
ing between the older streams has been developed the newer system
which comprises the rivers of the East-Central Province. These in-
clude the Trinity group, between the Brazos and Red rivers, and the
Paluxy, Leon, and San Gabriel groups, between the Brazos and the
Colorado. The many ramifying branches of the Trinity gather all
the drainage north of the Colorado, even taking it from the very mar-
gins of the valleys of the greater through-flowing Central streams,
and carry the water, through the Eastern Province, directly to the
sea. The branches of the Paluxy, Bosque, Leon, and San Gabriel
similarly drain the upland portion of the Grand Prairie between the
Brazos and the Colorado, but deliver their water to the Brazos at the
edge of the Eastern Province. These are simple consequent slope
streams, and are usually interrupted in character, the water sometimes
running into deep pools and again disappearing in dry, stony channels.
They all rise close to the western margin of the Grand Prairie plain,
but by rapid descent of their streamways soon become so deeply in-
dented that their paths are much lower than the surface of the
upland prairies. Their permanent water is largely derived from
the drainage of the sands of the Cretaceous beds. Some of them,
as the Leon and San Gabriel systems, are also largely reenforced, as
they cross the Balcones fault zone at the border of the Grand and
Black prairies, by springs rising under hydrostatic pressure through
fissures. (See Pl IX.)

LRivers of the Edwards Plateau.—The rivers which rise w1thm
the Edwards Plateau somewhat resemble both the rivers of the
plains and those of the East-Central Province, and yet present vari-
ations sufficient to justify their consideration in a special category.
These streams, such as the Blanco, San Marcos, Guadalupe, Medina,



56 BLACK AND GRAND PRAIRIES, TEXAS.

Frio, Nueces, and Devils rivers, which pass from the Plateau Prov-
ince directly across the Balcones scarp line into the Coastal Plain, are
complex, presenting entirely distinct topographic characters in the
two provinces. On the plateau summit their ultimate heads are gen-
tle, waterless draws, like those of the Llano Estacado. These lead
suddenly down into the deep, wide-bottomed box canyons indenting
the margin of the plateaun, also similar to those of the eastern border
of the Llano Estacado, and at the bottom of which water begins to
flow from gravity springs. The permanently flowing water of these
canyons makes streams of great beauty. The headwater streams
continue orly short distances, and are succeeded by waterless gravel.
On passing the Balcones scarp line into the lower-lying country
of the Rio Grande embayment the character of the streamways
entirely changes. Here the beds are only slightly indented below
the general level of the country and have no steep canyon walls. Fur-
thermore, in this portion of their courses some of them, like the Frio
and Nueces, except in time of flood, are normally dry gravel beds
without water. Lower down in their courses, however, permanent
water again appears. .

Livers of the Southern and Eastern provinces.—Within the South-
ern and Eastern provinces, which collectively make the Coastal Plain,
two distinet systems of streams have originated and occupy the rela-
tively higher surfaces between the through-flowing streams. The
longest and oldest rivers of these systems rise along the eastern mar-
gin of the Black Prairie Subprovince and at the Balcones scarp line;
those of the second begin at the western margin of the Coast Prairie,
upon which they are established. To the first class belong the Sabine,
Sulphur, Neches, and Angelina. The second includes a number of
short streams (creeks and bayous) which in their coastal extent are
sluggish and brackish. In that portion of the Coastal Plain south of
the Colorado there are streams of another category, which have their
origin in remarkable fissure springs that break out at the foot of the
Balcones escarpment. Among these spring rivers may be mentioned
the San Marcos, Comal, San Antonio, Las Moras, and San Pedro.

Résumé of the Drainage System.

In résumé it may be said that the rivers of the mountains are com-
plex, composite streams. The rivers of the Coastward Slope plain
consist of four distinct systems of consequent streams which have
developed during different epochs of geologic history, each recording
distinct changes of level, accompanied by a migration of the coast line
back and forth.

By provinces it may be said the drainage of the Trans-Pecos Country
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is of a nascent type, being practically nil on the bolson plains. This
is partially due to lack of slope, but chiefly to meteorologic and struc-
tural conditions, the evaporation and absorption being so much in
excess of the rainfall that there is not sufficient run-off to develop
streams on these desert plains. The minor drainage of the mountains
is also faintly developed in comparison with' that of other regions,
owing to the lack of sufficient rainfall. The through-flowing river of
this region (the Rio Grande) gathers no local drainage from it.

On the Great Plains, also, the drainage is undeveloped, and for the
same reason as in the case of the bolson deserts. Its summit run-off
is deficient in quantity and of the flood-sheet type, which tends to
destroy rather than to establish surface drainways. The real drainage
of this province is underground. Such water as is not evaporated
sinks through the superficial strata until it is retarded by the impervi-
ous embed of older rocks, upon which it flows laterally by percolation
to the incised marginal scarps, where it furnishes the headwater .
gravity spring drainage of the Central Province.

The drainage of the Central Province is mature or old, the head-
waters of its streams having etched away the surface upon which it
was established down to lower and lower levels, until it is now super-
imposed upon the lower-lying Paleozoic beds. This drainage has been
inherited.

The drainage of the East-Central Province is adolescent, having
passed its period of youthful development. It has not yet completely
occupied all the areas of the plain upon which it is established, except
along the eastern margin of the region. Those portions of the streams
of the Central Province which continue into the East-Central Province
are inherited and revived in the latter portion of their course, having
been at base-level or estuarine here when the sea bathed the eastern
border of the East-Central Province and when the latter was a newly
made coastal plain. The older drainage system of the East-Central
Province is adolescent, but younger. The newer drainage of the
Coastal Plain is in its youth, and illustrates most completely the -
development of simple drainage upon a newly reclaimed and gently
tilted coastal plain.

The sediments of all these streams testify to the work which they
perform in lowering the general surface level. The Rio Grande in
New Mexico, flowing through the unconsolidated and heterogeneous
formations of the ancient bolsons, is noted for its dull-yellow sedi-
ments and silts.  On the other hand, all the streams draining the Red
Beds of the Central Province are famous for their vermilion floods.
Other streams rising in the calcareous and argillaceous Cretaceous
rocks of the Edwards Plateau and Grand Prairie have a slightly
whitish color. The Colorado, before reaching Austin, receives tribu-
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taries from both the Cretaceous and the Red Bed areas, and hence, in
the lower portion of its course, its floods are known as ‘‘red rises”
and ‘‘ white rises,” those coming from the Llano and San Saba tribu-
taries being of the latter color, while those from the northern laterals
are of the former.

These stream valleys as a whole record a remarkable geologic history
from the close of Cretaceous time to the present, which can not yet be
fully interpreted. .



PART II.

GEOGRAPTHY OF THE BLACK AND GRAND PRAIRIES AND
CROSS TIMBERS (EAST-CENTRAL PROVINCE).

RELATIONS AND SOILS.

Collectively these features cover an area about 275 miles in length
and having an average width of 65 miles. They extend south from
the Ouachita Mountains of Indian Territory to the Colorado River of
Texas. (See PL X.) There are also a few inliers of the Cretaceous
prairies within the Tertiary area of the southwest corner of Arkansas
and northwest Texas, and some outliers over the Central Province, as
will be further explained.

These prairies are bordered on the north by the east-west line of the
Duachita Mountains of Indian Territory; on the east approximately
by the western border of the Atlantic Timber Belt; on the west by the
Central Province; and on the south, where they merge into the Rio
Grande Plain and Edwards Plateau, arbitrarily by the Colorado River.?
These borders are sharply defined on all sides, but least regularly on
the west.

On the east the Cretaceous prairies are overlapped by the low
forest-covered plain of the East-Texas Timber Belt. Although there
is no topographic change at their border, the forest country is different
from the Cretaceous prairie in all other natural aspects. It is the

1Geologically speaking the Black and Grand prairies are the northern area of the great belts of
Cretaceous strata which extend across the State from the Ouachita Mountains north of Red River to
the east front of the Cordilleras of western Texas and northern Mexico, across the East-Central,
Southern, and a portion of the Plateau provinces.

The broader areas thus underlain are, in general, distinguished by the calcareous (exceptionally
arenaceous) s0ils, the white or chalk-colored character of the outcropping rocks, and certain peculi-
arities of vegetation, The whole is almost severed into two great north and south bodies by the
Colorado River, which cuts across its most narrow portion. These two are still further differentiated
by climatic, structural, and hypsometric differences.

Of these two prineipal subdivisions of the Cretaceous prairies, the one lying south of the Colorado
is the larger, embracing about two-thirds the total area. This includes two belts of country—the
most eastern of which is the interior margin of the lower-lying Rio Grande Plain and the southern
end of the Plateau of the Plains, knowpn east and west of the Pecos as the Edwards and Stockton
plateaus. This subdivision, situated largely in the semiarid region, is relatively less adapted to
agriculture and a dense population except .along its eastern margin. In general it is a pastoral
country. The subdivision north of the Colorado includes the Black and Grand prairies with their
accompanying belts of cross timbers, This is better situated climatically for agricultural pursuits and
presents more extensive bodies of arable land.

In a previous paper (Geology of portions of the Edwards Plateau and Rio Grande Plain, ete.:
Eighteenth Ann. Rept. U. 8.Geol. Survey, Part II, 1898, pp. 193-322) Mr. Vaughan and the author have
discussed the Cretaceous prairies south of the Colorado. The present paper will be restricted to those
lying north of that stream.

89
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western termination of the great forest mantle which covers the Appa-
lachian region and its coastal plains. This forest ends abruptly with
the commencement of the Black Prairie.' The timbered region is one
of red clay and sandy soils, deficient or lacking in lime, which is
everywhere the chief constituent of the Black Prairie lands.

The border of the Central Province immediately adjacent to the
Black and Grand prairies on the west, consists of broken areas of
prairie and timber land composed mostly of Carboniferous rocks
nearly similar in composition to those of the Ouachita Mountains to
the north, but less broken and tilted in arrangement. This too, in
soils and economic conditions, is entirely different from the Creta-
ceous prairies.

On the south and southwest, across the Colorado, the continuation
of the Black and Grand prairies is the interior margin of the Rio
Grande Plain and the coastward margin of the Edwards Plateau,
respectively, consisting of a lower and higher plain separated by the
structural feature known as the Balcones scarp line. The Rio Grande
Plain is the interior margin of the great Atlantic Coastal Plain; the
Edwards Plateau is the southern termination of the Plateau of the
Plains.

Vast treeless plains on which the eye finds no break to the monotony
of the relief, such as characterize the Great Plains, are not found in
the East-Central Province. On the other hand, while treeless surfaces
abound and are sometimes extensive, they are relieved here and there
by indentations of stratified scarps and by occasional stream valleys,
usually more or less accompanied by trees, shrubs, or clumps of upland
timber, the whole presenting several distinct minor types of relief and
configuration.

The surfaces of the prairies are ordinarily clad with thick mantles of
grass, liberally sprinkled with many-colored flowers, broken here and
there by low growths of mesquite trees, or in exceptional places by
““mottes” or clumps of live oak on the uplands, pecan, bois d’are, wal-
nut, and oaks in the stream bottoms; juniper and sumac where stony
slopes exist, and post oak and black-jack in the sandy belts. These
vegetal features are all adapted to the physical and chemical character
of the outcrops of the formations upon which they grow.

The prairies are characterized by black or dark-colored soils derived
from a substructure of calcareous marls or chalky limestones, which,
compared with the less calcareous lands of the bordering regions, are
unusually fertile, and are marked by an entirely different flora. In
fact, these calcareous soils, especially those of the Black Prairie, are
the most fertile of the whole trans-Mississippi region. This, fact,
together with the comparative scarcity of untillable lands, such as stony

1 A very small margin of prairie along -the western edge of the timber is in places underlain by
Tertiary formations, and in some exceptional places along the eastern edge of the Black Prairie the
Cretaceous outcrops are timbered.
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hills, bluffs, ete., except in the western portion of the area, enables it
to support the densest agricultural population of Texas, relative to
‘area (see fig. 2), and makes it the seat of the most important inland
cities, such as Paris, Bonham, Denison, Sherman, Gainesville, Fort
Worth, Waco, Weatherford, Taylor, Belton, Temple, Austin, New
Braunfels, San Marcos, and San Antonio. To these doils the State
owes a large part of her general prosperity.

In addition to the agricultural features the underlying rock sheets
embrace a series of water-bearing strata whose artesian-well conditions
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Fi6. 2.—Density of population proportionate to geographic and geologic features, shown in per-
centages (Census of 1890). (Compare Pl I, p. 26.)

are the immediate occasion of this paper. All the factors, agricul-
tural, hydrographic, physiographic, and vegetal, however, which deter-
mine human habitation, are the direct result of the composition,
arrangement, and weathering of the system of chalky rocks (chalky
sands, marls, clays, and limestones) which underlie the surface and
which must necessarily be understood, as described on a later page,
before one can gain a correct knowledge of the resources.

Altogether these prairies are more comparable in some parts to the
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downs of England, and in others to the hills of France than to other
regions. So far as the United States is concerned, this country is
unique, without analogy or counterpart. In topographic, economic,
and cultural aspects it is a distinct geographic region.

BELTS OF COUNTRY.

Not all the Cretaceous prairies are alike in physiographic, geologic,
vegetal, and cultural features, but they are divisible into several distinet
and strongly contrasting types of country arranged in irregular par-
allel belts. These belts of country are due to the varying composition
and degrees of hardness of the Cretaceous strata upon which they are
developed and which are minutely described on later pages.

The belts of prairie extend in an approximately north-south direction
for 250 miles, from the Colorado to the vicinity of Red River. Here,
in southern Indian Territory, and in Grayson and Fannin counties,
Texas, they change in direction from north-south to due east-west.
This radical change takes place at the point where the prairies cross a
fault line, elsewhere described as the Red River fault zone, which
extends in a northwest southeast direction from the vicinity of Mari-
etta, Indian Territory, to near Cooper, in Delta County (see geologic
map, Pl. LXVI, 4). The Black and Grand prairies, with the belts of
Cross Timbers, are separated by this fault line into two great subdis-
tricts, which may be termed the Main Texas and the Red River areas,
and the ends of the two subdivisions meet along this line like the
bands of molding at the corner of a picture frame.

Collectively the Cretaceous prairies consist of gently tilted dip
plains, those of the Main Texas area comprising a portion of the con-
tinental slope from the Rocky Mountains to the sea, which has an
average gradient of about 40 feet to the mile. This gradient varies in
places, as will be shown. The plains of the group vary in altitude
from 1,500 feet above sea level at the western edge to about 400 feet
on the eastern edge. The dip plains of the Red River area incline
southward from the Ouachita Mountains. Because of the difference
in slope, strike, and direction between these two subareas, the writer
frequently throughout this paper uses the general term “‘coastward”
instead of east in discussing the directions of dip and slope. When
the wide extent of the prairies as a whole is considered, the general
slope is remarkably uniform—more so than in any other large area in
our country; but even in this slope there are certain important varia-
tions, which are elsewhere discussed.

From the profiles on Pl. LXVII it will be seen that a slight change
in rate of slope apparently takes place in the Main Texas area along a
north-south line from Red River to the Colorado via Bowie, Decatur,
and Weatherford, the rate of slope increasing east of the line. This
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change is in the nature of an almost imperceptible monoclinal fold,
with a steeper grade on the east and a flattening profile to the west.
This trivial difference of slope, which increases south as the Balcones
fault zone develops, and which is reflected in the dip of the underlying

strata, has an important effect upon the topography, drain-
age, and conditions of distribution of underground water.

THE RELIEF.

The belts of Cretaceous prairie are, as a rule, of low relief,
increasing in rugosity from east to west. The belts of faint-
est relief are on the east and those of more pronounced relief
on the west, where they consist of flat-topped buttes, mesas,
and widely terraced slopes and scarp lines.

The several belts also present contrasting minor variations
of relief according to their structure. Those composed of
the harder formations are usually flat in their coastward
extension and are sometimes dissected into cut plains along
their inland margin. Certain prairie belts in which the
underlying formation consists of less consolidated terranes
are eroded into a mammillary or hilly topography of the
type known as rolling prairie.

The gently sloping dip plains of the various belts are
accompanied by low interior-facing stratified escarpments,
escarpment troughs, and drainage valleys. The escarpments
are the outcrops or exposed edges of the beds of strata under-
lying the dip plains (see fig. 3). Escarpment troughs (part-
ing valleys) are valleys occurring where the lower margin
of a dip plain abuts against the base of the inward-facing
escarpment of the succeeding plain.

While the dip plains incline coastward the accompanying
escarpments always face in the opposite direction. There
are two low inward-facing stratified escarpments near the
interior borders of the Black and Grand prairies, wheih are
specially conspicuous features of relief, constituting marked
breaks in the otherwise monotonous surface of the adjacent
areas. That of the Black Prairie, known as the White Rock
scarp, extends through the Main Texas area southward from
Sherman toward Austin. Its margin overlooks the narrow
belt of the Eagle Ford Prairie. This feature is lacking in
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Fia. 8.—Ideal section of Grand Prairie, showing dip plains.

the Red River subdivision. The western and northern escarpment of
the Grand Prairie—a more conspicuous feature—extends from the
boundary of Arkansas due west through Indian Territory to the
ninety-eighth meridian and thence south through Texas, in a much

lobed and crenulated line, to the Colorado.
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THE DRAINAGE.

The drainage of the Cretaceous prairies is of two general types: (1)
Through-flowing rivers—the Red, Brazos, and Colorado, which enter
the region from the west and cross it*—and (2) a system of less copious
locally developed autogenous streams. , .

The through-flowing rivers, descending from the Central Province,
cross the Black and Grand prairies in deeply indented grooves or
valleys cut far below the general upland level, and are established
upon a lower profile and have a more flattened gradient than the
streams of the second class mentioned. They are practically great
canals passing across the region without drawing much lateral drain-
age directly from it.

The Trinity, between Brazos and Red rivers, and the Paluxy, Leon,
and San Gabriel, between the Brazos and the Colorado, are rivers of
the second class. These are developed upon upland stretches of plain
which separate the stream valleys of the older class of streams. (See
Pl. XI.) The many ramifying branches of this second group gather
all the upland drainage of the prairies between older rivers, taking it
even from the very scarps of the valleys of the greater through-flowing
rivers.

The trunks of these secondary rivers are primarily autogenous slope
streams which were originally established\upon higher surfaces, now
stripped away; they have maintained theil\location by inheritance as
the general region was degraded by erosion) These rivers mostly rise
close to the western margin of the Grand Prairie plain, but by rapid
descent of their streamways soon become so deeply indented that their
paths are much lower than the regional surface of the upland prairies,
which are flat-topped divides between them. Their permanent water
is largely derived from the structural drainage of the sands of the
Cretaceous beds. Some of them, like the Leon and San Gabriel, are
also largely reenforced as they cross the Balcones fault zone, at the
border of the Black and Grand prairies, by springs rising under
hydrostatic pressure through fissures.

The laterals and sublaterals of these streams do the principal work
of gradation and are of a peculiar type. The principal laterals tend
to parallel ‘the escarpment troughs in a north-south direction at right
angles to the main trunks. The sublaterals flowing into the laterals
gather their drainage on the east by short ravines from the inward-
facing escarpments and from the west by long drains developed on the
surface of the dip plains, as shown in PL. XI.

The main trunks of the streams of the second class are usually
interrupted in flow, the water running in deep pools for some stretches
of their courses and again disappearing in dry stony channels. The
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laterals and sublaterals are dry except in times of rainfall, when they
carry off the surface water.

The stream valleys of the through-flowing rivers and of the main
trunks of the prairie rivers in their lower portion are accompanied by
old alluvial formations, often of considerable width and extent, as
more fully discussed in the geologic part of this paper.

In addition to the types of streams mentioned, the Indian Territory
extension of the Red River subdivision of the Cretaceous prairies is
crossed from north to south by a number of deep and copious laterals
of Red River, which originate in the Ouachita Mountains, including
the Little, Kiamitia, Boggy, Blue, and Washita rivers. Furthermore,
Red River itself, instead of flowing across the strike of the different
belts, as do the Brazos and the Colorado, first follows the Red River
fault zone to the east edge of Grayson County and then practically
follows the strike of the Eastern Cross Timber belt until it leaves the
region.

THE BLACK PRAIRIE SUBPROVINCE.
Relations, Soils, and Drainage.

The various belts of Cretaceous prairies under discussion, both of
the Main Texas and of the Red River subdivision, may be broadly
grouped into two major types of country of about equal area, differ-
ing from each other in certain physical, cultural, and geologic con-
ditions, known as the Black and Grand prairies, each of which is
accompanied at its interior border by a belt of forested country, known
as the Eastern and Western cross timbers, respectively.

The Black Prairie Country embraces all the area between Red River
on the north, the Eastern Cross Timbers, the East-Texas Timber Belt,
and the Colorado. The Missouri, Kansas and Texas Railway from
Denison to Austin marks approximately the western edge of the Black
Prairie belts. The Eastern Cross Timbers clearly define this border
as far south as the Brazos, but between the latter river and the Colo-
rado the line of demarcation is geologic rather than topographic. The
broadest portion of the Black Prairie is to the north, in the counties
between Trinity and Red rivers., Southward the width of the Black
Prairie is restricted to its narrowest limits, about 20 miles, along the
Colorado River, between Austin and Elgin.

The Black Prairie owes its name to the deep regolith of black cal-
careous clay soils which covers it. 'When wet these assume an exces-
sively plastic and tenacious character, which is locally called *‘black
waxy.” These soils are the residua of the underlying marls and chalks,
or local surficial deposits derived from them, and hence are rich in
lime. Complicated chemical changes, probably due to humic acid

21 eeoL, PT T—01—5
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acting upon vegetable roots, are believed to cause the black color.
The region is exceedingly productive, and nearly every foot of itsarea
is susceptible of high cultivation. In fact, the prairies are the richest
and largest body of agricultural land in Texas, constituting a prac-
tically continuous area of cultivated soil extending from Red River to
the Comal. Large quantities of cotton, corn, and minor crops are
annually raised upon these fertile lands.

Except the streams which rise in other regions to the west and cut,
through it, the Black Prairie region has few running water courses,
while the substructure is not favorable to securing surface wells, so
that for domestic purposes its inhabitants depend largely upon cisterns
or ponds, the water from both of which is unwholesome.

The configuration of the Black Prairie was well characterized some
forty years ago by Dr. Ferdinand Roemer as the *‘sanftwellige Hiigel-
land,” or “‘gently undulating regions,” inasmuch asits relief consists of
gently rolling prairie lands, as distingunished from the sharper, more
angular topography ofthe Grand Prairie belts to the west. In gen-
eral the Black Prairie region is a slightly tilted plain sloping almost
imperceptibly coastward, generally with numerous low mammillary
hills having gently rounded slopes. The drainageways are void of
searps or other sharp lines of relief, and are so interlaced in their head-
water portion as usually to produce the low type of mammillary relief
above mentioned, although the general level of the divides is in some
cases extensively maintained. The through-flowing streams which rise
to the west make wide, shallow indentations below the summit slope,
varying from 250 feet in depth at the western margin to 100 feet on
the east, accompanied by considerable breadth of alluvial valleys.
Short laterals fringe these valleys, but they have not made sufficient
headwater progress across the divides of the original plain completely
to destroy the old topographic summit level. The altitude of the
plain is between 750 feet above sea level on the west and 400 feet on
the east.

The Black Prairie of the Red River subdivision, with the exception
of a small area of the Eagle Ford Prairie in the Chickasaw Nation,
‘known as Carriage Point Prairie north of Denison, does not appear in
Indian Territory, but has extensive development in the Red River
tier of counties on the Texas side.

Subdivisions of the Black Prairie.

The Black Prairie is subdivisible longitudinally into four parallel
north-south strips of country, differing slightly from one another and
distinguishable by minor differences in topography and in the compo-
sition of the underlying rocks. Besides these there are small spots of
Black Prairie occurring as inliers in the timbered area of southwest
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Arkansas, as described in the writer’s previous report on that region.’
These subdivisions are as follows:

Black Prairie inliers within the Atlantic Timber Belt.

Eastern Marginal Prairie.

Taylor Prairie.

‘White Rock Prairie. N

Eagle Ford Prairie.

Inliers of the Black Prairie within the Atlantic Timber Belt.—In the
southwest counties of Arkansas and in east Texas and Louisiana occa-
sional open glades of rich, black, calcareous soil are found in the midst
of the great forests of the Atlantic Timber Belt. These are noted for
the fertility of their soils relative to the surrounding country, pro-
ducing much larger crops of cotton and corn. They occur in Clark,
Hempstead, and Howard counties, in Arkansas; in Bowie (at the
Freese place), Smith, and other counties of Texas; and in Louisiana.
These prairies are never of great extent, and their occurrence is sup-
posedly attributable to the local eroding away of the once overlying
covering of the Tertiary formations. Such aberrant outcrops of a
lower-lying formation within the general area of an overlying one are
geologically known as ¢ inliers.”

Lustern marginal prairies.—The easternmost subdivision of the
Black Prairie is a narrow belt of land occurring in Red River, Hunt,
Delta, Kaufman, Falls, McLennan, Bell, Williamson, Navarro, and
Travis counties, which is characterized by a black, sandy, calcareous
soil derived from underlying beds of glauconitic sands and clays.
These lands represent the surface residuum of the uppermost beds
of the Cretaceous formations and are comparable in character to the
sandy Cretaceous soils of Arkansas, Alabama, and New Jersey, and
are an exceptional feature in the Texas region. In fact, they might
be more appropriately classified, geographically, as a western mar-
ginal fringe of the Atlantic Timber Belt, inasmuch as, in places at
least, especially to the north, they are covered with a growth of hard-
wood timber.

Taylor Prairie—This is the largest and most characteristic sub-
division of the Black Prairie region, occupying a wide belt south of
the Red River counties, between the eastern marginal Black Prairie
and the White Rock scarp, to be described. 1t is characterized by
stiff, black, waxy, calcareous clay soils and a substructure of light-
blue marl, called by the residents ‘‘ soapstone” and ‘¢ joint clay,” from
its jointed and laminated structure. The surface, composed of gently
rolling uplands, is cpvered in places by a growth of mesquite shrubs.
Some of the more extensive and poorly drained divides are accom-
panied in many places by small depressions known as *‘ hog wallows,”
produced by the unequal drying and shrinkage of the calcareous clays

1 Neozoic geology of southwestern Arkansas: Rept. State Geologist, Vol, II, Little Rock, 1888.
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in such places. This, the main portion of the Black Prairie, forms
fully two-thirds of its total area. The cities of Greenville, Terrell,
Corsicana, and Kanfman are situated near its eastern border, near the
junction of the sandy and main black waxy strips. Waxahachie,
Taylor, Temple, and Manor are situated in the main black waxy belt.

White Rock Prairie.—A formation of harder rock, known as the
¢ White rock” or ‘‘Austin chalk” outcrops along the interior margin
of the Taylor Prairie from Sherman to Austin. The surface of this
forms a narrow strip of dip plains averaging a few miles in width.
The topography of this belt is more rugged and sharply incised than
the main Black Prairie, but the relief is still low and devoid of the
steeper bluffs and scarps that characterize the Grand Prairie region.
It is dotted by clumps of handsome evergreens and oaks, and its soil,
while black, is shallower than that of the adjacent belts. Where gullied
and cut by the streams the exposed substructure of chalky rocks
gives a light tone to the landscape.

The western edge of the White Rock Prairie as seen at Oak Cliffs,
near Sherman, Dallas, Waco, Hillshoro, and other places is an inward-
facing escarpment which overlooks to the west the Eagle Ford Prairie
and Eastern Cross Timber strips. This feature is continuous from
Sherman to Temple, some 250 miles, and intermittently from Temple
to Austin. Except where cut by rivers this low-sloping escarpment
seldom exceeds 100 feet. In a level region of low relief the breaks
of this scarp are conspicuous objects, and in some places are called
‘““mountains.” The escarpment can be distinguished upon even ordi-
nary maps by the small fringework of minor drainage heads which rise
near its summit and lead to the west, emptying into a class of lateral
streams which follow the escarpment trough along its base in a north-
south direction before finally reaching the major drainageways.
The east forks of the Trinity, Mountain Creek, Tehuacana Creek, and
Bosque River are all streams of this character. The chalk or white
rock forming the summit of this scarp is the immediate geologic ante-
cedent of the marly clays underlying the Taylor or main black waxy
area, and the one succeeds the other by easy transition. The eastern
parting between the White Rock and Taylor prairies is usually
indefinite.

An interesting cultural feature of this narrow strip of white-rock
country is the fact that the tier of larger cities of central Texas, with
the exception of Fort Worth, are built upon it. Sherman, Dallas,
Waco, Austin, and San Antonio are all located along its narrow out-
crop.

FEagle Ford Prairie.—Immediately west of the White Rock scarp
and situated between it and the eastern border of the Eastern Cross
Timbers is another long, narrow belt of black, waxy country very
much resembling the Taylor or main Black Prairie. From the Brazos
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to within 10 miles of Red River this feature is especially conspicuous
in eastern Hill, eastern Johnson, western Dallas, western Collin, and
western Grayson counties, to the Red River. This portion of the belt
is 180 miles long and averages 10 miles in width.

South of the Brazos this belt is of varying width and is intermittent
in character, gradually narrowing and dying out as a distinct topo-
graphic feature at the Colorado. The last typical appearance of this
subdivision of the Black Prairie north of the Colorado is in the Sixth
Ward of Austin. The Red River area begins in eastern Grayson
County, and continues down the valley of Red River through Grayson,
Fannin, and Lamar counties to the eastern edge of Red River County,
where it ends. The southern margin of the Red River belt is approxi-
mately marked by the transcontinental branch of the Texas Pacific
Railway from east of Sherman, near Bells, to a few miles east of Paris,
Lamar County. The southern border of this Red River belt is not
marked by an escarpment of white rock as is the eastern border of the
Main Texas belt.

The soil of the Eagle Ford Prairie, like that of the Taylor Prairie,
is the residuum of marly clays, and in places is, if possible, even more
productive and fertile than the latter. Along the western border of
the belts this soil becomes slightly sandy as the substructure grades
down into that of the Eastern Cross Timbers. Some of the richest
agricultural lands in Texas, notably in Johnson County, are located
upon this Eagle Ford division of the Black Prairie region.

THE EASTERN CROSS TIMBERS.

Character, Relations, and Extent.

The western border of the Main Texas area north of the Brazos and
the northern border of the Red River area of the Black Prairie are
terminated abruptly by a peculiar narrow ribbon of upland forest
known as the Lower or Eastern Cross Timbers. This forest is largely
composed of black-jack and post-oak trees, whick grow in a deep, sandy
soil. This is the most eastern of two similar belts which occur in the
East-Central Province, a region of prairie plains, and which extend in
a north-south direction, opposite to the prevalent courses of the streams.

The cause of these peculiar ribbons of upland timber between vast
stretches of treeless prairie had long been a subject of inquiry before
the writer, in 1887,* showed that the forest growth was adapted to the
geologic formations, the two belts of cross timbers being upon out-
crops of certain arenaceous formations at the base of the Upper and
Lower Cretaceous series of rocks respectively, the deep permeable

18ee Geology and geography of the Cross Timbers of Texas: Am, Jour. Sci., 3d ser., Vol. XXXIII,
April, 1887,
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regolith and sandy soils of which favored forest growth. These con-
ditions are lacking in ‘the close-textured calcareous soils of the inter-
vening prairie regions. The formations upon which are found the
Western and Eastern cross timbers are minutely described elsewhere.

The Eastern Cross Timbers proper consist of a belt of timber land
in the Main Texas area which extends from the Brazos north of Waco
to where Red River is intercepted by the boundary line between Cooke
and Grayson counties. Besides this belt there are several extensive
patches of similar forest lying within the Red River area which will
here be included under this general name. The belt approximately
follows the ninety-seventh meridian, extending through western Gray-
son, eastern Cooke, Denton, Tarraunt, Johnson, Hill, and McLennan
counties. This belt gradually diminishes in width from north to south.

The main body of the Eastern Cross Timbers and the outcrop of the
formations on which they grow—the Woodbine, Pawpaw, and Deni-
son beds—are nearly 180 miles in length from south to north, and
seldom exceeds 10 miles in width. Their area and course are well
shown on the map forming Pl. X.

The relief of the Eastern Cross Timbers is that of a greatly dissected
dip plain which is sublevel to the east and becomes broken into many
low hills toward its western border. In the local language it would
be called a *“rolling, hilly country.”

When viewed from the White rock scarp, looking west, the Eastern
Cross Timbers appear to occupy a low valley plain, but when observed
from the west, looking east, as from Fort Worth or any point on the
eastern margin of the Grand Prairie region, they appear as a range of
low but sharply rounded, wooded, mammillary hills, which in places,
as in Grayson, Denton, Tarrant, and Johnson counties, make conspic-
uous knobs capped by dark-brown arenaceous ironstone.

Within the Cross Timbers there are many spots of prairie, or
“glades,” as they are termed. These abound especially toward the
eastern and western border. Those of the latter are an almost con-
tinuous body of narrow prairie land separating a fringe or ribbon of
forest from the main body of timber.

The same character of timber growth also has extensive development
in the Red River area, both in Indian Territory and down the valley
of Red River nearly to the Arkansas line. There are three distinct
areas of forested country of the Eastern Cross Timbers type within the
Red River district. These are the Iron Ore Knobs of north-central
Grayson County, the Caddo Knobs of southern Indian Territory, and
the valley of Red River east of Grayson County. The areal extent of
these northern representatives of the Eastern Cross Timbers can best
be understood by examining the distribution of the formations upon
which they grow, as shown on the geologic map, Pl. LXVI,
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Iron Ore Knobs.

The Iron Ore Knobs of Grayson County extend east and west from
Alchire switch, 7 miles west of Denison, to Red River. These knobs
as seen between Sherman and Denison consist of low, rough, sandy
hills densely clad with black-jack and post oak.

From the summit of the Iron Ore Knobs an exactly similar and
parallel row of hills—the Caddo Knobs—can be seen some 30 miles
northward, across the valley of Red River, in southern Indian Terri-
tory. This row of knobs, which is the interior margin of an exten-
sive prairie dip plain sloping toward Red River, extends from the
Washita River a few miles south of old Fort Washita eastward for 15
miles to the Missouri, Kansas and Texas Railway, beyond which it
has not been explored.

Both of these parallel east-west belts are ultimately occupied by the
valley of Red River, which intercepts that of the Iroa Ore Knobs at
the northwest corner of Fannin County and that of the Caddo Hills
some distance eastward, in Lamar County. Where so followed by the
rivers the cross timbers and the formations upon which they grow
are so associated with the undergrowth and recent and old alluvial
soils that it would be impossible to map them until minute studies are
made.

Economic Features.

The Eastern Cross Timbers are admirably adapted to fruit growing,
and the strata upon which they are established are of great impor-
tance to the question of artesian water. To appreciate the water con-
ditions of this region it is necessary for the reader to know the
sequence of the great rock sheets of the Black Prairie and the Eastern
Cross Timbers, their water-bearing and water-transmitting capacity
and their topographic lay, as given in subsequent pages.

THE GRAND PRAIRIE SUBPROVINCE.

General Character and Relations.

The Grand Prairie includes the portion of the East-Central Prov-
ince situated west of the Eastern Cross Timbers in Indian Territory
and Texas. It has an area of about 20,000 square miles and presents
within itself many diverse features.

Although often confounded with the Black Prairie, the Grand
Prairie differs from it in many minor physical features. In general
the surfaces are flat rather than undulating, and the valley slopes are
angular (scarped or terraced) rather than rounded. The residual soils
and regolith are shallow in comparison with those of the Black Prairie
belts, and are of chocolate or brown colors instead of black, although
in at least one belt (the Del Rio) the latter color prevails. Owing to
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the more shallow soil and the decreased rainfall many of the upland
areas of the western part of the Grand Prairie are not so well adapted
to agriculture, other than grazing, as are those of the Black Prairie,
but the valley lands are very fertile and are extenswely utilized.

The chief difference between the two regions is that the Grand
Prairie is established upon firm, persistent bands of limestones, which
are harder than the underlying clay substructure of the Black Prairie
region, and which, under erosion, result in more extensive stratum
plains and more angular cliffs and slopes. These limestone sheets of
the Grand Prairie belts also alternate with marls and chalky strata of
varying degrees of induration and thickness, and at the base of the
whole are unconsolidated sands. The rock sheets of the Grand Prairie
are so much harder than those underlying the Black Prairie region
and are so conspicuous features in the landscape that, in distinction,
the Grand Prairie country has been appropriately called ‘‘the hard
lime rock region.”

In general the surface of the Grand Prairie, especially north of the
Brazos, is composed of gently sloping, almost level, and usually tree-
less dip plains, broken only by the valleys of the transecting drainage.
These prairies are more continuous and comparatively void of inequal-
ities of erosion along the eastern poftion of the area. In the western
half, especially south of the Brazos, their surfaces are broken into
cut plains, buttes, mesas, and flat-topped divides and are etched by
deeply eroded valleys.

The Main Texas portion of the Grand Prairie, so much as is
embraced within the subdivision described on a later page as the
Lampasas Cut Plain, is the modified northern continuation of the
Edwards Plateau and the surface outerop of the eastwardly receding
limestone sheets that once stretched over the Central Province to
the Llano Estacado. In fact, it is the continuation of the great
belt of Lower Cretaceous formatlons extending across the State,
elsewhere. represented by the Edwards Plateau southwest of the Col-
orado and east of the Pecos, the Stockton Plateau between the latter
river and the Cordilleran front, the Callahan Divide throughout
the Central Province, and a narrow belt of country immediately at the
foot of the Balcones scarp from Austin westward. To the composi-
tion, stratification, and methods of disintegration of the different rock
sheets is due the individuality of the topography of the Grand Prairie
and its minor subdivisions.

The coastward border of the Grand Prairie Subprovince, with excep-
tions to be noted between the ninety-fifth and ninety-seventh merid-
iang in the Red River district, is the valley of Red River; between
Red River and the Brazos it is the Eastern Cross Timbers, and from
the Brazos to the Colorado the Balcones fault zone.

The relief features of the coastward border are elsewhere described
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under the heads of the Black Prairie, the Eastern Cross Timbers, and
the Balcones scarp. The northern and irregular western horders of
the Grand Prairie terminate in the low inward-facing escarpment
previously mentioned which overlooks the valley of the Western Cross
Timbers. These features extend west through Indian Territory to
Duncan and thence south through Texas, following an irregular line
through the counties of Cooke, Wise, Parker, Hood, Erath, Coman-
che, Brown, Mills, San Saba, Lampasas, and Burnet.

This escarpment is an interesting feature, from both a geologic and
a geographic point of view, inasmuch as it marks the eastwardly
receding western edge of the Cretaceous prairie, which has been gradu-
ally withdrawing from the Central Province and the south front of
the Ouachita Mountains. North and east of Trinity River the escarp-
ment does not exceed 100 feet in height, but consists of a low simple
cliff of the Goodland (Edwards) limestone surmounted by the dip
plains which slope away from its margin. South of Trinity River,
owing to increase in thickness of the Goodland limestone and to inter-
polation of numerous alternations of hard and soft layers as lower
formations in the geologic sections, the escarpment feature becomes
more complex or compound in character, and consists of a number of
benches and scarps, the latter usually being low and inconspicuous,
while the former spread out into belts, in places of considerable width.
These alternate benches and terraces of stratification often continue
long distances. Upon these benches are established many minor types
of country, like the Walnut and Glen Rose prairies, consisting of open
stretches of land, and the two belts of upland forest composing the
Western Cross Timbers, which follow certain outerops of sandy strata.

The escarpment line also becomes more irregular to the south and
is crenulated and cut into innumerable hills and points. Sometimes
the scarps bend down the valleys of the transecting rivers, which cut
across the Grand Prairie until they almost reach the eastern margin
of the region, as in valleys of the Brazos and the Colorado near Austin.
The entire length of this scarp, with its principal meanderings across
Texas, is little less than 2,000 miles.

This scarp topography is due to the presence of the hard cap rock
of Edwards limestone previously mentioned in the descriptions of
the Edwards Plateau and Callahan Divide and more fully described
on later pages, which, owing to its superior hardness relative to the
adjacent formations, resists erosion more stubbornly,

The drainage of the Grand Prairie has been described in the intro-
ductory portion of this paper (p. 55).

Subdivisions of the Grand Prairie.

The Grand Prairie, like the Black Prairie, is divided into two con-
spicuous general areas: (1) The northern or Red River district, in
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southern Indian Territory, lying along Red River with east-west
trend; (2) the Main Texas district, between Red and Colorado rivers,
with north-south trend. The combined outline of these constitutes
an irregular area, one part of which, principally north of Red River,
extends east and west, while the other, between Red and Colorado
rivers, extends north and south.

RED RIVER SUBDIVISION,

The Red River subdivision of the Grand Prairie, except a small
area in northern Grayson County, is situated in southern Indian Ter-
ritory, between the eastern extension of the Western Cross Timbers,
which occupies a parting valley along the southern side of the OQuachita
Mountains, and Red River. It consists of a narrow east-west belt of
upland prairie, transected at intervals by low timber-covered stream
bottoms which cross it from north to south. This belt as a whole is a
dip plain which slopes south toward Red River and scarps to the
north toward the mountains. The surface consists of black calcareous
lands with a shallow regolith of dirty yellow subsoils, underlain by
the alternating limestones and marls of the Washita division of the
Comanche series.® These prairies in Indian Territory increase in area
from east to west. They are seldom over 5 or 6 miles wide from
north to south and are bordered on the south by the Eastern Cross
Timber belt, in which Red River flows.

The northern border, like the western border of their continuation
in Texas, is the eastward continuation of the inward-facing escarp-
ment making the 'general interior border of the Grand Prairie. In
this portion of its course this escarpment is very low and overlooks
a long and narrow timbered parting valley which lies between it and
the Ouachita Mountains—a valley underlain by similar geologic for-
mations and analogous in character to the Western Cross Timber
valley of Texas. This east-west timbered belt on the north of the
prairies parallels the forest belt of the Red River Valley, so that the
prairies are included between them.

The streams of the north-south drainage, like the Boggy and Kiami-
tia, which flow from the mountains across these prairies, have cut deep
and wide forested bottoms below the general prairie level, which extend
from the timbered valleys on the north to those on the south. In this
manner the continuity of the prairie belt is broken into a series of
blocks separated by lower-lying forested stream bottoms.

These prairies begin on the east at the Arkansas-Choctaw line, just
west of Little River. Here small spots of limestone prairie, covered
with the rich, luxuriant grass and flowers peculiar to the Grand
Prairie, begin to appear as islands amidst the dense forests of the

1 The Denison beds in part, Fort Worth, Duck Creek, and Goodland beds in Indian Territory.
See Geologic description, pp. 266 et seq.
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great Atlantic Timber Belt. Westward the patches of Grand Prairie
increase in area as the forests diminish, and occupy the flattened divides
between the numerous streams flowing into Red River from the north.
The plains of the Kiamitia (between the Kiamitia and Little River),
the Goodland Prairie (between the Kiamitia and the Boggy), the
Caddo Prairie (between the Boggy and the Blue), the Washita Prairie
(between the Blue and the Washita), and the Marietta Prairie, west of
the Washita, are the chief examples of this class.

An interesting feature of the Red River district is the fact that it is
mostly of lower altitude than the prairies on the south side of the Red
River fault line. This is largely because it occurs on the downthrow
‘side of the Red River fault zone. As shown later, this feature has a
" most important bearing upon the artesian water question.

Grayson district.—In northern Grayson County thereis a small dis-
connected body of Grand Prairie belonging to the Red River area
which occurs as an inlier within the Eastern Cross Timbers and the
Black Prairie. This occupies about 20 square miles to the north and
northwest of Denison. Its isolated occurrence in this locality is due
to the peculiar faulting elsewhere explained.

THE MAIN TEXAS SUBDIVISION.

GENERAL CHARACTER AND EXTENT.

West of the Red River fault zone, between Marietta, Preston, Den-
ison, and Bells, Texas, the east-west trend of the Grand Prairie and
the strike of its underlying formations which mark their occurrence
in the Indian Territory change to the north-south direction which
prevails in the Main Texas area, a district embracing all the-belts
of Grand Prairie Country between the Western and Eastern cross
timbers and between Red River and the Colorado. The Missouri,
Kansas and Texas Railway from Denison to Austin almost follows the
eastern border of the Main Texas area. The valley of the Western
Cross Timbers forms the western margin.

This portion of the Grand Prairie as a whole is a vast dip plain,
which becomes more dissected and diversified to the southwest, finally
passing southward into the sublevel dissected Edwards Plateau. The
surface slope, with slight variations, is generally east. That portion
of the Grand Prairie north of Trinity River and the eastern border
in general, -as far south as the Colorado, like the Indian Territory
area, consists of comparatively flat and unbroken dip plains. To the
west, especially south of the Trinity, the flat surfaces of the dip
plains are more scarped and dissected into numerous low buttes and
mesas constituting the Lampasas Cut Plain.

The prairies of the Main Texas belt are cross grooved by deeply
scored valleys of numerous streamways with many branching laterals.
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These stream valleys are deeply indented, wide, and flat in places, and
sometimes bordered by liméstone cliffs leading up to the more exten-
sive intervening flat divides. The divides have undergone so much
dissection in some places that they are preserved only as flat-topped
buttes of the Comanche Peak type, occurring either isolated or as
elongated chains—as seen in Hood, Bosque, Erath, Comanche, Hamil-
ton, Bell, Williamson, Coryell, and Lampasas counties—which are
more fully described on a later page as the Lampasas Cut Plain.

NORTH-SOUTH BELTS.

The Grand Prairie, like the Black Prairie, is subdivisible into several
subparallel north-south belts of country, differing from one another in
natural aspects and economic features as well as in underlying geologic
formations. These subdivisions are as follows:

Prairies of the Fort Worth type:
Gainesville Prairie.
Bosqueville Prairie.
Fort Worth Prairie.
Prairies and forest belts of the Lampasas Cut Plain:
Lampasas Cut Plain.
‘Walnut Prairie.
‘Western Cross Timbers.
Paluxy Timbers.
Glen Rose Prairie.

Of the above subdivisions the first three are regular dip plains, of
which the Fort Worth Prairie may be considered the type. The
remainder are subdivisions of the Lampasas Cut Plain.

Gainesville Prairie.—The most eastern belt of the Grand Prairie of
the Fort Worth type is a narrow north-south strip of land immediately
west of the Eastern Cross Timbers, extending from Red River to the
Brazos in Cooke, Denison, Tarrant, and Johnson counties, as may be
seen east of Gainesville and Fort Worth. This is a dip plain, or series
of minor dip plains, of low relief, characterized by the presence of
shallow reddish-brown or chocolate soils and subsoils of rusty iron
tints, derived from an underlying structure of ferruginous clays, with
occasional thin bands of impure ferruginous limestones. The surfaces,
while flat, are not so extensive as those of the other Grand Prairie
belts. In Cooke County and across Red River in the vicinity of Over-
brook and Marietta, Indian Territory, a few low tepee-shaped buttes,
of which Comanche Peak,® 6 miles southeast of Marietta, may be
taken as a type, outlie the marginal scarps of the dip plains.

Bosqueville Prairie.—South of the Brazos the position of the Gaines-
ville Prairie relative to the other divisions of the Grand Prairie is rep-

1This isnot to be confused with Comanche Peak of Hood County, Texas, a noted geologic and geo-
graphic landmark.
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resented by a long, narrow strip of prairie country, seldom more than
a mile in width, extending through McLennan, Bell, Williamson, and
Travis counties, between the Balcones scarp and the western edge of
the Black Prairie. The soil of this belt is different from that of the
Gainesville Prairie, being black in color and of a sticky nature, instead
of brown, and is underlain by the yellowish clay subsoil of the Del Rio
(Fwogyra arieting) formation. This black soil is an exceptional fea-
ture in the Grand Prairie and resembles more the prevalent character
of the soil and joint clays of the Black Prairie. The surface of the
Bosqueville Prairie can hardly be called a dip plain in the true sense
of that word. It is marked by ‘‘hog wallow” depressions, and usually
supports a dense growth of mesquite trees and mesquite grass, con-
stituting a character of country known in Texas as ‘‘ mesquite flats.”

Fort Worth Prairie.—Immediately west of the Gainesville Prairie,
north of the Brazos, and the Bosqueville Prairie to the south, a belt of
more extensive and open prairie sets in, underlain by white and yel-
lowish bands of limestone and clay, which outcrop in roads and stream-
ways and weather into grayish soils, giving to the landscape a lighter
and more glaring tone than that of the prairies above described. These
prairies are superb illustrations of typical dip plains, the gently sloping
flat surfaces being established for miles at a stretch upon single beds
of strata, making grass-covered uplands resembling the boundless
views of the Great Plains proper.

This prairie region, which is best seen around Fort Worth, in the
western half of Tarrant County, occupies most of the uplands north of
the Brazos west of the Missouri, Kansas and Texas Railway and east
of the Western Cross Timbers, including the greater part of western
Cooke, Tarrant, and Denton counties, and the eastern portion of Wise
County. It also occurs in limited spots in the northern part of Gray-
son, and nearly all the Indian Territory division of the Grand Prairie
region belongs to it. The Fort Worth Prairie is more rolling along
its interior margin, which extends to the western escarpment, and is
there usually accompanied by a fringing belt of stiff clay lands, the
outcrop of the Preston beds below the Fort Worth limestones. South
of the Brazos the Fort Worth Prairie contracts in width and becomes
a secondary feature in comparison to the belts of the Lampasas Plain
next to be described. In this general region it is a narrowing belt——
often a mere ribbon—passing through McLennan, Bell, and William-
son counties, where it is found only on the downthrown side of the
Balcones fault zone.

LAMPASAS CUT PLAIN.

CHARACTER AND RELATIONS.

As the more unbroken dip plains of the Gainesville and Fort Worth
type which occupy nearly all the width of the Grand Prairie north of
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Fra. 4.—Cross section of the Lampasas Cut Plain, Travis County, Texas.

the Brazos decrease in area southward, another
important topographic feature begins to de-
velop along the western border. This feature,
which has been named the Lampasas Cut Plain, is
not represented north of Parker County. It
increases in area southward as the Fort Worth
Prairie decreases, so that the general width of’
the Grand Prairie as a whole is more than main-
tained.

This feature is so intimately related to and de-
pendent upon the occurrence and erosion of one
geologic formation—the KEdwards limestone—
that it is difficult to describe it without con-
stantly bearing in mind the vast extent of this
formation as previously stated and more fully
described on a later page. South of the Brazos
(see fig. 4) the outcrop of this limestone, which is
found only in the western scarps north of that
stream, becomes a subhorizontal plain-making
formation and forms the summit level of all the
vast country embraced within the limits of the
Edwards Plateau, the Lampasas Plain, and the
Callahan Divide.

The Lampasas Cut Plain is the modified north-
ern extension of the great Edwards Plateau,
previously described. It is a greatly dissected
dip plain, now recognizable by the general level
of its many remnantal summits, which dominate
all the country south of the Brazos between the
Western Cross Timbers and the Balcones fault
zone. These summits, which are called moun-
tains by the inhabitants, are numerous remnantal
circular flat-topped buttes crowning the divides
between the drainage valleys. Life and industry
are mostly found in the valleys scored below the
summit levels.

In general, these fragments bave flat table tops
and are bordered by glaring white cliffsabove,lead-
ing down to gentler slopes below (see Pl. XIII).
The tops consist of weathered surfaces of the
Edwards limestone, sometimes bare of soil and in
other places covered with rich but shallow black
or chocolate residual soil supporting grasses and
timber growth. Where barren the surfaces of
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the massive limestone weather into many minutely sculptured ridges
and depressions, produced by the solvent effect of the rainfall upon
the hot limestones. Such forms are geologically known as ‘‘karren-
felder.”* In places thick superficial coatings of residual flints occur,
resembling beds of waterworn gravel. These have been left behind
as the limestone, which originally contained them, was slowly carried
away by superficial or underground solution. Some of these flints,
through processes of decay, develop a peculiar scoriaceous texture,
the cavities of which are filled with drusy quartz which sparkles in
the sunshine.

The interior border of the Edwards Cut Plain forms the general
western escarpment of the Grand Prairie region south of the Brazos.
On the east the plain is less dissected and ends abruptly at the Balcones
fault zone, which is a low escarpment hardly noticeable at the Brazos,
but which gradually increases in altitude southward until it is a
strongly marked feature at the Colorado.

The plain is first recognizable just south of Trinity River, in north-
ern Johnson and Parker counties. KEast of the Brazos it occurs as a
narrow belt of dip plain, surmounting and paralleling the western
scarp along the interior margin of the Fort Worth Prairie. It widens
rapidly south of the Brazos, so that, with its western continuation
across the central region (the Callahan Divide), it is the dominating
topographic feature from the eastern breaks of the plains to the
Balcones fault zone. It narrows again along the Colorado in Travis
County, where the deep canyon of that stream separates it from the
Edwards Plateau to the south.

Southward from the Brazos the first characteristic remnant of this
old plain is the flat-topped summit known as Comanche Peak, a noted
landmark in Hood County, which occurs as an isolated flat-topped
summit capping the high denuded divide between the Brazos and the
Paluxy. Thence south to the Edwards Plateau and west far over the
Central Province flat-topped hills of this character surmounting the
drainage divides are conspicuous relief features. Of this description
is a vast stretch of country which extends through western Travis,
Williamson, and Bell counties, and occupies the divides of Lampasas, .
Mills, Comanche, Coryell, Bosque, and other counties.

The largest continuous area of the Lampasas Cut Plain is a much
lobed and crenulated divide along the western border of the Grand
Prairie, extending from the Colorado in western Travis County to the
northeast corner of Comanche County, a distance of 115 miles. Thisin
places is several miles wide, and separates the Colorado drainage of the
western escarpment from the long prairiestreams flowing eastward into

18ee Tllustration on Pl. L of the geology of the Edwards Plateau and Rio Grande Plain: Eighteenth
Ann. Rept. U. 8. Geol. Survey, Part II, 1898,
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geology.

et, Comanche

e?, Caprina Jimestone;

p, Paluxy sand; Eastern and

f, Walnut formation, Walnut Prairie; rich, fertile land in many places.

Western Cross*Timbers, forested with post oak and black-jack; fair cotton and good fruit land; water bearing.

Peak limestone; chalky, soilless slopes; growth of shin oak.

r2, Barren limestone slopes with growth of juniper,

live oak, and sumac; occasional fertile soils from interbedded marly layers; water bearing. t2, Trinity sands; Western Cross Timbers; same forest growth as p.

rl,small prairie spots; good soil.

t1, Trinity sands; Western Cross Timbers; same forest growth as p.

the Brazos, which have their headwaters
along the eastern scarps of the divide.

The more important rivers, such as the
Colorado, Leon, Brazos, and Trinity, which
rise west of the Grand Prairie area and cross
it, as well as the eastward-flowing rivers and
creeks of the Grand Prairie proper, having
theirsource against the eastern border of this
main western divide, flow in valleys which
are deeply incised below the cap rock of the
Lampasas CutPlain. These valleys are sepa-
rated from one another by long divides com-
posed of eastward-extending remnants of the
cut plain.

The principal ramifications of this char-
acter extending southeast from the main
western border of the Grand Prairie are as
follows: The Comanche Peak divide, between
the Brazos and Paluxy in Hood and Erath
counties, about 22 miles in length; the Chalk
Mountain divide, between the Paluxy and
Bosque in Erath, Somervell, and Bosque
counties, about 45 miles in length; the Dub-
lin divide, between Paluxy and Leon rivers
in Erath, Bosque, and Hamilton counties,
about 50 miles in length; the Hamilton
divide, lying between Cow House and the
Lampasas, which extends from eastern Mills
County nearly to Belton, a distance of 65
miles; the Lampasas-San Gabriel divide,
extending from west of Strickland, Burnet
County, to Florence, Williamson County, 22
milesinlength; the Bertramdivide, in Burnet
and Williamson counties, between the north
and south forks of the San Gabriel, some 20
miles in length; the Bagdad divide (or Post
Oak Ridge), between the south fork of the
San Gabriel and the Colorado in Williamson
and Travis counties, about 20 miles in length.
Shorter secondary arms extend southeast-
ward from these main divides between the
principal creeks, such as Bennett, Sims, Big
Lucy, Donaldson, Mesquite, North Rocky,
South Rocky, and Miller creeks.
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SUBDIVISIONS OF LAMPASAS CUT PLAIN.

The vast surface of the Lampasas Cut Plain is scored by the drain-
ways arising near the western border into many valleys, which are cut
below the old level of the plain into older and older belts of strata.
These valleys within the area are bordered by escarpments like those
found along its western margin. The wide slopes of these valley
escarpments descend in series of benches based upon various forma-
tions underlying the cap rock of the cut plain, each of which produces
a 50il and vegetation characteristic of a peculiar type of country. (See
fig. 5.) These intaglioed belts will now be described in descending
series.

TWalnut Prairie.—The first of the types of country resulting {rom
the dissection of the cap rock of the Lampasas Cut Plain has been
named the Walnut Prairie, after its typical development in the vicinity
of Walnut, Bosque County. This has a shallow, black soil with a
yellow-clay foundation, which is the outcrop of the Walnut formation
elsewhere described. This formation occurs immediately below the
Edwards limestone south of the Leon, and above the Paluxy sands
north of that stream. )

The Walnut Prairie usually occurs as benches, forming a shoulder
immediately below the scarp rock of the summlts of the Lampasas
Plain, or as the surface of uplands, from which the summit rock has
been eroded. The latter type of country is exceptional, but forms
extensive areas of upland prairie, notably in Hamilton County.
Toward the east this prairie occurs as belts along the stream valleys,
between the remnantal mesa divides of the plain.

The Walnut Prairie first appears in Parker County, and is met with
in the valleys of all the streams south to the Colorado in Hood, Bosque,
Coryell, Lampasas, Bell, and Williamson counties, where it makes
large areas of fertile land. The details of the occurrence of this
prairie are more fully explained in the description of the Walnut
formation, with the outcrop of which it is coincident. At and south
of the Colorado the Walnut Prairie diminishes in significance.

Western Cross Timbers.—The Western Cross Timbers are a narrow
forest belt or belts which attend the interior margin of the Grand
Prairie, being established upon outerops of formations below the cap
rock of the Lampasas Cut Plain. Like the Eastern Cross Timbers,
these consists of an upland forest growth of post oak and black-jack
growing on sandy soils. These sandy soils are often so deep that
wheels sink far into them and make wagon tra.nspmtatlon very
laborious. There is sufficient clay in the sand, occurring as occa-
sional layers, to make it of considerable arrncultuml value. These
forests and soils, as more fully shown in the geologic discussion, fol-
low the outcrop of unconsolidated sandy strata lying at and near the

21 @eoLr, Pt T—01——6
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base of the Cretaceous system and are exposed by erosion of the over-
lying strata of the Lampasas Cut Plain. These formations, which are
discussed in detail on another page, have important relations to the
artesian water question, inasmuch as they are the catchment area of
the best artesian wells.

The topographic position of the Western Cross Timbers is always
relatively lower than the summit of the western scarp of the Grand
Prairie, and hence the regions of their occurrence are sometimes
spoken of as the valley of the Western Cross Timbers.

The main belt of the Western Cross Timbers is of varying width,
from a half mile to 10 miles or more. It is a gently rolling region—
almost level—the configuration being largely adapted to and depend-
ent upon the character of the rocks lying immediately beneath the sur-
face. Where these are soft and easily denuded the cross timbers
topography is rolling; where hard, at least patches of the sand are
preserved over level areas of varying size.

In Indian Territory the. Western Cross Timbers occur in an inward-
facing valley which has developed along the parting between the Cre-
taceous prairies and the southern flank of the Ouachita Mountains, and
between the receding scarps of the former and the elevated ridges of
the latter. This valley is made by the interlacing lateral erosion of
the minor tributaries of the main drainage that flows from the moun-
tains to the plain.

In Texas the chief valley of the Western Cross Timbers is the base
of the western escarpment of the Grand Prairie at the junction of the
latter and the countries of the Central Province. There are ramifying
branches of the cross timbers in this region which will presently be
described. :

Both in Indian Territory and Arkansas the Western Cross Timbers
belt is narrow, averaging less than 10 miles in width, This belt
approximately follows the thirty-fourth parallel, from Murfreesboro
via Ultima Thule, Arkansas, into the Territory, and thence via Aatlers,
Tishomingo, and Old Boggy Depot nearly to the ninety-eighth merid-
ian. In this portion of their course they are bordered on the north by
the Ouachita Mountains. From the last-mentioned point they deflect
south, approximately between the pinety-seventh and ninety-eighth
meridians to Brazos River in Texas.

In the vicinity of the Brazos south of Decatur the Western Cross
Timbers bifurcate into two distinct belts separated by strips of prai-
ries. The most eastern of these belts may be termed the Paluxy Cross
Timbers to distinguish it from the main western belt. South of the
Brazos the main or western belt continues to follow the foot of the
western escarpment of the Grand Prairie southwest through Parker
and Erath counties into Comanche County. From this point, like the
Lampasas Plain, it sends a long and marrow extension westward,
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approximately along the thirty-second parallel, around the Callahan
Divide, where the cross timbers occur as bodies of timber fringing
the base of the limestone buttes, in parts of Eastland, Callahan, Taylor,
Coleman, Brown, and other western counties. South of this divide in
Brown County the main Western Cross Timbers country,continues to
form a narrow belt at the foot of the western escarpment of the Grand
Prairie, along the eastern slope of the Colorado, southward to Burnet
County. In the morthern part of the latter county there is a break in
the belt for a few miles, but it reappears at the county seat and con-
tinues until it crosses the Colorado. South of the Colorado the
timber follows the breaks of the Edwards Plateau in their irregular
meanderings around the southern perimeter-of the Central Denuded
region.

The Western Cross Timbers sometimes extend down the valleys of
the streams which transect the Grand Prairie, especially the Leon.
There are also small inliers of them well within the Grand Prairie,
notably along the heads of Bosque and Paluxy rivers. The details
are further amplified on the map and in the geologic description of

the Trinity division.

" The western or interior border of the main belt of the Western
Cross Timbers is not so regular or so distinct as is the eastern. Some-
times it is very sharp and definite, while again it merges into local
forest areas occupying other arenaceous formations than those of the
Cretaceous. Besides, there are many outliers of the cross timbers
within the Central Province, a fact which will be better appreciated
after reading the discussion of the general geology.

Paluxy Cross Timbers.—The eastern belt of the Western Cross Tim-
bers may for convenience be called the Paluxy Cross Timbers. (See
Pl. LXXTI.) This belt south of Wise County is separated from the
main belt of the Western Cross Timbers by the Glen Rose Prairie
(next to be described), and follows the outcrop of a higher and later
geologic formation than that occupied by the main belt. Like the
latter, this belt is characterized by deep, sandy soils accompanied by
red clays, thin limestone flags, fossil wood, and a stunted forest of
post-oak and black-jack timber. It begins in southern Wise County
as anarrow belt of post-oak timber, following the complicated contours
of the upper slopes of the western escarpment of the Grand Prairie
just below the summit. Along the eastern margin of the Brazos Val-
ley, Parker County, it follows a contour of from 250 to 300 feet above
the main belt of the Western Cross Timbers. Southward the Paluxy
timbers are a feature of the incised topography of the Lampasas Plain.
In Hood, Erath, Comanche, and Bosque counties, where the stratum
benches have been partially denuded, these forests occupy platforms
just below the belts of Walnut Prairie, or in cases where the summit
plain has been entirely denuded they occur as extensive patches of
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upland forest country. These belts of timber usually follow the
direction of the stream divides, or sometimes appear in the valleys of
the streams themselves, according to the depth of erosion of the latter.

North of Parker County, owing to the dying out of the Glen Rose
Prairie in that direction, the Paluxy Cross Timbers merge into the
main cross timbers, so that from there northward they form a con-
tinuous belt. The Paluxy Cross Timbers cease to be a conspicuous
feature south of Leon River, coincident with the cessation (as a strati-
graphic feature) in that direction of the sand bed in which they grow.

Glen Rose Prairie.—We have mentioned the appearance south of

Wise County of an intermediate belt of prairie between the two belts
" of forest which form the Western Cross Timbers. This prairie assumes
increasing areal importance south, and forms an important accompani-
ment of the general region of the Lampasas Plain. Like the Walnut
Prairie and the Western Cross Timbers, it is developed on the slopes
of the western escarpment and in the streamway indentations of the
Lampasas Plain, occupying large areas in Parker, Hood, Somervell,
Erath, Comanche, Mills, Lampasas, Burnet, and Travis counties, and
is seen typically around the towns of Granbury, Glen Rose, Stephen-
ville, Comanche, and Lampasas.

The regolith is usually thin and shallow and the general tone of the
landscape of a brownish-yellow color. The surfaces are usually stony,
owing to the breaking down of the many thin ledges of limestone,
which, in alternation with marly clays, compose their substructure.
The Glen Rose Prairie is covered with a thin growth of short grasses.
Thickets of sumac and occasional mottes of live oaks grow along the
rocky ledges, and mesquite trees in the flattened areas. In places, for
example the breaks of the Colorado, dense forests of juniper, locally
called cedar, inhabit the rocky ledges. These vegetal features give to
the country a diversified and picturesque aspect.

The minor configuration of the Glen Rose Prairie is broken by low
relief features, consisting of low terraces and stratified benches
resulting from the persistence of certain harder strata in alternation
with beds of softer material. Low, circular buttes, seldom over 50 feet
in height, consisting of alternations of thin beds of indurated arena-
ceous limestone and clay, arealso frequent. These are seen near Lam-
beth and Stringtown, Parker County, and thence southward at many
points on the eastern border of the Western Cross Timbers. They
are especially well developed west of Lampasas and on the margins of
the Colorado near the corners of Burnet, Blanco, and Travis counties.

RESUME.

From the fc;regoing brief description of the Black and Grand prairie
regions of Texas north of the Colorado, it must be apparent that all
the diverse features thereof result from the composition, degree of
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induration, and arrangement of the underlying rocks. A stratum of
unindurated marl, clay, or sand yields more readily to the attacks of
erosion than the beds of harder material. Thus the outcrop of the
Austin chalk produces the only sharply defined scarp or line of promi-
nent hills in the Black Prairie region, while the Edwards limestone
makes the most conspicuous and rugged topography of the Grand
Prairie. Compact and excessively calcareous marls and clays seem
unpropitious for forest growth, and hence wherever these form the
surface there is an absence of forest, except in some cases where the
mesquite grows. On the other hand, porous, unconsolidated sands,
such as make the cross-timber regions, present ideal conditions for
forest growth and are covered with trees. The outcrops of harder lime-
stone, such asare found in the escarpments, are often fissured, shattered,
and broken, and hence offer a propitious environment for the growth of
hardy live oaks and other trees,



PART III.
GEOLOGY OF THE BLACK AND GRAND PRAIRIES.!

The formations which relate to the Black Prairie and Grand Prairie
subprovinces beldng to three categories, as follows: (1) The Azoicand
Paleozoic rocks, making the basement or foundation; (2) the Creta-
ceous rocks, which are the chief formations of the Black and Grand
prairies proper; (3) the surficial post-Cretaceous formations which in
places veneer the surface.

BASEMENT ROCKS OF THE BLACK AND GRAND PRAIRIES.

The subhorizontal Cretaceous rocks which make the chief forma-
tions of the Black Prairie and Grand Prairie regions overlie an older
floor or substructure of Azoic and Paleozoic rocks. The composition
and structure of the latter rocks have an important bearing upon the
conditions of underground water, for they are frequently penetrated
by the artesian drills.

The interior edges of the subhorizontal sheets of Cretaceous rocks
of the prairies under discussion everywhere rest unconformably upon
and against the Paleozoic rocks. (See Pl. XIV.) These older rocks of
the Paleozoic floor constitute a plexus of formations ranging in age
from Algonkian to Permian, inclusive; they are entirely different in
stratigraphic arrangement from the overlying Cretaceous and dip at
different angles and in different directions.

From Arkansas west to the Missouri, Kansas and Texas Railway near
Boggy Depot, a distance of 200 miles, the rocks are Carboniferous, or
older Paleozoic. From Atokawestward toward Duncan, in the Chicka-
saw Nation, they are granites, Silurian limestones, and Carboniferous
strata. From Duncan, following the western border southward, the
Cretaceous rocks overlie the Permian Red Beds as far south as Chico,
Wise County, Texas. From the latter point they overlie Carbonifer-
ous rocks to Burnet County, where Cambrian and Silurian rocks again
form the floor for a short distance. Near the Colorado they rest upon
the Carboniferous, while west of that stream they overlap Cambrian
formations and granite. The northern border region, in Indian Terri-
tory, composed of the Ouachita Mountains, has been a land area since
early Mesozoic time, and probably was never completely overlapped
by the Cretaceous rocks.

1See pocket maps, Pls. LXTIII, LXIV.
86
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The western border region, in Texas, on the other hand, was com-
pletely submerged by the Cretaceous seas and is now reexposed by
the denudation of the Cretaceous rocks which once overlay it.

Azoic Rocks.!

The oldest known rocks of the plexus are schists, granites, and
crystalline limestones. Some of these may be Archean; others are
Algonkian. They are certainly pre-Cambrian. Studies so far made
have not been sufficient to differentiate the rocks or to determine
finally their exact age and origin. They are now exposed in com-
paratively limited areas at a few widely separated intervals in Texas
and Indian Territory, between which no relation has been established.

The old granitic outecrops adjacent to the borders of the Black and
Grand prairies are seen in limited localities in Burnet County, Texas,
the Wichita Mountains of Oklahoma, the Chickasaw Nation of Indian
Territory, and the Ozark Country of Missouri.

In the drainage valleys of the Lilano and Colorado,* in Llano, Mason,
Gillespie, and Burnet counties (the Burnet Country of the Central Prov-
ince), erosion has stripped away layer after layer of the once overlying
sediments and exposed older granitic rocks.” These consist of protru-
sions into a series of pre-Cambrian metamorphic strata to which Wal-
cott, who first pointed out their relations, gave the name of the Llano
group, which is unconformably overlain by the Cambrian.®* The Llano
group is composed of layers of schists, quartzite, and other rocks tilted
almost vertically and overlain by subhorizontal strata of Cambrian
sedimentary rocks. The Llano group is of Algonkian age and prob-
ably includes the oldest sedimentary rocks of the Texas region, which
have been so altered and metamorphosed that remains of life have
not as yet been found in them. The Burnet granites are clearly
intruded into the Llano group and hence are of later age. They are
also overlain by the Cambrian strata, and therefore are pre-Cambrian.
There may be other granites of post-Cambrian age in the Burnet region,
as has been asserted by Comstock, but their existence has not been
demonstrated. The Llano schists and the Burnet granites are so inti-
mately associated that for present purposes they will be considered
collectively.

Southward, in Gillespie County, the granites are overlain by the
Cretaceous rocks of the Edwards Plateau and are reexposed in small
areas by the incisions of the Pedernales drainage. They are also
penetrated by well drills beneath the surface of the Cretaceous lime-

1See P1. LXVIL.

2Some have treated this Burnet granite outcrop—the survival of an ancient configuration—as the
remnant of primeval mountains which have stood since the\earliest days of geologic time, above the
seas which subsequently surrrounded them. This is a mistaken hypothesis, however, for these rocks
were completely buried beneath the sediments of the Cretaceous ocean which covered them, and are
now exposed only where drainage has cut down to them through the overlying layers of later rocks.

3 Ara, Jour, Sci., 3d series, Vol. XX VIII, 1884, p. 431. *
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stones at Kerrville and 12 miles northward, showing that the granites
are buried for a considerable distance to the south of their present
outcrop. No hypothesis can be formed concerning their extent to the
north, west, and east. ‘

The next outcrops of supposedly fundamental granite are in Indian
Territory and Oklahoma, some 250 miles north of the Burnet locality.
These occur in two general localities within the Ouachita uplift, one
of which is in the Chickasaw Nation of Indian Territory around Tish-
omingo, and the other in the Wichita Mountains on the Comanche
Reservation of Oklahoma.

The Tishomingo locality is composed of old granites, exposed in a
low, flat, or gently arched area by the stripping away of the Silurian
and Carboniferous strata of the Ouachita plexus which once covered
it. They are muscovite-biotite granites, overlapped on the north and
west by Lower Silurian (Ordovician) rocks. Further study is needed
before any final conclusions as toage can be reached.® The Cretaceous
rocks of the northern edge of the Grand Prairie rest upon these gran-
ites between Boggy depot and Tishomingo.

The granites of the Wichita Mountains, which begin 75 miles west-
ward, are quite different in occurrence and composition. They are
the sharp central cores of an east-west range, flanked on either side by
Ordovician and Permian rocks, the latter made up of granitic débris.
Whether the Wichita granites are pre- or post-Ordovician is unsettled,
but there is a modicum of evidence in favor of the latter supposition.®

The strike of the Wichita outcrop is east and west—a little north of
west, or directly at right angles to the north-south trend of the
supposed fundamental northeast-southwest axial trend, as generally
believed. Thereis also a solitary granitic dike in the Cherokee Nation
to the north of the Ouachita uplift, near Spavinaw Creek, recently
reported by Drake.® This is a small dike cutting the Silurian strata.

Still to the northeast granites occur at the base of the Ozark plexus
in Missouri. The Ozark granites of the Ozark uplift, which occupy
nearly all of southern Missouri and northwestern Arkansas, occur as
an island in a vast area of Paleozic rocks. These granites, which have

1Mr. J. A. Tuff, of the United States Geological Survey, is now making detailed studies of southern
Indian Territory, and his results will probably add much to our present incomplete knowledge of
the region.

28ince this was written a valoable paper entitled Geology of the Wichita Mountains, by H. Foster.
Bain, has appeared. (See Bull, Geol. Soc. America, Vol. IT, pp. 127-144, Rochester, March, 1900.) Mr.
Bain’s conelusions concerning the age of these mountains are as follows:

“It ig evident that there was a pre-Cambrian land mass of igneous rocks, and that over
this was laid down an undisturbed sequence stretching from the Cambrian up to and including the
Trenton. Then came the main upheaval and the intrusion of the granite. Around the edge of the
new mountains the Geronimo series was laid down. The shearing and faulting of the granite and
the presence of greenstone dikes cutting it, with the true though slight dip of the Geronimo beds,
indicate later disturbances of lesser degree. Since the intrusion of the granite, however, the main
history of the region has been one of vigorous and long-continued erosion, through which the
mechanienl sediments of the Red Beds and later deposits were prepared and distributed.”

8 Proc. Am. Philos. Soc., Vol, XXXVI, 1898, p. 338.
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been frequently considered an Archean nucleus, have been shown to
be of Algonkian age. It has been generally thought that the Ozark
uplift represented the survival of an ancient upland, but Marbut,
Davis, Griswold, Keyes, and others who have recently given the
region special study from both the geographic and the geologic stand-
point, agree in regarding the uplift as it now stands as a very modern
feature of relief, not earlier than middle or late Tertiary.

-Paleozoic Sedimentary Rocks.

The sedimentary Paleozoic rocks of the Texas region, constituting
the floor of the Cretaceous formations, belong to five great systems, the
Cambrian, Ordovician or Lower Silurian, Upper or true Silurian,
Carboniferous, and Permo-Triassic. The Devonian may also have
inconspicuous representation in the complex of the Ouachita Moun-
tains of Indian Territory, but need not be considered at present.

CAMBRIAN ROCKS.

The oldest of these systems of formations, the Cambrian, and the
overlying Ordovician, which, so far as known, succeed each other

Fia. 6.—Walcott's figure of Packsaddle Mountain.

1. Llano group. Feet.
2. Massive Potsdam Sandstone. ... .. ... ittt aie e ie e aaeeaas 205
3. Potadam LImnestone. . ... . e aieieaeaaeeeaeeieeaaaaaa 310
4, Potsdam SANASLOMIE o ..o ottt et ettt et et et ee e 30
5. Potsdam SANASLONE . ..utn ettt i iee et a it aa et anaaaaaaas 60

without break, may, for the purposes of this paper, be considered as
a unit. These accompany and overlap the borders of the fundamental
granite outcrops of the limited Burnet locality. The lowest and
oldest of these is chiefly a sandstone of Middle Cambrian age with
alternations of limestones. The second and overlying member, the
Ordovician, is composed of firm limestone of close texture and great
bhardness. »

The Cambrian formations, which are the oldest known fossiliferous
sedimentary rocks, occur as the summits of buttes within the general
area of the Azoic rocks of the Burnet basin and as a rim of outcrops

1Charles R. Keyeg, in Science, April 29, 1898, pp. 583-589.
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surrounding it. (See Pls. XIV and LXVI.) They consist of ferrugi-
nous brown sandstones alternating with limestone, as shown in the
following section, made in Llano County by Walcott.?

These rocks were originally reconnoitered by Roemer,* and were
further studied by Shumard,® but Walcott* presented the first classi-
fication, showing their unconformity upon the underlying Algonkian,
giving measurements of their thickness, and demonstrating that they
represent only the Middle and Upper Cambrian stages. Comstock®
bas later given much detail of the distribution of these rocks, but has
erroneously assigned their basal portion to the Lower Cambrian.

Rocks of Cambrian age may also occur in the Wichita Mountains
(Bain) and in the Arbuckle Hills of the Ouachita system, as exposed in
Washita Canyon between Dougherty and Berwin, Indian Territory.
The details of this latter section have not been minutely studied,® but
from fossils collected by the writer, Prof. H. S. Williams determined
some of probable Trenton age.

SILURIAN ROCKS.
ORDOVICIAN OR LOWER SILURIAN ROCES.

Ordovician or Lower Silurian rocks, composed of massive limestones
and dolomite accompanied by cherts, occur in the Burnet, Wichita,
Tishomingo, and Ozark regions. These have been studied in the
Burnet district by Roemer, Shumard, Walcott, Comstock, and the
writer. These limestones occur principally around the peripheral
portion of the Burnet basin, in Burnet, Blanco, Gillespie, Mason,
Kimball, McCulloch, and San Saba counties. Their contacts with the
overlying Carboniferous and underlying Cambrian are well shown.
The only estimate of thickness is the section measured by Walcott,’
who gives 1,145 feet.

Ordovician rocks also occur, as has been shown by the writer® and
by Vaughan,® in the east-west folds in the Arbuckle and Wichita
ranges of the Ouachita system, situated west of the Missouri, Kansas
and Texas Railway, where they supplant as the chief mountain-making
material the Carboniferous, which predominates to the eastward.

UPPER SILURIAN ROCKS.

True Silurian (Upper Silurian) rocks have not been recognized in the
substructure of the region south of the Ouachita Mountains, although

1 Am. Jour. Sei., 3d ser., Vol. XXVIII, December, 1884, p. 432.

2Texas, etc., Bonn, 1849; Die Kreidehildungen von Texas, etc., Bonn, 1852. »

3Trans. Acad. Sei., St. Louis, Vol. I, 1860, pp. 672, 673; Am. Jour. Scl., 34 ser., Vol. XXXII, 1861, p.
213.

4 Am. Jour. Sci., 2d ser., Vol. XXVIII, December, 1884, pp. 432—433.

5 First and Second Reports of the Texas Geological Survey, Austin, Texas, 1890 and 1891.

¢ Am.Jour. Sci., 3d series, Vol. X LII, August, 1891, p. 121.

71d., Vol. XX VIII, December, 1884, p. 433.

81d., Vol. XLII, August, 1891, p. 121. PSS,
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they may appear. They occur in the latter, however, in the Chickasaw
Nation, as has been shown by the writer,! where they consist of lime-
stones. Certain limestones in the Burnet plexus, called Burnet marble
by the writer,® may ultimately prove to be of this age.

CARBONIFEROUS AND PERMO-TRIASSIC ROCKS.
EXTENT, SUBDIVISIONS, AND GENERAL RELATIONS.

The Carboniferous and Permo-Triassic rocks of the Central Province
of Texas and Indian Territory are of great areal extent and impor-
tance.®* They are the principal strata adjacent to the interior borders
of the Grand Prairie and are the buried floor upon which the Creta-
ceous rocks of the latter are laid down, as shown in many of the
geologic sections in this paper.

The maximum thickness of the Carboniferous and Permo-Triassic
rocks aggregates nearly 30,000 feet, and for convenience of discussion
they may be for the present divided into three great provincial groups,
as follows:

3. Permo-Triassic............ Red Beds of southern Kansas, Oklahoma, and Texas.

2. Permo-Carboniferous. . . ... {Neosho-Cbase formation of Kansas and Oklahoma

and Coleman beds of Texas.

5. Wabaunsee and Cottonwood formations (Kansas),
Poteau (Arkansas, Indian Territory), Cisco, and
Waldrip (Texas).

: 4. Cavanal (Indian Territory, Missouri, Kansas).

1. Carboniferous.............. 3. McAlester (Indian Territory), Richland and
Strawn (Texas).

2. Marble Falls formation (Texas).

1. Wapanucka limestone (Indian Territory).

The upperraost of these grand divisions, the Permo-Triassic, which
is more fully discussed on a later page, consists of beds of red clays,
sands, and impure limestone. The Permo-Carboniferous is largely
made up of alternations of evenly bedded yellowish limestone, shales,
sandstones, and conglomerates, and, as indicated by its name, is a
transitional formation connecting the Carboniferous and the Permian,
The Carboniferous proper is composed almost entirely of impure
shales and sandstones with coal beds, with a thick bed of limestone
near its base in the Indian Territory and Texas. These beds will not
be discussed in detail, but some generalizations concerning their occur-
rence as a whole will be presented.

These formations are sediments wholly or in part derived from
an old pre-Carboniferous Appalachian land, situated eastward of

1 Am. Jour. Sci., 3d series, Vol. XLII, August, 1891, p. 121.

2 Am. Geologlst, May, 1889, p. 3.

3Since this chapter was written Mr. J. A. Tafl, of the United States Geological Survey, has begun a
thorough survey of the Indian Territory field, and his results will materially refine and complete the
fragmentary knowledge we now possess of that interesting region.
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their present outerop,' which occupied the present site of the East-
Central and Eastern provinces, as is more fully set forth in the sec-
tion on the geologic structure.

The Carboniferous portion of these rocks at least has been con-
sidered to represent the southwestern continuation of the Missouri
and Arkansas strata of the Mississippian field, for the rocks disappear
westward beneath later formations of the Central and Plateau prov-
inces. Their buried westward continuation supposedly occupies a
great synclinal trough beneath the provinces last mentioned, the west-
ern limb of which reappears in the upturned flanks of the Cordilleras.?

OCCURRENCE IN PARALLEL BELTS.

The Carboniferous and Permian formations occur in a series of
parallel belts of outcrop one succeeding another to the northwest in
ascending series. The belts extend from southern Kansas and eastern
Indian Territory toward south-central Texas, occupying the Central
Province of the Greater Plains region. The plications of the eastern
or Massern Ranges of the Ouachita system are the most eastern belt,
while the Arbuckle and Wichita ranges are plications directly across
the strike of the more westerly belts, which are separated by them into
northern and southern areas.

Although the ‘general features of some of these belts of outcrop
may be traced from Kansas River in Kansas to the Colorado in Texas,
a distance of over 500 miles, except where they cross the Ouachita
trends, no attempt has been made to outline them as a whole, and the
classification herein used must be considered temporary and pro-
visional. In general,their occurrence by districts may be stated as
follows:

Ouachita belt.—The most eastern belt may be termed the Ouachita.
This comprises the outerop of the lower rocks of the Carboniferous,
principally sandstones and shales, which compose the Massern Ranges
of Arkansas and Indian Territory. Similar rocks outcrop at intervals
in the Palo Pinto, Brownwood, and Smithwick districts of Texas,
along the interior margin of the Grand Prairie.

Muscogee belt.—Succeeding the Ouachita belt to the northwest there
is vsually a region of prairie underlain largely by arenaceous shales
of the Coal Measures. This constitutes the prairies of eastern Kansas
and north-central Indian Territory. In Texas the rocks of this district
are represented along a belt through Cisco and west of Brownwood.

Neosho belt.—This is a narrow strip of prairie country, underlain by
yellowish limestones and shales of the Permo-Carboniferous, which
extends from Kansas River at Fort Riley southward via Arkansas City

1Thigs fact is developed by J. C. Branner in Am. Jour. Sci., 4th series, Vol.IV,1897, pp. 867-371.

2 Carboniferous rocks also oceur in the Guadalupe and other ranges of the Trans-Pecos Mountains.
These belong to a distinet province from that of the phenomena discussed 1n the present paper, being
separated from the latter by the Great Plains and the Central Province.
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nearly to the Ouachita Mountains, by which it is interrupted. It
reappears in Texas, near Albany, and extends southward via Putnam
and Coleman to the Colorado.

Arapaho belt.—This succeeds the Neosho belt to the westward and
is characterized by its vermilion-red soils and substructure of red
sandstones and clays. It extends from southern Kansas near Medicine
Lodge (on its western edge) through Oklahoma, via Kingfisher (at its
eastern border) and El Reno, and through a gap between the Wichita
and Arbuckle ranges, into Texas, where it is known in its different
parts as the Wichita, the Abilene, and the Tom Green countries.

Canadian belt.—This succeeds the Arapaho belt to the westward,
and is also composed of red soils, but is marked by the occurrence of
thick beds of massive white gypsum. It extends west of Medicine
Lodge, Kansas, southward through western Oklahoma, around the
western edge of the Wichita Mountains, into Texas via Vernon,
Haskell, and Sweetwater.

These belts and districts, established upon certain geologic forma-
tions for which the foregoing generic names are suggested, are largely
known by different names in their different parts, as has already been
indicated.

The rock sheets of the Ouachita district are intensely folded and
plicated into the east-west ranges of the Ouachita system,extending
from Arkansas into Indian Territory. The southward continuation of
these folds toward Red River was planed away by the erosion preced-
ing the Cretaceous period and buried by the Cretaceous formations in
a manner which separates the outcrops of the Carboniferous areas of
Texas from those of Indian Territory.

The rock sheets of the other belts have a general inclination west-
ward and regularly succeed one another in that direction.

The outcrops of the Red Beds proper, which are of undoubted Per-
mian age in Texas, and the Permo-Carboniferous groups do not touch
the Grand Prairie and Black Prairie regions except in the area imme-
diately adjacent to the valley of Red River, being confined to the
Arapabo, Haskell, and Abilene districts. Everywhere else the Car-
boniferous rocks are in close proximity to the interior borders of the
Grand Prairie.

CARBONIFEROUS FORMATIONS. .

In Texas the belts of Carboniferous rocks may be subdivided into
three local districts along the eastern half of the Central Province,
separated from one another by overlap of the Cretaceous formations.
These are the Palo Pinto, Colorado, and Smithwick districts. The
Palo Pinto and Colorado districts are stratigraphically the same, their
geographic continuity being partially broken by the overlap of the
narrow Callahan Divide. The small Smithwick district is in the Colo-
rado River Valley, near the corner of Burnet, Travis, and Hays
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counties, and is cut off from the Colorado district by the intervention
of eminences of the older Paleozoic rocks and the Cretaceous overlap
in Burnet County. These districts are all southern analogues of the
belts of Indian Territory.

SMITHWICK DISTRICT.

The southernmost area of the Carboniferous exposures in the Central
Province is found in the southeastern part of the Burnet Country,
southeastward of Burnet, along the Colorado, between Marble Falls
and Travis Peak post-offices. This outerop is separated from the Colo-
rado district to the north by the Burnet granite and older Paleozoic
rocks and overlap of the Cretaceous in northern Burnet County.

A good section of the typical locality of these rocks is exposed on a
line along the Colorado River from Marble Falls east, the rocks dip-
ping beneath the Cretaceous southeastward. The beds consist of about
300 feet of shaly fossiliferous limestone (the Marble Falls limestone of
the writer).? This occupies the stratigraphic position of, and is prob-
ably the same as, the formation of the Colorado district to which the
name ‘‘Bend division” was later given by Cummins.® The limestone
passes upward into shales and sandstones equivalent to the basal por-
tion of the Richmond beds of the Colorado section.

Marble Falls limestone.—The basement limestone over which the
river falls at Marble Falls, a short distance down the stream, rests
upon the Ordovician. Its upper contact with the basal shales of the
Richland division is seen in the river banks at the falls and in the bluffs
of Backbone Creek in the town of Marble Falls. The lake above the
natural dam of the Colorado at Marble Falls is formed by the erosion
of the shales down to a floor of the shaly limestones, which here dip
up the stream. This limestone outcrops elsewhere on the southern
and eastern sides of the Burnet Country at various places below the
Cretaceous scarp, between Colorado River and the town of Burnet.
It largely forms the topographic feature in the region known as the
Shinbone Ridge, extending from Marble Falls on the Colorado north-
ward toward Burnet. Patches are found at several places elsewhere
in the general Burnet district, notably near Packsaddle Mountain.

At Marble Falls and at a point about 5 miles east of that town, the
lower limestones are overlain by shales and sandstones equivalent to
the Richland formation of the Colorado district. The upward con-
tinuation of the Richland formation, or that portion in which we should
expect to find the coal beds, is concealed in the Smithwick district by
the unconformable overlap of the Cretaceous. Borings, if made in the
valley of the Colorado, in western Travis County, would probably
strike the buried coal beds.

1 Am. Geologist, May, 1889, p. 3.
2See First Ann. Rept. Geol. Survey of Texas, 1889, Pl. IIL.
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The Marble Falls limestone of this district is of historic interest,
inasmuch as it is the same that Dr. B. F. Shumard stated might
prove upon further research to be Devonian,' thereby suggesting the
possibility of the existence of Devonian formations in the Texas
region.

In 1889 the writer visited this locality in order to ascertain the age
of these beds. He found that the same limestone was again exposed
2 miles northward, in Shinbone Ridge, resting against the granite.
Between the two localities was a synclinal depression covered with
shales and river alluvium. Collections were made at both localities
and the opinion was expressed that the rocks were of Carboniferous
age.”

Later Dr. Comstock® disagreed with the writer, in respect both to
age determination and to stratigraphy of the rocks, apparently treat-
ing the two outcrops of the limestone at Marble Falls and Shinbone
as distinct formations, calling it Devonian at the former locality and
Silurian at the latter. Subsequent studies and collections in 1895,
1897, and 1898 fully verified the conclusion that the rocks are of Car-
boniferous age. Fossils collected from these heds were determined
by the best specialists to be of Carboniferous age. A report from
the Assistant Secretary of the Smithsonian Institution in charge of
the National Museum, made in 1821, reads as follows:

The fossils from Marble Falls represent the Lower Carboniferous fauna and include:
Productus semireliculatus, Productus, sp.?, Spirifera striata, Spirifera rockymontana,
Terebratula, Aviculopecten sp.?, Bellerophon sp.?. Those from Shinbone Ridge are

very imperfect, but they indicate the presence of the Carboniferous fauna. The
genera Fenestella and Productus are represented.

The following report by Dr. George H. Girty, dated November 24,
1896, is self-explanatory:

At the request of Mr. R. T. Hill, geologist, I have the honor of making the follow-
ing report upon a collection of fossils from Marble Falls, Texas. The specimens in
question were derived from a limestone at Marble Falls, and are of especial interest
as bearing upon the question whether Devonian time is represented in the ror:ks of
Texas.

The following species have been identified:

Campophyllum torquium. Streblopteria herzeri?
Cheetetes radians? Aviculopecten cf. whitei.
Productus semireticulatus. Aviculopecten sp.

Productus costatus? Myalina perniformis.
Productus prattenianus. Pleurophorus occidentalis.
Spirifer rockymontanus. Conocardium sp.

Spirifer condor.  Euomphalus subrugosus.
Seminula sp. Phanerotrema grayvillensis ?
Dielasma ? sp. Phillipsia missouriensis?

1 Trans. St. Louis Acad. Sci., Vol. I, 1860, p. 673.
2Quoted in First Ann. Rept. Geol. Survey of Texas, Austin, 1890, p. 250,
3 First Ann. Rept. Geol. Survey of Texas, 1890, pp. 311-315.
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Productus semiveticulatus, P. costatus #, and Campophyllum torquium are by far the
most abundant, while P. prattenianus, Spirifer condor, and Conocardium sp. are also
represented by several individuals. The remaining forms, including nearly all the
lamellibranchs, are, for the most part, single specimens, and have not been deter-
mined with certainty. Nevertheless, the faunarepresented in the collection presents
an assemblage of types scarcely to be mistaken. It is clearly a Carboniferous fauna.

The Smithwick district is also interesting from the fact that it is the
only exposure in the whole general region in which.the Carboniferous
rocks dip seaward, and may represent the coastward slope of the old
post-Carboniferous land areas.

COLORADO DISTRICT.

The Colorado district of the Central Province as exposed in sections
adjacent to the Colorado River in Brown, Lampasas, and San Saba
counties, south of the Callahan Divide, is the typical district of Car-
boniferous rocks of the Central Province in Texas, to which those of

TARR. DRAKE, CUMMINS,
Albany ............. Albany...........
Coleman «........eees
Cisco............. Cisco.............
Wealdrlp ..c.coovvvanas
Brownwood ....... Canyon...........E Canyon...........
FEET
400
300
Richland ....... Strawn......... . = Strawn.........
200
100
Lower limestone. Bend ........... L r—1 Bend ........... — Lo

F1G. 7.—Comparison of the Colorado River sections of the Carboniferous as determined by Tarr, Drake,
and Cummins.

the other districts may be compared. In this region there is exposed
a continuous section from the Silurian rocks below, on the east, to
the Permian above, on the west. The Carboniferous portion of this
section has been described in its entirety by three authors—Tarr,’
Cummins,® and Drake *—successively. (See fig. 7.)

The Carboniferous rocks of Texas were first reconnoitered by Roemer
and subsequently in part by Shumard, Ashburper, and others, but
their details and classification as a whole have been brought out more
fully by the publications of Tarr, Cammins, and Drake.

1 First Ann. Rept. Geol, Survey of Texas, Austin, 1890, pp. 201-203.
2Loc. cit.; also Second Ann. Rept. Geol. Survey of Texas, 1891,
3 Fourth Ann. Rept. Geol. Survey of Texas.
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The entire series of the Carboniferous and Permo-Carboniferous
beds of this section, from the underlying Silurian to the overlying
Permian, was divided by Tarr into six formations, called ‘divisions,”
based upon lithologic and stratigraphic characters,* as follows:

Thickness in feet.

COlemMAN « « e o eeteeeeeccenaccecaeceaaaaaaaaacanaaaaaaaancaanan 1,200
Waldrip . el tmememeeaa- e 800
Brownwood ...ccaaa-n B e 800
ML DUIn - oo e eecceeeeeee———an 125
Richland. . ..o ea i cccaaccccearaarcecaaaaaean 4,000

Bagal limestone.

Tarr? first observed the broad fact that the rocks comprising these
divisions were groupable into three great lithologic categories, a.
lower group of more massive limestones, a middle group of sand
and shale, sandstones, conglomerates, etc., and an upper group of
limestones.

Basal limestone.—This division, which Tarr recognized but did not
name, consists for the most part of massive, hard limestone, but at
the top there is usually a bed of black clay shale. This rests upon
the Ordovician rocks, forming a narrow belt on the north and north-
east of the Burnet area.

Tarr gave no name to this lower formation, but it may probably be
the same as that of the Smithwick Country which had been previously
called the Marble Falls limestone® and which was later called by
Cummins * the ‘“Bend division.” Tarr referred this lower limestone
group to the *‘sub-Carboniferous” period upon the evidence of a fossil
goniatite determined by Prof. Alpheus Hyatt. He stated that it con-
sisted almost entirely of crystalline limestone with beds of calcareous
shales occurring beneath the Upper Carboniferous beds and resting
uncomformably upon the older Silurian rocks. In the later Texas
reports® the thickness of this limestone is placed at 360 feet.

The strata of the overlying divisions are said to be unconformable
with this, but conformable to one another, which conditions are shown
in the map and sections accompanying Drake’s report. According to
the last-mentioned authority, the strike of the basal limestone is nearly
at right angles to that of the overlying beds. More field work is
necessary, however, to fully establish this conclusion.

The Richland, Milburn, Brownwood, Waldrip, and Coleman divisions
of Tarr® (later called the Strawn, Canyon, Cisco, and Albany divisions
by Cummins) constitute the plexus overlying the Marble Falls lime-

1The thicknesses cited are those given by Drake: Report on the Colorado coal field of Texas, by
N. F. Drake and R. A. Thompson, Austin, Texas, September, 1893.

2 A preliminary report on the coal fields of the Colorado River, by Ralph S. Tarr: First Ann. Rept.
Geol. Survey of Texas, 1889, Austin, 1890, pp. 201-233.

33ee Geological story of the Colorado River: Am. Geologist, May, 1889.

4 First Ann. Rept. Geol. Survey of Texas, 1890.

58econd Ann. Rept. Geol. Survey of Texas, Austin, 1891, table on page 361.

6Second and Third Ann. Repts. Geol. Survey of Texas, 1891.

21 eEoL, PT 7—01—-7
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stones, and are distinguishable from one another by lithologic and
faunal characteristics, as follows:

Richlond division.—Beds of sharp-grained, moderately hard, even-
textured sandstone, alternating with beds of blue clay. = Conglomerates
and shales are not abundant, and limestones are of rare occurrence.
Thickness, 4,000 feet.

Milburn beds.—The Milburn division, as originally defined by Tarr,
congisted of local impure deposits which are now included with the
Brownwood division. At the close of the Richland subepoch, as shown
by the clays of the Milburn beds, there was a slight subsidence of the
sea floor, so that deeper sea deposits were laid down.

Brownwood divescon (Canyon division of Cummins).—Alternating
beds of rather rough, even-textured, bluish limestone, blue clay, some
sandstone and conglomerate. Thickness, 800 feet. ’

Waldrip division.—Beds of blue clay which are shaly at some
localities, and of sandstone, usually conglomeratic and often a pure
conglomerate. In the Waldrip division there is a commingling of
material, indicating varying conditions of deposition. Accumulated
vegetation, clay, sandstone, and conglomerate of coast deposits in
quiet and turbulent waters, grading upward into deeper deposits of
limestones, all enter into the general make-up of this division, and
record it as a time of many changes. The irregular eroding and over-
lapping of some of the included beds also mark sudden and irregular
changes. Thin-bedded limestone and some coal. Thickness, 800 feet.

Coleman division.—Massive beds of blue, gray, and yellowish col-
ored limestone, alternating with beds of blue clay and black or gray
shale. Sandstones and conglomerates are almost entirely lacking.
The beds of the Coleman division are more regular and persistent
than those of the preceding divisions. The limestonesare thicker and-
the marine fauna is more abundant, indicating a deeper sea and more
regular conditions of deposition. Inthis partof the field the limestone
beds regularly thin to the north and seemingly to the south from the
Colorado River, clay or marls sometimes replacing them. Thickness,
1,200 feet.

PALO PINTO DISTRICT.

The Carboniferous rocks of Texas lying north of the Callahan
Divide, as previously stated, are a continuation of strata of the Colo-
rado section, differing from them chiefly in variations in thickness of
the strata and by the fact that the basal portion of the section is con-
cealed by a greater overlap of the Cretaceous formations to the east-
ward. The rocks of this district were described, defined, and classified
into divisions synonymous with those of the Central Province by
Cummins. According to him® the thickness of the beds in this prov-
ince is ‘“‘three thousand seven hundred and forty feet, by actual

18econd Ann, Rept. Geol. Survey of Texas, Austin, 1890, p. 369.
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measurement on a line run from the upper part of the measures
at the northeast corner of Throckmorton County to the west line of
Hood County.” The section as thus stated is given from above downs
ward and against the dip, which is to the west. The lower beds of
the section are at the west line of Hood County and the upper beds
at the northeast corner of Throckmorton County.

This section by Cummins does not represent the entire thickness
of the Carboniferous series, for these continue downward from 1,500
to 8,000 feet lower than the base of Cummins’s section, beneath the
overlap of the Cretaceous formation of the Grand Prairie region to
the eastward. The deep artesian well at Fort Worth, 40 miles from
the nearest Carboniferous outerop, after passing through 1,200 to 1,400
feet of Cretaceous, penetrated nearly 1,500 feet of Carboniferous
strata.

CARBONIFEROUS ROCKS OF THE NORTHERN BORDER REGION.

In the Ouachita and Muscogee districts the relations of ‘the beds
which initiate the Carboniferous proper to the Marble Falls and Bend
limestones of the base of the Texas sections can not be stated at pres-
ent. The basal Carboniferous of the Quachita and Muscogee districts
is succeeded by shales and sandstones, which in a general way are the
equivalent of the Richland formation of Texas. In the Ouachita dis-
triet the beds are intensely folded. The chief characteristic of the
Indian Territory section of the districts mentioned is its tremendous
thickness in comparison with that of Texas, which leads to the belief
that a previous and at present inexplicable pre-Carboniferous topo-
graphic barrier in some manner separated or partially separated the
deposition areas of Texas from those of northern Indian Territory in
Carboniferous time.

The Eocarboniferous, which may be absent in Texas, is well repre-
sented at the base of the series in Indian Territory, although, so far
as the writer is aware, it has not been detected in the Quachita dis-
trict. No strong line of demarcation is found between the Eocar-
boniferous and the Carboniferous. According to Drake the latter in
its entirety consists of shales, grits, and sandstones, attaining the
enormous thickness of 24,500 feet.

The Muskogee section is divided by Drake?® into the Lower and
Upper Coal Measures, but to all intents and purposes it is practically
a continuous formation. These-beds homotaxially are equivalent to
the Richland, Brownwood, and Waldrip divisions of the Texas section.

~
PERMO-CARBONIFEROUS STRATA.

Throughout their extent in Kansas, Indian Territory, and Texas
the western outcrops of the Coal Measures proper grade up without

1Proc. Am. Philos. Soc., Vol. XXX VI, 1808, p. 361,
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break, so far as is known, into beds marked by the appearance of
considerable thicknesses of limestone and of certain species associ-
ated with the Carboniferous fauna which have been referred to the
Permian. These beds are shales, massive sandstones, conglomerates,
and limestones. aggregating 1,500 feet (more or less) in thickness, of
the type of those of the Neosho-Chase section of Kansas. These beds
have been well studied in Kansas by Prosser, but little investigation
has been made of their continuation south into Indian Territory.
They are homotaxially the equivalent of the Coleman formation of
Texas. In Texas the sedimental change indicating this formation is
noted in the beds at the base of Tarr’s Coleman division, which are
included in the top of the Cisco division of Cummins and Drake.
These transitional beds, for which, in the absence of a more satis-
factory classification, the name Permo-Carboniferous may be provi-
sionally retained, have a thickness of 1,500 feet in Kansas at the
northern end of their strike, and 1,200 feet along the Colorado River
of Texas. Their relation to the Ouachita uplift has not been studied
or made out.

They uniformly occur in a belt along the western margin of the
main bodies of the Carboniferous formation of the Muscogee, Palo
Pinto, and Colorado districts, but do not oceur in the Smithwick and
Quachita districts. They grade, so far as known without break, into
the true Red Beds.

No Upper Carboniferous or later Paleozoic rocks have yet been
discovered on the coastward (eastern and southern) side of the general
Carboniferous area.

PERMO-TRIASSIC RED BEDS

EXTENT AND SUBDIVISIONS.

So far as known, the Permo-Carboniferous formations of the Central
region, in southern Kansas, Indian Territory, and Texas grade upward
without break into a series of sediments which have been spoken of
throughout this report as the Red Beds, but which, in order that they
may have a definite geographic name, might be defined as the Brazos
series.” This embraces all those rocks of Texas, Oklahoma, Kansas,
and eastern New Mexico between the top of the conformable Coleman
division of the Carboniferous beds below to the base of the unconform-
able Cretaceous above. The beds of this series have been called by
various names in literature, such as Jura-Trias,® Permian, ete.

These rocks underlie all the western half of the Central Province

1This name is selected on account of the development of these beds along the course of the Brazos
River.

2Tnasmuch as in the whole of the Texas-New Mexican region east of the Rocky Mountains no evi-
dence has been found that any of these beds are of Jurassic age the term Juratrias is not only inap-
propriate but misleading. It hasbeenshown that by far the greater partof these beds is of undoubted
Permian age, possibly succeeded by a thin Triassic formation. The term Permo-Trias is far more
appropriate therefor if a compound name in necessary.
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west of the Neosho belt, approximately the ninety-ninth meridian,
from its northern boundary in southern Kansas to its southern border
near the thirty-first parallel in southern Texas, where it is overlapped
by the southern scarp of Edwards Plateau. They also underlie the
Plateau of the Plains, forming beneath its cap a foundation of older
rocks, and are reexposed in the valleys of the Canadian and Pecos of
New Mexico. They likewise occur in the perimeters of the bolsons of
Trans-Pecos Texas and New Mexico.

In general, the Red Beds consist of red clays, sandstones, occasional
impure limestone, some conglomerate, and great beds of gypsum,
occurring both in strata and as impregnations. Above all, they are
distinguished by the flaring red tones which give to the rocks, soil,
and topography of the region in which they occur a peculiar vermilion
color. '

The Red Beds of the Central Province have been noted and com-
mented upon since. the earliest days of exploration, and many deserip-
tions of them are found in literature. The writer has passed over
them many times and has always insisted that their ultimate classifica-
tion would depend upon a special series of studies accompanied by
detailed stratigraphic work. Me has not time in the preparation of
this volume to go into extensive historic researches concerning the
evolution of knowledge on this subject. It can be stated in a general
way that the Red Beds of Texas were, so far as the writer is informed,
first mentioned by Falconer,' and that their Triassic age, based upon
the former’s observations, was first suggested by Roemer;? that de-
tails of the stratigraphy and subdivisions were first given by Stolley,®
and that their undoubted Permian age was proved by Boll,* Cope,® and
White.® Prof. Jules Marcou’ described these formations in Indian
Territory (Oklahoma) and the Canadian Valley of the Pan Handle of
Texas, but his observations never extended south of the Canadian
Valley.

The work of the late Texas Geological Survey, especially the care-
fully detailed sections by Cummins and Drake,® is the final step by
which we are permitted to form an idea of the stratigraphy of the
beds as a whole, The previous condition of knowledge concerning
them, with the exception of the ohservations of Falconer and Stolley,
are set forth in Bulletin No. 45 of this Survey.

The Red Beds as a whole are divided by the Texas survey® into two
age groups alleged to be separated by an unconformity, the lower of

1Jour. Royal Geog. Soc. of London, Vol. XIII, 1843, pp. 199-226. 2Texas, ete., Bonn.

8The Texas Immigrant and Travelers’ Guide Book, by J.de Cordova, Austin, 1856, pp. 49-58.

41 Am. Naturalist, Vol. XIV, 1880, p. 684.

6 Prof. E. D. Cope published many papers on the vertebrate fossils of the Permian beds of Texas, and
sent out the early expeditions of Boll and Cummins.

6The Texas Permian and its Mesozoic type of fossils: Bull. U. 8. Geol. Survey No. 77,1891.

7Geology of North America, Zurich, 1858.

88econd Ann. Rept. Geol. Survey of Texas, 1890, pp. 350-436. ? Loc. cit., pp. 350-436.
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which is called the Permian and the upper the Triassic. The former
(which constitute an overwhelming proportion of the whole) is subdi-
vided by Cummins into three divisions—Wichita, Clear Fork, and
Double Mountain, in ascending series—while the few feet of strata of
the alleged Triassic are called the Dockum formation.

THE PERMIAN.

Wichita formation.—This is described as being composed of sand-
stones, clays, and a peculiar conglomerate. There are no limestones
in it from bottom to top. The sandstones are of various colors. The
clays are red and bluish. Red clays or iron concretions exist in great
abundance. The peculiar conglomerate is composed of clay or clay
ironstone in a ferruginous matrix. The Wichita formation does not
extend south of the Brazos, and its thickness is placed at 2,000 feet.

Clear Fork formation.—This is the name given to the middle division
of the Permian strata. It is composed of limestones, clays, shale beds,
and sandstones. The limestones are mostly magnesian and carbon-
aceous. The sandstones are not so abundant as in the Wichita beds
and are not so massive, but are generally thin bedded. The claysare
blue or red, the red occurring in thick, heavy beds. The conglomerate
is similar to that found in the Wichitu formation, but not so abundant.
Toward the top the sandstones become more shaly and the clays more
sandy. There are also some beds of gypsum, but not in so great
abundance as found in the Double Mountain formation. The forma-
tion occurs immediately west of the Wichita formation as far south as
the Brazos, and is then found resting upon the Coleman or Permo-
Carboniferous throughout its continuation to the south of the latter
stream.

Double Mountain, formation.—The Double Mountain formation is
composed of sandstones, limestones, sandy shales, red and bluish
clays, and thick beds of gypsum. The limestones are generally of an
earthy variety, containing casts of fossils. The gypsum bedsare numer-
ous, and many of them are very thick. All the clays and shales are
impregnated with gypsum, and many of them carry a large percent-
age of the sandstones, and are generally very friable and of various
colors—red, white, and spotted. These beds have a thickness of about
1,900 feet.

These divisions do not appear to be clearly marked stratigraphically,
and probably represent continuous sedimentation. The Double Moun-
tain beds are preeminently the great gypsum formation, although this
mineral appears in the underlying divisions.

These beds cross Red River into southern Indian Territory, where
they surround the Wichita Range. In this vicinity theyare composed
of the débris of the rocks of the Wichita Mountains, as shown by
Mr. Vaughan. They pass north around the western and eastern ter-
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mini of these mountains into the Oklahoma and southern Kansas dis-
tricts, being well exposed in the Medicine Lodge region of Kansas.
In this region the Red Beds conform lithologically with the Double
Mountain divisions of Texas, and considerable doubt has been expressed
as to their age, many authorities considering them Triassic.

It is not within the writer’s province to harmonize the diverse opin-
ions whereby these beds are considered Triassic in Kansasand Permian
in Texas. It is sufficient to say that the formations are identical and
continuous between the two localities, and that they are Permian in

Texas.
THE ALLEGED TRIASSIC.

The overlying Dockum beds,? occurring as thin, fragmentary rem-
nants of a formation between the Permian and Cretaceous and the
Permian and Plains Tertiaries, along the eastern breaks of the Llano
Estacado, have been described in detail by N. F. Drake?® as consisting
of sandstones, conglomerate, and clays. This material varies in
lithologic characters at different localities, and is so different from the
underlying Permian and overlying Cretaceous or Tertiary that it is
usually easily recognized. '

The writer must confess, after much observation and careful perusal
of the descriptions of others, that the Red Beds of the Texas region
still require extensive study before they can be fully interpreted.

SUMMARY OF THE HISTORY OF THE PALEOZOIC ERA.

From the foregoing data it is evident that the underlying floor of
the Cretaceous formations is a vast group of strata which record an
interesting geologic history involving long periods of sedimentation
and many changes in the configuration of the land.

Concerning the earlier Archean, Algonkian, and Cambrian history
but little is known. The Cambrian sandstones of the Burnet region
were derived from an old Algonkian near-by land. Its extent, how-
ever, is completely veiled by the overlying formations. The history
of the Cambrian and Ordovician sea areas is likewise obscured, although
we know that this sea did exist in central Texas and Oklahoma and
Missouri, to the east and south. The probable absence of the upper-
most Silurian, Devonian, and Eocarboniferous in the Texas districts,
especially the Burnet district, strongly suggests that after Ordovician
time there was a continued and increased land area in that region.

The Carboniferous formations, composed of land-derived sediments,
attest the existence of great land areas in their proximity, from which

1These opinions are summarized by Prosser in the Kansas University Quarterly, Vol. VI, No.4,
October, 1897, p. 150.

2Named in the First Ann. Rept. Geol, Survey of Texas, Austin, 1890, pp. 189,190.

8Third Ann. Rept. Geol. Survey of Texas, Austin, 1891,
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these sediments came, and it is evident that this land lay largely to
the south of the Ouachita Mountains, toward the Gulf of Mexico, in
the direction of the present Coastal Plain. There are certain pecu-
liarities in the thickness and attitude of these rocks which are difficult
to interpret with our present knowledge, especially the great varia-
tions of thickness and composition of the formations in the Indian
Territory and Texas provinces. The thickness decreases from 24,500
feet in the former to 5,411 feet in the latter. Furthermore, lime-
stones, which are relatively few in the Indian Territory section,
become abundant and conspicuous in Texas. These facts attest
differences in the contemporaneous geography concerning which we
have not as yet sufficient knowledge to make an ictelligent inter-
pretation. The belts of Permo-Carboniferous and Permian strata
west of the main Carboniferous area and their lay relative to the latter
suggest that geographic changes were going on even during the
Carboniferous period, after the close of which the later uplifts of the
Ouachita system of mountains were developed.

From known facts it is presumable that these mountains are but the
later cumulative effects of certain orogenic action, which had pre-
viously given rise to similar mountain systems in approximately the
same positions. There is some reason for suspecting that the western
groups of the Quachita system, the Wichita and Arbuckle ranges,
existed as mountain systems previous to the Carboniferous epoch,
and that during the Carboniferous epoch these were degraded, for- the
Permian sediments at least are composed of their débris.

The Massern or eastern division of the Quachita system, including
the ranges east of the Tishomingo granitic area, are apparently the
most northern marginal folds of what was once a more extensive
mountainous complex southward, the former extent of which in the
latter direction had been planed away by marine base-leveling during
Triassic and Jurassic time preparatory to the invasion of the Cretace-
ous seas which covered their former extent with oceanic sediments.
The trend of the western end of the Massern Ranges is not east and
west, conformable to the direction of the Ouachita system as a whole
and to the western or Wichita division, but at the ninety-sixth merid-
ian is deflected southwestward, in a direction which would carry its
Texas extension beneath the Grand and Black prairies, and it may be
possible that certain slight deformations in the surface of the latter,
as explained on a later page, are due to the presence of this old oro-
graphic basement. The occurrence in the Smithwick district of the
Carboniferous rocks, on the coastward side of the Burnet area, may
or may not indicate a southward reexposure of this buried line of
post-Carboniferous folding.

It is also probable that the Burnet district of Algonkian, granitic,
Cambrian, and Ordovician rocks represents a buried pre-Cretaceous
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orogenic area or elongated dome which extends south and has an
east-west trend toward the Balcones scarp line and west to the Pecos.
The displacement along the Balcones fault may be due to the adjust-
ment of the coastward load of sediments to this ancient fundamental
feature.

A volume of unwritten and uninterrupted history presents itself
when we consider the Permo-Carboniferous and Permian beds of the
great Central Province. Their strike in a more uniformly north-south
direction than the Carboniferous rocks which they border, their com-
position and occurrence in a great central basin entirely west of
the main areas of the Coal Measures, and the absence of the Permian
strata within the Carboniferous area indicate that the configuration to
the east was changing by degradation during their deposition.



Paleozvic formations adjacent to the Black and Grand prairies region,

[Numbers indicate thickngss of beds, in feet.}

Texas. Missouri.
Psrlod. Epoch. Ousachita area. Kensan,
Burnet area. Colorado area. Northern area. Cherokeean, Ozark area,
Massern areas.
Double Mountain. | Double Mountain,
Permian, ClearFork, 1,975, Clear Fork, 1,975, Red Beds. Medicine Lodge.
Wichita, 1,800. Wichita, 6.
Buried by overlap I
of the Cretaceous.
Fermo-Carbonli- Coleman, 1,200. Albany, 1,180, Neosho-Chase.
Carboniferous.
Waldrip, 800. Cisco, 670. Poteau, 2,000. Wabmausee Cotton-
. Brownwood, 800. Cavansl, 5,500. wood.
Coal Meusures. Richland. Richland, 4,000. Strawn, 3,740, Atoka (a). Missouri.
Marble Falls. Marble Falls, 300. Wapanucka (a).: Coal Measures.
Eocarboniferous. | Wanting? Caney (a). Boston, 200.
Osage, 625,
Devonian. Wanting? (?) Devonian.
i 1 h stac . Downward contin-
i Wanting? Buried by overlup of the Cretaceous Lower Helderberg. uation to south- | Nisgara, St.Clair,76.
. ward buried by
Silurian. overlap of the
Ordovician. Ordovician, 1,145. Trenton. Cretaceous. Ordovician.
Cambrian, Upper, 605. Cambrian.
Algonkian? Llano. Tishomingo. Algonkian?

a Surveysin Indian Territory by Mr. J. A. Taff show the Atoka and Wapanucka formations to be lower Coal Measures, with a maximum thickness of about 6,000 feet,
The lower part of the Caney formation is Mississippian,
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CRETACEOUS ROCKS.
Introductory Statement.

The Cretaceous formations are by far the most important in Texas,
both in area and in economic value. Their composition produces cer-
tain features of value to man. Their texture and stratigraphic arrange-
ment in the Black and Grand prairies is conducive to transmission or
retention of underground waters and results in most extensive and
prolific artesian-well systems. They supply the most valuable soil,
building material, stone, lime, and cement of all the formations, and
in one instance are the source of valuable oil fields. It is therefore
necessary to give a thorough description of these rocks, including their
composition, texture, thickness, arrangement, distribution, and classi-
fication. They have been briefly and technically described in previous
writings of the author® and others, but will now be treated in greater
detail, in order that they may be more readily recognized and that a
knowledge of them may be of service to the public.

The facts concerning the structure have an important economic
application, for they enable one to predict to a degree of certainty
within a few feet the depth of any water-bearing stratum. This
knowledge is of incalculable financial value to all communities within
the vast region under discussion. To make plain these Tacts certain
illustrations are presented, which include a geologic map, vertical
sections, cross sections, photographic reproductions of the rocks, and
illustrations of fossils characteristic of certain beds.

The geologic map (Pl. LXVI), which is on a scale of 10 miles to the
inch, shows the area of the outcrop of each formation, so far as known
to the writer. The underground continuation, or embed, of the more
important rock sheets, as made known by the records of the artesian
wells, is indicated on the artesian-well maps (Pls. LXVII, LXVIII,
LXIX). The records of the wells have proved invaluable as aids in
the analysis of the general structure and sequence of the rock sheets
in regions where they are not exposed at the surface.

Numerous local vertical sections convey exact information concern-
ing the detailed character of the formations in particular localities.
The cross sections (see Pl. LXIX) extend across the Black and Grand
prairies from their interior Paleozoic border to the Eocene forma-
tions on the east. They reveal the entire sequence of the Cretaceous
formations, their variations, and the outcrop or depth of embed of

any particular formation at any point they touch. These sections
are shown on P1. LXVIL

18ee Am. Jour. Sci., April and October, 1887; Am. Geologist, January, February, 1890; Rept. Geol. Sur-
vey of Arkansas, Vol. IT, 1888; Rept. Geologist of Texas, 1890; Bull. Geol. Soc. America, Vol. IT, 1891; ibid.,
Vol.V, 1894; Report on the Artesian and Underground Waters of Texas, 1892; Geology of portions of
the Edwards Plateau and Rio Grande Plain, ete.: Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. IT, 1898,
Ppp.193-322.
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General Occurrence and Relations.

The Cretaceous rocks, except where locally veiled by alluvium, form
the entire surface of the Black and Grand prairies, the Cross Timbers,
Edwards Plateau, Stockton Plateau, and much of the interior portion
of the Rio Grande Plain. (See Pl. 11, B.) They also form a large part
of the mountain masses of Trans-Pecos Texas. Remnants of these
formations are scattered over the Central Province. The Tertiary for-
mations of the plains and of the Fayette and Coast prairies are largely
made up of their débris. The strata extend from Texas into Arkansas
and continue east in the Atlantic Coastal Plain of the Eastern and
Southern States and southward into Mexico. They formerly extended
northwest and west into the Great Plains and Rocky Mountain
regions.

The outcrops of the Cretaceous formations of the general Texas
region, of which those of the Grand and Black prairie regions are a
part, may be classified geographically into two general groups, viz:
(1) Those of the main area, or central belt, which is a wide stretch
across Texas from the Quachita Mountains of southwestern Arkansas
and Indian Territory south through central Texas to the Pecos and
Rio Grande. This includes the Black and Grand prairies, the interior
margin of the Rio Grande Plain, the Edwards and Stockton plateaus,
the Callahan Divide, and the scarps of the plains northward to the
head of Double Mountain Fork of Brazos River. (2) Those of the
outlying areas® in the Great Plains and the Cordilleran Province. The
present paper is concerned with only that portion of the main area
which is north of the Colorado and within the Cross Timbers and the
Grand and Black prairies of Texas and southern Indian Territory. In
this Main Texas <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>