
THE GEOLOGY OF TEXAS 
I 

ITS  PART I N  THE BUILDING OF A C O N T I N E N T  

N a study of the origin and growth of the earth, whether I we hold with the advocates of the Nebular Hypothesis, 
which has so long been the accepted theory of the develop- 
ment of our solar system, that the earth as we now know it 
cooled gradually from a gaseous state to  a solid o r  partially 
solid condition, o r  incline to those later geologists who have 
presented in the place of this older theory the Planetesimal 
Hypothesis, which supposes that the earth has grown to  its 
present size largely through the accretion of solid matter 
from planetary space, we come finally to that point where 
what has, in either case, been almost purely hypothetical 
reasoning gives place to facts of observation. 

T h e  face of the earth, with its plains and mountain ranges, 
its natural gorges and the many openings made by man, per- 
mits us to  study a part  at least of the materials which form 
its crust. Where  we find our exposures of the earliest rock 
formations which appear on or near the surface of the earth, 
there we begin our observational geology. 

While the two hypotheses may differ as to origin and pre- 
vious conditions, both agree that the earliest visible rocks 
are the product of vulcanism and that they mark the culmi- 
nation of this force as the dominant factor in rock formation 
and usher in the era of sedimentation. They  are agreed, 
too, that even at the time of the early existence of these rocks 
as the surface material of the earth the pattern of the world 
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was already fashioned, the foundations of the continents 
were laid, and the ocean beds were hollowed out, although 
probably not in exactly the same relations that they hold to- 
day. 

Changes there have been. T h e  surface of the continents 
has had its numerous periods of emergence when they 
spread, as mountain and plain, high above the level of the 
sea, followed by similar periods of submergence, when they 
were in part buried deep beneath its waves. Likewise the 
ocean’s depths have varied greatly, from time to time, and 
parts now many fathoms below the surface have had periods 
as land areas and teemed with the animal and vegetable life 
of their day. Cataclysms have marked some of these changes, 
but many have been so gradual that they could hardly be 
suspected were their records not written indelibly in the 
rocks. 

These changes are the milestones which mark the road 
the geologist must travel in search of the truth concerning 
the origin and growth of the countless alternations of rock 
and sand and clay which constitute the earth as we now 
know it, and of the myriad forms of life which peopled this 
globe before our advent upon it. 

T h e  surface material of the continental area at the time 
when erosion and sedimentation began to be the potent fac- 
tors in earth building, consisted of this series of volcanic 
rocks only, and the general attitude of the land area at that 
time must be inferred from the present exposures of these 
rocks and their relations to  the earliest sedimentaries. 

In Nor th  America, save in the region lying north of the 
Great Lakes, these early rocks are now largely covered by 
rocks of later formations; but there are areas enough in 
which they are exposed, o r  in which they are so near the 
surface that their presence can reasonably be inferred, to  
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mark out the general surface conditions of that time and 
give us lines along which to trace the history of the follow- 
ing ages. 

As  recognized by American geologists, the principal ex- 
posure of these basal rocks on the Nor th  American continent 
is found in a great V-shaped body trending northeast and 
northwest from the Great Lakes. This  is known as the 
Great Northern or Canadian shield. 

If the line marking the eastern border of this shield be 
extended southwestwardly, we find directly in its course the 
exposures of similar rocks a t  Pilot Knob, Missouri, and in 
the Llano region of Texas. T o  the westward of the latter 
we find again in the trans-Pecos area other exposures of the 
same rocks, and these are the southern extremity of the 
great belt of similar material of the Rocky Mountain region 
that stretches northwestward into Alaska, approximately 
paralleling the western border of the Canadian shield, thus 
forming a second V-shaped figure, the lines of which are 
closely conformable with the first. 

To the east of the main body of the shield and also ap- 
proximately parallel with the direction of its eastern margin, 
a series of outcrops of similar rocks, known as the Appa- 
lachian belt, extend from Newfoundland to  Alabama. 

On the Pacific Coast we find still another belt of these 
exposures which, beginning in southern California and Ari- 
zona, trend southwestward along the western margin of the 
Sierra Madre  through Mexico, in effect marking the south- 
western border of the continent as the Appalachian marks 
its eastern limits. 

If we project the axial line of the Appalachian belt south- 
westward it will meet the Pacific belt south of Manzanillo, 
and such an extension would form a third V, the lines of 
which would approximately parallel the other two. 
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These lines of outcroppings of our earliest rocks, trending 

northeast on the Atlantic side and northwest on the Pacific 
side, form what Dana calls the protaxes of the continent. 

In the depressions occupying some part  of the space be- 
tween these several protaxes were gathered the waters of 
the first epi-continental seas, and the detritus arising from 
the erosion of  the land areas was carried down and depos- 
ited in them as well as in the oceans that washed the shores 
of their outer slopes. 

Thus  these protaxes give the dominant structural lines 
along which development proceeded, and those portions we 
see to-day are only the vastly attenuated remnants of the 
great land areas which existed in the beginning of the geo- 
logic record, since it was from their mass that the greater 
portion of the material was derived which filled the inter- 
vening troughs with thousands upon thousands of feet of 
sedimentary sands and clays. 

T h a t  area which is of especial interest to us a t  this time is 
located at the southern extremity of those ancient elevations 
which formed the second or central V. W e  had in this 
region, in the beginning of sedimentary deposition, a broad 
belt of crystalline rocks extending from the Colorado to the 
Rio Grande, reaching southward an unknown distance into 
the waters of the ocean, and enclosing within its arms north- 
east and northwest an area to be later occupied by a long 
succession of continental seas. 

This  belt of crystalline rocks formed a barrier, therefore, 
more o r  less complete, between the waters of the interior 
sea and those of the open ocean, a barrier which afterward 
at different times was broken through o r  even entirely sub- 
merged. Consequently, the connection of the present expo- 
sures of the central and west Texas areas with each other is 
now deeply buried beneath the accumulated sediments of 
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later formations, as is also such connection as may have 
existed with Pilot Knob and the Nucleal V to the northeast 
and in some measure with the Rocky Mountains to the 
northwest, yet the overlying beds give evidence that such 
connection did exist and that the lines as here drawn have 
been and are the dominant ones for this particular region. 

This  ancient belt of crystalline rocks is known to  us now 
only by remnantal patches. At the eastern extremity we 
have the Llano granites, gneisses, and schists exposed over 
an area some sixty miles in length by forty miles or more 
in width. 

Going westward for  three hundred miles, we find only the 
limestones of the Cretaceous mantling all else until we reach 
the trans-Pecos country. In  this region the Rocky Moun- 
tain protaxes are now represented by four separate lines o r  
belts of mountainous elevations separated by broad valleys 
filled with comparatively recent deposits. In each of these 
belts we find areas of exposures of pre-Cambrian rocks simi- 
lar to those of the Llano region, and these exposures, begin- 
ning on the Colorado and ending on the Rio Grande, all 
occur along a line approximately N. 7 5 "  W., which is that 
determined by Comstock as being the primary and funda- 
mental structural trend of his Burnetan ( o r  the basal gran- 
ites and gneisses) of the Llano area, and which is also 
approximately the direction of the main structural axis of 
the Wichita and Arbuckle mountain masses, of similar age, 
lying to  the northward of our area. 

T h e  Llano rocks include gneisses, schists, and granites 
with bands of crystalline limestone, quartz porphyry, ser- 
pentine, etc. 

In  the Apache mountains the pre-Cambrian rocks com- 
prise granites, schists, and crystalline limestones. 

T h e  Diabolo-Van H o r n  region shows below the Cam- 
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brian sandstones, schists, quartzites, conglomerates, crystal- 
line limestones, granites, and igneous intrusions. 

In the Franklin mountains, however, the basal rock of 
the pre-Cambrian is a great deposit of quartzite which is 
overlain by rhyolitic conglomerate and rhyolite porphyry, 
such granite as occurs being considered to  be of much later 
age. 

In  addition to these exposures, crystalline rocks also ap- 
pear a t  points between them, and although their exact rela- 
tions have not been fully determined, it is highly probable 
that they will similarly be found to be parts of the original 
belt. 

It was Cornstock’s belief that some of the older rocks of 
the Llano region were in reality a part  of the original 
Archean land mass, and, from my own observations, both in 
Llano and in west Texas, I am inclined to agree with him, 
and believe that when the matter is fully worked out it 
will be found that such masses can be differentiated in both 
areas. Later investigators, however, have given a differ- 
ent interpretation to the conditions found, and claim that 
the rocks are probably not older than the Eparchean o r  
Algonkian. However this may be, even i f  the very earliest 
rocks are no longer uncovered, we have in these exposures 
in central and western Texas, masses of the earliest known 
sedimentaries, which were certainly derived in large part  
from such Archean land mass, and were subjected to vul- 
canism, intruded by eruptive material, metamorphosed into 
gneiss, schists, and marble, and strongly folded and eroded 
prior to the beginning of the deposition of any of those beds 
containing definite traces of fossil remains which now mark 
the earliest stage in historical geology. 

Thus began the building of this portion of the continent, 



The Building of a Continent 131 
and with the emergence of these areas and the ushering in 
of the long time of sedimentary deposits which followed, 
vulcanism seems to  have died out almost entirely, and we 
find no traces of eruptive materials in any of the overlying 
beds until after the Carboniferous. 

A t  the beginning of the Paleozoic we had as land surfaces 
the areas mentioned, which were undoubtedly of much 
greater extent than a t  present. No sediments of earlier 
Paleozoic time are known in this region, the lowest deposits 
of the west being the Bliss sandstone, which is referred to  
the middle o r  upper Cambrian, and the Hickory sandstone 
in the east, which is clearly of upper Cambrian age. I t  is 
therefore apparent that through earlier Paleozoic time our 
area continued above the sea, and in the Llano region we 
find that the surface was worn comparatively smooth in 
many places prior to  its submergence. 

T h e  waters transgressed from the westward and first en- 
gulfed the El Paso region in middle Cambrian times, but 
did not reach the Llano lands until the upper Cambrian. 

In  the west the Bliss sandstone, which has a thickness of 
300 feet, is the only Cambrian deposit so f a r  positively 
recognized, although Richardson suggests the possible upper 
Cambrian age of the lower portion of the E l  Paso lime- 
stone. T h e  Bliss sandstone occurs in the Franklin, Hueco, 
and Diabolo mountains, but it is not always present between 
the pre-Cambrian rocks and the overlying Ordovician, which 
in places is found resting directly upon the pre-Cambrian. 

In  the Llano region the first deposits in the encroaching 
sea were the sandstones of the Hickory series. As the water 
deepened these were followed by greensands, shales, and 
shaly limestones, succeeded by a more massive limestone 
with chert. This sedimentation apparently continued with- 
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out serious interruption; and although the base is upper 
Cambrian and the top as shown by its fossils is lower Ordo- 
vician, no hard and fast line can be drawn between the two. 

This  massive limestone marks the close of deposition in 
this area a t  this time. 

T h e  total thickness of the rocks in the Llano region now 
recognized as belonging to the Cambrian and Ordovician is 
about 1600 feet. They  are found entirely surrounding the 
old granitic core, and their relations to it clearly indicate 
that at the time of their deposition this area was an island 
in the Cambro-Ordovician sea. Furthermore, nowhere in 
this area have there been found any deposits of an age inter- 
mediate between this Ordovician limestone and the over- 
lying limestone which contains fossils of the Pennsylvanian 
series of the Carboniferous; from which fact we infer the 
recession of the sea immediately following the deposition 
of the Ordovician, leaving this entire area dry land. 

In  the west the conditions were different. In  the Franklin 
mountains we find resting upon the Bliss sandstone not only 
a limestone having a thickness of 1000 feet o r  more with 
lower Ordovician fossils, but overlying this another lime- 
stone 400 feet in thickness with fossils of middle and upper 
Ordovician age, and following this again, without any ap- 
parent unconformity o r  sensible break in deposition, 1000 

feet of other limestones with Silurian fossils, proving that 
the western end of the belt continued under water until at 
o r  near the close of the Silurian. 

Similarly in the Diabolo region the lower Ordovician is 
followed by limestones carrying fossils of upper Ordovician 
age. 

T h e  Ordovician which occurs in the Caballos mountains 
near Marathon contains fossils of the Trenton stage, and is 
possibly followed in that locality also by Silurian beds as in 
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the Franklin and Diabolo mountains, although, up to  the 
present, distinctive fossils from the deposits supposed to  be 
of this age have not been brought to  light. 

Wi th  the close of the Silurian the waters receded from 
this portion of Texas also. 

As next recorded, our history begins with the Pennsyl- 
vanian deposition. Of the happenings in and around the 
Llano region through that long interval of time in which 
was laid down, in other areas, the vast thickness of sedi- 
ments now referred to  the middle and upper Ordovician, 
the entire Silurian and Devonian systems and the Mississip- 
pian series of the Carboniferous, we have now no trace and 
must conclude that during this period the Llano region was 
a land area o r  that such sediments as may have been laid 
down had been eroded prior to  the beginning of the Penn- 
sylvanian. 

So also to the west, since we have no records between the 
Silurian and the Pennsylvanian, we infer a land area during 
that period, or such uplifts and erosion of the area as re- 
moved the few sediments that may have been laid down. 

No visible evidence in the way of outcrops exists a t  this 
time to  show the exact condition of the region lying between 
these two known land areas, but it is more than probable 
that it was also land and that as such it continued to  be a 
barrier separating the waters of Gulf and Ocean of the 
south from those of the central seas to the north, not only 
during the long interval of time as shown by the recording 
sediments already mentioned, but through the entire Pale- 
ozoic and much of the Mesozoic as well. 

This is indicated by the fact that the formations occur- 
ring to  the north of this belt, which are earlier than the 
Cretaceous, are all directly connected with or entirely simi- 
lar to  those of the interior seas, while directly south of this 
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belt no such formations are known to occur, and such as do  
occur in its western extension o r  which have been found by 
drilling along its southern border show that they were laid 
down in the open waters of the Gulf o r  Ocean. 

Therefore, for a period of time covering much more than 
one-half the great span occupied in building the earth from 
the beginning of sedimentation to  its present condition, the 
belt of territory which we have been considering was itself 
a land area. 

This  area, which took its form in the very beginning of 
known geologic time, which gave of its materials to  build 
the territory surrounding it, and which has from the begin- 
ning until now exercised so great an influence upon the char- 
acter of the sediments and the shaping of this portion of the 
continent, should, it seems to  me, be now clearly recognized 
despite the fact that it is at present visible in exposures of 
its own materials only a t  its eastern and western extremities. 

Wi th  the incursion of the Pennsylvanian sea, deposition 
again became active over a large portion of the State. 

T h e  earliest deposits noted are those now exposed on the 
eastern margin of the Llano region, consisting of limestones 
and shales. On the southeastern margin of this region, in 
Burnet county, both the limestone and its overlying shale 
are found. Along the southern margin, in Gillespie county, 
at the falls of the Pedernales, and in Spring creek, the only 
exposures observed are those of the limestone. T o  the 
northeast exposures of these limestones and shales are found 
from Lampasas westward to  the Colorado river and follow- 
ing the valleys of the San Saba and Richland creek to  o r  
beyond the mouth of Brady creek. 

These beds, except where disturbed by faulting, dip away 
from the old Llano headland on all sides. From the vicin- 
ity of Bend on the Colorado river, where these beds were 
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first described, there appears to  be a geanticlinal fold in 
these rocks running northeastward through Lampasas 
county, which was developed prior to  the beginning of the 
overlying Coal Measures, and this fold shut out the Gulf 
waters from the interior region. 

Eas t  of this fold these limestones and shales are suc- 
ceeded directly by the Cretaceous; west of it, by the Coal 
Measures of the Upper Pennsylvanian and by the Permian 
deposits. 

T h e  succeeding sediments of this portion of the State are 
entirely unconformable with those of the Bend, and were 
deposited in an interior sea which stretched northward into 
Oklahoma and Indian Territory. They  comprise the sands, 
clays, limestones, and coal of the later Coal Measures, and 
the sands, clays, limestones, and gypsum beds of the Per- 
mian which overlie them. 

T h e  southern margin of the sea is clearly shown along 
the northern border of our ancient land mass in San Saba 
county, and many of its bays and headlands are clearly dis- 
tinguishable to-day. I ts  eastern margin was probably a land 
mass lying east of the Lampasas geanticlinal. T h e  land 
areas of the Arbuckle-Wichita mountains formed its north- 
western shore, and there was probably another land mass 
in the west having somewhat the position of the present 
Llano Estacado. 

T h e  northern and southern shore lines are clearly shown 
by the character and dip of the deposits adjacent to  them, 
but the others can only be inferred at this time. 

W e  know from the variable character of the deposits 
along the eastern part  of the area that this side of the sea 
was subject to  changes of level due to  the influx of water or 
the elevation o r  depression of the earth’s surface, which 
gave variously open sea conditions when limestones were 
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laid down, alternating with shallower water in which were 
deposited sands and clays derived from the adjoining land, 
and with swamp conditions which permitted the formation 
of coal. 

Toward  the close of Pennsylvanian time this sea grad- 
ually shallowed and brought in the period of the Permian 
red clays and sands and meager limestones. And these, as 
the sea gradually dried up, gave place to  the great gypsum 
deposits which marked the desiccation of this sea and the 
close of the Carboniferous epoch. 

T h e  conditions in the trans-Pecos region during the Car- 
boniferous and Permian were markedly different. During 
its long emergence the old land mass had apparently been 
worn down to  a nearly even surface; and as the waters of 
the Pennsylvanian sea, which came in from the west and 
south, covered it, there was first laid down a conglomerate 
of the regulus of the materials directly underlying, whether 
they belonged to  the granites, schists, etc., of the pre-Cam- 
b r i m  o r  to  the sandstones o r  limestones of the older Pale- 
ozoic; and this was immediately followed by limestones 
which are clearly of marine origin, and no deposits occur 
which could have been brought in from adjacent land areas. 
These limestones have a thickness of more than 3000 feet, 
thus indicating the long continuance of comparatively stable 
conditions suitable for  their deposition. They  are known 
as the Hueco limestone. 

Large areas of these limestones are now exposed in the 
various mountain masses and ranges of the trans-Pecos area, 
and they can be seen in buttes and mesas along the railway 
lines. 

So f a r  as known, the Hueco limestones have not been 
observed east of the Diabolo mountains, and it is possible 
that they were limited on the east by the supposed land mass 
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which formed the western border of the interior Carbonifer- 
ous sea. 

O n  their eastern border these Hueco limestones were fol- 
lowed by others which are referred to the Permian, but exact 
contacts have not yet been found. 

In the Guadalupe mountains the Permian deposits com- 
prise the Delaware mountain beds, which toward the north 
are prevailingly sandy with thin limestone bands, but south- 
ward in the main mass of the mountains consist almost en- 
tirely of limestone with only minor strata of sand. These 
have a thickness of 2 2 0 0  feet and are overlain by 1800 feet 
of El Capitan limestone. These limestones carry an abun- 
dant and characteristic marine fauna entirely different from 
any yet found in the interior. So f a r  the only other occur- 
rence of such fossils known is in the Presidio region, more 
than IOO miles to  the south of the Guadalupes. I t  is there- 
fore apparent that during the early Permian in this western 
area the sea was still open to the south, and that on the north 
and east there existed a land barrier. 

Following the deposition of these limestones, but still 
within Permian time, the Guadalupe and Delaware moun- 
tain masses emerged from beneath the sea and became a 
land area. T h e  barrier which had existed to the east was 
eroded o r  submerged and the interior sea extended to the 
base of the Guadalupes, so that the continuations of the 
upper beds of the Permian of the interior area with their 
gypsum deposits were laid down here also, and thus the in- 
terlapping of these different types of deposits of the east and 
west is found in the valley of the Pecos river. 

This marks the close of the Paleozoic era, and the earth 
movements of that time brought the largest portion of the 
State as we now know it above the waters of the sea, and it 
is probable that parts of it have never again been engulfed. 
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So f a r  as we can judge from conditions now known, the 

Mesozoic began with Texas as a land area and so continued 
through the Triassic, Jurassic, and earliest Cretaceous. 

During some portion of the Triassic a large fresh-water 
lake occupied the area of the present Llano Estacado and 
extended northward for some distance. In its sediments we 
find vertebrate remains through which its age is definitely 
established, and in addition vast quantities of true Unios 
are found, this being the first appearance of these fresh- 
water bivalves upon the globe so f a r  as now recorded. 

In the Malone mountains southeast of El Paso there are 
some limestone beds which show that the oceanic o r  gulf 
waters covered an area of unknown extent in that vicinity in 
Jurassic time. 

T h e  character of the deposits and the fossils contained in 
them indicate that they were laid down near shore, and it 
is probable that the original area was not large. So f a r  as 
we have yet found, this is the only exposure of deposits of 
Jurassic age in Texas. Thei r  presence, however, in the 
connection in which we find them indicates the beginning of 
the great submergence which reached its culmination during 
the succeeding Cretaceous era, and by which practically the 
entire Texan land area was covered by the waters of the 
Southern ocean. 

During the early Mesozoic deposition was very active in 
central Mexico and seems to have been practically continu- 
ous through the Triassic, Jurassic, and lower Cretaceous. 
T h e  study of the rich fauna which has been collected by the 
Geological Survey of Mexico shows transition beds between 
the Jurassic and the Cretaceous followed by the entire lower 
Cretaceous column. 

Coming in from the south, the sea first reached our bor- 
ders in the region of  Presidio del Norte, and here were de- 
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posited the gravel and sand which constitute the lowest beds 
of this age of which we have knowledge in the southwest, 
but which the Mexican geologists claim are somewhat higher 
in the section than the lowest Cretaceous beds existing there, 
showing that some interval of time was required after the 
commencement of the Cretaceous deposition for the advanc- 
ing sea to  reach our territory. 

T h e  lowest division of the Texas Cretaceous is known as 
the Trinity. In  its fullest development it consists of three 
members called in their ascending order Trinity sand, Glen 
Rose limestone, and Paluxy sand. When the members are 
all present they indicate a gradual deepening of the sea in 
that locality until the end of the Glen Rose followed by 
shallower waters in the Paluxy. There  are, however, many 
places where only sands are found, and it is sometimes diffi- 
cult to know whether these are Trinity or Paluxy. Where 
fossils occur in them there is less trouble, since those of the 
Trinity are oysters o r  other marine forms, while the Paluxy 
is usually characterized by plants and fossil wood. 

West of the Guadalupe mountains the advance of the 
waters was very slow, and during the entire Trinity deposi- 
tion they did not reach northward beyond our old barrier. 
T h e  sands of the ridges just north of Sierra Blanca are the 
most northerly outcrops we can now refer to this age. 

To  the east of the Guadalupes, however, a different story 
is told. T h e  Trinity ocean spread more rapidly east and 
north, and, engulfing the old barrier between the Guadalupes 
and the Llano region, reached northward over the Staked 
Plain and into Colorado and eastward into Arkansas. 

North of Kent there are extensive deposits of Cretaceous 
sands which from the large amount of fossil wood we con- 
sider Paluxy. T h e  sands may be the worked over sands of 
the upper Permian beds and the trees may have come from 
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the wooded slopes of the Guadalupe mountain area. T h e  
Trinity is also found along the scarp of the Staked Plain and 
in the detached buttes and mesas lying north and east of it, 
but the sands thin rapidly toward the north. 

T h e  Llano mountains alone remained as islands in this 
Trinity sea, which entirely surrounded them. This is proved 
by the fact that in many places later beds of the Cretaceous 
are found resting upon the rocks of this region, the sands 
being entirely absent. 

T h e  beds of sand so deposited were destined to  be of in- 
calculable value to  us, since they are now the source of the 
artesian water of north and central Texas and furnish the 
supply that through the series of great springs o r  natural 
artesian wells yields such abundant flows from Del Rio to  
Georgetown and is the source of the San Marcos, Comal, 
Guadalupe, and San Antonio rivers. 

In the gradually deepening waters which followed were 
laid down the limestones of the Comanche Peak and Ed-  
wards subdivision of the Fredericksburg over an area even 
wider than that of the Trinity. Throughout this area the 
Edwards limestone, by reason of its ability to  resist erosion, 
forms the surface rock over perhaps as large a territory as 
any other single formation in the State. 

West of the Guadalupes, as before, the Fredericksburg 
sea beat almost in vain against the south shore of our barrier 
land, and all deposits now known are of comparatively deep- 
sea character and with few exceptions lie south of the rail- 
road line. 

East of the Guadalupes the waters were able to reach into 
the interior, and, as with the Trinity, we find the Edwards 
limestone in the scarp of the Plain, and to its hardness and 
protective covering are due the outlying buttes and mesas to  
the north and east. 
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I t  is found surrounding the Llano region on all sides and 

is thought by some to have covered that area as well. I t  is 
true that its present relations to  the older rocks give con- 
siderable weight to this idea; but, when we consider at the 
same time that there are granite peaks along the southern 
border of the region which are surrounded by the limestone 
in such manner as to  indicate that they a t  least were never 
covered, it would seem probable that not even in Fredericks- 
burg time was the Llano region entirely submerged. 

T h e  Washita deposits which followed the Fredericksburg, 
and which are in part very similar to  them, are for the most 
part  more marly in character and carry a variable amount of 
clayey material in connection with the limestones. This 
variable character of its deposits in different localities marks 
like variations in the conditions there existing during the 
time in which they were laid down. South of Sierra Blanca 
no appreciable break was found between the Fredericksburg 
and the Washita, and certain fossil forms such as the 
Caprina which are characteristic of the Fredericksburg in 
central Texas continued up into the For t  Wor th  limestone 
in this region and are also found as fa r  east as the Devil’s 
river, indicating that the deeper sea continued here through 
both Fredericksburg and Washita, while the deposits which 
extend up the Pecos trough correspond in a general way with 
the shallower water deposits of central and north Texas. 

Similar conditions to  those which existed in our trans- 
Pecos region during Fredericksburg and Washita times ex- 
tended westward as fa r  as Bisbee, Arizona, where we find 
similar beds and the same fossils. 

Overlying the For t  Wor th  limestone there is a bed of 
clay with thin limestone partings which, while only 75  feet 
in thickness, forms a belt which extends with only slight in- 
termissions from Red river to the Rio Grande. I t  is called 
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the Arietina o r  Del Rio clay. I t  is followed by a bed of 
limestone of even less thickness in most exposures, which is 
characterized by its peculiar mottling and its fossils and is 
known as the Vola o r  Buda limestone. T h e  Arietina 
throughout this area shows by its materials the shallow sea 
and near shore conditions, the overlying limestone a recur- 
rence of deeper waters immediately preceding the emergence 
which marked the close of lower Cretaceous sedimentation 
of which the Vola is the latest member. 

T h e  fact that the lower Cretaceous did not submerge our 
barrier west of the Guadalupes is well attested by the ex- 
posures that exist. Beginning on the Rio Grande south of 
the Malone mountains, we have the small exposure of the 
Jurassic capped by the Trinity and Fredericksburg. A few 
miles to the northward the Fredericksburg rests directly 
upon the Pennsylvanian limestones, and still beyond the 
Washita rests upon the same limestones without the pres- 
ence of either Trinity o r  Fredericksburg, proving the very 
gradual encroachment of the sea upon the land. This last 
contact occurs southeast of E l  Paso, and north of it there is 
nothing to warrant the belief of a further extension of the 
lower Cretaceous in that direction. Similar conditions exist 
south of the Diabolos and in southern Arizona. 

Wi th  the beginning of upper Cretaceous time the sea be- 
came shallower along the coastal plain and in the western 
portion of our Texan area, and it was practically shut out 
from the great interior region of the continent during the 
period in which the non-marine Dakota sands were being 
deposited there. Similar sands, apparently the equivalent 
of these in time, but of marine origin, are found outcropping 
in the northeastern portion of the State, but they thin out 
and finally disappear before reaching the Brazos river. 
They have been called the Lower Cross Timber o r  Wood- 
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bine sands. These sands are not found again until we reach 
the extreme western portion of the State, and there the ex- 
posures are limited. 

Over the greater part  of our area the formation found in 
contact with the Vola o r  Buda limestone, the upper bed of 
the lower Cretaceous, is that of the clays and shales known 
as the Eagle Ford  o r  Benton and which also overlies the 
Woodbine o r  Dakota when this is present. 

During the interim between the deposition of the Buda 
limestone and the Eagle Ford  shale the former must have 
stood very near the surface of the water, since even where 
long contacts are observable the two formations appear to 
be entirely conformable and there is little o r  no evidence of 
erosion in the limestone prior to the laying down of the 
shale. 

T h e  Benton shale marks the beginning of marine sedimen- 
tation of vast geographical extent, reaching from Canada 
southward into Mexico. There  are at present, however, no 
remnants of this sedimentation within the central basin 
region of Texas, and if a t  any time either this shale o r  suc- 
ceeding beds of the Cretaceous mantled this area, they have 
been completely eroded and no trace left behind. In my 
opinion, the indications are that after the emergence at the 
end of the lower Cretaceous the waters of the sea o r  ocean 
never again invaded this area, but that the connection of the 
marine waters of the Mexican region with those of the In- 
terior Basin lay elsewhere. 

T h e  relation of the Woodbine sands to  the Eagle Ford  
shale is such as to  suggest that the former are simply the 
early shore deposits of the period and possibly contempo- 
raneous with the basal portion of the shales lying to  the 
south, which, with the deepening of the water northward, 
gradually covered them also. 
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These shales, therefore, are found as a fringe around the 

coastal slope and extending westward nearly to El Paso. Be- 
ginning a t  Red river, we have a thickness of 600 feet of 
clays, largely bituminous but with some lime, especially 
toward the top. Going southwestward toward the Colo- 
rado, they gradually thin out, the more limy portion only 
persisting so that at Austin the entire thickness is only some 
50 feet. T o  the south and west, however, they again 
gradually increase in thickness, retaining their more limy 
character, and in the neighborhood of the Rio Grande in El 
Paso county are at least 1000 feet in thickness. Still 
greater thicknesses are reported in the Mexican area. 

T h e  Austin chalk, which followed, marked a change in 
marine conditions over the greater portion of our coastal 
plain. Only in the northeastern border and in the region 
west of the Chisos mountains in the trans-Pecos did the con- 
ditions remain as they had been, so that the deposits in these 
localities are similar to the Eagle Ford  in character, al- 
though they carry the fauna of the chalk. For  hundreds of 
miles between these localities, on the other hand, the white 
o r  creamy chalk abruptly replaces the clays and limy shales, 
indicating a deeper sea and one comparatively free from 
sediments derived from land areas. 

T h e  hundreds of feet of this formation are made up of 
chalk and chalky marls, but toward the end of the period 
more and more terrigenous sediments were incorporated 
with these, and they gradually pass upward into the Taylor 
marls, there becoming simply limy clays with some sand, 
and finally into the more sandy beds of the Navarro and 
Escondido which form the top of our upper Cretaceous 
series. 

Thus the upper Cretaceous series as a whole indicates that 
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along our coast the sea gradually deepened and then as 
gradually shallowed toward the close. T h e  total thickness 
of these beds in eastern Texas is estimated a t  3500 feet. On 
the Colorado it is only 1500 feet, while toward the Rio 
Grande and in trans-Pecos Texas it again thickens to several 
thousand feet. 

These deposits, extensive as they are, are really very 
small beside those which were laid down during the same 
period in the great interior region. N o r  do  they compare 
in thickness with those laid down as their southern extension 
in Mexico. Akin to  each, they yet differ in many respects 
and especially in the variety of their fossil contents. 

During the upper Cretaceous igneous forces again became 
active and in the vicinity of Austin one or more volcanoes 
broke forth and the ash from them is found interbedded 
with the upper portion of the Chalk and the lower portion 
of the Taylor marls. T h e  old necks o r  plugs of basalt of 
these volcanoes are still to be seen southwest of Austin. 

Many other bodies of basalt, which are probably of this 
same age, are found coming up through the beds of Creta- 
ceous materials at various points between the Colorado and 
the Rio Grande. 

T h e  indications are that these igneous forces were still 
more active in the trans-Pecos country, and that the action 
was of longer continuance, either stretching well into the 
Tertiary o r  recurring during Tertiary time. 

Wi th  the close of the Cretaceous period the recession of 
the sea brought to  light a still broader area of our coastal 
plain and added it to  the continental land, and over the 
greater portion of the State as it existed at the close of the 
Cretaceous land conditions have apparently continued almost 
without interruption until the present time. 
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In the northwest deposits of later Tertiary age occur in 

old lake or river basins, and similar deposits occur in con- 
nection with drainage channels in other portions of the State. 
In the trans-Pecos beds of clays and sands occur interbedded 
with volcanic materials which are probably of Tertiary age. 
Otherwise these Cretaceous deposits were not again inun- 
dated by marine waters until the Lafayette invasion of the 
late Pliocene, and this evidently covered them only in part. 

T h a t  portion of our present area which we owe to Te r -  
tiary deposition forms a broad belt between the old Creta- 
ceous land and the present Gulf shore. In it we find our 
greatest deposits of iron ores and lignites, of gas and oil, 
sulphur and salt. 

A study of these Tertiary beds indicates that they were 
laid down, under conditions somewhat similar to those exist- 
ing to-day along our coast, either in the waters of the Gulf 
itself o r  in the bays and lagoons which fringe it. W e  also 
find that while deposition was apparently regular during 
lower and middle Eocene time, it was either interrupted 
and irregular during the later Eocene, Oligocene, and lower 
Miocene, o r  that, if sediments were laid down during these 
periods, they were subsequently eroded, since, with some 
small exception, we find no evidence of them in this area now. 

T h e  Eocene as we know it is a continuation of beds of 
similar age in Louisiana and States lying to the eastward, 
and these continue southward beyond our boundaries into 
Mexico, finding their final outcrop in that region in the east- 
ern borders of the Tamaulipas range which reaches the Gulf 
coast below Sota la Marina. South of that point they are 
not known in Mexico, although they, o r  beds with similar 
fossils, occur in Central and South America. 

T h e  basal deposits of our Eocene comprise clays carrying 
concretions of a bluish-gray limestone which weathers brown. 



The Building of a Continent 147 
I t  is not always visible, however, for the overlying beds fre- 
quently overlap and conceal it. 

T h e  Lignitic beds which form the second stage of the 
Eocene are continuous from the Sabine to the Rio Grande, 
although on the latter stream they have largely lost their 
lignite-bearing character. These lignites, with the accom- 
panying thinly bedded sands and clays, were slowly deposited 
in the quiet waters of coastal lagoons, and the lignite beds, 
while attaining a thickness of many feet in places, are usually 
of lenticular shape, although they may underlie a very con- 
siderable area. 

These beds are best developed in the eastern portion of 
the State, extending southwestward to  the Brazos river. 
They  have a thickness of 1200 feet. 

Wi th  the close of the Lignitic the lagunal conditions gave 
place to marine, and the succeeding stage was ushered in by 
the deposition of a belt of sands which, while of no great 
thickness in the eastern part  of the State, increase in im- 
portance toward the Rio Grande, where they assume great 
prominence in the formation. These are called the Carrizo 
sands, and a t  times they cover all the older Tertiary beds 
and some of the Cretaceous as well. Just south of the Rio 
Grande they make up the body of a considerable range of 
hills. 

These sands are succeeded by sands and clays with green- 
sand which carry many molluscan fossils and constitute a 
very important member of the Eocene, extending entirely 
across the State. These are known as the Marine beds and 
have a thickness of 1000 feet o r  more. In  northeastern 
Texas they carry also vast quantities of limonite iron ores. 

Toward  the close of this substage lagunal conditions again 
prevailed, and the Yegua clays with their accompanying lig- 
nites were laid down. This series of beds, with a thickness 
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of 600 to 1200 feet, is preeminently the gas belt of the 
coastal country. All of the large wells so far struck in that 
region derive their supply from it. 

T h e  Yegua was succeeded by another series of sands and 
clays, the sands greatly predominating, which we know as 
the Fayette sands. Where  these sands are indurated, as 
they frequently are, they form ridges and hills and are the 
deciding factor in the topography of the area. 

They were succeeded by another belt of clays and clayey 
sands which we call the Frio clays, and with these the deposi- 
tion of the Middle Eocene was closed and the withdrawal of 
the sea left the entire Eocene a dry land area. 

A careful study of this area has yielded no evidence, ex- 
cept in the eastern portion of the State, of any other beds 
having been laid down in it prior to  those of the upper 
Miocene. 

Between the Sabine and Neches rivers, however, erosion 
completely removed the Frio clays and all of the Fayette 
except a few remnants near Lufkin, and on the beds of the 
underlying Yegua thus exposed were laid down the clays and 
impure limestones of the Jackson o r  upper Eocene. These 
beds have been traced from the Sabine to a point some 2 0  

miles west of Corrigan, where they feather out and disap- 
pear entirely and the Fayette comes in again in its proper 
position. 

With the Jackson all deposition along our coast seems to 
have ceased f o r  a long period. T o  the east in Louisiana 
and to the south in Mexico deposits of Oligocene age occur, 
those of Mexico being very extensive, but none of these are 
found in Texas, a t  least upon the surface. Similarly, all 
deposits of lower Miocene seem lacking. 

Our next records date from the middle o r  upper Miocene. 
In the northeastern portion of the State, over what is now 



The Building of a Continent 149 
known as the Staked Plain, a lake condition developed which 
continued in some shape through the Pliocene and into the 
Pleistocene. T h e  different stages are well marked by char- 
acteristic vertebrate remains. T h e  exact extent of this lake 
and its fluvial accompaniments cannot now be told, but at one 
time it evidently reached as f a r  south as the lower edge of 
the Plain, and a portion of its eastern shore line is well pre- 
served in the detached butte on the southern edge of Garza 
county. 

Similarly, the Oakville beds which we find succeeding the 
coastal Tertiary deposits already described carry a verte- 
brate fauna of middle o r  upper Miocene age. On the 
Nueces river, where these beds have been most studied, the 
Oakville and overlying Lapara of the Pliocene are evidently 
deposits laid down in rapid currents of shallow water and 
consist principally of sands and sandy clays. These are 
succeeded by the Lagarto clays, which are highly calcareous, 
and these by the Reynosa phase of the Lafayette formation. 

I n  this immediate vicinity the Oakville rests upon the Frio 
clays, as it also does on the Rio Grande ; but in many places, 
either from the erosion of the clays o r  the transgression of 
the Oakville beds, these sands rest directly upon the Fayette, 
and so close is the resemblance of the materials of the Fay- 
ette and Oakville that in such case it is sometimes difficult to 
separate them. 

East of the Colorado the Oakville is somewhat more con- 
glomeritic in places and carries worn fragments of an upper 
Cretaceous gryphaea. I t  contains many fragmental remains 
of vertebrates and some beds of leaves. 

I n  eastern Texas the Oakville is overlain by the Fleming 
clays, which are supposed to  be the continuation, o r  a t  least 
the time equivalent, of the Lagarto, which they greatly re- 
semble in character. These clays carry an extensive inver- 
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tebrate fauna of brackish water forms, the age of which is 
placed as early Pliocene. These fossils, found in connection 
with the outcropping of the beds 80 to  IOO miles from the 
coast, are also found a t  a depth of 3000 feet in a well drilled 
near Terry,  fifty miles south of their southern boundary. 

Within the area occupied by the Fleming clays verte- 
brate remains have been found which belong to the upper 
Miocene. T h e  difference of age as indicated by the ver- 
tebrate and invertebrate forms requires further investi- 
gation. 

U p  to this time no surface exposures of Miocene deposits 
of marine origin have been discovered in Texas, but they 
have been found in wells drilled at Galveston and Saratoga, 
and doubtless occur at other localities. 

T h e  Fleming clays are overlain by the Orange Sand 
phase of the Lafayette, which marks the close of Tertiary 
deposition. 

Between the outcrop of these Lafayette beds and the 
Gulf coast there is a belt some fifty miles in width occupied 
by the Coast clays, which forms the latest contribution of the 
receding waters to  our growing land. 

These clays now form a comparatively level plain with a 
very gentle coastward slope. From data accumulating 
through a closer study of the region, and through the logs 
of wells drilled in the search for oil and water, we are gradu- 
ally acquiring a knowledge of the conditions of the old Te r -  
tiary land surface on which these clays were laid down; and 
it now appears that this must have had a somewhat rugged 
topography, since, while these clays have a thickness of hun- 
dreds and even thousands of feet, in a few instances they fail 
to cover the tops of old Tertiary hills which to-day protrude 
through them. Others which are covered have been found 
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by drilling. I t  is in connection with such hills that many of 
the deposits of oil, salt, and sulphur have been found. 

Thus,  beginning with the granite core of the Llano-El 
Paso belt-the old Llanoria land of the paleogeographers- 
connection was gradually made during Paleozoic time with 
other land areas to  the north and northwest. During the 
Eozoic the growth was southward and eastward in the 
waters of the Gulf or Ocean, which, upon the whole, now 
shows a recession of nearly two hundred miles from the 
early Cretaceous shore-line. 

T h e  entire area, since its emergence from the waters, has 
been subject to orogenic movements and to  agencies of ero- 
sion, and these have sculptured the face of our land into the 
form in which we find it to-day. 




