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The Significance of Robert Thomas  
Contribution to the Knowledge of 

Central Texas Geology 

Paul Noble DoUiver 

ABSTRACT 

Robert T. Hill 's observations and conclusions re­
garding the geology of Central Texas are frequently 
recognized for their remarkable durability and validity 
in light of subsequent investigations. Hill 's geological 
contribution, as seen through his participation in gov­
ernment science, his work, and the works that preceded 
him, illustrates the unique combination of factors that 

determined the ultimate success of his endeavor. These 
factors, considered in terms of the man, his method­
ology, and the region he chose to study, suggest that 
the stature of Hill 's work was the product of his being 
the first competent geologist to examine and describe 
Central Texas in sufficient detail and with sufficient 
tools to define its chief geological features. 

 

Most students of Texas geology are familiar with 
Robert Thomas Hill 's contribution to the geological 
knowledge of Central Texas. Hill 's work is frequently 
cited as the basis for most subsequent investigations, an 
enduring foundation whose durability and validity have 
been sustained by more extensive and detailed inquiry. 

This work is an attempt to explain the remarkable dur­
ability and validity of Hill 's basic geological conclusions 
regarding Central Texas by isolating and analyzing 
those significant factors that determined the unique 
stature of his contribution. 
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1. A por t ion of  m a p of T e x a s showing his del ineat ion of t h e e a s t e r n b o r d e r of t h e Cre taceous . R o e m e r , 18S2. 
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HILL AT CORNELL 

In the spring of 1882 twenty-three year old Robert 
Thomas Hill boarded a train bound for Ithaca, New 
York. H e carried with him a  of fossils, the 
product of years of wandering through the country 
surrounding the frontier town of Comanche, Texas. 
Here the lonely sensitive boy had nurtured an interest 
in geology, and an ambition to pursue that interest 
through formal training. His letters of inquiry had led 
to correspondence with Andrew D. White, president 
of Cornell University. Subsequently, arrangements 
were made for Hill to attend this institution where "any 
person might find instruction in any study" (Miller, 
1964, p. 249) . 

Hill 's arrival in Ithaca marked his introduction into 
the realm of academia, dominated by a scholastic aris­
tocracy. This eastern intellectual community, engaged 
in the noble quest for knowledge (a sharp contrast to 
the crudities of frontier existence), fired the enthusiasm 
of the young man from Comanche (Hill, 1931a). Hill 
began in earnest studies designed to supplement his 
meager education and, after several months' training 
in some fourteen subjects, he was admitted to Cornell 
(Vaughan, 1944, p. 148). 

During the 1880's Cornell University experienced 
growth and change that was representative of the dra­
matic developments occurring throughout the academic 
world. The considerable private endowments that had 
initially enabled reform-minded educators of the 1870's 
to escape the strictures of sectarianism and paternalism 
(Hofstadter, 1963, p. 275) now provided funds for li­
braries, laboratories, and fellowships that attracted more 
and better students and teachers. Academicians like 
Andrew Whi te directed this growth along the lines of 
the German University, emphasizing scientific speciali­
zation and research (Herbst , 1965, p. 19). The effort 
reflected the demands of an increasingly complex and 
specialized society, a society whose broad influence pro­
duced the academic freedom and research tradition 
necessary for individual and creative scientific investi­
gations. 

Hill 's geological training at Cornell was character­
ized by a high degree of flexibility that facilitated indi­
vidual research. Formal course offerings were subordi­
nated to the "objective method" of exciting the student's 
interest in a subject to the degree that he would inde­
pendently pursue that interest further (Hill, 1931b, p. 
33). Professor Henry Shaler Williams implemented 
this method during the years of Hill 's residency. Wil­
liams took advantage of the rich field of Devonian strata 
surrounding Ithaca by placing primary emphasis on the 
study of paleontology. This study was intended to com­
bine instruction, exploration, and original research 
(Bishop, 1962, p. 245) . 

There had been a paleontologist in the geology de­
partment almost since Cornell's  consequent­
ly, a fine collection of local fossils had been assembled 
(Hewett , 1905, vol. 2, p. 241). This collection was 
utilized as a primary means of instruction, as indicated 
by this excerpt from the Cornell Register for 1874. 

T h e ea r ly  of all geological s tudents consists in 
t h e personal , cr i t ical examina t ion of specimens, t h e s tudent 

be ing requ i red t o find out eve ry th ing f o r himself , w i thou t 
the consul ta t ion of books. O n en te r ing the l abora to ry , one 
or m o r e good specimens a re  be fo re him, the d i f f e r ­
ence be tween seeing and observing is expla ined, and h e is 
d i rected t o observe, as ca re fu l ly as possible, all the i r c h a r ­
acters , and record in d r a w i n g and wr i t ing , in a sui table 
book, his observat ions i u s t as h e m a k e s them. . . . H a v i n g 
care fu l ly observed several specimens of  or less nea r ly 
re la ted f o r m s , h e is t h e n r equ i red t o compare these w i th 
one ano ther , and de te rmine w h a t c h a r a c t e r s a r e common 
to all, o r w h a t d is t inguish each. O n l y a f t e r h e has com­
pleted his w o r k f o r himself is he a l lowed t o consul t a u t h o r ­
ities, and, by c o m p a r i n g his own w o r k w i th t h a t of a 
mas te r , tes t the accuracy of his o w n resul ts . (B ishop , 
1962, p. 172) 

Professor Williams instituted elaborate paleontologi-
 surveys extending f rom Ohio in the West to the 

Catskill Mountains in the East as a means of encourag­
ing exploration and original research (Hewett , 1905, 
vol. 2, p. 234). His particular interest in the develop­
ment of precise methods of fossil study and the utili­
zation of these methods in age determinations gave 
direction to the student surveys and ultimately resulted 
in the publication of the Devonian correlation papers 
for the United States Geological Survey (Ibid. p. 239-
40) . R. T. Hill, in addition to being a conspicuous 
contributor to this research effort, was encouraged by 
Williams to compile the material on Texas geology that 
he would use in writing his Bachelor's Thesis (Wra th -
er, 1941, p. 2223). . . . . 

It was in connection with his interest in Texas geolo­
gy and his excellence as a student that Hill 's name 
came to the attention of Major John Wesley Powell, 
then director of the recently organized U. S. Geological 
Survey. He invited Hill to Washington for an inter­
view and thereafter offered him a position with the sur­
vey (Alexander, 1973, p. 25) . Having finished the 
research and most of the writing of his  Hill ar­
ranged to leave school a year early and graduate the 
following year (Ibid. p. 26) . H e accepted Powell's offer 
and joined the Survey in June, 1885 as Assistant Pale­
ontologist in the Division of Mesozoic Invertebrate 
Paleontology, under the direction of Dr. Charles Abi-
athar White (Ibid. p. 27) . 

The instruction at Cornell was significant to  
geological training in that it fulfilled what was then 
considered one of the paramount purposes of liberal 
education, the development of the "judgement and rea­
soning powers" (Williams, 1893, p. 40) . Research was 
seen as a valuable extension of classroom instruction, 
designed to inculcate upon the student the "spirit of the 
investigator" (originality and independence of view) 
and develop his powers of "observing accurately, re­
cording correctly, comparing, grouping and inferring 
justly, and expressing cogently the results of these 
mental operations" ( Ibid . ) . Exercises in fossil identi­
fication, field surveys, and the researching and writing 
of a thesis reflecting original investigation and thought 
were all means toward this end. 

The geology department at Cornell had been severely 
chastised for the paucity of classroom instruction (Bish-
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op, 1962, p. 239). But even such leading institutions 
as Harvard, where a good deal of geology was taught 
in the classroom, produced students that were incapable 
of defining the geology of an unknown region (Fai r ­
banks and Berkey, 1952, p. 109-10). In light of this 
fact,  was probably better qualified than most to 
serve the U. S. Geological Survey. But although he 

was praised as a mature, perceptive, and industrious 
student  1973, p.  would receive 
Special Distinction in Geology at the 1887 commence­
ment at Cornell (Hewett , 1905,  3, p.  was 
as vet unprepared to pursue independent  investi­
gation with the sophistication that characterized the re­
search  of the U. S. Geological Survey. 

HILL AND GOVERNMENT SCIENCE 

The very existence of the U. S. Geological Survey 
was indicative of the expanding influence of science in 
nineteenth century America, an influence expressed in 
the trend toward national centralization, institutional 
organization, and specialization. The Survey's estab­
lishment was an attempt to rectify administrative chaos 
in Washington and a duplication of Havden, King, and 
Powell's efforts in the field (Miller,  p.  In 
nddition, it  that systematic scientific investiga­
tion was indeed a necessarv and legitimate function of 
the national government (Leighton, 1951, p. 574). 

The consolidation of the western surveys under a 
single national agency was only one manifestation of 
the institutional organization and diversification taking 
place within the realm of geological science. The move 
from Cornell to Washington placed Robert Hill in the 
midst of American scientific society. Washington was 
one of a number of cities whose concentration of col­
leges, libraries, and museums lured scholars and pro­
vided the nucleus for the development of scientific so­
cieties (Bruce, 1972, p. 78). These societies, in addi­
tion to stimulating research and facilitating scholastic 
interchange (Curti, 1964, p. 571), reflected the diversi­
fication and specialization of interest needed to keep 
pace with the flood of new scientific facts. 

Hill began frequenting the Cosmos Club soon after 
his arrival in Washington. The club was a gathering 
place for great intellects of several  it served 
also as the meeting  of scientific  and it 
was here that Hill delivered his first scientific paper 
on the geography and geology of the Cross Timbers of 
Texas (Hill, 1937). He reveled in the "coterie of great 
scientists" who lived in what he termed the "Periclean 
Age of science" (Hill, undated a ) . But while the scien­
tific life of the capital was a stimulating intellectual 
challenge, it was also a source of bitter disillusionment 
for the young geologist from Cornell. 

The passion for facts and the ambitious research en­
deavors that characterized the "new breed" of scientist 
were accompanied by a fierce competitiveness in the 
quest for knowledge, a competitiveness that nurtured 
secrecy, suspicion, and outright denunciation. Intense 
rivalries developed, especially among geologists (Dana 
vs. Hall, Cope vs. Marsh) , that received nationwide 
public attention and tended to discredit the Geological 
Survey and unify opposition forces (Darrah, 1951, p. 
339). Less  a year after his joining the Survey, 
Hill too became embroiled in a professional dispute 
that had a profound influence on his professional career. 

During the summer of 1886 Hill made an excursion 
with his  Dr. C. A. White, over a section from 
Elmo to Millsap, Texas. White asked Hill for a brief 
table of the stratigraphic sequence and formation names 
to use in a paper of his, guaranteeing that Hill would 
receive full credit. When his article was published the 
next year Hill was not given credit. Hill 's protesta­
tions that he had published first and that White had 
given him insufficient credit in his article were met by 
demands by White that Hill be discharged from the 
Survey and his notebooks be turned over to  
Major Powell decided in Hill 's favor (Vaughan, 1944, 
p. 150). Hill was by nature highly sensitive to the 
opinions of others, to the point of being defensive to­
ward the very slightest rebuke, or what he interpreted 
to be a rebuke. This experience with White awakened 
him to the bitter realities of competition within the 
scientific community and instilled in him a pervasive 
distrust of professional colleagues that often precipi­
tated senseless rivalries and constituted a detraction 
from his productive energies (Hill, 1931b). 

The mere fact that R. T. Hill was a member of the 
U. S. Geological Survey had far more important impli­
cations regarding his professional career than the per­
nicious effects of personal encounters with White and 
others. The Geological Survey (as opposed to, say, 
academic institutions) virtually controlled the science 
of geology in the United States during the latter part 
of the nineteenth century. Such control was possible 
because it had the advantage of a dual organization, 
exercising the power of a government agencv and en­
joying the freedom of a scientific society (Manning, 
1967, p. 216). 

The Survey's power as a government agency was 
the product of ample federal funding and the adminis­
trative freedom given Powell in utilizing those  
its freedom is attributable not only to his power, but 
also to the favorable research conditions it provided its 
members. Powell's first assertion in defense of the Sur­
vey's dominance of American geology was that one 
national survey was more efficient than many state sur­
veys and that the "plant for geological investigation 
was too expensive for private agencies" (Dupree, 1957, 
p. 226). The special problems of frontier life caused 
self-sufficient research expeditions to be prohibitively 

 only heavily subsidized or extremely 
wealthy scientists could hope to publish elaborate illus­
trated publications, and the great mass of field observa­
tions and laboratory results almost precluded the indi-
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 scientist's success without the cooperative sup­
port of specialized lalent.  utilization of Survey 
funds to build up a highly competent and specialized 
scientific staff, to provide favorable research conditions 
(free from economic burdens) , and to supply a ready 
means of publishing results established the U. S. Geo­
logical Survey as the government's most productive 
research agency during the nineteenth century (Man­
ning, 1967, p. 216) . Robert T. Hill 's membership in 
this agency is a vital key to his success as a geologist 
and the significance of his scientific contributions. 

The historical significance of Hill's contributions can 
be measured by the degree to which he reflected or sat­
isfied the goals of government science (specifically, the 
U. S. Geological Survey) regarding both scientific and 
economic development. Practitioners of science under 
government auspices encountered the question of 
whether their research efforts should be pursued in the 
interest of pure science or of practicality and utility. 
John Wesley Powell approached this dilemma with the 
"optimism of  faith that science in the 
service of mankind was a great and profitable ambition 

 with a proclivity for order and organization 
(Darrah, 1951, p. 354). He saw the Geological Sur­
vey's purpose as being one of a great fact-finding agen­
cy, and thus emphasized the discovery and classification 
of new materials and the publication of results (Herbst , 
1965, p. 38) . He attempted to place this great fact-
finding or research effort within the context of the 
government's role of promoting the welfare of the people 
by "providing for investigations in those fields most 
vitally affecting the great industries in which the people 

 (Dupree, 1957, p. 226). 
In reality, what Powell did was to provide Survey 

members with the means and justification of pursuing 
either pure or practical research. Such a practical de­
sign as the completion of a national map to guide land 
classification and settlement was considered no more 
valid or important as a research endeavor than the pur­
suit of paleontologic research. The generous appropria­
tions to the Division of Paleontology were evidence of 
this (Ibid. p. 213) . Powell asserted that the Survey's 
concentration in areas of theoretical as well as economic 
interest stimulated private or local (state) research by 
virtue of the fact that the possession of knowledge was 
not exclusive, that individual grains by discovery were 
gains for all men (Ibid. p. 227). The significance of 
this view lay in the fact that while it was often fiercely 
contradicted by members of Congress, state legislators, 

 informed citizens, it did succeed in providing Sur­
vey scientists with a means of pursuing theoretical as 
well as practical work. But, while Hill and others were 
able to take advantage of this boon to theoretical inves­

 they were often called upon to justify the 
Survey's research efforts by informing the public of 
the utility of their work. 

Hill 's function in this capacity was realized early in 
his career. In 1887 Powell sent him to Austin to lobby 
for the passage of legislation to establish a Texas state 
geological survey, a task which involved writing news­
paper articles, circulating petitions, and delivering lec­
tures and speeches (Hill, 1931b, p. 28) . Whether Hill 's 
efforts contributed much to the ultimate approval of 
the bill is questionable. The same grating personality 
that would later tend to offset his scientific accomplish­

ments provoked opposition to the proposed survey on 
the grounds that it was advocated by a dude (Galveston 
Daily News, 1887, p. 5) . But the fact that he sought 
popular support by attempting to clarify the geologist's 
role in society and dispel the myth of Texas' vast min­
eral reserves is significant. 

It was not until the last third of the nineteenth cen­
tury that the profession of geologist became clearly 
recognized and that professional standards were devel­
oped  that vocation (Mather, 1959, p. 1108). Thus 
most citizens were naturally vague in their understand­
ing of the geologist's function in society. In Texas, 
where fundamentalism still resisted the challenge of 
Darwinian science, attitudes toward geology transcend­
ed vagueness to the point of hostility and contempt 
(Stanley-Brown, 1932, p. 81) . But while Hill often 
encountered the sentiment that "a geologist and a raving 
maniac are the same thing," he noticed that even the 
most intractable farmer was receptive to information 
on his soils and advice as to the best place to bore wells 
(Fairbanks and Berkey, 1952, p. 111). 

In accordance with his efforts to advise citizens of 
the practical applications of  Hill attempted to 
dispel the popular belief in the great mineral wealth 
of Texas. Observers since William Kennedy had re­
ported rich deposits of iron ore, coal, lignite, and copper 
(Ferguson, 1969, p. 35). Anton Roessler's small scale 
geologic maps of Texas, the first of their kind, con­
tained copious symbols of mineral localities, but failed 
to indicate the economic futility of attempting to work 
these deposits (Young, 1965, p. 37) . Hill frequently 
encountered landowners who were sure of little more 
than that their property had a gold mine (Fairbanks 
and Berkey, 1952, p.  . 

The bill authorizing the establishment of the third 
Texas Geological Survey was passed May  1888, and 
upon Hill 's recommendation Edward T. Dumble was 
appointed chief geologist of the Survey (Vaughan, 1944, 
p. 157). The essence of Hill 's attempts to inform the 
public of the folly of their misconceptions and of the 
utility of geological science were articulately expressed 
in the purposes of the Dumble Survey: 

1.   f o r ores, minera ls ,  coals, clays, and o the r 
minera l s possess ing a commerc ia l value, and the de te rmi­
na t ion of the quest ion, wheneve r possible, w h e t h e r they 
exis t in sufficient quant i t ies and under sui table condit ions 
and su r round ings to m a k e it r easonably cer ta in t ha t it 

 be p rof i t ab le to w o r k them. 

2. A n invest igat ion of the geological f o r m a t i o n and the to­
p o g r a p h y of the coun t ry w i th a v iew to de t e rmin ing the 
probabi l i ty of ob ta in ing a r tes ian w a t e r and the feasibi l i ty 
of i r r i g a t i n g f r o m such wells as f r o m s t reams , sha l low 
wells, o r t anks w h e r e necessary . 

3. T h e de te rmina t ion of the adaptabi l i ty of soils t o cer ta in 
crops , and h o w the i r fe r t i l i ty can be increased by the use 
of mine ra l s closest a t hand . 

4. T h e search f o r and development of useful ar t ic les as no t 
ye t fu l ly known . ( D u m b l e , 1889, p. 9 ) . 

Though local scientists like Jacob Boll, George 
 and E. T. Dumble had pushed for a state geological 

survey in the late 1870's and early 1880's, J . W . Powell 
was responsible for initiating the campaign that ulti­
mately resulted in the creation of the third Texas Geo­
logical Survey (Ferguson, 1969, p. 81) . The success of 
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his endeavor extended the research interests of the U.S. 
Geological Survey into Texas. Whether this new re­
search activity stimulated or inhibited local activity is 
subject to debate. Powell, of course, regarded it as a 

 but many state geologists complained of the 
lack of cooperation on the part of the national survey 

and its ignorance of the state survey's needs (Branner, 
1890, p. 298) . Hill 's role in this dilemma would become 

 the imperatives instigated by Powell and es­
tablished by  efforts to generate popular support 
for the Dumble survey guided his subsequent geologic 
work in Central Texas. 

PREVIOUS INVESTIGATIONS 

Robert T. Hill's  publication, "The Present Con­
dition of Knowledge of the Geology of Texas" (Hill, 
1887a), was a resume of previous geological investiga­
tions in Texas, something he regarded as essential to 
the intelligent study of the state and eminently practical 
in terms of its usefulness to future investigators, whose 
scientific determinations would promote profitable eco­
nomic development (Ibid. p. 89) . From this exhaus­
tive literature survey he was able to make the following 
perceptive observations, observations that would guide 
his subsequent research  

1) T h e r e is n o accu ra t e knowledge of the essential topo­
g raph i c f ea tu res of T e x a s upon wh ich geologic w o r k can 
be based. 

2 ) T h e geologic w o r k has been f r a g m e n t a r y , unconnected, 
 and unsys temat ic t h roughou t . I t has been 

most ly descr ipt ive paleontology instead of s t r a t i g r aph ic 
work . 

3 ) T h e r e has been v e r y li t t le accura te s t r a t i g r aph i c w o r k 
recorded. 

4 ) M o s t of the l i t e ra tu re deals w i th b r o a d general i t ies r a t h e r 
than w i th specific descr ipt ion. ( Ib id . p. 88) 

Hill attributed this "fragmentary and unsatisfactory" 
state of geological knowledge to some very tangible 
factors: hostile Indians, the Civil W a r , and abortive 
attempts at a state survey (Ibid. p. 7 ) . An analysis 
of the major developments in the evolution of the geo­
logical knowledge of Central Texas prior to Hill 's 
work reveals yet another limiting factor, governed to 
some extent by the factors he cites, but more significant 
in the implications it has regarding Hill 's later contri­
butions ; that factor is methodology. 

William Goetzman stated the following thesis in his 
 Exploration and  " . . . explorers, as they 

go out into the unknown, are 'programmed' by the 
knowledge, values, and objectives of the civilized cen­
ters from which they depart. They are alert to discover 
evidence of the things they have been sent to find" 
(Goetzman, 1966, p. 199). Similarly, the early investi­
gators of frontier Texas geology were limited by their 
programming, or more precisely, by their methodology. 

Dr. Ferdinand Roemer, the distinguished German 
geologist and paleontologist, arrived in Texas in De­
cember,  to make a study of its suitability for Ger­
man immigration. His observations between December, 
1845, and April, 1847, were contained in four publica­
tions, constituting what Hill considered the most valu­
able contributions to the geological knowledge of Texas 
(Hill, 1887a, p. 15). On the basis of observations 

made during his travels, Roemer differentiated three 
physiographic regions :  the lowland along the  
2) the hill country or "undulating region," which he 
characterized as widespread open prairies with narrow 
forest strips limited to the river banks; and 3) the 
highland, consisting of a tableland of concordant sum­
mits incised by valleys and ravines (Roemer, 1852, 
p. 1). In addition, his observations of the Cretaceous 
strata from San Antonio to as far north as Torrey 's 
Trading-house (Waco) allowed him to delineate the 
eastern border of the Texas Cretaceous (Fig. 1) and 
postulate its great westward extent (Hill, 1887a, p. 72) . 

Roemer lamented the fact that the most interesting 
geology commenced "where civilization ceases and the 
wilderness begins" (San Antonio de Bexar. New 
Braunfels, and Austin were "Western Texas" frontier 
settlements at the time) (Roemer, 1846, p. 358) . Such 
physical limitations confined his studies to more accessi­
ble regions. Consequently, the majori ty of his deduc­
tions concerning the Texas Cretaceous were made from 
features observed in the vicinity of New Braunfels. 
The nature of these deductions elucidates the additional 
limitations imposed by Roemer's methodology. 

The rather abrupt transition from Roemer's hill 
country to the highland in the region of New Braunfels 
was the prime focus of his observations of the Texas 
Cretaceous (Roemer, 1852, p. 1) . H e noted that the 
fauna of the plateau limestones near New Braunfels 
indicated a lower geologic horizon than the adjacent 
lower lying strata and postulated that such an inversion 
of the stratigraphic sequence with respect to the top­
ography could have been the result of faulting  
p. 19). This hypothesis, he added, might also explain 
the sudden steep elevation of the highland and the con­
spicuous lithologic change from the "siliceous, chalky 
strata" of the highlands to the "less firm white lime­
stone and marls" at the foot of the highlands (Roemer, 
1849, p. 379). To this point, Roemer's 
his means of conceptualizing the problem and suggest­
ing a solution based on careful analysis of a variety of 

 in accord with the methods of modern 
field investigation. His great errors, ones that would 
confound Texas geologists for the next thirty years, 
arose out of his attempts  formulate conclusions from 
too little evidence and within the context of erroneous 
presuppositions. 

Roemer asserted that the faulting was in all likeli­
hood a very local and isolated feature and that the age 
difference between the Cretaceous highlands and low­
lands would prove to be negligible once more extensive 
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stratigraphic comparisons were made (Roemer, 1852, 
p. 19). This contention, though unsupported by cited 
evidence, far outweighed his more valid deductions in 
the eyes of subsequent investigators. In fact, with the 
exception of Jacob Boll, a widely travelled naturalist 
of Texas (Boll, 1879, p. 380), and Jules Marcou 
(whose geological contributions will be discussed 
shortly), geologic researchers in Texas, up to and in­
cluding Hill, almost totally neglected Roemer's obser­
vation of faulting near New Braunfels. This neglect 
probably resulted from translation difficulties (Fergu­
son, 1969, p. 34) ; but more  it reflected 
the willingness of Roemer's successors to accept his 
judgments unquestioningly. 

Roemer's minimization of the significance of the 
faulting near New Braunfels was only one indication 
of the unsuitability of his methodology to the explica­
tion of the unique geological circumstances present in 
Central Texas. While the faulting was the kev to un­
derstanding Central Texas geology, the abundance of 
paleontological evidence available to Roemer could have 
provided a compelling indication of its true nature had 
his observations not been biased by European bases for 
analogy and interpretation. Because of the relative 
horizontality of the strata and absence of deeply incised 
valleys Roemer saw no opportunity to date the Creta­
ceous formations on the basis of lithologic criteria 
(Roemer, 1852, p. 19). His only recourse was to ex­
amine their organic inclusions. In the process, he de­
scribed one hundred eighteen Cretaceous species, 
eight of them for the first time (Hill, 1887a. p. 72) . 
While admitting that there were distinct  and 
paleontologic dissimilarities between the Texas Creta­
ceous and the Cretaceous of the rest of North America 
and Europe, Roemer asserted that certain analogies did 
exist (Roemer, 1848, p. 24) . He assumed the Creta­
ceous strata of Texas, despite their peculiarity, to be 
contemporaneous with those in New  and trac­
ing the former across the Atlantic to southern Europe 
and the latter to Cretaceous strata in northwestern 
Germany, he postulated their faunal differences to be 
a product of climate, not time (Ibid. p. 25) . Such a 
conclusion was made on the selective correlation of a 
few "characteristic forms" (to the exclusion of several 
anomalous forms) and in the absence of any strati-
graphic correlations (" . . . despite its considerable 
thickness, there appears to be no way to subdivide the 
Cretaceous of Texas on the basis of lithologic and 
paleontologic criteria") (Ibid p. 24) . This assertion 
was in accord with prevailing geologic thought, which 
accepted as valid the concept of geological formations 
and isothermal lines of worldwide extent. Roemer was 
following procedures well established by Maclure, 
Eaton, Hall, and other American geologists in attempt­
ing to define the relative ages of North American strata 
from more precisely known European stratigraphic se­
quences; his methodology compelled him to date the 
Texas Cretaceous as the equivalent of the Chalk or 
Chalk Marl of southern Europe (Fig. 2) (Roemer, 
1848, p. 24) . 

Scientists would later accord Ferdinand Roemer the 
title "Father of the Geology of Texas." Indeed, his 
work in Central Texas was a pioneering effort. Against 
severe  resulting from poor transportation 
and hostile Indians, he succeeded in collecting a wealth 
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of paleontologic data. H e utilized this data in conjunc­
tion with other geologic observations to postulate the 
extent of the Texas Cretaceous, to differentiate its 
character with respect to broadly defined topographic 
regions, and to determine its absolute age and relation­
ship to European equivalents. Subsequent investigators 
operating under similar physical and methodological re­
straints generally accepted this outline as a point of 
departure rather than as a subject of contention, much 
to the detriment of their sincere efforts. 

In February, 1858, an act of the Texas legislature 
authorized the state's first geological and agricultural 
survey. Later that same year Dr. Beniamin F . Shu-
mard was appointed to the position of State Geologist. 
His most noteworthy effort in this capacity was the 
construction of a section of the Texas Cretaceous ob­
served along a line extending from Austin to the Red 
River in Grayson County. Though this section, pub­
lished in 1860, was accepted until the 1880's by most 
students of Texas geology, it contained a number of 
errors, the nature of which provides some indication of 
the inadequacy of Shumard's attempts to define the 
geology of Central Texas. 

 noted that while B. F. Shumard's writings ex­
hibited much labor they were "deficient in stratigraphy 
and are mostly of a paleontologic character" (Hill, 
1887a, p. 76). The fact is, Shumard was recognized 
bv his peers as an able paleontologist, not a stratigra-
pher (Ferguson, 1969, p. 57). His published section 
was not so much the result of accurate, systematic field 
investigation as it was a consequence of his efforts to 
synchronize various described sections. H e had ar­
ranged his brother's (G. G. Shumard) observations on 
the Red River, Dr. Riddell's work with the First Geo­
logical Survey in Central Texas (McLennan, Coryell, 
and Bosque Counties, primarily), and his own and Dr. 
Roemer's observations near Austin to make up his sec­
tion. Unfortunately, those investigations conducted 
north of the Brazos River, where the Baicones faulting 
grades into simple monoclinal folding, failed to note 
that the plateau limestones of Roemer's highland dipped 
beneath the chalky Upper Cretaceous limestones to the 
east ( Ibid.) . Shumard thus saw little reason to doubt, 
at least on the basis of the information used to compile 
his section, that the Comanche Peak and Edwards lime­
stone of the highlands were the youngest of a normal 
succession of horizontal Cretaceous strata. 
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What most dramatically illustrates the deficiency of 
Shumard's methodology is the fact that despite his 
previous experience and an abundance of paleontologi-

 evidence, he failed to recognize the existence  an 
extensive Lower Cretaceous marine fauna in the lime­
stone of the highlands west of the Balcones fault zone. 
Operating under the same methodological handicap that 
restricted Roemer, Shumard sought to adapt the Upper 
Cretaceous section of Iowa and Nebraska,  by 
Hayden and Meek some years earlier, to the definition 
of the Texas Cretaceous. He had, in fact, first studied 
Cretaceous fauna in this portion of the Great Plains; 
it was only later, in describing fossils collected by his 
brother, G. G. Shumard, on Marcy's expedition to ex­
plore the Red River, that he had his first opportunity 
to study the Cretaceous fauna of Texas (Marcy,  
p.  But despite his later assertions that he was 
unable to correlate Comanche Peak fossils with any in 
the Upper Cretaceous Nebraska section (Shumard, 
1859, p. 585), Shumard's predilection for the fossil 
identifications and stratigraphic interpretations of his 
fellow paleontologist, Ferdinand Roemer, overshadowed 
any discrepancies he may have  Wide­
spread belief in the veracity of Shumard's "topsy-turvy" 
section (as Hill called it) was sustained for over two 
decades by his reputation as an able paleontologist, the 
unprecedented scale of his endeavor, and the demon­
strable accuracy of his correlation of the true Texas 
Upper Cretaceous with that of the other Gulf states 
(Shumard, 1861, p. 188-205). 

Shumard's Cretaceous section was not entirely with­
out its critics, the most competent of these being the 
European-trained geologist, Jules Marcou. Marcou had 
accompanied Lieutenant A. W . Whipple's thirty-fifth 
parallel survey, one of several surveys conducted in 
1852 and 1853 to determine the most suitable route for 
a transcontinental railroad. The party traversed the 
extreme northwestern portion of Texas, roughly along 
the line of the Canadian River, where Marcou identi­
fied several fossils as Neocomian (Lower Cretaceous) 
in age (Marcou, 1855, p. 127). This age determination 
constituted the first well substantiated recognition of 
the Lower Cretaceous in North America (Stanton, 
1897, p. 583). Its significance was furthered by the fact 
that Marcou extended this age designation to include 
the  near Austin and New Braunfels and the hills 
around Fredericksburg, all of which Roemer had as­
serted were Upper Cretaceous. H e also had the oppor-

 some of his las t d i scover ies ( S h u m a r d , 1861, p. 
188-205) w o u l d h a v e necess i ta ted a subs tan t ia l r ev i s ion of h is 
section,  t o include a L o w e r C r e t a c e o u s  u n f o r ­
tunate ly , he died be fo re a t t e m p t i n g such a revis ion. 

tunity to examine samples collected near Denison, 
Texas, where G. G. Shumard had made his observa­
tions only a year before,  that these too were 
Lower Cretaceous in age (Marcou, 1854, p. 25) . 

Professor Marcou's remarkable discovery prompted 
him not only to conclude that the Cretaceous of Texas 
increased in age as one proceeded from east to west, 
but that Roemer's generalizations and Shumard's Cre­
taceous section were unquestionably wrong. He credit­
ed Roemer with having observed that the plateau lime­
stones were older although tooographically higher, but 
noted that the German paleontologist had erroneously 
considered the entire section to be Upper Cretaceous in 
age. With regard to Shumard's work, he made several 
more penetrating  

1. C o n f u s i o n of t o p o g r a p h i c a n d s t r a t i g r a p h i c e levat ions . 

2. Neg l ig ib l e use of s t r a t i g r a p h i c and pa leonto logic evidence. 

3. I g n o r a n c e of E u r o p e a n t ime equ iva len t s of c e r t a in key 
Cre t aceous fossi ls (espec ia l ly t h e N e o c o m i a n ) . 

4. M i s r e p r e s e n t a t i o n and mis ident i f ica t ion of fossi ls . 

5. Foss i l s l i s ted independen t of s t r a t i g r a p h i c subdivis ions. 
( M a r c o u , 1862, p. 90-93) 

This critical appraisal of his contemporary's work il­
lustrates the fact that although Marcou was similarly 
inhibited by the necessity of defining North American 
geologic features in terms of European equivalents, he 
did not succumb to the methodological pitfall of mis­
interpreting or ignoring data because it was not sugges­
tive of either the European model or previous interpre­
tations. Marcou possessed an advantage in that he was 
able to evaluate these previous interpretations in the 
light of evidence that he had personally collected. In 
other words, his conclusions were based on field obser­
vations,  Hill  none of his 
critics could claim (Hill, 1887a, p. 26) . 

Jules Marcou's significant discoveries, if not accepted 
on the basis of their supportive evidence, should have 
at least stimulated thoughtful inquiry into the validity 
of his  instead, they were largely disre­
garded. The reasons were many. The European geolo­
gist had embroiled himself in personal disputes with 
American scientists, who subsequently sought in earnest 
to discredit his findings, pointing in particular to his 
careless dating of certain exposures in New Mexico 
(Stanton, 1897, p. 584). Convinced of the validity of 
Roemer's interpretations, and reassured by the knowl­
edge that investigation of other regions of the United 
States had revealed no Lower Cretaceous strata com-

 to those purported to exist in Texas, scientific 
opinion found Marcou's discoveries unacceptable. 

METHODOLOGY 

The exploration of the American West revealed to 
the geologist vast "new bonanzas of specimens, forma­
tions, and natural phenomena to describe and classify" 
(Bruce, 1972, p. 69) and ushered in an intensely ex­

ploratory phase of geological  "Heroic 
Age" of American geology. This period was aptly 
characterized by a deep commitment to accurate sys­
tematic field work and meticulous observation, its great 
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advances often being credited to geologists' devotion to 
these ideals (Hartzell, 1896, p. 276). And while there 

 none of the extensive philosophical and methodo­
logical discussion that occupied the geological profession 
during the first half of the nineteenth century  
1973, p. 261) , there were concerted and successful ef­
forts to standardize and systematize the pre-existing 
methodology to accommodate the new wealth of geo­
logic data. 

The greatest and most fundamental of Hill 's contri­
butions to the knowledge of Central Texas geology 
were made in the field of stratigraphic paleontology, and 
much of his success can be attributed to his mastery 
of the precepts of this discipline as advanced by John 
Wesley Powell and vigorously exercised by numerous 
U.S. Geological Survey and state survey geologists 
(Fig. 3 ) . One of Powell's goals as director of the U.S. 
Geological Survey was to define clearly the most impor­
tant principles of stratigraphic paleontology in the hope 
of facilitating more systematic and efficient research by 
American geologists. Before the 1880's there were no 
standardized criteria for the definition of stratigraphic 
units other than systems (Moore, 1941, p. 186). Used 
to delineate a group of deposits characterized by distinc­
tive fauna and bounded by unconformities or horizons of 
pronounced lithologic change, these systems appeared to 
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F i g . 3. A g r a p h s h o w i n g n u m b e r s of s t r a t i g r aph i c names in t ro­
duced in N o r t h A m e r i c a d u r i n g five-year per iods f r o m 1826-
193S. A l t h o u g h it does not m e a s u r e p r o g r e s s in s t r a t i g r aph ic 
r e s e a r c h (as m a n y of t h e names in t roduced p robab ly reflect 
i g n o r a n c e m o r e t h a n k n o w l e d g e ) , it is still an accura te indica­
t ion of t h e deg ree of ac t iv i ty in this field. N o t e t h e ac t iv i ty 
be tween 1886 and  Moore , 1941, p. 196. 

define natural rock units, especially in the region where 
each was first differentiated (Ibid. p. 185). What fol­

lowed were attempts by geologists (as we have seen) to 
utilize these "type" systems in defining stratigraphic 
units elsewhere. By the 1880's, however, it was an ac­
cepted fact that stratigraphic columns in many parts of 
the world failed to match one another very closely; in 
fact, many investigators were highly skeptical of asser­
tions that widely separated strata of similar paleontologic 
character were necessarily deposited contemporaneously 
(Ibid.) . This realization may explain why the Euro­
pean tendency to place primary emphasis on paleonto­
logic rather than lithologic criteria was not generally 
adopted by American geologists. 

In Europe, most stratigraphic divisions were based 
on time intervals  by the presence or ab­
sence of certain characteristic fossils, whereas in Amer­
ica, under the emphasis of Powell, classification was 
chiefly on the basis of lithology: 

T h e classif icat ion involved in a c a r t o g r a p h i c sys tem de­
signed f o r genera l use should be object ive r a t h e r t h a n theo­
r e t i c ; it should be based upon rock masses in the i r observed 
and readi ly observable re la t ions r a t h e r t h a n upon t ime in­
te rva l s contempla ted in h is tor ic geology, or even upon the 
o rgan ic remains con templa ted in biotic g e o l o g y ; it should be 
pe t rog raph i c r a t h e r t h a n chronologic or paleontologic. 

. . . W h i l e the mino r geologic divisions m u s t have a 
n a t u r a l basis, those of g r e a t e r magn i tude m a y be somewha t 
d i f fe ren t ly defined. T h e s t ruc tu ra l geologic uni t is the ' fo r ­
mat ion ' . I t is defined p r imar i ly by p e t r o g r a p h y and secon­
dar i ly by pa leon to logy ; and, in t ho rough ly studied regions , 
is genera l ly found t o cons t i tu te a genet ic uni t . ( Q u o t e by 
J o h n W e s l e y Powe l l in Moore , 1941, p.  

Despite this strong emphasis on the importance of 
lithologic criteria, it should be noted that paleontologic 
work was still essential to accurate stratigraphic work, 
thus the term "stratigraphic paleontology." But Hill 
recognized, as did most reconaissance geologists of his 
generation, that the usefulness of paleontologic data was 
not measured merely in terms of increased numbers of 
fossils available for correlation purposes, but in the 
more exact definition of those fossils with respect to 
a precisely determined stratigraphic sequence  
p. 202). Herein lies one of Hill 's great advantages over 
his distinguished predecessors. Roemer, Shumard, and 
Marcou, though able paleontologists, were unsuited to 
the task of making accurate stratigraphic determina-

 their methodology limited the value of their 
paleontologic observations. 

American geologists also began to diverge from their 
European colleagues on the rules of stratigraphic 
nomenclature. Since James Hall 's survey work in New 
York, American geologists demonstrated a tendency to 
apply geographic names to stratigraphic units  

 186). By the late 1880's, Powell's emphasis on this 
convention, like his emphasis on lithologic criteria for 
defining stratigraphic units, reflected the consensus of 
American geologic thought. The essential principles of 
stratigraphic classification and nomenclature were stan­
dardized approximately as they exist today (Ibid. p. 
216). The success of Hill 's effort in contrast to pre­
vious investigators, and more specifically, the remark­
able durability of his stratigraphic column of the Texas 
Cretaceous, can be partially attributed to this fact. 

Perhaps the most vital aspect of any methodology is 
the characterization of those intellectual qualities that 
are considered essential to an individual's success in 
that  all other mental procedures are 
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merely manifestations of the refinement of those basic 
qualities. Geologists of the late nineteenth century were 
armed with minimal "aids to the normal faculties of ob­
servation" (Williams, 1893, p. 44) . Because of this, 
and because they saw themselves "faced with the task 
of reconstructing events that happened on a vast scale 
and in the remote past from the partial remains of the 
products of those events," a premium was placed on 
the capacity to observe and reason (Bradley, 1963, p. 

 Observation was actually an intrinsic part of rea­
soning, and reasoning itself was the geologist's most 
valuable tool. As Bradley defined i t : The geologist 
must reason analogically because all reasoning depends 
on analogy and the power to recognize  "he must 
use inductive reasoning to reconstruct a whole from the 
parts," and he must use imagination, the capacity to 
visualize "in three dimensions and with perspective," 
to visualize processes "as they may have operated with 
time" (Ibid. p.   

These idealized qualities were given profound mean­
ing in Hill 's time by T. C. Chamberlain's concept of 
the multiple working hypothesis, the most significant 
methodological revelation in the science of geology dur­
ing the latter half of the nineteenth century. Chamber­
lain very succinctly stated that in the process of geo­
logic investigation the investigator must avoid the dan­
ger of being constrained, or "ruled," by a  
idea or hypothesis by becoming "the parent of a family 

of hypotheses . . . bringing  view every rational ex­
planation of the phenomenon in hand and  
every tenable hypothesis relative to its nature . . . ." 
 Chamberlain, 1897. p. 843). Many of the most revo­

lutionary and significant geological discoveries of the 
period can be credited to the deliberate or subconscious 
application of this principle. 

Robert T. Hill came to Cornell with a maturing and 
perceptive mind. Here he was infused with  appre­
ciation for originality and independence of view and 
supplied with the rudiments of precise observation and 
valid reasoning. Previous informal acquaintance with 
Central Texas geology from his residence there guided 
Hill 's studies toward a complete and perceptive familiar­
ity with previous investigations of the region, and 
gained him entrance into one of the nation's centers 
of scientific activity. In Washington he was stimulated 
and challenged by the great scientists of the age and 
was instilled with their fierce competitive and often 
destructive drive. As a member of a powerful and 
productive government agency with adequate physical 
and methodological means for research, he acquired a 
methodological framework and an awareness, conscious 
or not, of the intellectual requisites or qualities neces­
sary to operate  within this framework. 
Equipped with this body of knowledge, procedures, and 
objectives, R. T. Hill advanced into the "unknown" 
frontier of Texas geology. 

HILL'S CONTRIBUTION TO THE KNOWLEDGE OF 
CENTRAL TEXAS GEOLOGY 

Robert T. Hill 's systematic study of the geology of 
Central Texas began with a three month field assign­
ment by Major Powell, Director of the U. S. Geological 
Survey. He spent most of the autumn of 1886 in the 
vicinity of Dallas-Fort Wor th and Austin, visiting lo­
calities, measuring sections, recording observations, and 
collecting and identifying fossil and rock specimens 
(Appendix) . Before the end of the year he had com­
pleted two papers, published in the prestigious Ameri­
can Journal of Science during 1887: "The Topography 
and Geology of the Cross Timbers and Surrounding 
Regions in Northern Texas" and "The Texas Section 
of the American Cretaceous." Together they consti­
tute the first and most revolutionary of Hill 's scientific 
contributions and the beginnings of his work on three 
features of Texas geology "which he continued to study 
until complete presentation": Texas physiography, 
Texas artesian waters, and Texas Cretaceous geology 
(Hill, 1931c). 

In the process of reviewing the condition of geological 
knowledge of Texas, Hill (1887a) had included his 
own classification of the general topography of the state 
(Fig. 4) , noting that each of the regions delineated 
had a "well marked individuality, although  boun­
daries between them cannot always be closely defined" 

 1887a, p. 52). H e hazarded such a definition in 
"Topography and Geology of the Cross Timbers," with 

his first physiographic map of Texas  5) . The 
map, with an expanded  of his first attempt 
at topographic classification, introduced an extended 
description of the Cross Timbers  which a 

 section had been made) and presaged 
subsequent contributions that would culminate in a 
physiographic atlas of the Texas region. 

A similar indication of the direction Hill 's studies 
would take was provided by his brief mention of the 
occurrence of artesian waters beneath the Black and 
Grand Prairies at For t Wor th and Dallas. Their pres­
ence was again noted shortly afterward in a newspaper 
article in which Hill cited the lack of geographic maps 
giving accurate elevations and detailed information of 
strata as the chief obstacles to determining accurately 
the  and productivity of artesian wells (Hill, 
1887d). The intimation was that Hill 's contribution to 
the knowledge of Texas ' groundwater resources would 
increase as his knowledge of Texas geology  
so it did. 

Director John Wesley Powell, in the Annual Report 
of the U.S. Geological Survey for  announced 
that "one of the most important events of the year in 
systematic geology was the discovery by Dr. [Charles 
A.] White and Mr. [Robert T.] Hill of a great series of 
Cretaceous strata in the State of Texas underlying the 
rocks hitherto regarded as the base of the American 
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 prairie. 

 districts. 

Hamilton County 

prairie. 

Granite region. 

Gypsum lands. 

Red prairies. 

Peculiar to Central 

Texas and southern 

part of Indian Ter­

ritory. Terminates 

west of San Antonio 

before   

Grande. 

M o u n t a i n o u s 

region. 

Steppen-Lande. 

Llano Estacado 

(table lands and 

sand hills). 

(4) Plateau or Staked 

Plains region. 

Southern  

of Great Plains  I, 

eastern foot of 

Rocky  

British America to 

Southern Texas. 

Plains with gra­

nitic mountains 

and probably 

" sand " desert 

of Rio Grande. 

 Mountainous or 

 region. 

Wes t of Pecos 

River and Lower 

Rio Grande,  

tween Eagle Pass 

and Laredo. 

Southeastward deflec­

tion and continua­

tion of mountain 

region of N e w Mex­

ico. 

Fig . 4. T h e p rogres s ive classif icat ion of the topograph ic f ea tu res of T e x a s , including Hi l l ' s f i r s t a t t empt at such a classif icat ion Hi l l 
1887a, p. S3. 



16 BAYLOR GEOLOGICAL STUDIES 



SIGNIFICANCE OF R. T. HILL'S CENTRAL TEXAS GEOLOGY 17 

 

  O 

      

      

      

O CO  

   V   

    2 

      

  ft    

   g      

      

  s   

 .       

   .2    

  

bo 



18 BAYLOR GEOLOGICAL STUDIES 

O   PI 

     
   

P3   ttW 
   3  

  

   n 

   o 

   

  

1 a;    

1  

   

s 

     

   g ff.2  

     -

o 
o 
 
o 
 

 

       

 
ft  S3    c  

     

 O     

  r  

 ft    
:  

  

 s 
 a 

   g 

o    ,    
 
   -          

  
   
 o 

    n .5    o   

      
r   

   
  

  
  

     

  

  g  
   
   . O 
,    a; 

  .   o 

   

g     

   a 

   

 c 
: I 

     
 CO  

    ii  
  c3    

a 
  

 
 
 
 

  

 
 

 
 a

p
li

c
 

 
 
  

0   
 

 S
H

 

 
 S

H
 

 
fi    

CO 0  
    

   
 

ft  T
IM

 

     
    40   
        
          

    [ |   | 



SIGNIFICANCE OF R. T. HILL'S CENTRAL TEXAS GEOLOGY 1 9 

Cretaceous and corresponding in many a s p e c t s w i t h t h e The discovery, or re-discovery, of the Lower Cre-
Lower Cretaceous of Europe" (Powell, 1889, p. 82) .  (Comanchean Series) and Balcones faulting 
This terse official pronouncement, though incorrect in are  T. Hill 's most revolutionary and, in this sense, 
a couple of its assertions, heralded Robert T . Hill 's most significant contributions to the knowledge of Cen-
rise to prominence in the geological community. Ac-  Texas geology. It should be added that one reve-
tually, Hill alone "rediscovered" the Lower Cretaceous lation w e n t hand-in-hand with the other. Hill 's first 
sequence that Marcou had first noted. And by intro- Cretaceous section was made in an area relatively un-
ducing it in the first detailed profile section and ac- a f i f e c t e d by Balcones faulting ( the Dallas-Fort W o r t h 
curate geologic column of the Texas Cretaceous (Figs. region), thus assuring his observation of an essentially 
6 and 7) he confirmed its existence more unequivocally undisturbed sequence. The nature of Balcones faulting 
than Marcou had been able  do with his record of and previous errors in interpreting the succession of 
paleontologic and lithologic anomalies. White 's role in Cretaceous strata in Texas were thus probably much 
the discovery had been as witness to the evidence upon c l e a r e r to Hill as he continued his studies farther south 
which Hill had based his conclusions (Alexander, 1973, in the more complex geology around  
p. 28) . Whi te used this evidence in a subsequent  T h e time s p e n t in Austin lobbying for the State Sur-
cation (Whi te , 1887), precipitating the first of Hill 's vey and his brief reconnaissance investigations late in 
many personal feuds. 1886 disclosed to Hill an exceptionally well exposed 

T h e revolutionary concept that there were two great sequence of rocks along the  of the Colorado 
Cretaceous series in Texas instead of one had occurred River, extending for several miles on either side of 
to Hill while he was compiling material for his Bache- Austin. His infatuation with the section was irrepres-

 thesis at Cornell (Hill , 1931b, p. 17). In pursuit  
of this idea he studied localities "which might throw 
light upon the theory that he had conceived. . . ." (Hill, W i t h i n this shor t dis tance the r iver has w o r n t h r o u g h 
undated b ) . Confirmation of the theory came not only  Cre taceous sediments t ha t  t he floor of 

,      , ,     the  and n o w t r ave r ses nea r ly every t e r r a n e t r o m 
m the form of a cross section and  column  la te Q u a t e r n a r y t o the earl iest Cambr ian . P e r h a p s no 
showing the sequence and nomenclature of Cretaceous w h e r e else in the wor ld can be seen a more comprehens ive 
strata in Texas, and in a careful cataloguing of paleon- geologic section, a be t te r i l lus t ra t ion of sed imenta ry and 
tologic horizons, but in the assertion that a profound  rocks and thei r re lat ion t o t opograph ic f o r m and 
    economic condi t ions or o the r geologic f ea tu res dependent 

non-conformity had indeed been the source of pre-  s t r u c t u r e t h a n in t ha t por t ion of the C o l o r a d o which 
vious confusion. t r ave r ses the counties of B u r n e t and T r a v i s . . . . (Hill, 

In an article wri t ten in 1884 (Cope, 1880), Profes-  p. 288) (Fig. 9) 
sor E . D. Cope discussed his observations of Creta­
ceous strata in the vicinity of San Antonio. H e noted The opportunity to study m detail  superb geo-
the same prominent escarpment that Roemer had de-  section" came  Hill 's appointment to the 
lineated over thirty years before and, assuming Marcou faculty of the University of Texas at Austin m the fall 
to be correct in dating the limestone of the highlands  1888 and  assumption of the position of head of 
as older than that of the adjacent lowlands, he identi- Cretaceous work for the Texas Survey early the next 
fied the fault that could have caused such pronounced   1931b, p. 39) . By February he had corn-
displacement. Cope gave no name to it, and apparently  a preliminary attempt at the description and 
the fact that he published such an astonishing observa- classification of the formations along the Colorado 
tion (one that Roemer had at least inferred) in a  section  1889a). Whi le  contained no 
zoological paper obscured it from the attention of  startling new revelations, the article  outline the 
gists (Sellards and Baker, 1934, p.  I t was not direction fu ture work on the section would take. 

 three years later that Hill quoted the article and,   next year five successive articles introduced or 
on the basis of studies in the Austin area, made the revised stratlgraphic names. The tendency was to 
unfor tunate choice of naming the structural feature the  previous designations based on paleontologic 
"Aust in-New Braunfels non-conformity" (Hill, 1887c). features m favor of Powell 's preference for 
Despite this misnomer (which would be changed to  nomenclature  10). Progressive refinements 
"Balcones fault zone" a year  Hill deserves credit of the section were also accompanied by more detailed 
for having discovered the peculiar relation of stratigra- deductions of the nature and extent of Balcones 
phy to topography that misled both Roemer and Shu-  The effort was spurred on by Hill 's determination 
mard in their efforts to define the sequence of Creta-  make  the most detailed Cretaceous section m 
ceous strata in Texas (Fig. 8 ) . America. Toward this end he assigned Messrs. J. A. 

Taff and N. F . Drake, also members of the Texas 
Survey, to the precise study and correlation of indi­
vidual fault blocks (Ibid. p. 44 ) . 

       Fossils W e r e the chief guide to making such detailed 
ceous l imes tone of e scarpment and plateau. .  . .     

S t r a t l g r a p h i c d e t e r m i n a t i o n s , as they h a d been to  
    % ill all of his   work in the Cre-

 as    T r  1  1     r  

          early attempt to  fossils w i t h r e s p e c t t o p a r t i c u l a r s t r a t l g r a p h i c h o r i z o n s (Hill , 
e x t e n d under the   L o w e r Cretaceous of escarpment and  1887c)    f a C t o r  h i s   
supposed by Roemer to rest on      r 

, .  . , t h e Cretaceous s y s t e m of i e x a s a n d  u n r a v e l l i n g  
F i g . 8. H i l l ' s i l lus t ra t ions of the  of s t r a t i g r a p h y t o  c o m p l e x i t i e s of B a l c o n e s f a u l t i n g ( H i l l , u n d a t e d c ) . 
t o p o g r a p h y a long the  B r a u n f e l s non-confo rmi ty  i  n         
and t h e n a t u r e of  mi s in t e rp re t a t ion of it.  1887c,  h a d a c t u a l l y b e g u n s u c h a n e f f o r t a t c a t e g o r i z a t i o n 
p. 292-293. w h i l e a t C o r n e l l . H i s t h e s i s w o r k r e v e a l e d t o h i m a 

F I G .  A U S T I N  

NON-CONFORMITY AS IT  s e e n 
on  s ides of the Colorado River at 
Aus t in .  Rot ten l imestone of Black 

 am    
lauds," Roemer), supposed  Roemer to 
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ANNOTATED CHECK LIST. 

The first figure following the author's name refers to the full title of the 
original publication given in the bibliography at the end of the check list. 
The second figure gives the page of the original publication. The last figures 
are those of the year of  The capital letters refer to the forma­
tion and horizon. Species no longer considered valid, owing to  
description, are italicized. Comments are by the compiler. An  indicates 
that the species has not been figured. The localities are usually those given 
by the author of  species. 

PROTOZOA. 

Although the cretaceous rocks of Texas are mostly of foraminiferal origin, 
including innumerable microscopic species now being studied in the geologi­
cal laboratory of the survey, none of them have been recorded except the 
following conspicuous microscopic forms: 
  Con., 2, 159, 1857.  Between El Paso and Frontera. 

Occurs also in vicinity of Fort Worth,  miles east of original locality. 
    1, 392, 1849; 2, 86, 1852. F. 

Between New Braunfels and Fredricksburg. 
This form composes the mass of a well defined chalk horizon south of the 

Brazos, as seen in the bluffs of the Colorado near the mouth of Bull Creek. 
 sp. ind., Hill 3. A, Austin chalk. 
 sp. ind., Hill 3. A. 

  

  TEXANUS, Con. 2, 144, 1857.  Between 
El Paso and Frontera. 

  Roem. 4, 1888. H. Barton Creek, [two miles] 
west of Austin. 

  White.  Mag. 1888, p. 662. N.  beds." 
Have found what is probably this species in the shales at Eagle Ford. 

 AMERICANA, Roemer 4,  H. Barton creek, west of Austin. 
  Roemer 4, 1888. H. Barton creek, west of Austin. 
PLEUROCORA COALESCENS, Roemer 4, 1888. H. Barton creek, west of Austin, 
PLEUROCORA TEXANA, Roemer 4, 1888. H. Barton creek, west of Austin. 
  Roemer 1, 391, 1849; 2, 187, 1852. V.? Hills 

north of New Braunfels. 

 

 sp.  Hill 2, 1887. W. Fossil creek, six miles north of 
Fort Worth. 

Fig . 11. T h e first page of H i l l ' s annota ted check list of Cre taceous fossils . N o t e t ha t localit ies and s t r a t i g r aph i c hor i zons have been 
given. Hi l l , 1889b, p. 1. 
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profusion of paleontologic descriptions, most of them 
unaccompanied by identification of either the  
locality or the stratigraphic  from which the 
fossils had been collected. Such a dearth of essential 
information prompted the compilation of a rudimentary 
checklist of Cretaceous fossils, which was eventually 
published as a field guide for Texas State Survey per­
sonnel (Fig. 11) (Hill, 1889b). Both Hill's "Prelimi­
nary Annotated Check List" (Hill, 1889b) and "Check 
List" (Hill, 1889c) were presented within the context 
of a refined Colorado River  indirect but 
positive assertion of their utility in future stratigraphic 
determinations. 

The public utility of scientific investigations (as men­
tioned earlier) was a paramount concern of most scien­
tists of the late nineteenth century. Generally insecure 
in their financial base, they were subject to the caprice 
of private benefactors and/or the political whims of 
legislators. In either case, the demonstration of the 
utility of a project was often essential to its support. 
I t was for this reason that E. T. Dumble, the State 
Geologist, felt compelled to make the following obser­
vation regarding Hill's checklist: 

. . . t he w o r k i n g out and  by t h e Na t iona l 
S u r v e y of such pure ly scientific ma t t e r s as is contained 
he re in . . . is absolutely necessary to t h e p roper prosecu­
t ion of the w o r k of the S t a t e Su rvey in the discovery and 
descr ip t ion of the  mater ia l s conta ined wi th in the 
( C r e t a c e o u s ) system, ye t lacks tha t direct in teres t t o the 
people of the S t a t e tha t obtains in t h e economics them­
selves. ( L e t t e r of  to H o n . L. L. Fos te r , Com­
miss ioner of A g r i cu l t u r e , Insurance , Stat is t ics , and H i s ­
tory , Aus t in , T e x a s ,  E . T . Dumble , S ta te Geologist 
in Dumble , 1889.) 

The utilitarian character of many of Hill 's later contri­
butions to Texas geology are also defined within the 
context of this cooperation between the research inter­
ests of the U. S. Geological Survey and the more purely 
practical concerns of the State Survey. 

Shortly after completing his Cretaceous checklist Hill 
submitted "Events in North  Cretaceous His­
tory Illustrated in the Arkansas-Texas Division of the 
Southwestern Region of the United States" for pub­
lication in the American Journal of Science. The arti­
cle, a discussion of cycles of sedimentation, changing 
land areas, and marine transgressions and regressions 

in the southwestern United States (defined by Hill as 
lying "south of the Uinta and Ozark uplifts and be­
tween the Sierras on the west and the great Atlantic 
timber belt on the east") (Hill, 1889d, p. 282), was 
prompted by his conviction that "the two Cretaceous 
series were now becoming sufficiently defined to begin 
the interpretation of the geologic history and 
ography which they recorded" (Hill, 1931c, p. 14). 
Thus the article demonstrates not only Hill 's grasp of 
the regional implications of his paleontologic and strati­
graphic studies, but the extent to which his reconnais­
sance investigations had progressed. 

In February, 1890, after a protracted struggle with 
university authorities that stemmed largely from his in­
formal and innovative teaching methods, R. T. Hill 
resigned his position as Assistant Professor of Geology 
(Alexander, 1973, p. 42-48). With supplementary sup­
port from the U.S. Geological Survey, he devoted his 
energies entirely to the Texas Survey, pursuing recon­
naissance studies in North Texas and completing "A 
Brief Description of the Cretaceous Rocks of Texas and 
their Economic Value" for the Survey's First Annual 
Report. The paper, an amalgam of pure research and 
economic investigation, summarized the details of the 
Cretaceous System (gathered largely from work on the 
Colorado River section), including the first attempt to 

 and correlate various blocks of the 
cones fault zone at Austin (Fig. 12). Within the out­
line provided by this  Hill discussed the 
economic importance of the Texas Cretaceous, thereby 
fulfilling the professed aims of the State Survey and 
intimating, by association, the inherent utility of even 
his most "purely scientific" studies. 

Hill 's tenure as geologist in charge of Cretaceous in­
vestigation for the Texas Survey proved to be nearly 
as short-lived as his service with the University. A 
quarrel erupted between Hill and Dumble, stemming 
from "undue strictures" upon his work (in the form 
of a paper, by another Survey geologist, that disagreed 
with Hill 's geological conclusions on two minor points) 
and aggravated by insufficient  Hill thought, mis-
delegated funds (Ibid. p.  A short time later Hill 
resigned from the State Survey and made plans to leave 
Texas. Meanwhile, "Classification and Origin of the 
Chief Geographic Features of the Texas Region," an-

  Cross section f rom Waller Greek, Bast Austin, th rough Mount  to the Bull Creek plateau, showing faults. 

g. Aust in chalk.  "Waller Creek fault in  
f. Sixth W a r d (Eagle Pord) clays. 2. Sixth W a r d fault. 
e. Shoal Creek  3. Shoal Creek and Twenty-four th Street fault. 
d. Exogyra Arietina clays.  Slaughter house and Bonnell road fault. 
c.  limestones. 5. Sieder's Spring fault. 
b. Gaprina l imestone and flint beds. 6. Half mile wes t of railroad. 
a . Alternat ing, or magnesian, beds. 1. Mormon  or Mount Bonnell, fault. 

F i g . 12. H i l l ' s first a t t empt t o d i f fe ren t ia te and cor re la te va r ious fau l t blocks of t h e Balcones fau l t zone at Aus t in . H i l l , 1890a, p.  
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F i g . 13. A n o t h e r of Hi l l ' s p rogress ive a t t empt s t o cha rac t e r i ze the phys iog raph ic provinces of T e x a s . Hi l l , 1890b. 
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other of his progressive attempts to classify the physio­
graphic features of Texas was published in American 
Geologist. Like "Events in North American Creta­
ceous History," it illustrates the breadth of his familiar­
ity with the physiography and geology of the region 
(Fig. 13) ; in addition, Hill 's awareness of the close 
relationship of the two is implicitly conveyed (although 
in retrospect he assumed a more explicit statement) 
(Hill, 1931c, p. 15). 

Hill returned to Washington in the fall of 1890 and 
was assigned by Powell to the investigation of ground 
water under the auspices of a temporary organization 
of the Department of Agriculture, informatively titled 
"The Artesian and Underflow Investigation between 
the 97th Meridian and the Rocky Mountains." Its 
establishment was part of an attempt by  con­
gressional opponents (most of them from drought-rid­
den western states) to limit his power as Survey Direc­
tor (Sterling, 1940, p. 422) . Their  was made 
in the face of overwhelming evidence collected during 
the early years of the Survey that demonstrated the 
very limited value of artesian waters in arid lands 
(Darrah, 1951, p. 310). 

Such inauspicious circumstances detracted only indi­
rectly from Hill 's work with the Artesian Inquiry. The 
position provided him with an opportunity to extend 
his field studies of the Cretaceous into western Texas, 
eastern New Mexico, and Indian Territory, the ulti­
mate object being the submission of the report, "On 
the Occurrence of Artesian and Other Underground 
Waters in Texas, Eastern New Mexico, and Indian 
Territory, Wes t of the Ninety-seventh Meridian," on 
the groundwater resources of the region. F o r years 

 Hill lamented the fact that deficiencies in 
editing and printing (which he attributed to the short­
lived agency's insufficient "editorial organization") had 
opened the work to petty criticisms that detracted from 
an otherwise valuable contribution (Hill, 1931b, p. 59). 
H e was undoubtedly correct in this view. In examining 
the occurrence of ground water over such a vast region 
(Hill, always reluctant to accept artificial boundaries, 
extended his study east of the 97th meridian to include 
much of East Texas) (Alexander, 1973, p. 59), Hill 
felt it was essential to consider: 

( 1 ) T h e g e o g r a p h y of the region. 

( 2 ) T h e simple laws of the occurrence and dis tr ibut ion of 
u n d e r g r o u n d wate r . 

( 3 ) T h e composit ion, var ia t ion and a r r a n g e m e n t of the 
rocks under ly ing the region and af fec t ing the dis tr ibu­
t ion of wa te r . ( H i l l and Vaughan , 1898, p. 201) 

Such an eminently practical viewpoint not only di­
vorced his efforts from the taint of pretensions sur­
rounding the Artesian Inquiry, but afforded an oppor­
tunity to expand and intensify his studies of the Texas 
Cretaceous (particularly the Comanchean Series) and 
Texas physiography. 

The first results of this stimulus were contained in 
"The Comanche Series of the Texas-Arkansas Region," 
representing the culmination of Hill 's reconnaissance 
work on the Comanche Series, approximately as it 
would appear in his superlative monograph of the 
Texas Cretaceous (the 21st Annual Report). H e even 
anticipated the unique scope of the 21st Annual Report 
by extending the assumption of the intimate relation­

ship of geology to topography conveyed in previous 
physiographic works to the point of considering the 
Comanche Series in terms of "separate and distinct 
terranes" (Fig. 14) (Hill, 1891, p. 504). 

D E F I N I T I O N OF T H E T E R R A N E S . 

 OF   COMANCHE S E R I E S . 

C. The Washi ta , or Ind ian Terr i tory Division. 

11. The  Beds. 
10. The F o r t Wor th Limestone. 

9. The Duck Creek Chalk. 
8. The  Clays or  Beds. 

 The Freder icksburg or  Peak Division. 

7. The  Limestone. 

6. The  Limestone. 
5. The Comanche Peak Chalk. 
4. The  Rock and Walnut Clays. 
3. The Pa luxy Sands. 

A. The Trini ty Division. 
2. The Glen Rose or a l ternat ing beds. 

1. The Tr ini ty or Basal Sands. 

Fig . 14.  of t he " sepa ra t e and dist inct t e r r anes " t h a t H i l l 
delineated on the basis of s t r a t ig raph ic and  data . 
"Cen t ra l T e x a s , " he remarked , ". . . is so ex tens ive t ha t de­
ductions as t o i ts subdivisions h a v e requi red much t i m e ; and 
a l though I have been cons tant ly s tudying i t  m a n y years , no t 
unt i l n o w h a v e I fel t jus t i f ied in dividing it in to well-defined 
t e r ranes . " Hi l l , 1891, p.  

Shortly after the appearance of " O n the Occurrence 
of Artesian and Other Underground Waters ," Hill 
completed "The Geologic Evolution of the Non-moun­
tainous Topography of the Texas  an Introduc­
tion to the Study of the Great Plains," published in 
American Geologist. This article was very similar to 
his previous paleogeographic works (Hill, 1889d and 
Hill, 1890b) both in substance and implication. The 
differences were those of regional scope and detail, aris­
ing from field work for the Artesian Inquiry. Taking 
into account areas peripheral to the Southwest (Mex­
ico, the Rocky Mountains, the West Indies), Hill 
placed in a time sequence features such as the Balcones 
fault zone and Texas ' rivers, features more subtly in­
dicative of their evolution than near-horizontal succes­
sions of strata. 

His work with the Artesian Inquiry done, Hill was 
shifted to a position as secretary to the Committee on 
Irrigation of Arid Lands of the 52nd Congress. This 
sinecure provided him with ample time to lay the 
groundwork for his final publications concerning Cen­
tral Texas geology. H e was simultaneously able to 
keep "an ear close to the sessions of Congress," where 
the precarious fate of the U.S. Geological Survey was 
being discussed (Hill, undated d ) . Friends of the Sur­
vey prevailed, and in October, 1893, Hill returned to its 
ranks, first as executive officer and later as one of its 
four principal geologists. Major Powell gave him free 
rein in continuing his geological work in Texas to the 
point of its summation. Hill termed these years encom­
passing five field seasons "the happy days of my life," 
alternating between the "delightful scientific, literary 



Fig .  Hi l l ' s final classif icat ion of the phys iograph ic provinces of T e x a s . Hi l l , 1900, p. 1. 



SIGNIFICANCE OF R. T. HILL'S CENTRAL TEXAS GEOLOGY 27 

F i g . 16. L i t h o g r a p h of typical cut plain t opography in L a m p a s a s County, T e x a s . Hi l l , 1900, p.  

F i g . 17. M a p of a por t ion of t h e L a m p a s a s cut pla in ( con tour in terval 50 f e e t ) . N o t e the a t t e m p t t o g raph ica l ly re la te th is v iew 
to t ha t in F i g u r e 16.  1900, p. vii. 
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E D W A R D S P L A T E A U B A L C O N E S F A U L T 

    H,ll  

Fig . 18. Cont inuous segments of Hi l l ' s final section a long the south side of t h e Co lo rado River , s h o w i n g detai ls of t h e Ba lcones 
fau l t zone (hor izonta l and ver t ica l scales, one inch  3000 f e e t ) .  1902, p. 7. 

and social life which Washington then afforded and long tion) into a succinct fifteen pages that were a 
 trips into the wilderness in close contact with cent example of U. S. Geological Survey publications 

primitive nature" (Hill, 1931b, p. 67). The joyful  at their peak of lavishness and  
produced his last and most important works on Central  Austin Folio, printed two years later, was like-
Texas geology, two folios for the U.S. Geological Sur-     compilation had occupied not 
vey's atlas series: "Physical Geography of the Texas   efforts (since 1886), but those of Texas 
Region" and "Description of the Austin Quadrangle, Survey personnel, primarily in more precisely defining 
and a monograph included m the Survey's 21st Annual Colorado River section. In addition, the facilities 

 "Geography and Geology of the Black and  National Survey had been employed in making 
Grand Prairies, Texas."  new topographic map of the area (Hill, 1931c, p. 43) . 

"Physical Geography of the Texas Region," pub-  result was a geologic map of the Austin quadran-
lished in 1900, was above all else Hill 's most complete  accompanied by structural and stratigraphic sec-
and articulate statement of the close association of ge-  (Fig. 18) (with supplementary photographs and 

 and physiography on a statewide scale. By way engravings of characteristic fossils and localities). Hill 's 
of introduction he stated,  a conviction that marked  of making the Colorado River section the most 

 most enthusiastic  detailed Cretaceous section in America had been real­
ized, and his geologic study of Central Texas was es-

N o w h e r e  t h e r e a m o r e in t imate re la t ion be tween geo- s e n t i a l l v  
logic f o r m a t i o n and phys iog raphy t h a n in the T e x a s region.    .   , ,  
N e a r l y  t opograph ic condit ions which influence h u m a n But although the Austin  Signified the last of 
envi ronment , excep t cl imate, depend on t h e composi t ion Hill 's major publications on Central Texas, it suc-
and a r r a n g e m e n t of the va r ious rock sheets. E a c h f o r m a - ceeded by a year what is generally considered to be the 

 has pecul iar i t ies of st ra t i f icat ion, consolidat ion, co- crowning work of his career : "Geography and Geology 
 f r iabi l i ty , and poros i ty which, w h e n the fo rma t ion           

is ac ted upon by c l imat ic fac tors , resu l t in var ious relief of  Black and Grand Prairies,   Detailed 
fo rms . ( H i l l , 1900, p. 2 ) Descriptions of the Cretaceous Formations and Special 

Reference to Artesian Waters ." Those Survey mem-
To amplify this point Hill, within the framework of bers who reviewed the manuscript prior to its publica-
a genetic classification of the physiographic provinces tion in the 21st Annual Report, though they voiced a 
and relief features of Texas, employed lithographs, number of minor criticisms, agreed that it would "be 
photographs, charts and maps (including the first topo- a standard work of reference on that subject for a long 
graphic map of the state) (Figs. 15-17). The illustra- time to come" (Bailey Willis, F . L. Ransome, T. W . 
tions condensed his discussion of geology and physi- Stanton to Charles D. Walcott in Alexander, 1973, p. 
ography (including drainage, climatic features, vegeta- 77). Their prophecy has held true, partly because of 
tion, soils, mineral resources, and population distribu- the immense scope and detail of the work (it contains 

 of the Texan Cretaceous area and its local sections from Arkansas to the Rio Grande. 

 OF    F O R M A T I O N S I N T H E LOCAL SECTIONS. 

Series.   
(Groups.) 

Major forma­
tions. 

Arkansas-Choc taw 
section. 

Denison sec­
tion. 

Fort Worth 
section. Waco section. Austin section. Guadalupe 

section. Uvalde section. 

Montana. Navarro. 

Arkadelphia. 
Washington. 
Anona  

Cliffs). 
 

Navarro. Navarro, Webberville. Bexar. Eagle Pass, 

 S
E

R
IE

S
. 

Colorado. 

Taylor. Taylor, Taylor, Taylor. Taylor. 
 
Anacacho. 
Cline. 

 
 

Colorado. 
Austin. Austin, Austin. Austin. Austin,  Austin. Austin. 

Eagle Ford, Concealed, Eagle Ford. Eagle Ford. Eagle Ford. Eagle Ford.  Ford. Eagle Ford. 

Dakota. Woodbine. 
Concealed. 
Morris Ferry. 

Lewisville. 
Dexter. 

Lewisville. 
Dexter. 

a Groups of formations. Divisions of series. 

Fig . 19. C h a r t showing Hi l l ' s final classification of t h e Gulf Ser ies of the T e x a s Cre taceous . Hi l l , 1901, p. 114. 
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Z O N E   

Smith Creek  Creek 
 KDd  Kef  

666 pages, 71 plates, and 80 text figures) (Figs. 19 t ang le the p re -ex i s t ing confus ion concern ing the occur-
and 20), but more importantly, because this sum total  and succession of these fossils and  bear ings 
Of  geological investigations in Central Texas upon  and definit ion of the s t ra ta . ( H i l l , 

was conceived as a guide to both the scientist and the 
ordinary citizen.  progression of publications had traced this "labor 

Such a conception was prompted by his confidence   and determined its final form and extent in 
in the economic and scientific wealth of the region and  21st Annual Report. Hill, with the sentiment of 
perpetuated by a compelling desire to discern and com-  true pioneer, saw his work as a stimulus and guide 
municate the nature of this wealth. Thus Hill concen-  those that would  
trated his studies along the lines of Texas physiography 
and Cretaceous stratigraphy, as a means of elucidating W h e n apprecia t ion of geologic invest igat ion shall have 
what he regarded as Central Texas' most vital resource, been a w a k e n e d in T e x a s and the reg ion unde r discussion 
artesian waters. When his investigations strayed to- shall have been studied more closely by res ident  

, , , ,         the m a n n e r now c o m m o n  o the r p a r t s of the Uni ted 
 what were at the  considered purely scientific  the da t a h e r e presented will be la rge ly increased 

ventures, he felt an incumbent need to reassert the in- and refined, and the conclusions will doubt less be co r re -
herent utility of the endeavor. Such was the case with spondingly amended and rectif ied. ( I b id . ) 
his paleontologic  

The U.S. Geological Survey had nurtured and sus-
P a l e o n t o l o g y is the mos t rel iable guide in de te rmin ing tained this pioneering effort. But Powell's personal ad-    was finally superseded by a more "business-

the sur face , of the u n d e r g r o u n d w a t e r s in the Cre taceous  organization Under Charles D . Walcott. Master 
r eg ions of T e x a s . If a f ew species of fossils, such as can Geologists" of "general ability" were replaced by spe-
be found in a n y locali ty, be sent t o one f ami l i a r w i t h the  "the brickmakers pushed the architects aside" 
sequence of the beds, he can predic t  a few  the       
dep th below the su r face of any par t icu lar w a t e r - b e a r i n g  1931b, p. 68) , and  interests drew  
s t r a t u m in the series. I t was a labor of years t o disen- elsewhere. 

Nomenclature of the Texan Cretaceous area and its local sections from Arkansas to the Rio  

C L A S S I F I C A T I O N OF F O R M A T I O N S . M A P P A E L E LITHOLOGIC  I N T H E LOCAL SECTIONS. 

Series, Divisions, 
(Groups.) 

Major forma­
tions. 

 taw 
section. 

Denison sec­
tion. 

Fort Worth 
section. Waco section. Austin section. Guadalupe 

section. Uvalde section. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Waahita. 

 a.  

"Grayson. 
Main Street. 
Paw Paw. 
Marietta. 
Denton. 

Grayson. 
Main Street. 
Paw Paw. 
Marietta. 
Denton. 

Buda. Buda.  

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Waahita. 

Denison. 

"Grayson. 
Main Street. 
Paw Paw. 
Marietta. 
Denton. 

Grayson. 
Main Street. 
Paw Paw. 
Marietta. 
Denton. 

Del Rio. Del Rio. Del Rio. Del Rio. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Waahita. 

Fort Worth. Fort Worth. Fort Worth. Fort Worth. 
Georgetown. Georgetown. Georgetown. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Waahita. 

Preston. 
Duck Creek. 
 

Duck Creek. 
Kiamitia. 

Georgetown. Georgetown. Georgetown. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

 

Edwards. 
Good land. Good   

Edwards. Edwards. Edwards. Edwards. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

 Comanche Peak. 

Good land. Good   

Comanche Peak. ComanchePeak. ComanchePeak. ComanchePeak. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

 

Walnut. Walnut. Walnut. Walnut. Walnut. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Trinity. 

Paluxy. 

Antlers. Antlers. 

Paluxy. Paluxy. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Trinity. Glen Rose. Antlers. Antlers. Glen Rose. Glen Rose. Glen Rose. Glen Rose. Glen Rose. 

C
O

M
A

N
C

H
E

 S
E

R
IE

S
. 

Trinity. 

Travis Peak. 

Antlers. Antlers. 

Basement sands, 
not  b 

Basement sands 
not named. 6 

Travis Peak. Concealed. 

F i g 20 C h a r t showing Hi l l ' s final classification of t h e Comanche Ser ies of t h e T e x a s Cre taceous . T h e n o m e n c l a t u r e fo r H i l l ' s 
subdivisions of the C o m a n c h e and Gulf ( F i g . 19) Ser ies has r ema ined essential ly unchanged . Hi l l , 1901, p.  
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THE SIGNIFICANCE OF ROBERT T.  CONTRIBUTION 
TO THE KNOWLEDGE OF CENTRAL TEXAS GEOLOGY 

Robert T. Hill contributed to the knowledge of Cen­
tral Texas geology the first systematic explication of 
the region's chief geological features. But his contribu­
tion is more than a manifestation of his efforts to ad­
vance this knowledge in areas of both theoretical and 
practical value. His contribution illustrates the unique 
combination of factors that determined not only the 
nature of his work but also the ultimate success of his 
endeavor, as measured by the remarkable durability of 
his observations and conclusions and the generally 
favorable judgment of his peers and successors. Briefly, 
these factors may be considered in terms of the man, 
his methodology, and the region he chose to study. 

Hill's work, in its most personal sense, demonstrates 
his  ability to apply the methodology 
of his day to the definition and solution of the geological 
problems of a region. The essence of this ability, the 
power to observe precisely and reason validly, was de­
veloped during Hill 's years at Cornell, and was first 
utilized to review critically the status of geologic knowl­
edge of Texas. Subsequent inculcation of a methodol­
ogy, through the agency of the U. S. Geological Survey, 
encouraged the full realization of Hill 's aptitudes in a 
form suitable to that methodology, and in the form 
expressed in his work. 

Previous investigations of Central Texas geology, 
besides reflecting the physical and individual limitations 
of Hill's predecessors, provide an illuminating contrast 
to the factors determining his success, particularly the 
eminent suitability of his methology. Considered in its 

most restricted sense, this methodology was a body of 
conventions, as chiefly prescribed by the U. S. Geo­
logical Survey, for the definition of geological phenom­
ena ; in addition, it was a formalization of certain 
qualities essential to the successful utilization of these 
conventions, as implicitly expressed in Chamberlain's 
concept of the multiple working hypothesis. In more 
expansive  Hill 's methodology incorporated the 
knowledge, procedures, and objectives of late nineteenth 
century American geology under the aegis of the 
U.S. Geological Survey. 

The suitability of any methodology, and the investi­
gator's ability to utilize this methodology, is ultimately 
determined by the nature of the problem it is called 
upon to solve. In the case of R. T. Hill, the problem 
was the geological  of Central Texas, 
of which he had this to  

T h e s t r a t a of the Cre taceous per iod in the T e x a s reg ion 
a r e so u n i f o r m and simple in the i r deposi t ion, and the ex ­
posures and contacts of the g r o u p s so  m a r k e d , t ha t 
they would be easily descr ibed had not the publ icat ions by 
ea r ly w r i t e r s involved it in much confus ion (Hi l l , 1887c, 
p. 2 9 0 ) . 

Thus Hill 's success was determined in part by the 
region he chose to study. Neither his predecessors nor 
his successors have exceeded his fundamental conclu­
sions because he was the first competent geologist to 
examine and describe this region in sufficient detail and 
with sufficient tools to define its chief geological fea­
tures. 

SPECULATIONS 

This paper is notably lacking in bases for compari­
son. Perhaps the best measure of the uniqueness of 
the circumstances facilitating Hill 's valuable contribu­
tion would be a comparison of his work in Central 
Texas with that in Cuba, California, or the Trans-
Pecos region. I suspect that the quality of his geologic 
investigations in these other regions, in terms of his 
ability to apply the methodology of his day  the defi­
nition and solution of geologic problems, was no less 
than that in Central Texas. Wha t differed was the 
circumstance under which his contribution was made. 
The bulk of the Trans-Pecos work was never pub­
lished ; his work in Cuba, though it  him the 
title "Father of Antilean Geology," has  super­
seded ; and his work in California, though of immediate 
interest and utility to the general public, was marred 
by biased and unprofessional editing and publishing. 

Another aspect of this comparison may include those 
areas of investigation where Hill may have been guilty 
of a misapplication of  the most notable 

instance being his studies of the Nevada gold fields 
(Camp Alunite, etc.). If he was guilty of such a 
transgression, a comparison with his work in Central 
Texas would serve to amplify and perhaps clarify the 
significance of his contribution to the knowledge of 
that region. 

Another valuable comparison might be made between 
Hill and a geologist of similar training, working at 
about the same time in a region of similar geology with 
about the same degree of previous investigation. While 
such a task may appear impossible, there seem  have 
been several other geologists working under circum­
stances similar to Hill's. The prime question to ask 
would be the significance of their contributions. Wheth­
er the answer to this question could, through compari­
son, give a truer measure of the significance of Hill 's 
contribution is difficult to say, as it would depend largely 
upon the extent of parallelism between the circum­
stances influencing the geologists' work. 
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APPENDIX 
F I E L D B O O K E X C E R P T S 

The following excerpts from notes made by Robert T. 
Hill on his first field excursion in Central Texas as a 
member of the U.S. Geological Survey (Hill 1886a), 
and the accompanying illustrations, exemplify Hill 's ap­
proach to and solution of geological field problems. No­
tice that he systematically employs several lines of evi­
dence to develop and test his conclusions. Also, note 
that these conclusions are based entirely  personal 

 Hill considers the opinions of others only 
as they are confirmed or denied by his experience. 

p. 1 Fort Worth A u g u s t 9, 1886 
General Topography 

F o r t W o r t h is on the T e x a s Pac i f i c Ra i lway , 30 miles 
W of Dal las . I t is s i tuated in the mids t of a high, 
nea r ly level pra i r ie . T h e T r i n i t y r ive r flows wi th in a 
s h o r t d is tance n o r t h of the city. R a i l r o a d cuts and 
eros ion of d r a i n a g e basins have made exposures of the 
s t r a ta . 

Geology 
T h e en t i r e region, excep t ing r iver basins, is Cre taceous 

 exac t a g e of which will be de te rmined  
p. 3 Sect ion of south side of T r i n i t y River . [F ig s . 21-24] 
p. 4 Sec t ions n o r t h of F o r t W o r t h . [F igs . 24-28] 
p. S T h i s section (sect ion 4 ) r epresen t s the f o r m a t i o n cover­

ing t h e tops of the h i g h pra i r ies fo r many miles a r o u n d 
this reg ion . [F ig . 29] 

p. 7  Aug. 10. 
Port Worth to Dallas Texas and return. D is tance 30 
miles. 

T h e l imestone pra i r ies a r e succeeded a mile o r t w o 
eas t of F o r t W o r t h by the f o r m a t i o n of the L o w e r 
Cross T i m b e r s . . . . 

p. 9 T h e s e begin 3 miles E . of F o r t W o r t h and ex tend t o 
A r l i n g t o n  m. E . T h i s is a cross section. T h e y con­
sist of a long bel t of t imber , ex tend ing f r o m the Red 
R i v e r to B r e m o n d . . . . 

p. 10 E v e r y w h e r e the su r face soil is a d i r ty sand several 
inches thick. Benea th th i s is a red subsoil. . . . Be­
nea th th i s is usual ly found 10 to 20 feet of "pack sand" 
w h i c h is in itself a p u r e whi te sand. . . . [F ig . 30] 

p. 12 T h u r s d a y A u g . 13 
S tud ied t h e f o r m a t i o n under ly ing the pra i r ies fo r many 

miles on every side of F o r t W o r t h . F o u n d it to con­
sist un iversa l ly of the decomposing yel low W a s h i t a 
l imestone. . . . 
I vis i ted hund reds of ou tc rops and a lways found same 
f o r m a t i o n and same fossils . T h e su r face of the rocks 
gave e v e r y w h e r e indication of erosion. [F ig . 291 

p. 13 F r o m these observat ions I conclude t h a t the G r a n d 
P r a i r i e be tween the L o w e r and U p p e r Cross T i m b e r s 
is f o r m e d by the eros ion of the upper layers of the Cre ­
taceous d o w n to the h a r d yel low rock of this g r o u p 
w h i c h f o r m s t h e su r face of the coun t ry at every point. 

This is the Washita limestone of Shumard. I have 
found always the Blue marl underneath not above as 
S h u m a r d m a k e s it. 

p. 14 W e d n e s d a y A u g . 12. 
Contn iued studies in ne ighborhood of F o r t W o r t h . T o o k 
b u g g y and t rave led E a s t 3 miles t o Cross T imber s . 

p.  I t canno t be too of ten said t ha t these notes mus t be 
r e a d progressively; t he r eade r should be p repa red to 
find modif ica t ions of opinions cont inual ly. 

p. 16 Friday Aug. 14. 
T o o k F o r t W o r t h and D e n v e r Ci ty Ra i lway , r u n n i n g 
n o r t h w e s t f r o m F o r t W o r t h , f o r  o r d e r t o find ex ten t 
of Cre taceous f o r m a t i o n tha t const i tu ted the p ra i r i e of 
this region. 

p. 17 T h e r a i lway t r a c k seems t o r u n upon one s t r a t u m of 
yel low Cre taceous l imestone, . . . . 

p. 18 T h e U p p e r Cross T i m b e r s . T h e s e w e r e m e t wi th j u s t 
one mile N of D e c a t u r . . . . 

p. 19 A t this point the s t r a t i g r a p h y of these Cross T i m b e r s 
display the fo l lowing section, which cont inued d iago­
nal ly across them 30 miles d is tant N W to 3 miles be­
yond Bowie, and di rect ly across them f r o m Bowie to 
"St. Joe, 20 miles E . [F igs . 31-34] 

p. 20 T h i s day 's w o r k set t les a long debated ques t ion ; v i z : 
What is the origin of the deep sandy surface soil of 
the Cross Timbers, and why does timber grow there? 
When it will not grow elsewhere in this region of 
 
A n s ( l ) W h e r e v e r the shal low superficial su r f ace  
e roded only a f ew feet , this p u r e sand is reached. Th i s , 
m i x e d wi th the red subsoil, gives it its d i r ty color and 
the winds blow it eve rywhere , conceal ing exposures of 
mo the r  

p. 21 What is the red clay subsoil? 
I t m a y be the sediment of the " r e d r i ses" of some 

q u a t e r n a r y s t ream, and these long cross t imber s m a y 
have represen ted the i r channels . ( I disbelieve this 
theory now. R . T . H . 4,1, '87) 
T h i s point r emains to b e  

p. 24 Monday Aug. 16. 
I n the a f t e rnoon I cont inued section of s t r a t a due 

Sou th (of F o r t W o r t h ) . H i t h e r t o , be it r emembered , 
I had s tudied the s t r a t a on the N o r t h , W e s t and E a s t . 

T o d a y ' s w o r k w a s a mos t va luable cu lminat ion t o 
the whole. I t was as  

A comple te and cont inuous section was m a d e f r o m 
the top t o the bo t tom of the exposures ( o f ) Cre taceous 
s t r a t a of th is region. I t began a t t h e l ime ki ln nea r 
the city of F o r t W o r t h and ex tended Sou th t w o miles 
as fol lows. [F igs . 3S-38] 

p. 29 A u g u s t 18, 1886 
L e f t F o r t W o r t h for Da l l a s t o endeavor t o find re la­
t ions of Cre taceous t o the e a s t w a r d w i th  

p. 30 M r . C u m m i n g s accompanied me upon a long t r a m p in 
a f t e rnoon . W e studied the W h i t e rock fo rmat ion . 

T h i s l imestone is massive, chalky. H a r d n e s s 2. 
W h i t e and bluish in color and fu l ly 300 feet th ick on 
bo th sides of the T r i n i t y val ley a t Dal las . [F ig . 39] 

This formation is different in every respect  the 
"Texas" Cretaceous visible at Fort Worth and throws 
some light on things. At last a  appears. 

p. 31 M r . C u m m i n g s says t h a t this W h i t e rock f o r m a t i o n 
does not ex tend wes t of the cross t imber s be tween he re 
and F o r t W o r t h . M y own ex tended observa t ions show 
t h a t h is s t a tement is t rue . 

Is this above or below the Fort  group? t h a t 
is t h e quest ion. 

I n o w have five or s ix dis t inct g roups of t h e C r e t a ­
ceous in a n east wes t line across t h e Sta te , the super ­
posi t ion of which is unknown. T h e y a r e as f o l l o w s : 
[F ig . 40]  
It shall now be my atm to correlate these  

 results of Hill 's efforts to correlate these "dis­
tinct groups" are contained in Hill (1887b). 
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N . E . 
 S . S i d e o f T r i n i t y R i v e r 

    Worth T r i n i t y R i v e r 

    

V e r t i c a l s c a l e : 1 i n c h  125 f e e t 
H o r i z o n t a l s c a l e : two m i l e s and o n e h a l f 

    e n t i r e s e c t i o n 

S . B l a c k P r a i r i e S o i l . 

A. C r e t a c e o u s L i m e s t o n e - no f o s s i l s c o l l e c t e d . 

\    B. Q u a t e r n a r y - Red, a r e n a c e o u s f e r r u g i n o u s d e t r i t u s +50 
 f e e t t h i c k c o n t a i n i n g f r a g m e n t a r y , muchly r o l l e d f o s s i l . 

V     .   J    A ' . C r e t a c e o u s - A - C h a l k y w h i t e s t r a t u m of l i m e s t o n e - o n l y 

      s u r f a c e e x p o s e d - o n l y a f o o t o f i t s 
       t h i c k n e s s v i s i b l e , c o n c h o i d a l f r a c t u r e , e a s i l y decom-
   p o s i n g . C o n t a i n e d . . . ( l i s t s f o s s i l s ) . 
n         c . B l a c k a l l u v i u m of r i v e r b o t t o m c o n t a i n i n g many 

   d u a l s o f  

T r i n i t y R i v e r b o t t o m - r o l l e d d e t r i t u s and C r e t a c e o u s 
  f o s s i l s . 

    A d a p t a t i o n of H i l l ' s c r o s s s e c t i o n of t h e s o u t h s i d e of 
    t h e T r i n i t y R i v e r .  1 8 8 6 a , p . 3. 

F i g . 2 1 . H i l l ' s c r o s s s e c t i o n of t h e s o u t h s i d e of t h e T r i n i t y -

R i v e r . H i l l , 1886a , p . 3. 

F i g . 23 . V i e w of H i l l ' s s e c t i o n 2, l o o k i n g s o u t h a c r o s s t h e T r i n i t y R i v e r t o w a r d F o r t W o r t h . H i l l , 1 8 8 6 a , p . 3 . 



SIGNIFICANCE OF R. T. HILL'S CENTRAL TEXAS GEOLOGY 33 



34 BAYLOR GEOLOGICAL STUDIES 

T r i n i t y R i v e r S e c t i o n 3 Hodge  N 

R a i l r o a d l e v e l 
S c a l e : 1 y a r d  1 f o o t D i p e x a g g e r a t e d g r e a t l y 

Fig .  H i l l ' s d r a w i n g and a n adap ta t ion of a sect ion exposed 
in a r a i l road cut on t h e T e x a s and Pac i f i c R a i l w a y f o u r miles 
n o r t h of the center of F o r t W o r t h . Hi l l , 1886a, p. 4. 

F ig . 26. V i e w of Hi l l ' s section 3, looking sou th a long the T e x a s and Pac i f i c R a i l w a y a b o u t f o u r mi les n o r t h of d o w n t o w n F o r t 
W o r t h . N o t e the s l ight n o r t h w a r d dip of t h e s t r a t a as exagge ra t ed in F i g u r e 25. 
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 S 

S e c t i o n 4 

 

A 
B 
A S l i g h t d i p t o N. 
B 
C 

A. White, y e l l o w s t r a t a of crumbly 
l i m e s t o n e c o n t a i n i n g ( l i s t s f o s s i l s ) . 

     Fig. 28. View of Hill's section 4 showing the "white, yellow 
B. Muddy, i n t e r v e n i n g s h a l e ( l i s t s f o s s i l s ) . strata of crumbly limestone" and the "muddy, intervening shale." 

C. A s o f t e r b l u i s h marl . 

Fig . 27.  d r a w i n g and an adapta t ion of the same section 
shown in F i g u r e  del ineat ing the s t r a t a exposed. Hi l l , 1886a, 
p. 4. 

 1886a, p. 4. 

F ig . 29. V i e w of t he "h igh pra i r ies" wes t of F o r t W o r t h . Hi l l made par t i cu la r note of the " f i rm looking l imestone" t h a t disinte­
g ra t e s in to f ine pieces soon a f t e r exposu re" ( A of Hi l l ' s section 4) a n d i s shown he re in the  Hi l l , 1886a, p.  
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    ' 

Fig . 30. W e a t h e r e d "pack sand" conta in ing i rons tone concre- F i g . 31. H i l l ' s genera l i zed sect ion of t h e Cross T i m b e r s n o r t h -
tions.  commonly f o u n d this " p u r e w h i t e sand" unde r ly ing wes t of F o r t W o r t h . Hi l l , 1886a, p. 19. 
t h e sandy red soil of t h e Cross T imber s . Hi l l , 1886a, p. 10. 

Section 7 

Feet 

1 - 2 

2 - 5 

2 - 3 

1 0 - 2 0 

Note base of this section seen 
only at Bowie. 

A.  sandy surface 
soil of cross timbers. 

B. Red subsoil of cross timbers. 

C. White marly clay. 

D. Pure white sand, consisting 
of worn siliceous grains with 
seams of  conglomerate or 
sandstone.     . . 

   of  sect ion 7 a p p r o x i m a t e l y ten mi les n o r t h 
. of Deca tu r , T e x a s . T h e h a m m e r is r e s t i ng on a " s e a m of fine 

  A d a p t a t i o n of  gene ra l i zed sect ion of t h e Cross cong lomera t e " ( D of sect ion 7 ) . I n t h e d is tance a r e A a n d B 
T i m b e r s n o r t h w e s t of F o r t W o r t h . Hi l l , 1886a, p. 19. of sect ion 7 Hi l l , 1886a p 19 
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F i g . 34. M a p of t h e region n o r t h w e s t of F o r t W o r t h showing H i l l ' s l ines of t r a v e r s e in cons t ruc t ing his sect ion 7. Scale  

C o n t o u r in te rva l SO feet. 
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F i g . 3 5 . H i l l ' s d r a w i n g of a s e c t i o n e x t e n d i n g " f r o m F o r t W o r t h t o 2 m i l e s s o u t h . " H i l l , 1 8 8 6 a , p .  

S e c t i o n 8 A. C of S e c t i o n  f e e t of b l u e l i m e s t o n e . Same 
From F o r t Worth t o 2 m i l e s S o u t h r e l a t i v e p o s i t i o n , f o s s i l s , and c o l o r of s t r a t a . 

B. Same as A of S e c t i o n 4 . . . 1 0 0 f e e t of f r i a b l e y e l l o w 
 

C. A mass of s h e l l s of  p i t c h e r i Morton. Some­
t i m e s l o o s e l y packed;   cemented . 
This s t ra tum i s 15 f e e t t h i c k in t h e cut 1 m i l e 

D ip -   South of town on t h e M i s s o u r i P a c i f i c Ra i lway . 
V e r t i c a l s e c t i o n and d i p g r e a t l y e x a g g e r a t e d as i n 
a l l o f my d i a g r a m s .  Above t h i s gryphea b r e c c i a was 2 f e e t of pure 

Lime K i l n -  unctuous   f o s s i l s cou ld be found i n i t . 
F o r t Worth 200 y d s . f rom Union d e p o t      .    

E. A s tratum 1 f t . t h i c k of hard y e l l o w l i m e s t o n e . 

 A 10 f t . s tratum of c l a y and s m a l l l i m e s t o n e 
  ments , e i t h e r much worn by e r o s i o n or by chemica l 

   a c t i o n . I t seemed a t r a n s i t i o n between t h e 
   " r o t t e n " l i m e s t o n e and cong lomerate in c h a r a c t e r , 

 O rt     and had i t not been capped by a s tratum of s o l i d 
     l i m e s t o n e , I would have c o n s i d e r e d i t r e c e n t 

   d r i f t . I t c o n t a i n e d at l e a s t one f o s s i l not 
 found below i t 

 o  

F i g . 3 6 . A d a p t a t i o n o f H i l l ' s s e c t i o n e x t e n d i n g t w o m i l e s s o u t h 

of F o r t W o r t h . H i l l , 1 8 8 6 a , p . 2 5 . 

F i g . 3 7 . E x p l a n a t i o n t o a c c o m p a n y H i l l ' s s e c t i o n 8 

( F i g u r e s 3 5 a n d 3 6 ) . H i l l , 1 8 8 6 a , p . 2 6 - 2 8 . 
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F i g . 38. V i e w of Hi l l ' s section 8 n e a r his " f i r s t cu t " on the 
Mis sou r i a n d Pac i f i c R a i l w a y showing a por t ion of B and C, 
Gryphea b recc ia and " f r i ab le yel low l imestone." T h i s exposure 
is benea th a b r i d g e ove r t h e ra i l road swi tch ing y a r d s in d o w n ­
t o w n F o r t W o r t h . Hi l l , 1886a, p.  

West East 

P l a i n s A b i l e n e F o r t Worth D a l l a s T e r r e l l 

White rock  g . p i t c h e r i Cross Timbers White Rock 
  

R i p l e y 

F i g . 40. T h e "dis t inc t g r o u p s of the Cre taceous in an eas t and 
wes t l ine" t ha t  del ineated and sough t t o corre la te . Hi l l , 
1886a, p. 31. 
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