
University of Texas Bulletin 
No. 2330: August 8, 1923 

THE GEOLOGY OF POTTER COUNTY 

BY 

LEROY T. PATTON 

Bure:lU of Economic Geolog) and Technology 

Oh ision of Economic Geolog~ 

J. A. Uddcn, Oil-cctor of thc Bureau and Head of the Oh ision 

Pl'BLlSIIED BY 

THE UNIVERSITY OF TEXAS 
Al STI:>I 

QAe5444 



Publications of the University of Texas 

Publications Committee: 

FREDERIC D UNCALF 

KiLLlS CAMPBELL 

D. G. COOKE 

F. W. GRAFF 

C . G. HAINES 

J. L. H ENDERSON 

E. J. MATHEWS 

H. 1. MULLER 

F. A. C. PERRIN 

HAL C. W EAVER 

The University publishes bulletins four times a month, 
so numbered that the first two digits of the number show 
the year of issue, the last two the position in the yearly 
series. (For example, No. 2201 is the first bulletin of the 
year 1922.) These comprise the official publications of the 
University publications on humanistic and scientific sub­
jects, bulletins prepared by the Bureau of Extension, by the 
Bureau of Economic Geology and Technology and other 
bulletins of general educational interest. With the exception of 
special numbers, any bulletin will be sent to a citizen of 
Texas free on request. All communication about Univers­
ity publications should be addressed to University Publications, 
University of Texas, Austin. 



University of Texas Bulletin 
No. 2330: August 8, 1923 

THE GEOLOGY OF POTTER COUNTY 

BY 

LEROY T. PATTON 

Bureau of Economic Geology and Technology 

Division of Economic Geology 

J. A. Udden, Director of the Bureau and Head of the Division 

PUBLISHED BY THE UNIVERSITY SIX TIMES A MONTH, AND ENTERED AS 
SECOND-CLASS MATTER AT THE POSTOFFICE AT AUSTIN, TEXAS 

UNDER THE ACT OF AUGUST 24, 1912 



The benefits of education and 01' 
useful knowlcdge, gCillerally diffused 
thl'ough a community, are essential 
to the preservation of a free govern­
ment. 

Sam HOllston. 

Cultivated mind is tbe guardian 
genius of democracy. It is the 
only dictator that freemen acknowl­
edge and the only security that 
freemen desire. 

Mirabeau n. IJamar. 



CONTENTS 

PAGE 
Introduction _________________________________ _____________________________ 7 

Loca,tion and Area________ ______________________________________________________________________ 7 
Nature and Extent of the WorL______________________________________________________ 7 
Acknowledgments _____ __________________________ 8 
Previous W ork _______________________________________________________________________ 9 

Physiography ____________________________________________________ ___________________________ 15 
Physiographic Relations of the County ________________________________________ 15 
Drainage __________________________ _____________________________________________________________ 15 
Relief ________________________________________________________________ __________________ 18 
Physiographic Record __________ __________________________________________________________ 26 

Stratigraphic Geology _____________ ______________ ________________________________ 27 
Rocks not Exposed ______ ____________ ____________________________________________ 29 
R.ocks Exposed ____________________________ _____________________________________________________ 35 

Permian System __________________________________ _______________________________________ 35 
General Sta tement __________________________________________________________________ 35 
Greer Formation ________________________________________________________________________ 36 
Quartermaster Formation ___ __________________ _________________________________ 36 

Triassic System ______________________________________________________________________________ 47 
General Statement ________ _________________________________________________________ 47 
Tecovas Formation ___________________________ _______________________________________ 49 
Trujillo Formation ____________________ _________________________________________ 66 

Tertiary and Quaternary Systems ____ _________________________ 777 
General Statement _________________ _______________ __________________________________ 77 
Pliocene of Pre-Pliocene (1) Series_______________________________________ 78 

Potter Formation __________________________ ______________________________________ 78 
Pliocene Series _________ ____ ___________________________________________________________ 80 

Coetas Formation ________________ __________________________________________________ 80 
Undifferentiated Cenozoic ________________________ ___________________________________ 86 
Alluvium ____________________________________________________________________________________________ 91 

Structural Geology _____________ _________________ ___ ___ ________________________________ 91 
Economic Geology ____________________________________________________________________________________ 96 

Oil and Gas ______ ______________ ______________ _______________ _____________________________________ 96 
Helium _____________________________________________________________________ ___________________________ 97 
Natural-gas Gasoline ________ __________________________________________________________ 97 
Potash _______________ ________________________ __________________________________ _____________________ 98 
Glass Sand __________________________________________________________________________________________ 105 
Moulding Sand _________ _________________ __________________ ________________ 107 
Brick and Tile _________________________________________________ _______________________ 108 
Road Materials ___________________ ______________________________________________________________ 109 
Soil ______________________ _____________________________ _____________________________________________________ 111 

Well Records ___________________________________________________________________________________________ 112 
Deep Well Records and Descriptions of Samples ________________________ 112 
Shallow Well Records ______________________________ ______________________________________ 174 

Index _ ____________________ ________________________ ___ _______________________________________________________ 187 



Plate I. A, 

B, 
C, 

D, 

Plate II. A, 

B, 

C, 
D, 

E, 

Plate III. A, 

B, 

C, 

Plate IV. A, 

B, 

, Plate V. A, 

B, 

C, 

D, 

E, 

Plate VI. 

Plate VII. 

PLATES 

View taken at the mouth of Alibates Creek looking 
southward up the creek valley. 

View of the canyon of Plum Creek. 
View of the Canadian River taken from the hill north 

of the mouth of Chicken Creek. 
View of the divide between Coetas Creek and Chicken 

Creek. 

Topography of the sand-covered country immediately 
north of the Canadian River. 

View showing local and erratic dips in the Quarter­
master formation. 
View taken near Pitcher Creek. 

Exposure of Alibates dolomite showing the two ledges. 
Exposure of Tecovas formation near John Ray Creek 

showing a ledge of soft unconsolidated sandstone 
which occurs in the formation. The ledge is here 
cut by a small fault. 

Exposure of Tecovas formation in the valley of West 
Amarillo Creek showing a local unconformity with­
in the formation. 

Block of Tecovas shale showing casts found in the 
shale. 

Block of Tecovas shale showing one of the branching 
forms of the casts. 

Casts found in the Tecovas shale dissected out of the 
matrix. 

An exposure in the Coet-.s formation showing the 
slightly .consolidated sandstone and the thin-bedded 
limestone of the formation. One of the localities at 
which vertebrate fossils were found. 

An exposure of the Coetas formation showing the thin­
bedded limestone of the formation. 

An exposure in the undifferentiated Cenozoic deposits 
a short distance north of the Canadian River in the 
central part of the county. 

An exposure in the undifferentiated Cenozoic deposits. 
View taken in the valley of Corral Creek about 
three miles from the mouth. 

h:rosional remnants in the valley of Bonita Creek in 
which vertebrate fossils were found. 

Outliers of the cap rock escarpment in the southern 
part of the county. 

View taken on the south side of the Canadian River 
showing the steeply dipping rocks of the John Ray 
Dome. 

Aggregate of fossil endocarps of drupes of Celtis found 
in the erosional remnant shown in Plate V, C. 

Graphic representation of logs of water wells drilled 
south of the escarpment of the Llano Estacado in 
the southern part of Potter County. (Inside back 
cover.) 



TEXT FIGURES 

Plate VIII. A, Topographic and geologic cross-section from Amarillo 
north along the Colorado and Gulf Highway to 
Moore County. The surface elevations are spirit 
level elevations furnished by Nagel, Witt and Rol­
lins Engineering Company and corrected aneroid 
barometer readings made by the author. All eleva­
tions from Amarillo to the Canadian River are 
spirit level elevations. 

Plate IX. 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

B, Topographic and geologic cross-section taken along 
the line AA' of the map. (Inside back cover.) 

Geologic map of Potter County. (Inside back cover.) 

Outline map of Texas showing the location and area of 
Potter County and its relation to the main physio­
graphic divisions of the state. 

Generalized columnar section of the rocks exposed in 
Potter County. 

Graphic representation of the occurrence of igneous rocks 
in th deep wells of Potter County. 

Structural map of the John Ray Dome made by con­
touring on the highest gas horizon. 



THE GEOLOGY AND MINERAL RESOURCES OF 
POTTER COUNTYl 

INTRODUCTION 

LOCA TION AND AREA 

Potter County lies in the northwestern part of the state 
in that part usually known as the Panhandle. Its eastern 
border is 90 miles from the western border of Oklahoma, 
its northern 70 miles from the southern border of the 
Oklahoma Panhandle, and its western border 62 miles from 
the eastern border of New Mexico. Moore County borders 
it on the north, Carson County on the east, Randall County 
on the south and Oldham County on the west. The area 
of the county is 874 square miles. For the most part the 
county is sparsely settled, the greater part of the population 
being concentrated in the southern part of the county in 
and near the city of Amarillo. According to the census of 
1920 the county had a population of 16,710, the city of 
Amarillo having 15,494 of this number. 

The accompanying sketch map (fig. 1) shows the loca­
tion and area of the county and its relation to the main 
physiographic divisions of the state. 

NATURE AND EXTENT OF THE WORK 

The field work upon which this report is based was done 
during the latter part of the year 1922. The writer was 
in the field from October 20 to January 1, 1923. During 
the progress of the work Dr. J. A. Udden, Director of the 
Bureau, spent several days in the field with the writer. 

The base map used in this report is a compilation from 
several different sources, including blue print maps put out 
by several different firms and individuals; private surveys 
made by W. D. Twitchell for Wm. M. Bush, who kindly per-

lManuscript submitted July 15, 1923. Publicaiion issued Novem. 
ber, 1923. 
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mitted the use of this data; corrections of existing maps by 
Howard Trigg, County Surveyor of Potter County; and 
corrections made by the writer in the field. Stream 
courses are shown in as much detail and as accurately as 
possible in order to aid in the interpretation of the topog­
raphy, but no attempt has been made to distinguish between 
permanent and intermittent streams. Relief is shown by 
means of hachures. Location and boundaries of land blocks 
are shown but sections are not indicated. 

FIG. 1: Outline map of Texas showing the location and area of 
Potter County and its relation to the main physiographic divisions 
of the state. Potter County shown in black. 

ACKNOWLEDGMENTS 

The writer wishes to acknowledge the many courtesies 
extended to him by the various citizens of the county dur-
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ing the progress of the work. Especial acknowledgments 
are due to Col. W. A. Miller, Jr., O. V. Vernon, secretary of 
the board of city development of Amarillo, Howard Trigg, 
'county surveyor, Col. Montgomery, and Judge C. T. Word. 

Acknowledgment is also made to Dr. ,T. A. Udden, Director 
of the Bureau and to Dr. E. H. Sellards, Chief Geologist, for 
assistance in the organization of the work, to Dr. Udden 
for valuable aid and advice in the field and to Dr. Sellards 
for identification of the vertebrate fossils. 

PREVIOUS WORK 

No publication dealing exclusively with Potter County 
has been issued up to the present time, although several 
papers dealing with larger areas, of which Potter County 
is a part, have been published. 

According to Cummins1 the earliest geologic work in the 
Texas Panhandle was done by George G. Shumard, geologist 
of the Marcy exploring expedition of 1852. During the 
progress of the expedition Shumard studied the Palo Duro 
Canyon from the eastern escarpment of the Llano Estacado 
to the head of the canyon. 

In 1853-54 Lieutenant A. W. Whipple, of the Corps of 
Topographical Engineers of the United States Army, was 
in charge of an exploring expedition which followed a route 
from Fort Smith, Arkansas, westward, near the 35th par­
allel, to the Pacific Coast. The object of this and other 
similar expeditions was to discover the most practicable 
route for a railroad to the Pacific Coast. One of the mem­
bers of this expedition was Jules Marcou, who was the 
'official geologist of the party. The report of this expedi­
tion was published by the War Department in 1856.2 

1 Cummins, W. F" Report on the geography, topography, and geol­
ogy of the Llano Estacado or Staked Plains, Third Annual Report of 
the Geological Survey of Texas, p. 134, 1891. 

"Reports of the explorations and surveys to ascertain the most 
practicable route for a railroad from the Mississippi River to the Pa­
cific Ocean. House of Representatives, Executive Document No. 91, 
1856. 
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This report, which was edited by Wm. P. Blake, geologist 
of the office of the United States Pacific Railroad Explora­
tion and Surveys, contains in full the notes of Lieutenant 
Whipple and Marcou, together with a discussion by Blake, 
and a geologic map compiled by him from the notes and 
collections of Marcou. 

That this expedition passed through Potter County is 
certain, but it is somewhat difficult from the meager data 
and insufficient information contained in the notes of Whip­
ple and Marcou to determine exactly which camps of the 
expedition were located in Potter County. However, the 
location of Camp 42 on the map prepared by Blake would 
be near the northeastern part of the county in the neigh­
borhood of Alibates Creek or Turkey Creek. Concerning 
Camp 42, Whipple3 states that, 

"The sand hills encountered yesterday have disappeared. 
We are now upon the upper new red sandstone, and many 
remnants of 'mesas' appear, capped with dolomite. Here 
are good materials for masonry." 

This is a remarkably accurate description of the Quarter-
master formation of the northeastern part of the county. 

Concerning this same location Marcou4 states: 
"At No. 42, where we rested, we found a beautiful ex­

hibition of the dolomite of the Trias of the prairies, with 
red and green marls (marnes rouges) and white amorphous 
gypsum." 

This undoubtedly refers to the Quartermaster formation 
and the dolomite referred to is the Alibates dolomite which 
here appears in the upper part of the Quartermaster. 
Marcou accompanies his note with a section. 

There seems to be no reason, therefore, to doubt that 
Camp 42 was near Turkey or Alibates Creek and near or 
within the present limits of Potter County. 

Camp 43 was most certainly in Potter County and, al­
though its exact location is difficult to ascertain, both Lieu­
tenant Whipple's description of the route from Camp 42 to 
Camp 43 and his description of the location of the camp, 

'Op. Cit. p. 34. 

'Op. Cit. p. 134. Translation by Wm. P. Blake. 
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and Marcou's notes on the same route and description of 
the camp site, makes it practically certain that Camp 43 
was on Bonita Creek, on what is now the L-X Ranch. As 
a matter of fact Marcou speaks of Camp 43 being situated 
on Rio Bonito, although Lieutenant Whipple speaks of it 
as being situated on Shady Creek. It seems probable that 
they both referred to the same creek by different names. 

It is interesting to note that the formation described in 
this report as the Coetas formation and the limestone mem­
ber of the formation were noticed by Marcou. His journal 
for September 14, is as follows: 

"September 14.-From Camp No. 42 to Camp No. 43.­
We found the Rocky Mountain diluvium with white sand, 
and in the creek cliffs of white sandstone, a little rose col­
ored, with whitish limestone. At Camp No. 43, at Rio 
Bonita, we found a great development of this sandstone; 
very friable; of a rose or white color, containing calca­
reous concretions, and some beds of white limestone. No 
fossils seen." 

Miarcou also states that eight miles from Camp 43 in the 
Arroyo Amarillo they found a dolomite, above and below 
which sandy red marls occur. He also notes the yellow 
marls at this place. Eight miles from Bonita Creek would 
bring the party to West Amarillo Creek where the Alibates 
dolomite again appears, being brought up by an anticline in 
this location. It is here that the yellow and variegated col­
ors of the Tecovas formation would be first seen by one 
traveling the route of Whipple's party. While it might 
seem that the members of the Tecovas formation cannot 
properly be described as consisting of marls it is thought 
that these are the members that Marcou refers to in his 
notes since this formation in many places is quite calca­
reous. He speaks of them as "marnes rouges" and as 
"marnes irises" but on a number of occasions lapses into 
English and in his original notes speaks of "red sandy 
marls." 

Lieutenant Whipple states that on September 15 they 
made Camp 44 on Beautiful View Creek, 20 miles from 
Camp 43. This was evidently on Tecovas Creek. His de-
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scription of the country as well as the distance accords well 
with this assumption, which is confirmed by Marcou's de­
scription of the journey from Camp 43 to Camp 44. 

The work of Lieutenant Whipple's party is undoubtedly 
the first scientific investigation made in Potter County. 
After this early investigation, however, no other work was 
done until 1890, when W. F. Cummins, as geologist of the 
Geological Survey of Texas, made an investigation of the 
Llano Estacado and spent a very brief time in Potter 
County. His route through Potter County was from Ama­
rillo northwest across West Amarillo Creek to Frying Pan 
Ranch and thence to Tascosa. The results of his investiga­
tion of the Llano Estacado were published as a part of the 
Third Annual Report of the Geological Survey of Texas.5 

During the field seasons of 1890 N. F. Drake was engaged 
in investigations of the Triassic of northwest Texas and 
made some brief studies in Potter County. It is not certain 
just how much of his time was devoted to Potter County 
but the only locality mentioned definitely in his report is 
on West Amarillo Creek four miles northwest of Amarillo. 
His report was also published as a part of the Third Annual 
Report of the Geological Survey of Texas.6 

In 1891 Cummins made another trip through the Llano 
Estacado but did not go any further north than Palo Duro 
Canyon and was not, therefore, within the limits of Potter 
County although his report deals with formations which are 
exposed in this county. His report was published in the 
Fourth Annual Report of the Geological Survey of Texas. 7 

During the years 1899, 1900, and 1901 the American 
Museum of Natural History of New York sent three suces'­
sive expeditions into the Panhandle under the leadership of 
J. W. Gidley. The expedition of 1899 passed through a 

·Cummins, W. F., Report on the geography, topogTaphy, and geol­
ogy of the Llano Estacado or staked plains: Geol. Sur. Texas, Third 
Annual Report, pp. 129-223. 1891. 

"Drake, N. F., Stratigraphy of the Triassic formation of northwest 
Texas: Geol. Sur. Texas, Third Ann. Rept. pp. 227-247. 1891. 

"Cummins, W. F., N otcs on the geology of northwest Texas: Geol. 
Sur. Texas, 4th Ann. Rept., pp. 179-236. 1892. 
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part of Potter County but Gidley states that the season's 
work had practically ended and that the party was merely 
returning to Clarendon, the base of the expedition, by the 
way of Canyon City, thence to Amarillo and back to Claren­
don along the line of the railroad. Neither of the other 
two expeditions reached Potter County, but the work of 
these expeditions has a direct bearing upon some of the 
problems connected with the geology of Potter County. 
The results of these investigations were published as a bul­
letin of the American Museum of Natural History.s 

The Twenty-first Annual Report of the United States 
Geological Survey contains an extensive article on the high 
plains of eastern New Mexico and Colorado, western Texas, 
Oklahoma, Kansas and Nebraska by Willard D. JohnsonO in 
which he discusses the topography and geology of these 
plains. 

His discussion of the geology, however, is confined to the 
Tertiary deposits. 

In 1905 C. N. Gould assisted by T. B. Matthews and E. F. 
Schramm made a study of the geology and water resources 
of the western portion of the Panhandle of Texas including 
the counties of Sherman, Moore, Potter, Randall, Dalham, 
Hartley, Oldham, and Deaf Smith. The region covered 
contained approximately 9,360 square miles. The results 
of this survey were published as a water supply paper of the 
U. S. Geological Survey."O 

In the introduction to this paper Gould states that a de­
tailed study was made of each of the above mentioned coun­
ties, special attention being given to the valley of the Cana­
dian River and to Palo Duro Canyon. 

This paper is a continuation of Water Supply and Irriga­
tion Paper No. 154 by the same author, the latter report 

8Gidley, J. W., The fresh water Tertiary of northwestern Texas. 
American Museum Expeditions of 1899-1901. Am. Museum of Nat. 
Rist., Vol. 19, Article 26, pp. 617-635. Nov. 21, 1903. 

oJohnson, Willard D., The high plains and their utilization: U. S. 
Geol. Surv., 21st. Ann. Rept. pt. 4, pp. 601-741. 1902. 

lOGould, C. N., Geology and water resources of the western por­
tion of the Panhandle of Texas. U. S. Geol. Sur. Water Supply and 
Irrigation Paper No. 191. 1907. 
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covering the counties of Lip:;lcomb, Ochiltree, Hansford, 
Hutchinson, Roberts, Hemphill, Wheeler, Gray, Carson, 
Armstrong, Donley, and Collingsworth. This paper was 
published in 1906, the field work for the same having been 
done in 1903 and 1904.11 

These two papers by Gould constitute perhaps the largest 
contribution to the geology of this region made up to that 
time. 

Later J. A. Uddenlla gave an account of the occurrence 
of a red potash bearing mineral, which he found in salt 
from the beds penetrated in a deep boring at Boden. He 
described many samples of cuttings from this same boring 
down to 2010 feet, and published the driller's log of the 
exploration. Before this, potash in the Texas Permian was 
known only from solutions in brines. 

In 1915 the Bureau of Economic Geology and Technology 
of the University of Texas published a bulletin on the Geol­
ogy and Underground Waters of the Northern Llano Esta­
cado by C. L. Baker.12 

The firm of geological engineers consisting of C. N. Gould, 
Joseph M. Perkins, Leslie C. Hanson, and Robert S. Dewey 
of Oklahoma City, Oklahoma, have prepared a carefully 
detailed structure map of the John Ray Dome and the Tuck~ 
Trigg Dome, both of which are situated in Potter County. 

At a meeting of the American Association of Petroleum 
Geologists in March, 1920, Gould13 read a short paper in 
which he discussed the structure of the John Ray and 

"'Gould, C. N., Geology and Water Resources of the Eastern Por­
tion of the Panhandle of Texas: U. S. Geol. Sur. Water Supply and 
Irrigation Paper No. 154. 1906. 

llaUdden, J. A., Potash in the Permian of Texas, Bureau of Econ. 
Geol. and Technol., Univ. of Texas Bull. 17, pp. 12-17. 

"Baker, Charles Lawrence, Geology and underground waters of the 
northern Llano Estacado: Bureau of Econ. Geol. and Technology, 
University of Texas, Bull. No. 57. 1915. 

"'Gould, C. N., Preliminary notes on the geology and structure of 
the Amarillo region: Bull. Am. Assoc. of Petroleum Geologists, Vol. 4, 
No.3, pp. 269-275. 1920. 
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Tuck-Trigg domes and gave a brief resume of the geology 
of the region as discussed in his previous pUblication on the 
western Panhandle region. 

In discussing the work previously done in this region it 
should be mentioned that the credit for the discovery of the 
gas field of this county belongs to C. N. Gould, who first dis­
covered the structure and located the first well. 

PHYSIOGRAPHY 

PHYSIOGRAPHIC RELATIONS OF THE COUNTY 

Following the classification accepted by the Association 
of American Geographers, Potter County lies within that 
physiographic province known as the Great Plains, which 
extends from the Rocky Mountain System east to the Cen­
tral Lowlands and is bordered on the southeast by the West 
Gulf Coastal Plain of the Atlantic Plains Province. The 
central part of the Great Plains province is occupied by the 
High Plains, which extend through the western part of 
Texas, Oklahoma, Kansas, and Nebraska. Potter County 
lies within the latter subdivision. The part of the High 
Plains in Texas north of the Canadian River is known as 
the Panhandle High Plains and that south of the river 
as the Llano Estacado. These parts in reality constitute 
one physiographic unit with the exception that they are 
separated from each other by the great trench of the Cana­
dian River. 

The greater portion of Potter County lies within the 
Canadian River trench, small portions on the south and 
north belonging respectively to the Llano Estacado and 
the Panhandle High Plains. 

DRAINAGE 

The Llano Estacado and the Panhandle High Plains are 
constructional plains being a part of the great debris apron 
spread out from the base of the Rocky Mountains. Topo­
graphically they are still in that stage of extreme youth in 
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which the drainage lines have not yet been developed and 
in fact have only an underground drainage, the water which 
falls on the surface sinking into the ground until it encount­
ers an impervious stratum and being conducted by this 
stratum to the scarps of the plain where it feeds the springs 
found in such locations. 

A small part of Potter County may be said to have a 
drainage of this sort. The area of which this may be said 
to be true is confined mainly to the extreme southern and 
northern parts of the county. In the southern part of the 
county this area is confined mainly to that part of the 
county south of the Rock Island Railroad on the west of 
Amarillo, to the part south of the Santa Fe Railroad east 
of Amarillo, and to a strip of country three or four miles 
wide, which extends five or six miles north from St. Francis 
in the extreme eastern part of the county. In the northern 
part of the county there is but one area of this type, which 
is confined to a narrow strip one or two miles wide extend­
ing along the northern border for about 15 miles from the 
northwest part of the county. These areas mentioned con­
stitute the only typical portions of the Panhandle High 
Plains and the Llano Estacado within the county. 

The drainage of the remainder of the county is controlled 
by the Canadian River as the master stream. The Cana­
dian River enters the county about seven miles from the 
northwest corner, flows in a general southeasterly direction 
for about 10 miles and then turns east, continuing in that 
direction until about three-fourths of the way across the 
county where it makes an abrupt turn to the northeast 
and flows in that direction for the remainder of its course 
through the county. The Canadian is a through-flowing 
river having its source in the Raton Range in northeastern 
New Mexico, not far from Gardner. 

The principal streams tributary to the Canadian River 
in this county have their sources in springs at the base of 
the Cenozoic formations, which constitute the material of 
which the debris apron forming the Llano Estacado and 
the Panhandle High Plains was built. Some of these 
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streams are of remarkable strength and maintain their flow 
almost undiminished through long seasons of drought. In 
all of them, however, where the sources are any distance 
from the mouth, the lower courses of the streams during 
the dry seasons of the year are nothing more than sand­
choked ravines, the water in the upper courses having dis­
appeared in the sand long before reaching the mouth at the 
river. The most notable exception to this condition is 
Bonita Creek which is fed by springs a few miles from its 
mouth and maintains a strong flow, at all seasons of the 
year, all the way to the river. The strongest springs in 
the county are those at the head of Tecovas Creek. It 
should be noted in this connection that Tecovas Creek has 
worked the farthest headward and developed the greatest 
number of drainage lines of any stream in the county. 

Beginning at the extreme northeastern part of the county 
the stream valleys tributary to the Canadian River from the 
south are as follows: Turkey Creek, Alibates Creek, Coetas 
Creek, Chicken Creek, Bonita Creek, Pedrosa Creek, East 
Amarillo Creek, West Amarillo Creek, Horse Creek, Tecovas 
Creek, and Cerrite la Cruz Creek. Of these Co etas Creek, 
Bonita Creek, Tecovas Creek and West Amarillo Creek 
maintain their streams throughout at least a part of their 
courses during the entire year. 

North of the Canadian River the principal stream val­
leys are as follows: Plum Creek, Big Canyon, Home Creek, 
Pitcher Creek, John Ray Creek, Lahy Creek, Sandy Creek 
or Little India Creek, and Big India Creek. Pitcher Creek 
is a short creek having its source not far from the river 
and maintains a fairly strong stream throughout its course 
at all times. John Ray Creek maintains a small stream 
for a mile or two from its source even during the dry season 
of the year. At such times the other valleys north of the 
river are entirely devoid of streams. . 

Without exception the minor streams of the county flow 
in a general north or south direction to the Canadian 
River. The result of this uniform direction of flow has 
been to carve the county into a large number of north and 
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south valleys. The roads of the-county follow the divides 
or the valleys and few roads or even trails lead from the 
east to the west. As a result, with the exception of the ex­
treme southern part of the county, which is situated on the 
Llano Estacado, it is practically impossible to travel across 
the county in a direct east-west line. 

RELIEF 

There is a very great variety in the topographic features 
of the county. This variation arises from a number of dif­
ferent causes, chief among which are the following: (1) The 
great differences in elevation between the central part of 
the county and its northern and southern borders, due to 
the presence of a through-flowing stream which has en­
trenched Itself in a high plateau. (~) Greac varIations III 

the nature of the underlying formations so that the surface 
formations in different localities within the county include 
massive resistant dolomite, massive sandstone and conglom­
erate, slightly consolidated sandstones, shales varying in 
lithologic character and in resistance, and stratified sand 
and gravel, some of which is partially cemented and other 
portions of which are wholly unconsolidated. (3) Varia­
tions in structure from domes and folds of considerable size 
to practically flat lying strata. The work of agents of 
erosion in a region in which so many diversified directional 
influences have been brought to. bear has resulted in an 
almost bewildering variety of physiographic features. 

The dominating topographic feature of the county is the 
great trench of the Canadian River. Reference to the val­
ley of the Canadian River is usually understood to mean 
the somewhat narrow and steep-sided canyon through which 
the river flows at the present time. While this conception 
of the term may be considered correct in the popular usage 
it is not the correct one in the physiographic sense, as the 
real valley of the Canadian River occupies practically the 
whole county. From the edge of the upper rim rock on 
the southern part of the valley to the corresponding edge 
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on the northern is a distance of over 25 miles, the entire 
distance from the northern to the southern border of the 
,county being but a little over 30 miles. 

In the southwestern part of the county the valley edge 
is a very distinct escarpment, formed both by the so-called 
"cap rock" or caliche and the massive Trujillo sandstone 
and conglomerate of the Triassic system. The line of the 
escarpment is very irregular. Streams working back head­
ward have indented its margin leaving many promontories 
and lobate extensions. Along the margins there are also 
many isolated buttes and mesas, erosion having cut off for­
mer promontories and extensions from the escarpment. 
East of Amarillo this escarpment dies out and the ap­
proach to the headwaters of East Amarillo and Pedrosa 
creeks is by gradual and, in some places, almost imper­
ceptible slopes. N ear the headwaters of Coetas and Bonita 
creeks the escarpment appears again, being here formed 
by the Cenezoic deposits alone. North of the river a very 
distinct escarpment occupies a position a few miles south 
of the northern border and extends about two-thirds of the 
way across the county from the western border. East of 
this the distinct escarpment, for the most part, dies out. 

Back from the edge of the greater valley on both sides 
of the county, the physiographic expression is that which 
is typical for the Llano Estacado and the Panhandle High 
Plains. The surface is flat and featureless, drainage lines 
are undeveloped, and broad shallow depressions locally 
known as "lakes," and which for a considerable portion of 
the year are actually occupied by shallow bodies of water, 
are found in considerable abundance. 

From the edge of the greater valley to the bed of the 
river there is a considerable difference in elevation. The 
elevation of Bushland, in the southern part of the county a 
short distance from the escarpment, is 3788 feet above sea 
level. The elevation of the bed of the Canadian River at 
the bridge near the center of the county is 3004 so that the 
difference in elevation between the edge of the greater val­
ley and the bottom is nearly 800 feet. Plate VIII, A shows 
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the relation of the greater valley of the Canadian River to 
the topography of the county. 

Below the edge of the greater valley the agents of erosio:p. 
have carved the formations into many different land forms, 
these differences resulting from the dissimilarities in the 
nature and structure of the underlying materials. 

In the northeastern part of the county in the eastern 
part of the D. & P: Block 018 and G. & M. Block 3, the 
geological formation at the surface is the Quartermaster 
formation of the Permian system. N ear the top of this 
formation is the massive Alibates dolomite which is very 
resistant to weathering and erosion. In this part of the 
county there is also the large structural feature known as 
the John Ray Dome. From the river the strata rise to the 
north and west quite rapidly-as much as 400 feet in eight 
miles. The unconsolidated Tertiary deposits and most of 
the Quartermaster formation, down to the Alibates dolo­
mite, have been removed by erosion; the Alibates dolomite 
in most places forming the surface rock. Only isolated 
patches of the Tecovas formation of the Triassic system are 
found in this region. It is thought that these were removed 
by erosion prior to the deposition of Tertiary sediments as 
these, where present, in most cases rest upon the eroded 
surface of the Quartermaster formation, the Tecovas occur­
ring between the two only in rare instances in this part 
of the county. The type of topography resulting from the 
conditions outlined above is that of a dolomite capped table­
land incised by numerous steep-sided canyons, varying from 
the narrow short canyons cutting back from the river to 
canyons a mile wide from rim to rim, 200 to 250 feet deep 
and six to eight miles long. These canyons are not ordi­
narily occupied by any stream and the whole table-land is a 
wild, thirsty, desolate region. Over the flat floor of the 
canyons are scattered many erosional remnants in the form 
of isolated buttes and small mesas and pyramid-shaped hills. 
These are especially numerous at the mouths of canyons 
where the numerous short gullies having the advantage of 
steep slope and short distance have carved and recarved the 
abutments of the canyon mouths into many fantastic and 
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castellated forms. Plate 1, A, a photograph taken at the 
mouth of Alibates Creek, shows this condition very well. 
Plate 1, B shows one of the typical canyons of this region. 
The brilliant vermilion color of the Quartermaster forma­
tion gives to these canyons a peculiar beauty, combining to 
make the scenery of this highland region at the same time 
both desolate and forbidding and one of surpassing beauty. 

The largest of the canyons of the region is of course the 
canyon of the Canadian River, which, although a mile or 
more wide from rim to rim and in places becoming much 
wider than this, is steep-sided and exhibits the same char­
acteristics as is shown by the smaller canyons. Plate 1, C 
shows a view of the canyon of the Candian River. 

A very peculiar feature of the canyon of the Canadian is 
exhibited in the relation of the canyon to the structure. 
The rocks of the Quartermaster formation throughout the 
course of the river through the county dip south from the 
river so that the canyon has been incised in the side of a 
structural slope. This relation is shown in the geologic 
cross section Plate VIII, B. 

South of the river in the northeastern part of the county 
the Quartermaster formation passes underneath the surface 
in a shod distance and its place is taken by the sands and 
gravels of the Cenozoic, which are for the most part uncon­
solidated. As a consequence the wild and desolate canyons 
of the highland region give place to the broader open valleys 
with gently sloping sides. This is especially noticeable in 
Bonita Creek valley, which in its pleasant open aspect, its 
bordering trees and grass kept green by its springs even 
after months of drought is in pleasant contrast to the dry, 
thirsty canyons of the dolomite capped table-land to the 
north. 

Not only do the Cenozoic deposits here occupy a lower 
position than those on the dome north of the river but 
streams draining this part of the region are forced to flow 
against the dip of the Alibates dolomite in emptying into 
the river. For these reasons erosion has not removed these 
later deposits from this part of the region to the extent 
that those north of the river have been removed. 
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North of Coetas Creek, and especially between Alibates 
Creek and the river, the Cenozoic deposits have been carved 
into a series of small hills and ravines resulting in extensive 
areas of bad lands. To the east, in the neighborhood of 
G. & M. Block 22, the bad lands gradually pass into low 
lying swells of sand and gravel covered country and finally 
into the more level soil covered country of the plains. 

Coetas and Bonita Creek valleys exhibit a somewhat dif­
ferent type of topography. Here the limestone which caps 
the soft sandstone of the Coetas formation has protected 
the latter from being carved into bad lands and the valleys 
are wide and open with somewhat broad level topped di­
vides which, however, have been carved by many ravines 
and gullies giving the divide a somewhat serrated ap­
pearance in places. Plate 1, D, shows a view of the Coetas 
Creek-Bonita Creek divide. 

East of the divide of Bonita, Chicken and Coetas Creeks 
there are more or less extensive areas of dune sand. Sand 
derived from the Coetas formation is blown up the gentle 
southwestward sloping valley sides and finds lodgement 
on the lee side of the steep northeastward facing slopes. 
The most extensive of these dune areas is east of the divide 
between Bonita and Chicken Creeks. The dune area here 
is half to three-fourths of a mile in width and several miles 
long. Dunes 30 to 40 feet high may be found. In some 
places the dunes are advancing across the valley of Chicken 
Creek and burying the valley. 

West of Bonita Creek the valleys of Pedrosa and East 
Amarillo Creeks, where their valley walls are capped by the 
massive Trujillo sandstone, again assume something of the 
canyon-like aspect of the valleys of. the Quartermaster 
highlands, but the generally lower elevation of this forma­
tion above the river bed results in the development of a less 
rugged topography than that seen north of the river. 

Between Pedrosa Creek valley and East Amarillo Creek 
valley there is an extensive deposit of the later Cenozoic 
formations which have been carved into a series of bad 
lands similar to those north of Coetas Creek. Although 
the hills of these bad lands are for the most part composed 
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of stratified sand and gravel of the later Cenozoic forma­
tions, the older underlying formations have, in some places, 
been cut into and constitute a part of the material of hills. 

On the north side of the river in the wes"cern half 
of the county, extending southward from the escarpment 
of the cap rock near the border of the county, there is 
a somewhat well developed terrace several miles in width 
extending west to the neighborhood of the headwaters of 
India Creek. Whether this is a structural terrace, being 
a continuation westward of the structure so well known 
in the denuded area of the Quartermaster outcrop, or 
whether it is a terrace of erosion could not be deter­
mined. It is largely mantled by later Cenozoic deposits 
both of stratified sand and gravel and wind blown sand and 
over much of its extent has also a covering of loess-like soil 
so that little information could be gained as to its real na­
ture. South of this terrace the underlying sand and gravel 
formations have been carved by erosion into many open 
valleys and rolling hilly country with many areas of bad 
lands and drifting wind blown sands. 'fhe numerous sand­
choked ravines, bad land topography, and dune areas of 
this part of the county make investigations here very dif­
ficult. Plate II, A, shows a view taken in this part of the 
county. 

The streams, in the maj ority of cases in the part of the 
county under discussion, enter the river valley through more 
or less canyon-like valleys near their mouths but this aspect 
is seen for only a short distance from the mouths since the 
Trujillo sandstone, which forms the capping of the valley 
walls, passes under the later deposits a short distance up 
stream. The valley of Big India Creek, however, is of the 
canyon type for the greater part of its course. 'It is from a 
hundred and seventy-five to two hundred feet in depth and 
three-fourths of a mile or more wide. Its walls are capped 
by Trujillo sandstone above which appear deposits of the 
Cenozoic. In many places these have been eroded away 
near the valley edge leaving the Trujillo sandstone as the 
valley capping. 

The Canadian River cuts through the Alibates dolomite 
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on the flanks of both the Tuck-Trigg and John Ray dome. 
In both cases the river flows through narrow steep-sided 
canyons. From Sec. 78, H. & T. C. R. R. Block 47, to Sec. 68 
of the same block the inner valley of the river is less gorge­
like, the Alibates dolomite being below the level of the river 
between the two domes. From Sec. 68, H. & T. C. R. R. 
Block 47, to the northeastern corner of the county the river 
flows the entire distance through a steep sided canyon cut 
in the Quartermaster formation. The canyon in this part 
of the county is not as narrow, however, as the one incised 
on the flank of the Tuck-Trigg dome. 

West of the highway bridge across the Canadian River 
near the center of the county there is on the north side of 
the river a rather extensive flat, which has been developed 
on the shales of the upper part of the Quartermaster and 
the lower Tecovas. It attains its greatest width between 
the mouths of John Ray Creek and Lahy Creek, where it is a 
mile and a half to two miles wide. It is here terminated 
abruptly on the north by the cliffs capped by the Trujillo 
sandstone. 

From the neighborhood of Section 96, H. & T. C. R. R. 
Blk. 47, to the western border of the county there is no im­
mediate'inner gorge such as is present where the river cuts 
through the Quartermaster formation and the river flows 
along a wide level flat several miles wide bordered by the 
cliffs capped by the Trujillo sandstone. 

On the southern side of the Canadian River in the imme­
diate neighborhood of the mouths of East Amarillo Creek 
and West Amarillo Creek in the central part of the county 
the upper shales and sandstones of the Quartermaster have 
not all been removed and they have been carved into a series 
of "bad lands." These bad lands extend back to the north 
gradually passing from the Quartermaster to the Tecovas 
and to the later Cenozoic, so that all of these formations 
are represented in this type of topography in this part of 
the county. 

In that part of the county south of the Canadian River 
and between the east bluff of the valley of East Amarillo 
Creek and the west bluff of the valley of Tecovas Creek the 
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Trujillo sandstone does not outcrop north of Sec. 1, B. S. 
& F. Elk. J. A. D., where it outcrops in a hill east of the 
Ft. Worth and Denver R. R. Cenozoic deposits, however, 
are found in this area and so far as could be determined 
these rest on the eroded surface of the Tecovas. The evi­
dence, therefore, indicates that the Trujillo sandstone had 
been removed by erosion prior to the deposition of these 
later materials. The marked difference in topography of 
this part of the county as contrasted with other parts is due, 
therefore, to a difference in geological history as well as 
other causes. 

The valley of Tecovas Creek and the west branch of West 
Amarillo Creek as seen from the escarpment a few miles 
south of Gentry presents the aspect of an immense amphi­
theater. The irregular line of the escarpment of the Llano 
Estacado can be seen stretching out to the west with its 
many promitories and indentations and continued to the 
north as part of the escarpment of the Trujillo formation. 
Just west of Gentry this wall is broken through by a western 
tributary to West Amarillo Creek which cuts it completely 
in two in the neighborhood of Section 121, B. S. & F. Elk 9. 
This branch of West Amarillo Creek and the northeast 
branch of Tecovas Creek are struggling for the possession 
of the low divide northwest of Gentry, a struggle which 
will no doubt lead to the beheading of one or the other of 
these branches in the near future. 

The floor of this amphitheater is occupied by gently roll­
ing country, the divides and shallow valleys of the many 
branches of upper Tecovas Creek. 

West of Tecovas Creek in the neighborhood of Boden in 
the southeastern part of G. & M. Blk. 8 and northeastern 
part of E. L. & R. R. Elk. 2 D. the Trujillo forms a distinct 
and promineilt escarpment which, however, dies away to 
the southwest. This escarpment is also very prominent in 
the sides of the valley of Cerr:ite la Cruz Creek. This valley 
presents a topography more of the canyon type although 
the valley is somewhat wider in some parts than those of 
other valleys of this type in county, excepting of course the 
Canadian itself. 
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PHYSIOGRAPHIC RECORD 

The physiographic history of Potter County is appar­
ently that of a previously excavated vaHey which has been 
buried and subsequently resurrected by renewed erosion. 
This conclusion seems inescapable from the fact that the 
later Cenozoic deposits of stratified sand and gravel YQay be 
found in all parts of the valley from the highest rim to the 
lowest part of the valley and that they reqt unconformably 
upon each and everyone of the older formations exposed 
within the valley. 

Attention has already been called to the absence of the 
Trujillo sandstone on the divide between East Amarillo 
Creek and West Amarillo Creek and the latter creek and 
Tecovas Creek in the neighborhood of E. L. & R. R. R., Blk. 
21 W., and G. & M., Blk. 19 and the northwestern part of 
A. B. & M., Blk. 2. Over a considerable portion of this 
area the later Cenozoic deposits are found. It would seem, 
therefore, that th~ Trujillo sandstone must have been re­
moved by erosion previous to the deposition of these de­
posits. 

East of Bonita Creek the Trujillo sandstone disappears 
beneath the thick Cenozoic deposits. It is not certain that 
the Trujillo was removed before the deposition of these ma­
terials, but the fact that it has been removed in a portion 
of lower Pedrosa Creek valley would tend to favor this 
hypothesis. 

In the valley of the Tecovas Creek the Cenozoic deposits 
have been entirely removed over wide areas. It is not pos­
sible, therefore, to ,determine just what parts of this valley 
are the products of the present erosion cycle and what parts 
of a former one. 

The extreme youth of the stream valleys on the northern 
side of the river as compared with those on the southern' 
side has already been noted and suggests the possibility that 
the present river channel is nearer the northern rim of the 
greater valley than that of the previous stream, thus giving 
these streams a greater fall in shorter distances and en­
abling them to cut deeper and narrower valleys. This 
hypothesis agrees well with the absence of the Trujillo 
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formation for considerable distances south from the river 
and its presence on the bluffs bordering the river on the 
north side. On the other hand it should be noted that the 
Tuck-Trigg dome brings up the lower formations in the 
vicinity of the divides between East Amarillo Creek, West 
Amarillo Creek and Tecovas Creek thus facilitating the re­
moval of the Trujillo sandstone by erosion. 

That the present Canadian River is not flowing in the 
same channel as the river, which excavated the valley before 
the deposition of the earliest of the Cenozoic deposits, seems 
to be the conclusion from the extreme youth of the gorge and 
its relation to the structure. In the discussion of the relief 
it has been shown that the Canadian gorge, for a large part 
of its course through the county, is incised in the side of the 
structural slope. It is difficult to see how this could take 
place unless the river had started to flow upon another 
surface and was superimposed upon this structure. 

It is not probable that the filling and reexcavation of the 
greater valley took place as two successive movements. The 
history of the later deposits has probably been that they 
have been deposited and reexcavated at different times 
as changing climatic and other conditions made the 
streams which were concerned, aggrading or degrading 
streams. The final result, however, seems to have been 
the complete burying of the old valley beneath the stream­
laid Cenozoic deposits. When conditions again became fa­
vorable to erosion, these deposits were eroded and the old 
valley resurrected, but with the course of the main stream 
somewhat different from that of the stream which originally 
excavated the valley. In the course of this latter history 
the streams tributary to the main stream have developed 
a topography controlled largely by structure and the under­
lying geologic formations. 

STRATIGRAPHIC GEOLOGY 

The rocks exposed at the surface in Potter County belong 
to the Permian, Triassic, Tertiary and Quaternary systems, 
respectively. The Permian and Triassic rocks consist 
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wholly of indurated sediments. The Quaternary sediments 
on the other hand consist largely of unconsolidated sands 
and gravels with some slightly consolidated materials near 
the base. Owing to the fact that Potter County lies almost 
wholly within the valley of the Canadian River, a greater 
variety of rock formations are exposed at the surface than 
is the case in most other Panhandle counties, making this 
county therefore, a valuable field for geologic study. A 
generalized columnar section of the rocks exposed in Potter 
County is given in Fig. 2. 

The deep wells, drilled in exploration for oil and gas in 
this county, have resulted in the acquisition of valuable 
knowledge concerning the formations not exposed. The 
formations of the county will, therefore, be described under 
two division:;;, the first consisting of the rocks not exposed 
apd the second of the rocks exposed. The formations will 
be described in order of their age, beginning with the 
oldest. 

ROCKS NOT EXPOSED 

The rocks not exposed, which are known only from ob­
servations in deep borings, belong for the most part to the 
Permian and possibly in part to the Pennsylvanian systems. 

Twenty deep wells have been drilled within the county. 
, The deepest well is that of the White Oil Corporation well 
in Section 5, G. & M. Block 3, which was drilled to a depth of 
4200 feet or 973 feet below sea level. The shallowest of these 
wells is that of the United States Geological Survey drilled 
near Cliffside. This well, which was drilled in a search for 
potash deposits, reached a depth of only 1703 feet or 1897 
feet above sea level. Besides the White Oil Corporation 
well mentioned above, the other wells reaching depths com­
parable to this well are: The Amarillo Oil Company's 
Bivens No.2, in Section 2, G. & M. Block 20, which reached 
a depth of 3724 feet or 628 feet below sea level; the Tuck­
Trigg well in Section 37, G. & M. Block 5, which reached 
a depth of 3900 feet or 590 feet below sea level; the Miller 
Oil Company well in Section 59, A. B. & M. Block 2, which 
reached a depth of 3941 feet or 332 feet below sea level. 
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The majority of the other wells in the county penetrated 
to depths ranging from 2000 feet to about 2400 feet. With 
the exception of the Miller Oil Company well in Section 59, 
A. B. & M. Block 2, the White Oil Corporation well in 
Section 5, G. & M. Block 3, the Seven States Oil Company 
well in Section 127, A. B. & M. Block 2, the Capitol Petro­
leum Company well in Section 127, A. B. & M. Block 2, 
Carson County, near the Potter County line, the Amarillo 
Petroleum Company well in Section 16, A. B. & M. Block 
M-3, and the United States Geological Survey well in Section 
21, B. S. F. Block 9, all of the wells started at or near the 
horizon of the Alibates dolomite which is near the top of 
the highest Permian formation. The wells noted above as 
being exceptions to this started on younger formations and 
penetrated a maximum of possibly 500 feet before encount­
ering the top of the Permian. 

Information regarding the rocks not exposed was ob­
tained from two sources: (1) from logs kept by the well 
drillers; (2) from samples taken at various depths and 
submitted to the Bureau by the companies operating in the 
field. Samples so submitted were studied and described in 
the sub-surface laboratory of the Bureau and a report made 
to the persons submitting the samples. Records of these 
examinations were also entered in the Bureau files. In a 
separate chapter of this report there is given a log of each 
well drilled in the county together with descriptions of all 
samples obtained from that well. The most complete set 
of samples is that from the Amarillo Oil Company's Bivens 
No.2, which includes 50 samples taken from depths from 
2437 to 3724 or from 669 feet above sea level to 628 feet 
below. 

A study of the well logs and the descriptions of the 
samples taken from the wells show that the strata penetrated 
consists largely of red beds (red shale and sandstone) salt 
beds, gypsum, anhydrite, dolomite and limestone, sandstone', . 
and shale. 

The red beds seem to be mostly confined to the first 2000 
feet although red beds are also reported at much greater 
depths than this. The salt beds seem to be mainly confined 
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to about this depth, although exceptions occur, notably in 
the case of the Miller Oil Company well in Section 59, A. B. 
& M. Block 2, the Seven States Oil Company well in Section 
127, A. B. & M. Block 2, and the Amarillo Petroleum Com­
pany well in Section 16, A. B. & M. Block M-3. The gyp­
sum beds are also largely confined to horizons above this 
depth. Since red beds, gypsum and salt beds are charac­
teristic of the Double Mountain formation of the Permian 
System and this formation is about 2000 feet thick14 it seems 
probable that about the first 2000 feet penetrated represent 
the Double Mountain formation. While the data are insuf­
ficient to warrant a positive conclusion in this respect there 
seems to be no reason against the conclusion that the first 
two thousand feet, and possibly more, penetrated by those 
wells starting at or near the top of the highest Permian 
formation belong to the Permian System. Below the depth 
of 2000 feet the dolomite limestone ledges make up a much 
larger proportion of rocks although a large number of such 
ledges are reported above this depth. 

With regard to the question as to whether all of the strata 
penetrated by the wells within the county belong to the 
Permian or not, the descriptions of samples from the Ama­
rillo Oil Company's Bivens No.2, in Section 2, G. & B. Block 
M-20, seem to offer the best evidence. Attention is called 
to the description of these samples and discussion of the 
same by Dr. Udden. It will be noted that he concludes that 
the samples from 2671 to 2716 and from 2740 to 2745 and 
from 2867 to 2872 as well as the samples below this depth 
indicate arkoses of the kind found in the Abo and Magdalena 
beds of New Mexico and that the fossils found in the samples 
from 3415 to 3612 are a suggestion that this interpretation 
is correct. Since this well starts near the top of the Per­
mian at the horizon of the Alibates dolomite this interpreta­
tion would mean that the Pennsylvanian System is en­
countered at a maximum of about 2700 feet from the top 
Slf th~ Permian. If then the first hypothesis, namely, that 

14Udden, J. A., Baker, C. L., BOose, Emil, Review of the Geology of 
Texas; University of Texas Bureau of Economic Geology and Tech­
nology, Bull. No. 44, p. 54. 1919. 
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the first 2000 feet represent the Double Mountain formation 
is retained, the Clear Fork and Wichita formations would 
be represented by a maximum thickness of only about 700 
teet. Whether or not this is the case cannot be positivelJ> 
2,scertained. 

The main gas producing horizons occur at depths less 
than 2700 feet from the top of the Permian so that if the 
interpretations advanced above are accepted the gas produc­
ing horizons are to be assigned to the Permian. This does 
not necessarily mean, however, that the gas originally oc­
curred in the rocks in this system as it may have migrated 
to the position which it now occupies. 

The occurrence of igneous rocks in the formations under 
discussion calls for some attention. In seven out of the 
twenty wells drilled within the county igneous rocks have 
been reported by the drillers or found in the examination of 
well samples or both. In the case of two wells, Amarillo 
Oil Company's Bivens No.2, in Section 2, G. & M. Block 
M-20 and the Amarillo Oil Company's Masterson No.5, in 
Section 31, G. & M. Block M-3, the wells ended in igneous 
rock. In all the other cases sedimentary rocks were found 
below the igneous rocks. In the following table there is 
given a summary of the occurrence of igneous rocks in the 
wells of the county. 

SUMMARY OF THE OCCURRENCE OF IGNEOUS ROCKS IN THE 
DEEP WELLS OF POTTER COUNTY 

Note: (d) As reported by the driller. (8) From description of 
sample examined in sub-surface laboratory of the Bureau. 

Name of Well. Location. Character of roek Depth. 

Amarillo Oil Co. Section 31, G. Pink lime or granite 
Masterson No. fj & M. Block 3. (d) _____ _ ____________ 2230-2256 

Pink granite (s) __ __ 2210 
Pink granite (s) ____________ 2205-2210 

Quartz and feldspar evi-
dently from igneous 
rock ____ _______ _ ___ 2256 

Amarillo Oil Co. Seetion 2, G. Gneiss-like crystalline 
Bivens No.2. & M. Block 20. rock (s) __ _ __________ 2690-2700 

Granitic material (s) __ 2700-2716 
Dark red, variegated 

gneiss-like crystalline 
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Name of Well. 

Ranch Creek Oil 
Co's. Hapgood 
Well 

Greater Amarillo 
Well No.1 
Amarillo Oil Co. 
Bivens No.3 

Location. 

Sec. 2, E. L. & 
R. R. R., Block 

Character of rock Depth. 

rock (s) ___________________ 2716-2724 

Pinkish-gray schist con-
sisting of quartz and 
light gray feldspar (s) 2700 

Rhyolite porphry (s) ____ 2722 
Feldspar and qua r t z 

fragments (5) _____ ..... 3230-3240 

Feldspar and qua r t z 
fragments (s) ... __ ..... __ 3240-3250 

Granite conglomerate 
(d) ___ .... _._._3265-3280 

Granite material __ ._ ... __ 3690-3692 
Quartz and feldspar evi-

dently from granite ____ 3694-3699 
Fragments of red gran-

ite or gneiss ___ . _______ .3716-3724 

B-11 ......... __ ....... Dull red granite of fine 
texture (s) ....... _ .. _____ * 

Fine grained red gran-
ite (s) _____ . _________________ * 

Red gneiss-like rock 
composed of quartz 
and feldspar ___ .. _________ * 

Sec. 20, G. & Porphyritic rhyolite (s) __ 2045-2030 
M. Block No.3 _ 
Sec. 20, G. & Granite (d) ________ . _______ 2468-2501 
M. Block 20 _Granite (d) ---- ______________ .. 2501-2507 

Samples containing crys­
talline rock but not 
possible to tell wheth­
er this represents 
crystalline rock in 
place or conglome-
rate .---- ___ . ________ . _________ 2500-2510 

Emerald Oil Co. Sec. 82, G. & 
Masterson No.1 M. Block No. 3 __ Granite (d) 

Granite (d) 
Granite (d) 
Granite (d) 

*Exact depth not known. 

. __ . 2000-2030 
______________ . _____ 2030-2050 
___ . ________________ 205 0-2 0 7 5 

____ 2075-2131 
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Name of Well. Location. Character of rock Depth. 

Amarillo Oil Co. Sec. 102, D. & P. 
Masterson No.3. R.R., Block 018 .. Red igneous rock (d) .... 2752-2837 

Dark greenish-black in-
trusive rock (8) .......... 2765 

Light igneous rock (d) .. 2837-2845 
Black igneous rock (d) .. 2845-2855 
Granite (8) .................... 2962 
Dark fclsite (8) ...... .2945-2960 
Red igneous rock (d) .... 3030-3045 
Fine grained igneous 

rock ........................... * 

The relations outlined above are also shown graphically 
in Fig. 3. 

'1'here is some reason to believe that some of these rocks 
are part of a conglomerate and not igneous rocks in place. 
For instance, the presence of worn pebbles has been detected 
in a number of samples. In one of the two cases where the 
well ended in igneous rock worn pebbles were detected in 
the sample taken from that depth. In a number of samples 
in which igneous rocks are reported the descriptions also in­
dicate the presence of other rocks such as would be expected 
if the drill had penetrated a conglomerate. The testimony 
of drillers that there seemed to be two kinds of rocks on 
opposite sides of the hole at some of the depths where igne­
ous rock were reported seems to point to the same conclu­
sion. The evidence, therefore, seems to indicate that in a 
majority of cases at least there is a strong probability that 
the igneous rocks encountered were parts of a conglomerate 
and not igneous rocks in place. On the other hand it is 
altogether possible that some of the igneous rocks encoun­
tered may be due to the presence of a sill or sills. The latter 
view has been advocated by Harrison. I 

1 Harrison, T. S., POTphyry at Amarillo: Bull. Am. Assos. Pet. Geol­

ogists, Vol. 7, No.4, pp. 434-437, July-Ang., 1923 

*Exact depth not known. 
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FIG. 3: Graphic representation of the occurrence of igneous rod{s 
in the deep wells of Potter County. 

ROCKS EXPOSED 

PERMIAN SYSTEM 

GENERAL STATEMENT 

The rocks of the Permian system of Oklahoma and Texas 
have been given different formational names in the different 
states. The formations first described in Texas have been 
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named the Wichita, Clear Fork and Double Mountain forma­
tions, respectively. In Oklahoma the Permian formations 
have been named the Enid, Blaine, Woodward, Greer, and 
Quartermaster. These names were first proposed by 
Gould15 and their use extended by him to the Panhandle 
of Texas in publications of the United States Geological 
Survey. Inasmuch as these terms have been used in 
the literature of this region they will be used in the report 
on this county. Although the exact correlation of the Texas 
and Oklahoma formations has not yet been worked out, the 
Double Mountain formation is the upper part of the Permian 
of northern Texas and the formations expcsed in Potter 
County may be regarded as Double Mountain, although 
described under the terms of Greer and Quartermaster. 

GREER FORMATION 

The distinctive characteristic of the Greer formation is 
the presence of thick beds of gypsum. The formation out-· 
crops in only a very small portion of the northeastern part 
of the county, where the uppermost gypsum ledges outcrop 
near the level of the Canadian River. 

THE QUARTERMASTER FORMATION 

Definition and Distribution:-The Quartermaster forma­
tion is the highest formation of the Permian system in 
Oklahoma and western Texas and includes all of the shales 
and sandstones of that system occurring above the Greer 
gypsums. Typically it consists entirely of brick-red shales 
and soft friable red sandstones. Its thickness is reported 
to be from 300 to 350 feet." 6 

J'Gould, C. N., Geology and water resources of Oklahoma: U. S. 
Geol. Surv., Water Supply Paper No. 148, 1905; Geology and water 
resources of the eastern part of the Panhandle of Texas: U. S. Geol. 
Surv. Water Supply and Irrigation Paper No. 154, 1906; Geol. and 
water resources of the western portion of the Panhandle of Texas: 
U. S. Geol. Surv., Water Supply and Irrigation Paper No. 191, 1907. 

16Gould, C. N., Geology and water resources of Oklahoma: U. S. 
Geol. Surv., Water Supply and Irrigation Paper No. 148, p. 22, 
1905. 
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In Potter County the Quartermaster formation occurs in 
a large area in the northeastern part of the county including 
a large part of B. & M. Block 3, most of H. & T. C. R. R. 
Block 47, and 'Block 46. Also in the central part of the 
county including parts of the northern part of B. S. & F. 
Block JAD, B. S. & F. Block 6, western half of G. & M. 
Block 19, the central portion of G. & M. Block 5 with an 
arm extending from the northwest corner of A. B. & M. 
Block 2 nearly to the western border of A. B. & M. Block 2. 
A small area also outcrops in the vicinity of Section 9, 
E. L. & R. R. R. Block 11. 

Character:-The Quartermaster formation in Potter 
County is composed of shales and sandstones with occasional 
gray shales and sandstones, a massive dolomite member and 
one gypsum lentil. The shales and sandstones are usually 
of a brick color but occasional gray shales and sandstones 
are found. The sandstones are very fine grained and grade 
imperceptibly into sandy shales. In many cases they are 
quite massive, forming layers 30 or more feet in thickness. 
They are often cross-bedded. The sandy shales are in many 
places quite hard. Many ripple-marked surfaces may be 
found. ' 

The color of the Quartermaster formation is quite dis­
tinctive, being of a brick-red or vermilion color distinguish­
ing it easily from the usual color of the younger Triassic 
rocks. 

The most remarkable character of the Quartermaster is 
the great abundance of erratic local dips found within the 
formation. It is very difficult to distingl\ish between these 
dips and false bedding and in some cases the latter is no 
doubt the correct explanation. Many of the dips, however, 
cannot be explained on this hypothesis nor can they be at­
tributed to true folding. Dips in all different directions and 
of such a complexity that they do not show any relation to 
structure may be found. It is to be admitted on the other 
hand that some of these do belong to dips which occur in 
connection with actual folding of the strata so that unless 
there is a well defined key horizon, which is usually wanting, 
but which fortunately is present in this county, the Quarter-
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master formation presents almost insurmountable difficul­
ties in the study of structure. The Alibates dolomite, the 
key horizon referred to above, while making the determina­
tion of the structure over wide areas quite possible, serves 
to emphasize these dips as well as the true dips due to fold- ",. 
ing on account of the fact that it is a distinctive and easily 
identified horizon and of a character in marked contrast to 
the rest of the formation. The peculiar character of the for­
mation referred to above is often masked in the body of the 
formation by the similarity in color and lithologic character, 
but the gray dolomite stands out in marked contrast to the 
brick-red shales and sandstones and the contrast serves to 
emphasize any feature of the kind described. Plate II B, 
shows the local and erratic dips in the Quartermaster 
as shown by the Alibates dolomite near the Bivens well 
No.1, Section 106, H. & T. C. R. R. Block 46, in the north­
eastern part of the county south of the Canadian River. 

This peculiarity of the Quartermaster formation was 
first described by Gould l1 in his discussion of the Oklahoma 
deposits and ascribed by him to the undermining of deep-
8eated rocks, probably some of the members of the Greer 
formation. The present writer is of the opinion that these 
dips are probably due to a number of different causes, 
among them the one mentioned by Gould, combined with 
true local dips due to actual folding of the strata, some false 
bedding, deposition of material on steeply sloping shores, 
etc. 

The erosion of small areas, in which the features men­
tioned above are present, in some places results in the pro­
duction of minor topographic forms, in which small areas 
of sandstone and shale are apparently wholly or completely 
surrounded by steeply dipping rocks. These features are 
often locally ascribed to volcanic activity or to "gas blow­
outs." It should be noted that this formation exhibits no 
evidence of igneous activity and that these features are due 
wholly to the cause described above. 

17Gould, C. N., Geology and water resources of Oklahoma: U. S. 
Geal. Surv., Water Supply and Irrigation Paper No. 148, p. 73, 1904. 
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ThE' most important member of the Quartermaster forma­
tio:tlillPotter Counfy is the Alibates dolomite.- This mem­
ber was named-by Gould - 18 from Alibates Creek in the 
northeastern part of Potter County. 

Since this member was named by Gould and described 
from a location within this county Gould's original descrip­
tion is quoted in full: 

"In the upper part of the Quartermaster formation, 
wherever it is exposed along the Canadian River, there 
occurs a very persistent ledge of dolomite. It is white, 
massive and more or less flinty, and exhibits definite lines 
of lamination which have a wavy plicated stru?t~;e. This 
doTomite, which is designated--the Alibates lentil, from 
Alibates Creek, where it is well exposed, is the hardest rock 
exposed in the region, and for that reason resists erosion 
and forms the cap of conspicuous bluffs and cliffs along 
the Canadian River and many of its tributaries. The rock 
is cut by a regular series of master joints and on weather­
ing breaks into rectangular blocks which lodge on the slopes 
below. Usually there are two distinct dolomite ledges, the 
lower being eight feet and the upper two feet thick. They 
are separated by four feet or more of red clay, so that the 
combined thickness of the dolomite and interbedded clay is 
approximately 15 feet." 

The laminae spoken of above show on a polished surface of 
the rocks as well as on the weathered surface but are more 
prominent on the latter. Examination on a polished surface 
show that they vary in thickness from two-tenths to three 
millimeters, the smaller size, however, being the more 
cammon. On the polished surface there is seen to be a 
variation in color as well as in width, a slight pinkish color 
being common. The pinkish coloring is, in some places 
sufficient to give the whole rock a slight pinkish tint. 

Another characteristic quite common to this member in 
Potter County is a mottled or speckled appearance due to 
the presence of minute black specks. Examined in thin 
section under the compound microscope these specks are 
s~~n t()l:>~ _dlle_J.Q~irregular_dep_Qsits_ of bl?_c;k~aterial dis-

I"Gould, C. N., Geology and water resources of the western por­
tion of the Panhandle of Texas: U. S. Geol. Surv., Water Supply 
Paper No. 191. 
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tributed between the grains of the rOGt. These deposits 
vary in size from minute specks 15 microns in diameter to 
deposits of irregular shape with a maximum length of 150 

"'" microns and a maximum width of 10 microns. The dis­
tance apart varies from 2 microns to 1.5 mm., one mm. 
probably being the average in the thin sections examined. 
Chemical analyses of specimens containing these specks 
shiHv that tb,ey are due to manganese. See chemical analy­
ses of samples of Alibates dolomite below. 

CHEMICAL ANALYSES OF SAMPLES OF ALI BATES DOLO· 
MITE. ANALYSES MADE BY THE DIVISION OF 

INDUSTRIAL CHEMISTRY OF THE BUREAU 
LabOTatory No. C 1967 C 1968 C 1969 C 1970 

Silica ------------------ 1.95% 1. 70% 3.76% 2.55% 
Alumina -------------- 1.35 0.84 0.61 1.76 
Ferric Oxide ........ 0.54 0.46 0.46 0.54 . 
Lime ---.---------------- 30.40 28.34 29.64 29.66 
Magnesia ------------ 20.54 20.57 20.23 20.02 
Alkali oxide ........ 1.75 1.80 1.48 1.48 
Loss by ignition .. 43.70 45.95 43.76 44.40 
SulphUT trioxide .. 0.32 0.80 0.16 0.23 

100.55 100.46 100.10 100.64 
C 1967. Alibates dolomlte from near Home Creek. 
C 1968. Alibates dolomite from Sec. 65, D. & P. R. R., Block 018. 
C 1969. Alibates dolomite from Sec. 33, G. & M., Block 5. 
C 1970. Alibates dolomite from Sec. 8, E. L. & R. R. R., Block 11. 

Some of these samples showed specks of manganese dioxide, the 
amount of which in one sample, was found to be as high as 1 %. 

E. P. SCHOCH, Head of Division. 

A very disti_n.ctive characteristic of the Alibates dolomite 
in -Potter County is the presence of abundant deposits of 
chert and flint within the member. In places the amount 
rises to a considerable proportion of the whole. Elsewhere 
only occassional deposits are found. Both the chert and 
flint break with a deep conchoidal fracture. The ft.int is 
usually banded or mottled in appearance, the banded form 
being more common. The banding very closely resembles 
the banding of the dolomite in which it is found, although 
it is more noticeable in the flint than in the dolomite on 
account of the contrast in color. The color varies from 
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light gray to dark red, the most common form being alter­
nating bands of light gray and dark red. These bands are 
much the same size as the lamin~ of the dolomite and ex­
hibit the same wavy character with the exception that this 
is much more easily observed in the flint than in the dolo­
mite, the character of the former enabling the minutest 
variation to be seen most plainly. Much of the flint, how­
ever, is of a light gray color with only an occasional band 
,of red, two to three millimeters in thickness. 

/' The genesis of the flint may be ascribed to one of several 
, different hypotheses of which the following are the most 

prominent: (1) It may have been formed by the direct 
precipitation of silicious matter by siliceous secreting or­
ganisms. (2» It may have been formed by the replace­
menCof the material of the dolomite by (a) soluble silica 
of the sea water before the dolomite emerged from the sea 
or (b) by circulating ground water after the emergence. 
(3) It may have been formed by the direct preCipitation of 
colloidal silica contained in waters derived from the land 
and precipitated by the action of electrolytes contained in 
sea water. If it had been formed according to the first 
hypothesis it would be expected that some traces of these 
organisms would be found in thin sections of the flint. So 
far as the flint was examined, however, no traces of organ­
isms were found which would seem to favor the hypotheses j/ 
of replacement or direct precipitation of colloidal silica. // 

The member has been referred to as a dolomite. A nor­
mal dolomite consists of calcium carbonate and magnesium 
carbonate combined in the proportion of one gram molecular 
weight of calcium carbonate to one gram molecular weight 
of magnesium carbonate or in proportion by weight of 54.35 
per cent of calcium carbonate to 45.65 per cent magnesium 
carbonate. Stated in the terms commonly used in chem­
ical analysis this is equivalent to 3004 per cent of lime and 
21.7 per cent magnesia. Reference to the analyses given 
above show that that proportions of lime and magnesia are 
ql,ite close to the above figures, so that the rock may be 
regarded as a fairly pure dolomite. A study of samples 
of the rock by means of Lemberg's solution, confirms the 
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above conclusion. Lemberg's solution is made by boiling 
together crystaline h~Bmatoxylin and aluminium chloride. 
A number of different h:£matoxylin stains have very wide 
use in methods of histology. According to Bayer19 the 
active agent of these stains is a compound of h:£matin with 
alumnia, which is precipitated by certain organic and in­
organic salts. Dolomite is not affected by this stain but 
calcite is stained violet. The solution used in studying 
these rocks was Steidtmann's modification of the standard 
Lemberg solution,"o with the exception of some slight va­
riation in the dilution used and the addition in freshly pre­
pared solutions of a few drops of hydrogen peroxide for the 
purpose of oxidizing the h:£matoxylin to h:£matin. The re­
sult of a study of the rock samples with this stain showed 
that the rock is a fairly pure dolomite. 

A characteristic of the Alibates dolomite, which is ob­
served in many localities, is the appearance of brecciation. 
The rock has the appearance of having been brok,en in small 
pieces and recemented. Thin sections made of"rock from 
such 10Galities, when stained with Lemberg solution, show 
thin lines of calcite running through the section. 

The two strata of the dolomite are not always present 
in this county. In some cases the upper stratum has been 
removed by erosion and in some cases the intervening shale 
layer is absent and the two strata are together. The aver­
age thicknesses of the two ledges in Potter County is about 
the same as that given by Gould for the general average of 
the member i.e., about eight feet for the lower and two feet 
for the upper, although in some cases the lower ledge in 
Potter County is somewhat thicker than the average. Plate 
II, C shows a characteristic exposure of the Alibates dolo­
mite in which the two ledges are present. 

19Uber das Farben mit Haematoxylin: Mittheilungen aus der Zo­
ologischen Station zu Neapel 10: 170-186, 1891. Quoted by Chr m­
berlain, C. J., in Methods in Plant Histology, University of Chi­
cago Press, 1905. 

,
2°Steidtmann, Edward, Origin of dolomite as disclosed by stains 

and other methods. Geol. Soc. America Bull. vol. 28, No.2, pp. 
431-450. 1917. 

, 
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Topographic Expression.-The topographic expression of 
the Quartermaster within this county varies very widely 
and in general is not characteristic of this formation. This 
difference is due to the presence of the Alibates dolomite 
lentil which is not usually found in this formation else­
where. The differences in topographic expression in dif­
ferent parts of the county are also due to this member. In 
that part of the county where structural features have 
brought the AIibates dolomite high above the level of the 
master stream it has protected the underlying formations 
from erosion and has caused the development of deep, steep­
sided canyons separated by fiat-topped divides. On the other 
hand where the top of the Quartermaster formation is some­
where near the level of the master stream the topographic 
expression is that which is produced by the erosion of the 
soft shales and sandstones above the AIibates dolomite, 
which results in the formation of a jumble of many small 
hills and valleys. In many cases the formation is capped 
by the sands and gravels of the Cenozoic and the hills are 
the result of erosion of both kinds of material resulting in 
small hills of Quartermaster capped by the sand and gravel 
of the later formation. Much of the bad lands of the region 
south of the river in the neighborhood of G. & M. Elk. 20 
and Blk. 5 are of this type. 

Thickness.-The maximum thickness of the Quarter­
master formation observed in Potter County was in the 
northeastern part of the county in Sec. 99, H. & T. C. R. R. 
Block 46, where a thickness of 265 feet was found. This 
thickness, however, only represents the thickness from the 
top of the Greer formation to the AIibates dolomite as every­
thing above the Alibates dolomite had been removed by 
erosion in the location under discussion. Inasmuch as ex­
posures may be found within the county in which from 40 
to 50 feet of the red shales and sandstones of the Quarter­
master overlie the Alibates dolomite, the total thickness of 
the formation in the county must be at least three hundred 
feet. 
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Detailed Sections.-Below are given some detailed sec­
tions of the Quartermaster formation from exposures in 
various parts of the county. 

Sectio,n at the head of a tributary to Home Creek in Sec. 
66, D. P. R. R. R., Block 018. 

.Ft. In. 
Hard white to gray dolomite (Alibates dolomite) appearing 

on the edge of the bluff. Upper three feet very flinty ... _ 8 0 
Gray shale ________ . _______ . ________ ._. __ . __ ... ______ .. _ ...... __ ._. ______ ._._ .. ___ ._12 0 
Red shale _____________________ ... __ .... _ .. ___ ._ .. __ ._. _." __ . ___ ._. ___ . ___ .... ________ 2 0 
Gray to red, sandy shale ._. .. _________ ._. __ ._ .. ___ . ___ .... ___ . ____ ... ____ 1 6 
Red shale _ ... ___ .. __ . _________ . ______________ ....... __ ...................... __ .. _____ 15 9 
Gray, sandy shale __ .... ____ .......... _ .. ______ ............. _ .... _. ___ 1 6 
Brick-red shale with numerous white spots ._ .. _. _ ........... _ 9 0 

Section one-fourth mile west of the Colorado & Gulf High­
way bridge across thc Canadian River on the north side 
of the river in Sec. 75, H. & T. C. R. R. Block 47. 

Ft. 
Brick-red shale . _ ......... _ _ __ .. __ .. 10 
Brick-red shale, strongly ripple marked. _ ..... _ .... __ . . _ 4 
Brick red shale _____________________________________________ ..... _ .. __ .............. __ 8 
Dolomite _ .. _________________ .. _____ .... ____ ...... .... ........... .... ... ... ..... _ 3 
Brick-red shale ............ _ ..... _ 5 
Dolonlite _________________ .... ____________ . ____________________ .. .. .. 10 
Brick-red shale ____ .. ____ .... ___ _ ___ .. _ __ 

In. 

Dolomite in the above section exhibits wavy lamination and con­
tains an abundance of chert Dnd flint. Some parts of the dolomite 
seem to be composed of pieces which have been broken and re­
cemented forming a breccia. 

Section at the head of Jo,hn Ray Creek in Sec. 8, E. L. & 
R. R. Co., Block B 11. 

Ft. In. 
lI.libatcs d(,lomite .... _ ..... ___ ... __ ... .. .. 10 0 
Red shale .......... ________ .. __ .. _ .................. _ .... _____ ............... ___ .... _ 5 0 
Gray shale ______ ....... _____________ ...... __ ...... _ .. _ .... _____ ._ .... _. __ .. ______ ._ ..... 3 0 

Red shale, mottled with gray spots and streaked with gray._ 5 0 
Gray limestone .... _ ....... __ ........ .. ............ ___ ........................... 0 5 

Section in valley of East Amarillo Creek in Sec. 32 G. & M. 
Block 5. 

Ft. In. 
Massive dolomite (Alibates) .. '''''' ........................ _ ... _____ .. _ 4 
Red shale .. __ .......... _______ . ___ ...... ___ ... _._. ___ ...... _. ___ ......... __ ........... 10 
Massive dolomite (Alibates) ................................................ _ 6 



Geology a,nd Mineml Resources of Potter County 45 

Section in valley of East Amarillo Creek on east side of the 
creek not far above its mouth in Sec. 33, G. & M. 
Block 5. 

Ft. In. 
Red standstone . ................ . ...................................... 1 
Sandy, red shale ..... 5 
Shaly sandstone, brick-red ...................................................... 4 
Red shale, partly concealed.... .. ..... . ............................ 12 
Alibates dolomite, upper stratum ......................................... 4 
Red shale ....... .. ............. ........ ..... .. .. .... . ........ 10 
Alibates dolomite . .................. . .. 

Section at the mouth of East Amarillo Creek in Sec. 32, 
G. & M., Block 5. 

5 

Ft. In. 
Soil and gravel ........................... . 
Red sandy shale ......................... . . ............ 5 
Alibates dolomite (Upper stratum) . . ............ 2 
Lavender shale . ..... ..... ....... . 
Red; shale ....................... -.................... . .... . ....... . 
Alibates dolomite (Lower stratum) .......................... . 
Red shale, partly concealed .................. . 
Gypsum, white, massive, with wavy laminations 
Red shale ...... . ........... . 
Red massive sandstone 
River sand ................ . 

3 
.. 4 

.... 10 

. ... 17 
4 
4 
8 

Section in valley of east Amarillo Creek in Sec, 205, A. B. 
& M., Block 2. 

Ft. In. 
Alluvium .................. ' .......................................................... 15 
Brick-red shaly sandstone ..... ..................... . ......................... 16 

Section in valley of Tecovas Creek in north part of Sec. 
12, E. L. & R. R. R. Co., Block 21 W. 

Ft. In. 
Soft, gray, unconsoHdated sandstone (Tecovas formation) 
Brkk-red, shaly sandstone ........ . .......................................... 20 
Alibates dolomite (Upper stratum) .................................. 3 
Red shale .. ' .... ... .............. ... . .... . . ... . ......... 5 
Alibates dolomite ..................... ......................................... 12 
Red sandstone ........... ... . ............. 15 

Section in ravine in Sec. 40, G. & M., Block 5. 
Ft. In. 

Alibates dolomite (Upper stratum) .................................... 4 
Red shale .......... ........ ........ .... . ..................... 6 
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Alibates dolomite (Lower stratum) ______________________________________ 6 
Red shale _____________________________ . _________________________________________________ 50 
Gypsunl __________________________________________________________________________________ 4 
Red Shale _______________________________________________________________________________ 4 
Gypsum ____________________________________________________________ . __________________ -- 2 
Fine-grained, brick-red sandstone __________________________________________ 32 

Section in valley of East Amarillo Creek in Sec. 6, B. S. 
& F., Block 6. 

Ft. In. 
Shale of various colors, purple predominating (Tecovas 

formation) 
Brick-red shale and sandstone of the Quartermaster. ___________ 24 

Section of valley of East Amarillo Creek in the S. W. 14 
of Sec. 7, B. S. & F., Block 6. 

Ft. In. 
Purple, gray, saffron and maroon shales of the Teco-vas for­

mation. 
Brick-red shale of the Quartermaster formation _______________ . ____ 20 

Section in valley of East Amarillo Creek in Sec. 7, B. S. 
& F., Block 6. 

Ft. In. 
Dark red shales of the Tecovas formation. 
Brick-red shales of the Quartermaster __________ .. ________________ . __ .. _ .. 20 

Section near the Canadian River in the northeastern part 
of the county in Sec. 31, G. & M., Block No.3. 

Ft. In. 
Dolomite with numerous flint and chert fragments ______ . __ . __ 10 0 
Concealed ____ ... _____ . ___ .... _ . __ . ____ . ___ " . ______ .. ___ .. __ . _______________ .. _ . ___ 60 0 
Gypsum ____ . ___________ .. ______ _ _______ . ___ ._ .. ________ . _____ . ___________ . _____ . __ .. _ 0 6 
Red, massive sandstone ________________________ .. ____________________ . __________ 16 0 
Red, sandy shale ____ .. ___ .. __ ..... _ .. __________ . _____ . _______ ._ ... ________ ._._ .. ___ .45 0 

-Friable red sandstone with numerous holes which resemble 
borrows of worms _______ ._. __ . __________________________ . __________ .. __________ 10 0 

Concealed ______ . _____ . ________ .. ____ . _____ .--. --.--. __ . _._._. __ . -- _____ . __________ .. _ .. ___ 42 
Brick-red sand shale and shaly sandstone ___ .... _____________________ ._.37 0 

Paleontology.-No fossils were found within the Quarter­
master formation in Potter County. The sandstone of this 
formation in places contain numerous holes which resemble 
worm burrows, as was noted in the last section given above, 
but whether these are true worm burrows or not it was not 
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possible to determine. The formation in other localities is 
not usually considered as being fossiliferous although fossils 
have been found in it at Dozier, Texas.21 

C01"relation.-The Quartermaster formation no doubt be­
longs within the interval represented by the Double Moun­
tain formation although it is altogether probable that the 
Double Mountain includes more than the equivalent of the 
Quartermaster which probably only represents the upper 
part of the Double Mountain formation. 

Relation to Adjacent F01"mations.-The Quartermaster 
I rests conformably upon the Greer formation. However, 
but little evidence of the relation of the two is obtainable in 
the county since the Greer is exposed in only a small area 
in the northeastern part of the county. The Quartermaster 
formation is overlain unconformably by the Tecovas forma­
tion. This unconformity is shown in this county principally 
by the varying thicknesses of tIle Tecovas formation and 
the varying thicknesses of that part of tne Quartermaster 
above the Alibates dolomite. 

TRIASSIC SYSTEM 

GENERAL STATEMENT 

In 1889 W. F. Cummins, who at that time was a member 
of the Texas geological survey, discovered certain beds over­
lying the Permian in the western part of Dickens County 
which he named Dockum beds on account of their extensive 
oceurrence in the vicinity of Dockum, Dickens County. In 
a brief description of the beds he states that they consist of 
con_glo_mel'aJel'3.._ sandstone and red clay. In this report he 
does not assign these "~ocks""to 'any particular system, merely 
describing them as the rocks overlying the Permian beds."" 

·"Gould, C. N., Geology and Water Resources of the Eastern Por­
tion of the Panhandle of Texas: U. S, Geol. Sur. Water Supply and 
Irrigation Paper No. 154. 1906. 

'"Cummins, W. F., The Permian of Texas and its overlying beds: 
Texas Geological Survey: First Ann. Report, pp. 189-190. 1889, 
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In the Second Annual Report Cummins23 again discusses 
these beds which he here definitely assigns to the Triassic. 

Drake, who was a member of the field party headed by 
Cummins in 1890, describes a belt of rocks outcropping at 
the basal portion of the escarpment to the Llano Estacado 
and sometimes very near the top in a belt six to seven miles 
wide in Mitchel, Borden, Dickens, Armstrong, Porter, and 
Oldham counties. 24 This constitutes the northward exten­
sion of the rocks discussed by Cummins in the reports men­
tioned above. 

In his report he divides the beds into three main divi­
sions, a lower bed of sandy clay, a central bed or beds of 
sandstone, conglomerate and some sandy clay and an upper 
bed of sandy clay and some sandstone. 

Gould25 has divided these beds in the western Panhandle 
regions into two formations, the Tecovas, consisting largely 
of shales, and an upper formation, the Trujillo, consisting of 
sandstones and conglomerates, these divisions, therefore, 
corresponding to the first two divisions of Drake, who states 
that the upper beds are wanting from northern Garza 
County to Oldham County. Drake, however, states that the 
upper beds are present from Oldham to the Tucumcari 
mountains so that Gould's classification does not exactly 
represent the same as that of Drake. In Drake's Section 
No. 11 taken three miles northwest of Amarillo his lower and 
central beds most certainly correspond to the Tecovas and 
Trujillo as classified by Gould. 

Gould's classification is followed in this report. 

"'Cummins, W. F., Geology of Northwestern Texas, Second Annu­
al Report Geological Survey of Texas, pp. 424-431. 1891. 

"'Drake, N. F., Stratigraphy of the Triassic formation of north­
west Texas: Third Annual Report of the Geological Survey of Texas, 
pp.227-259. 1891. 

'"Gould, C. N., Geology and water resources of the western por­
tion of the Panhandle of Texas: U. S. Geol. Sur. Water Supply and 
Irrigation Paper No. 191. 
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TECOV AS FORMATION 

Definition and dish"ibution.-The Tecovas formation was 
named by Gould26 from the exposures on Tecovas Creek in 
Potter County. This formation includes all of the sediments 
from the top of the Quartermaster formation up to the base 
of the first massive sandstone. The original description 
states that this formation is largely composed of shales, but 
i~ P~tt~r County it contains a fairly large proportion of 
slightly consolidated sandstone. 
- The outcrops of the Tecovas formation are largely con­
fined to the western part of the county. Small patches of 
the Tecovas may be found overlying the Quartermaster in 
the northeastern part of this county, but in general it has 
been removed from this region by erosion. In the eastern 
half of the county it outcrops in the valley of Pedrosa 
Creek and in Box Canyon in the upper part of the north­
west fork of Bonita Creek. In the remainder of this val­
ley it is covered by the Coetas formation of the Cenozoic. 
It also outcrops in the valley of East Amarillo Creek and 
forms the sides of this valley in its lower portion, where the 
Quartermaster outcrops in the bed of the stream. It out­
crops in narrow strips on both sides of the river, from the 
neighborhood of Section 28, G. & M. Block 5, to about one 
mile above the bridge across the Canadian River. From this 
point it appears in a progressively widening strip, vary­
ing in width from one-eighth to two or more miles between 
the Quartermaster, which forms the walls of the Canadian 
gorge, and the mortar beds of the Potter formation, and 
further west between the Quartermaster and the cliffs of 
the Trujillo formation. At about Section 91, H. & T. C. 
R.R. Co. Block 47, the Quartermaster formation disappears 
and the Tecovas occupies the strip two or more miles wide 
between the river and the bluffs of the Trujillo. It out­
crops also in the valley of Pitcher Creek, John Ray Creek, 
Lahy Creek and Little India Creek. The outcrops in the 
valley of these creeks, however, extend but a short dis­
tance north of where these creeks debouch upon the level 

'"Gould, C. N., Op. Cit. 
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shelf south of the cliffs of the Potter and Trujillo forma­
tions, which, as indicated above, are from one-eighth of a 
mile to two or more miles north of the river. North of this 
the older formations are largely covered by the deposits of 
sand and gravel of the Cenozoic. The formation outcrops in 
the valley of Big India Creek, and as that valley is followed 
to the north, the strata are seen to rise in that direction 
bringing up more and more of this formation, until it comes 
to occupy both the sides and bottom of the valley. North 
of Section 55, D. & P. R. R. Co. Block 018, the older forma­
tions are buried beneath the Cenozoic deposits. 

In the western part of the county south of the Canadian 
River, the rrecovas formation outcrops in a number of large 
areas. South of Section 29, G. & lVI. Block 19, the forma­
tion occupies the valley of West Amarillo Creek to 
Section 10, B. S. & F. Block 6, where it occupies 
both the sides and bottom of the valley. The various 
branches of West Amarillo Creek have worked back head­
ward exposing the Tecovas formation in a broad valley, 
from two to four miles wide, as far south as Sections 17, 
19, 43, 60 and 11, B. S. & S. Block 9, two miles from the 
southern border of the county. North of Gentry, in Sec­
tion 188, B. S. & F. Block 9, a western branch of West 
Amarillo Creek has headed back to near the headwaters 
of the northeast branch of Tecovas Creek and has exposed 
a strip of Tecovas formation two or more miles wide, con­
necting the outcrops of the West Amarillo Creek valley 
with those of Tecovas Creek valley. Between the mouths 
of West Amarillo Creek and Tecovas Creek there is a broad 
rolling divide, dissected to some degree by two small tribu­
taries to the Canadian River. For about a mile and a half 
south of the Canadian River this divide is occupied by the 
Quartermaster formation. South of this the Tecovas oc­
cupies a strip across the divide, varying in width from 
three to five miles, bounded on the south by the outcrops 
of the Cenozoic, which occupy the divide from here to the 
valley of the western branch of West Amarillo Creek men­
tioned above. 

Tecovas Creek has numerous tributaries, which, heading 
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back into the younger formations, have carved out a some­
what fan-shaped valley in which the Tecovas formation is 
exposed in a wide area, varying from five to ten miles. The 
lower part of Tecovas Creek valley is occupied by the Quar­
termaster formation, but the sides of the broad shallow 
valley are, for the most part, occupied by the Tecovas, 
which, on the west joins with the exposures at the wide 
open mouth of the valley of Ceritte la Cruz Creek and is 
continued along the south bank of the river to the west­
ern border of the county. The valleys of the Cerritte la 
Cruz and its branches are occupied by the Tecovas for­
mation. Roughly estimated the Tecovas formation occu­
pies from one-fourth to one-third the area of the county. 
Its areal extent is greater than any other formation within 
the county with the exception of the undifferentiated Ceno­
zoic deposits, which, however, probably do not represent 
a single formation. 
~1:CLG.ter.~The Tecovas formation of Potter County 

consists of various colored shales and soft gray unconsol­
idated sandstone. Gould has divided the Tecovas forma­
tion into two parts which he describes as a lower formation 
consisting of variegated shales and upper of maroon-col­
ored shales. The writer is of the opinion that this general­
ization is not applicable to Potter County as observation 
shoWR that any of these may occur at any part of the 
formation. 

A considerable part of the formation consists of a soft 
gray unconsolidated sandstone, of very fine grain, and char­
acterized by peculiar concretions, which in many places have 
weathered to fantastic shapes. The concretions vary in 
sizes from minute spherical bodies, a few millimeters in 
diameter, to concretions nearly an inch in diameter and six 
to eight inches long. This sandstone varies greatly in thick­
ness, reaching a maximum thickness in an exposure be­
tween the mouths of Bonita Creek and Pedrosa Creek of 
from 35 to 40 feet. While the character of this sandstone is 
quite uniform it should not be understood that it is a single 
stratum extending throughout the formation. It is rather 
a series of lenses scattered throughQut the formation, oc-
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curring at different heights in the geological column and 
of irregular geographical distribution. Sand of the same 
color and texture is in many places found alternating with 
shale layers, its gray color contrasting vividly with the 
brighter colors of the shale and making the minutest layer 
stand out distinctly. On the other hand, exposures of the 
sandstone may be seen in which the sandstone is cut with 
minute layers of the different colored shales. 

Layers of this soft slightly consolidated sandstone may be 
seen to pass laterally into shale formations, in some cases in 
very short distances, serving to emphasize the lens-like char­
acter of these deposits. Since a search is being made in 
this region for sands suitable for the manufacture of glass, 
and these sands are being considered as a possible source, 
it is important to note this character and the necessity of 
careful exploration by test holes in order to determine the 
extent of any deposit should be emphasized. Plate II, D 
shows a typical exposure of a ledge of this sandstone. 

Mechanical analyses of samples of these sands were made 
by Mr. Parkinson, of the Division of Engineering, in con­
nection with tests made to determine the suitability of these 
sands for glass sands. Below is given Mr. Parkinson's re­
suIts: 

Screen-sieve analyses of sand from the Tecovas formation from 
near Boden: 

Grams 
Retained on 100-mesh sieve ... .... _.. ........ 4.00 
Retained on 200-mesh sieve ............................ 122.50 
By analysis* ........................................................ 22.50 
By washing* ........................................................ 5.00 

Total ................................... _ ...... 150.00 

Per cent. 
2.7 

81.7 
15.00 

3.3 

100.00 

Screen-sieve analyses of sand from the Tecovas formation from 
Section 188 B. S. & F., Block 9: 

Grams 
Retained on 80-mesh sieve.............................. .50 
Retained on 100-mesh sieve ........... _ .... _._._....... 2.00 
Retained on 200-mesh sieve ........... _.... . ....... 147.00 
By analysis* ............... ...... .... ....... _ ....... 98.50 

.See note on page 54. 

Per cent . 
. 2 
.8 

58.8 
39.4 
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By washingi< _______________ "_""""""_" ____________________________ "_ 4.50 loS 

Total __ """ """ """""250.00 100.00 

Screen-sieve analyses of sand from the Tecovas formation from 
the N. W. % Sec. 23, B. S. & F., Block 9 

Retained on 50-mesh sieve _____ --- --" 
Grams 

.50 
Retained on 60-mesh sieve""_"" __ """"_""" .75 
Retained on SO-mesh sieve"_"_"_ """ ____ """"""_______ 1.50 
Retained on '100-mesh sieve__________ _" """ ___ "" __ "" 4.00 
Retained on 200-mesh sieve"" "_" ________ " __ 133.00 
By analysis* ___ " _______ ""_" ______ " _____ " _""_________ 82.00 
By washing* ______ " ____________ " ___ "" ________ " ________ " _______ 35.00 

Total " __ " ______ " _________ " __ "_"_"" __ "_""""""" _______ 250.00 

Per cent. 
, .2 
.6 
.6 

1.6 
53.2 
32.S 

, 14.0 

100.00 

Screen-sieve analyses of sand from the Tecovas formation from 
Sec. 8, G. & M., Block M 19. 

Grams Per cent. 
Retained on 40-mesh 
Retained on 50-mesh 
Retained on 60-mesh 
Retained on SO-mesh 
Retained on 100-mesh 

sieve 
sieve __ 
sieve _____________ . __ . 
sieve _______________ """"""""" ___ __ 

sieve 

.50 

.75 
1.00 
1.50 
3.25 

.3 

.5 

.7 
1.0 
2.2 

Retained on 200-mesh sieve" _ ____ _ _____ 98.50 65.7 
By a'nalysis* __________________ " _________________________________ 47.00 31.3 
By washing*_" ___ "" ____________________ ""_____________________ 4.50 3.0 

Total 150.00 100.00 

Screen-sieve analyses of sand from the Tecovas formation from 
Section 22, B. S. & F., Block 9. 

Retained on 
Retained on 
Retained on 
Retained on 
Retained on 
Retained on 
Retained on 
Retained on 

10-mesh sieve"" " 
Grams 

2.50 
20-mesh sieve ______ "" """"""_______ 5.00 
30-mesh sieve_______ 6.00 
40-mesh sieve __________ "___________ 6.50 
50-mesh sieve_________ _ ____ _ _____ 7.00 
60-mesh sieve _______ "" ________ _______ 7.25 
80-mesh sieve __________ " __________ "__ 8.00 

100-mesh sieve______________________ 9.00 
Retained on 200-mesh sieve .... __ ________ __ _ ______ 136.50 
By analysis* ___________________________________________________ 79_50 
By washing* ______ " _________________________________________________ 34.00 

Total _______________ -______________ " __ " __ "" " _____ 250.00 

*See note on page 54. 

Per cent. 
1.0 
2.0 
2,4 
2.6 
2.8 
2.9 
3.2 
3.6 

54.6 
31.8 
13.6 

100,00 
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Screen-sieve analyses of sand from the Tecovas formation from 
the S. W. % of Sec. 22, B. S. & F., Block 9. 

Retained on 
Retained on 
Retained on 
Retained on 
Retained on 

40-mesh sieve _______ _ 
50-mesh sieve__ _______ ____ _ _____ _ 
60-mesh sieve_ ___ _ _______________ _ 

Grams 
.50 
.75 

1.00 
SO-mesh sieve_ 1.25 

100-mesh sieve_ 2.50 
Retained on 200-mesh sieve_ _________ ______ _105.50 
By analysis ____________________________________________ 74.50 
By washing ____________________________________________________ 70.00 

Total _________________________________________________ 250.00 

Per cent. 
.2 
.3 
.4 
.5 

1.0 
42.2 
29.S 
2S.0 

100.00 

Remarks.-The amounts under "By Analysis" and "By Washing" 
were obtained thus: 

The material which passed through the 200-mesh sieve was thor­
oughly stirred up with water, the mixture allowed to remain at rest 
for 15 seconds, and the water then decanted carefully. The mate­
rial which had settled was then dried and weighed: This is the 
amount reported under "By Analysis." The portion which remained 
suspended in the water is given under "By Washing." 

Respectfully submitted, 
T. A. PARKINSON, 

Assistant Testing Engineer. 

The suitability of these sands for the manufacture of glass 
is discussed under Economic Geology. 

The shales of the Tecovas are largely maroon and saffron­
yellow. Some of the shale appears to be of a lavender color. 
That the lavender color is not a true color of the shale will 
be seen whenever an exposure of this kind is closely ex­
amined. It is not possible to collect a sample of lavender 
shale. An exposure which appears to have this color will 
invariably be found to have one of the darker red color when 
examined beneath the weathered surface. This color is 
therefore, evidently due to weathering which produces a 
thin film of this color on the outer surface or so affects the 
physical nature of the outer film that the reflected light 
gives the sensation of lavender. 

Although saffron-colored shales perhaps do not make up 
as large a proportion of the formation as the maroon and 
dark :'ed shales, they are, nevertheless, important members 
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in exposures. These saffron-colored shales may be found in 
any part of the geological column and it is not thought that 
any generalization can be made as to their occurrence in 
Potter County, at least, although it is no doubt true that 
they are more abundant at some horizons than at others. 

The m_QSt prominent member of the Tecoyas formation is 
a dark red or maroon shale. This occurs both as small, 
minute laminae and in deposits reaching considerable thick­
ness consisting of nothing except the maroon shale. 

Very many of the deposits of the Tecovas are seen to con­
sist of alternating bands of the materials described above. 
In many places the laminae are only a few millimetres in 
thickness and alternate in almost bewildering confusion. 

Chemical analyses of the different phases of shales of this 
formation were made by the Division of Industrial Chemis­
try of the Bureau. The results of these analyses are given 
below: 

Chemical analysis 6f a sample of the saffron colored phase of the 
Tecovas shale from Section 3, E. L. & R. R. Co., Block 21 W. 

Silica __ ___________ _ _ _________________________ _ __ 48.20 
Alumina ____ . ____________ . ___ .___________________ ___________ _ _ 13.45 
Ferric oxide __________ ______ __ ____________ _ _. _____ .. _____ 6.10 
Linle __________________________ . ____ . _ _________ _ _____ . ____ . 7.90 
Magnesia _. __ .. _._.____ __ __ ___ _ _____ __ ____ ___________________ 4.92 
Alkali oxide ___________ _ __ _____ _________________________________ 4.85 
Loss by ignition ______ ___ _______ ___ _ _____________________ 14.55 
Sulphur trioxide ___ ______________ ____ __ _ __________ 0.27 

100.24 

Chemical analysis of a sample of the maroon colored phase of the 
Tecovas shale from the pit of the Panhandle Brick and Tile 

Company, Section 48, B. S. & F., Block 9. 
Silica __ _____ __ __ _ ____ ____ _ ___ _ _ 55.00 
Alumina ____ _ _________ 19.10 
Ferric oxide ____ _ _ 
Lime _____________________ _ 
Magnesia ___________________________ _ 
Sodium oxide __ ____ __ _ ________________ _ 
Loss on ignition ____________________ _ 

6.29 
3.18 
3.24 
3.18 

10.00 

99.99 
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In Section 8, G. & M. Block 8, about two miles northwest 
of Boden a small deposit of lignite was found in an exposure 
at the bottom of one of the numerous ravines of the bad 
lands of this location. The exposure was about 15 feet 
thick and consisted of various colored shales, saffron-yellow 
predominating, with occasional layers of dark carbonaceous 
matter, usually thin but in places amounting to two or three 
inches thick. The whole was overlain by soft, friable fine­
grained sandstone. The lignite deposit was from four to 
six inches thick, having the woody structure well preserved. 
The deposit was very close to the base of the Tecovas, for the 
Quartermaster which is here brought up by a slight local 
fold outcrops a short distance down the ravine. 

The formation as a whole is characterized by minor un­
·conformities occurring within the formation itself. An 
excellent example of this characteristic is found on the west 
branch of West Amarillo Creek at the juncture with the 
main stream in Section 51, B.S.&F. Block 9. Here 12 feet of 
the fine-grained soft sandstone is cut diagonally across and 
the interval is replaced by alternating layers of dark maroon 
shale and fine grained gray sand. (See Plate II, E.) 

Near the base of the formation in West Amarillo Creek, 
near Section 11, B. S. & F. Block 6, there is found a some­
what conglomeratic sandstone. This passes laterally into 
the gray sandstone found extensively in the Tecovas. At 
a second exposure this conglomeratic phase is seen overly­
ing three feet of the saffron-colored shale. In this exposure 
it grades upward into the fine-grained sandstone. 

Also in Section 8 and 7, G. & M. Block 8, near the base 
of the formation there occurs a deposit of conglomerate. 
The larger pieces in these conglomerates consist mainly of 
irregular pieces of limestone and dolomite. rrhey seldom 
exceed two inches in diameter and are in most cases much 
smaller. On the polished surfaces some of them exhibit 
concretionary structures, while others do not exhibit this 
characteristk 

While these deposits are of interest in throwing light upon 
the history of the formation they are not of sufficient extent 
to serve as horizon markers and the boundary between the 
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Quartermaster and the Tecovas can more easily be distin­
guished by other means...,/" 

Although the Trujillo sandstones above the Tecovas for­
mation contain an abundance of mica the sands and shales 
of the Tecovas do not contain such amounts. I:L!~_ n() 
doubt true that in many places the mica content will be 
sufficient to aid in distinguishing the Tecovas from the 
Quartermaster, but this characteristic is by no means a reli­
al:51e guide. The colors of the two formations, however, are 
generally very distinct, the brick-red of the Quartermaster 
and the maroon and other colors of the Tecovas being easily 
distinguished from each other. Some of the shales of the 
Tecovas in situations where they are known to be in the 
body of the formation, having distinctive Tecovas both above 
and below, show the brick-red color characteristic of -the 
Quartermaster so that color alone is not always a reliable 
guide. The lithological character of the two formations dif­
fer considerably, however, the shales of the Quartermaster 
being in general more sandy and having more of the char­
acteristic of shaly sandstone than those of the Tecovas. 
Field experience with the two formations enables the strat­
igrapher to distinguish the two more easily than a discussion 
of the formations would seem to indicate. All characteris­
tics used to distinguish these two formations, however, 
should be used with care and caution. 

In general the Tecovas formation seems to exhibit the 
characteristics of deposits laid down in moderately still 
water with, however, shifting currents of sufficient strength 
to cause occasional erosion in previously laid deposits, and 
a shifting of conditions of deposition sufficient to account for 
the alternation in the lithologic character of the deposit. 

Thickness.-The total thickness of the Tecovas formation 
in this county is somewhat difficult to obtain, owing to the 
fact that the top and bottom of the formation is usually not 
exposed in closely connected localities, but the average thick­
ness in this county seems to be about 200 feet. The thick­
ness, of course, varies in different localities on account of 
the unconformity between the Quartermaster and the Te 
covas. 
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Detailed Sect'ions.-The following sections taken at dif­
ferent places in the county serve to illustrate the character 
of the formation. On account of the tendency of the for­
mation to weather to long gentle slopes with few exposures, 
it is not possible to get a complete section of the whole for­
mation at anyone locality. 

Section in the valley of West Amarillo Creek, Section 48, B. S. 
& F., Block 9. 

Ft. In. 
Alluvium 
Dark red shale. 
SoiL, very slightly consolidated sandstone with alternating 

layers of dark red shale. Layers of shale about 6 inches 

6 o 

apart and :yz to 1 inch thiclc ........................................ _. ___ .15 0 

Section near the Canadian River, central part of the county in 
Section 76, H. & T. C. R. R., Block 47. 

Ft. In. 
Gray sandstone with many nodular concretions on the sur­

face. Silicified log one foot in diameter found in the 
sandstone .............................................. _ ............................. 5 0 

Maroon, light gray and lavender shale partly concealed, 
grading into sulphur-yellow shale at the top ...................... 13 0 

Concealed ................. ......... ......... ... ............. . ... .... . .... 5 0 
Massive dolomite (Quartermaster formation) ................ 15 0 

Section in valley of Pedrosa Creek, Section 16 A. B. & M., Block 3. 
Ft. In. 

Soft gray sandstone ..... ... . ................................................. 25 0 
Maroon shale .......................................................................... 5 0 

Section in ravine opening into valley of Pedrosa Creek, Section 16, 
A. B. & M., Block 3. 

Ft. In. 
Saffron-yellow shale, partly concealed .................................... 12 0 
Red and gray shale ....................... ....... ........... ...... .. 6 0 
Concealed ................................................................... _ .... _ ... 15 0 
Alternating dark and gray shales .............. _ ....... _ ............. 15 0 
Light colored gray sandstone .................................................. 5 0 
Dark red shale _ ..................................................................... 5 0 

Section in valley of Pedrosa Creek in Section 13, A. B. & M., 
Block 3. 

Ft. In. 
Gray conglomeratic sandstone (Trujillo formation). 
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Gray to light red shale grading into saffron-yellow at the 
top ________________________________________________________________________________________ 10 0 

Concealed __________________________________ ______ _____ _ ____________________________ 60 0 
Soft gray sandstone _____________________________________________________________ 2 0 

Section on bluff, west side of 'Vest Amarillo Creek, Section 55, 
B. S_ & F_, Block 9_ 

Ft. In. 
Massive sandstone (Trujillo formation) 
Light gray shale ________________________________ _________ ______________ __ _ ___ 2 0 
Dark maroon shale _________________________________________________________________ 10 0 

Section taken on bluff, west side of West Amarillo Creek, in N_ W. 
1,4 Section 55, B. S_ & F., Block 9. 

Concealed ______________________________________________________________________________ 5 0 

Massive dolomite (Quartermaster formation) ______________________ 15 0 

Section in valley of Pedrosa Creek, Sec_ 16, A_ B. & M., Block 3. 
Ft. In. 

Soft gray sandstone ________________________________________ 25 0 

Maroon shale ________ _ ______________________________________ 5 o 

Section in ravine opening into valley of Pedrosa Creek, Sec. 16, 
A. B. & M., Block 3. 

Ft. In. 
Saffron-yellow shale, partly concealed ____________________________________ 12 0 
Red and gray shale _____________________________________________________________ 6 0 
Concealed ________________________________________ _ ____ _ _____________________________ 15 0 
Alternating dark and gray shales__________ _ __________________________ 15 0 
Light colored gray sandstone ________________________________________ . ______ 5 0 
Dark red shale ________ . _________________ ._. _______________________ .__ 5 0 

Section in valley of Pedrosa Creek in Sec. 13, A. B. & M., Block 3. 
Gray conglomeratic sandstone (Trujillo formation) 

Ft. 
Gray to light red shale grading into saffron-yellow at the 

top ______ _ _ _____ _________ _ ________________________________ ._ . __________ 10 
Concealed ______ _____ _ __ __ _ ________________________ 60 

Soft gray sandstone __ _. 2 

In. 

o 
o 

.. 0 

Section of bluff, west side of West Amarillo Creek, Section 55, 
B. S. & F., Block 9. 

Massive sandstone (Trujillo formation) 
Ft. In. 

Light gray shale ____________________ . ____ ._._._. __ ._ .. _. ____________ .... _____ ... ____ 2 0 
Dark maroon shale _ .. ___ . ___ . ___ . _ .________ _ _______________ . ________ 10 0 
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Section in ravine, N. W. % Sec. 55, B. S. & F. Block No.9 
Ft. In. 

Mostly concealed up to the base of the Trujillo formation 111 
Very dark maroon shale___________ _ __________________ 2 
Light red shale____________________ _______ ___ __ _ _____ __ 3 
Light gray shale____ ______________ ______________________________________ _____ __ 2 

Soft finc-gTained sandstone at the bottom of the ravine. 

Section in valley of Tecovas Creek in the north part of Sec. 12, E. L. 
& R. R.R. Block No. 21 W. 

Ft. In. 
Saffron colored shale _ ____ ____ _____ ___ _______ _ ___ __ _______ _____ __ 10 
Dark maroon shale_______ __ _____________ ___ __ ____ ___________________ _____ 5 
Saffron shale _________________________________________________ ________________________ 2 
Bluish-green shale ____________ _ _______ _ 
Bulish-green shale ___________________ _ __ _ _______________________________ _ 
Soft gray sandstone ______________________________________________________ _ 

Brick-red shaly sandstone (Quartermaster formation). 

2 
2 

8 

Section in valley of Tecovas Creek, Edrth part of Sec. 12, E. L. R.R. 
Block No. 21 W. 

Ft. In. 
Saffron-yellow shale __________ __ _____ ___________________________________ _____ 5 

Blue shale, with layers of maroon and saffron-yellow_ __ 15 
Soft gray sandstone ___________________________________ . __ .______________ 10 

Brick-red shale (Quartermaster formation). 

Section at bottom of hill about three miles northwest of Gentry in 
center of Sec. 121, B. S. & F. Block No.9. Top of sectio'n 

70 feet below the Trujillo formation 
Ft. In. 

Soft white sandstone 3 
Saffron shale __________ _ ______ --- 2 
Dark maroon shale ______________________ _________________________________________ 15 

Section in valley of Tecovas Creek, Sec. 188, B. S. & F. Block No.9 
Ft. In-

Slightly consolidated sandstone, light pink in weathered 
exposure, gray with bands of dark red in unweathered 
exposure ______ .- _______________________________________________________ ._____ 12 

Sandy shale of various colors, maroon, lavender, gray, 
magenta, etc. in alternating bands, varying in thickness 
from a fraction of an inch to 6 inches _______ ______ _ _ ____ 10 
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SEction in valley of east branch of West Amarillo Creek approxi­
mately Sec. 15, B. S. & F. Block No.9 

Ft. In. 
Dark red shale ______________________________________________________ ---------------- ;; 
Fine, white, slightly consolidated sandstone_____________ __________ 15 
Saffron-yellow shale with alternating dark maroon bands 15 

Section in valley of West Amarillo Creek, Sec. 18, B. S. & F. Block g 
, Ft. In. 

Alternating bands or red shale and gray sandy shale________ 12 
Red shaly sandstone resembling Quartermaster____________________ 15 
Saffron-yellow shales which grade horizontally into dark 

red shales ______________________________ _________________ _________________________ 15 

Section on east side of West Amarillo Creek, about seven miles from 
the mouth, in S. W. 1,4, of Sec. 7, n. S. & F. Block No.6 

Ft. In. 
Soil 1 
Dark maroon shale _______________________________________________________________ _ 15 
Saffron shale _________________________________________________________________________ _ 30 
Purple shale ______________ ___________________________________________________________ 1 
Purple shale __________________________________________________ . __________________ _ 1 
Gray shale ______________________________________________________________________________ 3 
Bluish shale _________________________________________________ . ____________________ 3 
Brick-red shale (Quartermaster) __________________________________________ 20 

Sectio·n in ravine opening into Bonita Creek in Sec. 51, B. S. & F. 
Block No.1 

Ft. In. 
Conglomerate (Trujillo formation) : 
Gray sandy shale ________________________ __ _ ___ ___________________________ __ 4 

Fine-grained massive sandstone ___ __________________ _____ 7 
Dark red shale______________________________ ____________ _______________________ ___ 25 

Section in ravine opening into Bonita Creek in Sec. 58, B. S. & F. 
Block No.1 

Ft. In. 
Sandy shale, gray to red_______________ ________________________________________ 10 
Dark red shale _______________________________________________________________ 15-29 
Saffron shale _________________________________ _ 
Fine-grained shaly sandstone_____ ___ __ _____________________________ _ 
Dark red shale ____ _ ________________________ _____________________________ _ ___ _ 

40 
o 

20 
6 

Section on John Ray Creek, northern part of Sec. 85, H. & T. C. 
R.R. Co. Block No. 47 

Ft. In. 
Dark yellow shale 8 
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Dark maroon shale __________________ ______________________ ______________________ 20 
Saffron colored shale _________________ ____ __________________________________ 11 

Section near the Canadian River in Sec. 30, G. & M. Block No.5 
Ft. In. 

Stratified sand and gravel (potter formation) : 
Fine-grained, gray, soft sandstone __________________ _ 50-60 

Section on Big India Creek in Sec. 30, D. & P. R.ll. Block No. 018 
Ft. In, 

Sand and gravel ('l'ertiary) : 
Red to gray sandy shale _________ _____ ____________ _______________ 10 
Red and gray shale_______ __________________________________________________________ 2 
Gray sandy shale _________________ _____________________ _________________ ______ 2 
Dark red shale _____ _________ ____ ______ ___ ___________________________________ 6 
Maroon and gray shale ___________ _____________________________________________ 15 
Dark rcd shale_ _____ _ ____________ _ _____ ____________________________________ 5 

Gray sandy shale and dark red shale____________________________________ 5 
Coarse conglomerate passing into gray shale above __________ _ 1 6 

Section taken in valley of west branch of West Amarillo Creek in 
Sec. 48, B. S. & F. Block No. 9 

Ft. In. 
Sand gravel and soil: 
Gray sandy shale_____ _ __ __ _________ _ ___________________ 5 
Light red shale__________________ _ _________ _____ _ _ _____________________________ 5 

Dark maroon shale with varying bands of gray sand__________ 35 
Red shale _________ ____ ____________ _______________________________________________ 5 

Section in valley of West Amarillo Crcck, Sec. 10, B. S. & F. 
Block 6. 

Ft. In. 
Sand and gravel (Tertiary): 
Dark maroon, lavender and yellow shale______________________________ 10 
Marly shale with some flinty limestone______________________________ 2 

Gray and lavender shale, gray occurring both as spots and 
streaks ____________________________________________________________________________ 8 

Light gray sandstone _____________________________________________________________ _ 

Dark red shale with white spots and streaks with nodules 
of chert and flint at the base _____________________________________ _ 4 

Brick red shale (Quartermaster) __________ __ ______ _____________________ 20 

8 

Section on west side of Amarillo Creek in Sec. 46, B. S. & F. Block 9 
Ft. In. 

Soil ___________________ -------------------------------------------------------------------- 1 
Yellow to brown shale cut by vertical veins of gypsite _______ _ 6 
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Gray shale _ __ ________ _ ________ ____________________________ __________________ 6 

Alternating bands of red and gray shale______ _________ _ 2 
Dark red nodular shale______________________________________________________ _ 2 

Paleontology.-The first fossils reported from the Tri­
assic of Texas are those which were found by W. F. Cum­
mins27 in the beds in Dickens County which he designated 
by the name of Dockum. He states that in the conglomerate 
are many silicified trunks of trees. In the red clay above 
the conglomerate he found the fossil remains of large rep­
tiles. In the upper sandstone he reports many casts of 
Unio, which he provisionally named Unio dockumensis. It 
appears from this report, therefore, that the fossils found 
were from the Trujillo formation rather than from the 
Tecovas. In his report in the Second Annual Report of the 
Texas Geological Survey, Cummins28 again refers to Unio 
dockumensis, which he states is found in the conglomerate. 

Drake/~ who made a much more detailed report of the 
Triassic, reports Unios from the sandstones and conglom­
et'ates and from red sandy clay above the conglomerate. It 
does not appear, therefore, that any of the Unios were found 
in the equivalent of the Tecovas formation, but it seems 
rather that they came from the equivalent of the Trujillo. 
From a study of the reports of Cummins and Drake it 
seems that this is probably true of the vertebrate fossils 
also. 

Unios submitted by E. T. Dumble, director of the Sur­
vey, under whom the work mentioned above was done, 
were described by C. T. Simpson. do The species are as 
follows: Unio subplanatus, new species; Unio durnblei, 

"'Cummins, ,rv. F., The Permian of Texas and its overlYin~ beds: 
Texas Geo!. Surv. First Ann. Report, pp. 189-190, 1889. 

"Cummins, "V. F., Geology of Northwest Texas: Second Annual 
Report Geological Survey of Texas, p. 426, 1891. 

'''Drake, N. F., Stratigraphy of the Triassic formations of north­
west :rexas: Third Ann. Rept. of the Geological Survey of Texas, 
pp. 227-259, 1891. 

J"Simpson, C. T., Description of four new Triassic Unios from the 
Staked Plains of Texas. U. S. Nat. Museum Proc., Vol. 28, pp. 
381-385,1896. 
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new species; Unio ,qraciliratus, new species; and Unio 
doclcurnensis, Cummins. 

The vertebrate fossils were identified and described by 
E. D. Cope,31 who states that the fossils bear a general re­
semblance to those found elsewhere in the Triassic. 

No true fossils were found in the Tecovas shale in this 
county but a large number of casts resembling casts of 
roots, or of burrows of worms were found in the maroon­
colored shales. They were found in especial abundance in 
one stratum about six feet thick, in the pit of the Panhandle 
Brick and Tile Company, in Section 48, B. S. & F. Block 9. 
They are also found in the saffron colored shale. In the 
locality first mentioned they may be found in closely packed 
masses, very much resembling a tangle of roots. They 
vary in size from a diameter of one to ten millimeters, the 
average diameter being about five millimeters. The long­
est pieces observed were from six to ten centimeters. They 
break up very easily in taking out the pieces of shale or in 
separating them from the shale so that the length of the 
specimens found is no evidence of their original length. A 
very characteristic feature in all cases is rather faint sculp­
turing, which can be seen both on the surface of the casts 
and the interior of the moulds, after the casts have been 
removed. These consist of minute raised areas, roughly 
parallel to each other and to the axis of the cylinder, al­
though in some cases they are found to vary from this ar­
rangement. These areas do not form continuous lines but 
the parts of each line are slightly separated from each other 
at intervals, varying from one to two millimeters, depend­
ing upon the size of the specimen, the larger cylinders hav­
ing the coarser markings. The areas are from two to three 
times as long as wide. A number of the casts show branch­
ing. In some cases those which appear to be branching 
are found upon careful dissection not to be branching but 
merely two clyinders closely approaching each other or a 
case in which one cylinder has been crushed down over 
another. However, certain ones are found which appear 

31Cope, E. D., Report on Paleontology of the Vertebrate: Third 
Annual Report of the Geological Survey of Texas, pp. 257-259. 
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to be true branching forms. Other cases are found, also 
in which one form has penetrated another at right angles. 
In all of their characteristics they seem to most closely re­
semble casts of plant roots but also bear some resemblance 
to the tubes of Serpula. The interpretation of certain forms 
could be more easily explained by the latter hypothesis. In 
any case, however, the state of preservation is probably not 
good enough to warrant an attempt at positive identifica­
tion. 

Plate III, A and Plate III, B show some of the forms in 
place in blocks of the shale and Plate III, C shows a number 
of these forms which have been dissected out of the matrix. 

This characteristic of this formation was first observed 
in the deposits of the Tecovas at Post, Texas, by Dr. J. A. 
U dden, 32 who directed the writer's attention to them in the 
formation in this county. 

Fossilized wood is found in the Tecovas formation as well 
as in the Trujillo formation. In the Tecovas formation the 
silicified wood is always found in the sandy phase of the 
formation. The lignite, which has already been mentioned 
was found in shaly parts of the formation. 

Relation to adJacent formations.-The Tecovas formation 
rests unconformably upon the eroded surface of the Quar­
termaster formation. This unconformity should show it­
self in the varying thickness of the Tecovas shales and would 
undoubtedly do so if these were capable of exact measure­
ment in many places. However, it does show very plainly 
in the varying thickness of Quartermaster found be­
tween the Alibates dolomite and the Tecovas shale. This 
thickness varies from five to forty feet. It seems rather 
remarkable, however, that in only one instance was the 
Tecovas shale found resting directly on the Alibates dolo­
mite. Even in this case it was not absolutely determined 
that the Triassic shales rested directly upon the Alibates 
dolomite as there was a concealed interval of about five feet. 
See section near the Canadian River, central part of this 
county, in Section 76, H. & T. C. R. R., Block 47. It is admit­
ted that it is possible that there are more cases than the one 

J2I;'ersonal communication. 
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cited but in the course of an investigation such as the one 
undertaken here it would be expected that more such in­
stances would be found, since the soft and easily eroded 
shales and sandstones of the Quartermaster should be easily 
cut down to the more resistant Alibates dolomite. It seems 
to be indicated, therefore, that the region had been brought 
near to at least a local base level during the post-Quarter­
master erosion period. Otherwise, more and wider areas 
of the Quartermaster would have been denuded down to the 
Alibates dolomite and the Triassic shales would have in more 
instances been found resting directly upon the Alibates 
dolomite itself. 

TRUJILLO FORMATION 

Definition and Distribution.-The sandstones and con­
glomerates of the upper part of the Triassic formation in the 
Panhandle have been named by Gouldn the Trujillo forma­
tion from the exposures in Trujillo Creek valley in Oldham 
County. In its typical development the Trujillo formation 
consists of three to five ledges of sandstones with interbed­
ded shales. The more prominent and constant of these have 
been designated the lower, middle and upper sandstones, 
respectively. The present writer is of the opinion that there 
is in Potter County only one prominent sandstone horizon. 
Either the other ledges have been removed by post-Trujillo 
erosion or there has been a consolidation of two ledges. 
There is some evidence in favor of each hypothesis. In the 
valley of West Amarillo Creek, Section 58, B. S. & F. Block 
9, near the juncture of two branches of the stream there 
are two sandstone layers each of about five feet in thick­
ness, which are separated by a concealed interval of fifteen 
feet. However, one-eighth mile to the east across the val­
ley an exposure at the same level does not indicate two hori­
zons but only one. This exposure shows a ledge about 20 
feet thick consisting of sandstone and conglomerate and 

"Gould,C. N., Geology and water resources of the western part of 
the Panhandle of Texas:, U. S. Geol. Surv. Water Supply and Irriga­
tion Paper 191, 1907, p. 26. 
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some sandy shale. There are several other instances of this 
kind on West Amarillo Creek which might be interpreted as 
representing more than one horizon but if carefully exam­
ined with regard to their relation to the other exposures do 
not seem to conclusively indicate that this is the case, but 
that rather there is only one horizon in reality represented 
here. In the valley of Big India Creek in the extreme west­
ern part of the county on the north side of the Canadian 
River, near Section 35, D. & P. R. R. Block 018, there is ex­
posed in a cliff in the side of the valley 96 feet of sandstone 
and conglomerate. About one mile north of this location 
this sandstone seems to be represented by two layers, each 
about eight feet thick. The interval between the two, so far 
as exposures showed, is occupied by shales. These facts 
seem to indicate the existence locally of two sandstone ledges, 
which have been merged into one at the exposure first men­
tioned. South of this exposure on Big India Creek only 
one ledge seems to be present. 

With the exceptions noted above, the Trujillo formation 
in Potter County is represented by only one ledge of sand­
stone and conglomerate varying in general from 10 to 20 
feet thick. That this is the same ledge in all cases and not 
exposures of different layers of the Trujillo seen at different 
places is shown from the following: In all cases the ledge 
is found to directly overlie the Tecovas formation and is 
either found at locations where sufficient amount of the 
Tecovas formation is exposed so as to make its identification 
and the position of the sandstone with respect to it beyond 
doubt or the ledge can be traced directly to a location where 
the conditions are as outlined above. In some places as on 
East Amarillo Creek and parts of Tecovas Creek valley the 
ledge may be directly traced to locations where the Quarter­
master, Tecovas and Trujillo are all exposed and the re­
lations of the three positively determined. In this report, 
therefore, the Trujillo formation will be discussed as a 
single ledge of sandstone and conglomerate directly overly­
ing the Tecovas shale. The question whether this is the 
lower sandstone of Gould, the other sandstones having been 
removed by erosion, or whether two sandstone ledges have 
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been merged into one is left open. The sandstone horizon 
discussed here, however, belongs to the Trujillo formation 
and is the only part of that formation exposed within the 
limits of the county. 

The Trujillo formation in Potter County is mostly exposed 
along the edge of the bluffs bordering the valleys. It is 
covered above by younger deposits of the Cenozoic, which, 
although they have been removed to a considerable extent 
from some of the divides, nevertheless, persist as a thin 
veneer, in practically all cases. In the Routhern part of the 
county the Trujillo is covered by the thick deposits of the 
later formation and appears below the "cap" or "rim rock" 
or the so-called caliche of the rim of the greater valley of 
the Canadian. The formation therefore appears as a nar­
row rim of exposures on the sides of the valleys. 

In the northeastern part of the county in the vicinity of 
the highlands of the Quartermaster formation erosion has 
removed all Trujillo although outcrops of it may be found 
on the west branch of Plum Creek across the line a few 
miles in Moore County. No outcrops are found south of the 
river east of Bonita Creek, except in the extreme southern 
part of the valley of this creek near its head in Box Canyon. 
'Either the Trujillo has been removed here by erosion pre­
vious to the deposition of the sands and gravels of the later 
deposits, or it is buried beneath them. That it has been 
removed over part of this area is evident from the fact 
that these deposits are in places found resting upon the 
eroded Rurface of the Quartermaster formation. The for­
mation, however, is seen to have strong dips to the north 
and east in the neighborhood of Bonita Creek and it may be 
that it is preserved in a syncline to the east and north of 
this valley. It has been removed by pre-Potter erosion 
between the mouth of Bonita Creek and Pedrosa Creek 
where the mortar beds of the latter formation overlie the 
beveled edges of both the Quartermaster and Tecovas for­
mations. It has also been removed from a large proportion 
of the lower part of Pedrosa Creek valley where it appears 
only in two small remnants apparently preserved in a local 
synclinal fold. It caps the bluffs immediately above the 
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Canadian River from the east border of Section 30 to the 
center of Section 31, G. & 1\1[. Block 5, on the south side of 
the river between the mouths of Pedrosa and East Amarillo 
creeks and on the corresponding part of the north side of 
the river from the east border of Section 71 to the east 
border of Section 75, H. & T. C. R. R. Block 47. Between 
the last named outcrop on the north side of the river and 
the mouth of John Ray Creek in the neighborhood of Section 
85, H. & T. C. R. R. Block 47, outcrops of this formation 
are concealed beneath the later formation. There is some 
evidence that this is due to a syncline between these two 
points, the rocks near the latter location in Section 86 of 
the same block showing a strong dip to the northeast. 
North of the last named location on John Ray Creek the 
Trujillo is buried beneath the stratified sands and gravels 
of the later formations. A small exposure of it is found in 
Section 80, G. M. Block 3, in John Ray Creek Valley, but it 
is everywhere else buried or else has been removed by 
erosion before the deposition of the stratified deposits of 
the Cenozoic. Wes.t of John Ray Creek in Section 86 the 
formation caps the bluffs which overlook the river valley 
at a distance of one and one-half to two miles from the river 
and continues along the river to the western border of the 
county. It also extends up the valleys of the Sandy, Lahy, 
CorraIl, Little India and Big India creeks, but, with the 
exception of the latter, the extent of the outcrop is not 
great, being buried under the later sediments a short dis­
tance north of the line of, bluffs before mentioned. Three 
outcrops, however, are found on CorraII Creek a consider­
able distance to the north. All of these are found near the 
headquarters of the Miles Bivens ranch, Section 21, E. L. 
& R. R. R. Block 11. One of these outcrops occurs one­
fifth of a mile directly north of the ranch headquarters, the 
second about the same distance to the northeast and the 
third a few hundred yards to the south of the headquarters. 
At the first locality about 10 feet are exposed but it is not 
known whether this represents the total thickness, as the 
bottom of the ledge cannot be seen. At the second exposure 
the bottom can be seen and the deposit is about eight feet 
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thick. In the third exposure 20 feet of sandstone and con­
glomerate can be seen. In the valley of Big India Creek the 
formation is found capping the bluffs of the valley north to 
about Section 30 of the D. & P. R. R., where the rise of the 
rocks to the north has brought the Tecovas formation to the 
surface and the Trujillo disappears. A short distance north 
of this the latter formation is buried beneath the later sed­
iments. On the southwest branch of Bonita Creek, in the 
northeast corner of B. S. & F. Block 1, at the head of the 
branch the formation outcrops along the sides of a some­
what rectangular-shaped amphitheatre locally known as 
Box Canyon. A strong northward dip, however, carries it 
to the level of the valley bottom a short distance below the 
mouth of the canyon and it does not again appear in the 
Bonita Creek valley. This is the only part of Bonita Creek 
valley where this formation appears, except in the neighbor­
hood of Section 8, A. B. & M. Block 3. Just north of this lo­
cation a small tributary valley opens into the valley of Bo­
nita Creek and the Trujillo formation appears as a ledge 
along the southern valley wall. The Trujillo formation ex­
posed along this valley wall disappears beneath the Cenozoic 
sands and gravels near the main valley. 

As mentioned above the formation has been removed 
from the lower part of Pedrosa Creek with the exception of 
the remnants in Section 29, G. &. M., Block 5. South of 
Section 13, A. B. & M. Block 3, however, it forms a con­
tinuous line of outcrops along the sides of the valley to the 
north border of Section 18, B. S. & F., Block 1, where the 
valley merges into the level plain and the formation passes 
beneath the latter desposits and the soil. 

It occupies the east side of the valley of East Amarillo 
Creek from Section 18, A. B. & M., Block M 3, to Section 130, 
A. B. & M., Block 2, where this valley also merges into the 
level plain. North of Section 18, A. B. & M., Block M. 3, 
it is either absent or concealed. It is thought that the 
latter is the case. 

The formation does not outcrop along the west side of 
East Amarillo Creek nor anywhere along West Amarillo 
Creek, north of the south part of Sections 15 and 54, B. S. 
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& F. Block 9, with the exception of the outlier on the south 
side of the northwest branch of West Amarillo Creek in 
Section 1, B. S. & F., Block JAD, and Section 120, B. S. & F., 
Block 9. There is, therefore, an area of approximately 
nearly two hundred square miles in the west-central part 
of the county from which the formation has evidently been 
removed by erosion, whiC;h took place before the deposition 
of the Cenozoic materials, since some of the latter materials 
are still in place over parts of this area. 

South of Sections 15 and 54, B. S. & F., Block 9, in the 
valley of West Amarillo Creek, the formation outcrops 
around the side of an amphitheatre-shaped valley formed 
by the working back headward of the many tributaries of 
West Amarillo Creek. The sides of this amphitheatre being 
indented by many minor tributary valleys, especially on the 
western side, the border is very irregular. From the west­
ern corner of this amphitheatre the exposures extend west 
toward Gentry with, however, a very considerable curve 
to the south between these two points. At Gentry the cliffs 
formed by the Trujillo, turn abruptly south and the thick­
ening of the later Cenozoic deposits in a short distance 
cause the Trujillo to occupy a middle position on the cliffs, 
the caliche or cap rock forming the top of the cliffs. The 
line of cliffs forming the wall of the great amphitheatre 
of the upper Tecovas Creek valley extends south from 
Gentry four or five miles and then turns west, this south­
ern border also having many indentations due to the val­
leys cut into its border by streams working back headward. 
The Trujillo outcrops along this border below the cap and 
some places at or near the base of the cliff. West of Sec­
tion 183, B. S. & F., Block 9, however, the formation is 
either absent or concealed. On the western side of the main 
Tecovas Creek valley it forms a prominent outcrop at the 
top of the valley wall from Section 11, G. & M., Block 8 to 
Section 2, E. L. & R. R., Block 2D. South of this the out­
crops are obscure and largely concealed but the formation 
apparently extends in a fairly direct southwest line to the 
border of the county. It forms prominent outcrops along 
the sides of the valley of the Cerrite de La Cruz Creek and 
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its tributaries in the extreme western part of the county. 
Character.-As stated in the discussion of the definition 

and distribution of the Trujillo formation, it is the opinion 
of the writer that this formation within the county is rep­
resented by only one general horizon. This consists of 
from 10 to 25 feet of massive sandstone and conglomerate. 
The character of the formation is quite variable and changes 
considerably in short distances. The sandstone as a rule is 
gray to buff, rather firmly cemented and somewhat coarse­
grained, although exposures can be found in which the sand 
is quite fine-grained. The sandstone is cross-bedded in 
some places but this characteristic is seen most frequently 
in the conglomeratic phases of the formation, the sandstone 
being more often of the massive variety. Small quartz 
pebbles, varying in size from buck-shot to the size of a pea, 
but seldom larger, are of frequent occurrence in the sand­
stone and conglomerate layers. The proportion of these 
silicious pebbles in the sandstone phase of the formation 
varies greatly. In some exposures only a few scattered 
pebbles may be found, in others the proportion iR Ruffi­
ciently large that the rock might almost be clasRed as a 
conglomerate. As a rule, however, the quartz pebbles make 
up only a small percentage of the rock. This is also true 
with regard to the conglomeratic phase, the particles of the 
latter being made up largely of limestone fragments. 

The sandstone in many exposures contains an abundance 
of fragments of mica. It is also characterized by the 
presence of many small pieces of bone. 

A very common characteristic of the sandstone, which iR 
seen best on the unweathered surface, is the presence of 
numerous minute particles of limestone from one to four 
millimeters in diameter. This characteristic is brought out 
very vividly by polishing the surface and staining the pol­
ished slab in Lemberg's solution. This solution stains cal­
sium carbonate a deep violet but leaves the sand grains un­
affected. This brings out the two kinds of material in 
sharp contrast. Surfaces treated in this manner show a 
somewhat regular pattern of areaR of calcium carbonate 
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more or less circular in outline, surrounded by sand grains 
as if particles of calcareous mud had been rolled over a 
sandy bottom accumulating sand grains on the periphery. 
All variations from this condition to that in which the 
sand grains occupy the greater part of the polished surface 
may be found. In all cases, both staining and tests with 
acids, show that the cementing material is largely calcium 
carbonate. 

On the weathered surface the calcium carbonate dis­
solves more readily than the sand grains and the weathered 
surface, therefore, has more the appearance of a pure 
sandstone than the unweathered. 

In addition to the massive sandstone phase described 
above, the Trujillo formation in Potter County has several 
layers of typical conglomerate. The conglomerate varies 
from a condition not greatly different from some of the 
phases of the sandstone described above, to a very coarse 
conglomerate with pieces of limestone and other sedi­
mentary rocks, as much as five to ten centimeters in diam­
eter. On weathering many of the more easily attacked 
pieces are removed and their casts are left in the more 
highly indurated matrix. Many of the pieces in this type 
are evidently somewhat flattened. This is a very common 
characteristic of this phase of the formation. In many cases 
however, the pebbles of the conglomerate are more rounded. 
A very common phase of the conglomerate consists of some­
what uniform particles usually not over four to five milli­
meters in diameter. In all cases the fragments which make 
up the conglomerate are mostly limestone. A few silicious 
pebbles may be found but the proportion of these is very 
small. 

The conglomerate is found both above and below the 
prominent sandstone ledge or as partings in between the 
layers, although perhaps it occurs most frequently at the 
bottom of the formation. The conglomeratic phase of the 
formation is strongly cross-bedded in many places. 

Topographic Expression.-The Trujillo formation, in con­
trast with the Tecovas, tends to form prominent escarp­
ments. It is quite resistant to erosion and where present 
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along the sides of the minor valleys protects the softer un­
derlying sediments from erosion tending to form steep-sided 
canyons, the most notable example of which is seen on 
Pedrosa Creek. Its escarpment-making qualities are not so 
noticeable in situations where it is covered by the thick de­
posits of the Cenozoic, and where the so-called caliche or 
cap rock forms the rim of the valleys, as is the case in the 
upper portions of the valley of Tecovas Creek. 

Thickness.-The whole formation is seldom found to be 
over 25 feet thick within the limits of Potter County, al­
though exceptions to this may occur, the most notable ex­
ception being in the valley of Big India Creek, where a 
section was found which is 78 feet thick. In many ex­
posures the thickness is less than 20 feet. 

The following detailed sections serve to illustrate the 
general character of the formation: 

Sectio·n at head of ravine east side of West Amarillo Creek in Sec. 
13, B. S. & F. Block 9. 

Ft. In. 
Coarse gray sandstone with marked cross bedding._____ 3 0 
Sandstone, gray coarse and thin-bedded ________________________________ 4 0 
Massive, gray sandstone ____________________________________________________________ 4 0 
Coarse gray thin-bedded sa·ndstone _____________________ . __________________ 2 0 
Massive gray conglomerate ______ . _________________ . ________ .. __ . ______ ..... ____ 3 0 

Section taken about one-half mile north of the head of Corral Creek 
in Sec. 10, D. & P. R. R., Block 018. 

Ft. 
Massive gray conglomeratic sandstone containing an abund­

ance of white quartz. Vertical layers of calcite run 
through some of the blocks .... __________ .. ________________ . ________ .. ____ 10 

Section near the head of Tecovas Creek in Sec. 184, B. S. & F., 
Block 9 

Ft. 
Fine-grained soft gray sandstone __________ .. ____________________ .. ____ .. ____ 3 
Soft gray sandstone ________ . ________________ . __ . __ .. _________ . ____________________ . 5 
Massive sandstone .. __ .. ____________________________________________________________ 2 to 3 

Section on bluff o·n the west side of West Amarillo Creek in Sec. 
55, B. S. & F., Block 9. 

Ft. 
Massive sandstone _____ . ______________ . ___________ . ______ ................. _ ........ _ I 
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Conglomerate, a large number of limestone fragments ........ 4 
Sandy shale .............................................................................. 1 
Massive, fine-grained, micaceous sandstone............................ 5 

Section taken in valley of Cerrite La Cruz in Sec. 88, G. & M., 
Block 5. 

Soft gray massive sandstone with layer of cross-bedded 
sandstone at the top. Sandstone quite micaceous in 
places .................................................................................... 25 

Section near the head of the southwest branch of West Amarillo 
Creek in Sec. 79, B. S. & F., Block 9. 

Ft. 
Massive sandstone ................................................................ 20 

'Gray sandy shalL ______ .. ______ .... __________ . .. ____ . __________ . __ ....... ____ 10 
Shaly sandstone, thin-bedded __ .... ______ .... __ .. ______ ... __ ....... __ ..... ____ . 2 

Section in valley of Pedrosa Creek in Sec. 4, A. C. H. & B., Block 4. 
Ft. 

Massive sandstone with layers of conglomerate containing 
fragments of limestone . ____ .. __ .. __ ....... ____ ...... ____ ......... ________ ..... 10 

Section about 3 miles north of Soncy, in Sec. 58, B. S. & F., Block 9. 
Ft. 

Cross-bedded sandstone, conglomeratic at the base. __ . __ ...... 6 
Massive sandstone, somewhat conglomeratic ... __ . ____ .............. 10 
Gray conglomerate ............ ____ ............... __ . __ ........ ____ .................. 2 

Section on Little India Creek in Sec. 39, D. & P. R. R., Block 018. 
Ft. 

Massive sandstone, very fine-grained, and somewhat soft, 
containing many fine concretions about 2 to 3 mm. in 
diameter. Passes laterally into harder and more char­
acteristic Trujillo sandstone. Also passes laterally from 
the massive to the conglomeratic character ____ . __________________ 20 

Conglomerate containing limestone pebbles .. ______ .. __ .............. 2 

Section at the head of Corral Creek in Sec. 21, E. L. & R. R. R. Co., 
Block 11. 

Ft. 
Massive sandstone containing some siliceous pebbles vary­

ing from about 2 to 5 mm. in diameter and containing a . 
few layers of limestone conglomerate. In the latter 
layers some bone fragments were found. ____________________ . ______ 20 
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Section on Big India Creek in Sec. 26, E. L. & R. R. R. Co., Block 11. 
Ft. 

Limestone and clay conglomerate_ ____ _ ____ __ 3 
Fine-grained buff sandstone_____________ ____ _____ ____________ _ _ ________ 50 

Conglomerate consisting mostly of limestone and shale 
pebbles ______ _ _ _______________________________________________________________ 3 

Fine-grained, massive, micaceous sandstone with few mud 
lumps __ ___ _ __ _____ ___ __________ ___________ _ _________ 22 

Section west of Boden in Sec. 8, G. & M., Block 8. 
Ft. 

Massive sandstone with few conglomerate, layers _ __ 8 
Typical limestone and shale conglomerate_ ___ ______ ___ 2 
Fine-grained sandstone _ _______ _ __________________________________________ 1 

Section of John Ray Creek in the south part of Sec. 80, D. & P. 
R. R. Co., Block 018. 

Ft. 
Massive sandstone with few conglomerate layers, no sili-

ceous pebbles larger than 5mm. ___ . _____________ . __ 00 __ ._._. ___________ 10 

Paleontology.-This formation contains a considerable 
amount of silicified wood. The greater amount of silicified 
wood found in this county, however, is found in situations 
where it has been weathered out either from this formation 
or from the Tecovas and where both formations have been 
largely removed, as is the case with the large deposits of 
fossil wood found near the headquarters of the L. X. ranch 
on Bonita Creek, and it is not possible to ascertain definitely 
which formation such deposits came from originally as both 
formations contain such silicified wood. Logs as much as 
two and three feet in diameter may be found although the 
majority of the deposits are composed of much smaller 
pieces than this. 

This formation also contains many fragments of bones. 
These fragments are quite scattered and no pieces capable of 
identification were found. Most of the pieces are not more 
than a centimeter or two in length and are found nearly 
altogether in the conglomeratic phases of the formation. 

Rela'tion to Adjacent Formations.-The Trujillo forma-' 
tion. rests conformably on the Tecovas with the possible ex­
ception of such local unconformities as have been described 
as occurring in the Tecovas formation itself. 
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The sandstone and conglomerate horizon described above 
is the highest portion of the Triassic represented in this 
county, with the exception of a few localities where a few 
feet of red shale occur above this horizon. In general, how­
ever, the sands and gravels of the Cenozoic rest directly 
upon a ledge of sandstone and conglomerate. 

TERTIARY AND QUATERNARY SYSTEMS 

GENERAL STATEMENT 

Occupying the highest part of the geologic column in 
the Panhandle are the sands and gravels of the Cenozoic. 
These are for the most part unconsolidated or only par­
tially consolidated deposits of coarsely stratified sand and 
gravel. They have been ably discussed by a number of 
geologists who agree that they are the remnant of a great 
debris apron spread out at the base of the Rocky mountains. 
The view of the older geologists that these deposits are 
lacustrine does not now seem to find general acceptance. 
Johnson,34 whose views probably express the generally ac­
cepted theories of the origin of these deposits makes the 
following statement. 

"The present writer has described the whole of the great 
plain of which the High Plains plateaus are but fragments 
as, in its original condition, an aggradation plain on a vast 
scale, built to a smooth but sloping surface by the subdi­
viding, shifting, and alternately increasing and failing 
streams of a dry climate; the initiation of that building is 
attributed to change of climate from relative humidity to 
dryness, not to interference with stream grade merely, by 
deformation; and its present erosion, together with the sev­
eral recorded inter-epochs of erosion, grouped together in 
the Pleistocene, is attributed to climatic shiftings back to­
ward humidity. The complex structure, [mally-an uneven 
net-work of gravel courses and elongated beds of sand penc­
trating a mass of silt and sand streaked clay-is described 
as the normal product of desert-stream work under con-

B±J ohnson, Willard H., The high plains and their utilization; U. S. 

Geol. Sur. 21st Annual Report. pt. 4 pp. P. 654 & 655. 
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stant desert conditions. The coarse material is not re­
garded as the product of necessarily ;strong running streams, 
and the fine material of sluggish streams, in alternating 
epochs, either of humid or dry climate or high and low 
inclination of slope, but as the simultaneous product of 
branching streams of the desert habit, here running in a 
channel and there spreading thinly." 

Gould35 in discussing the opinion quoted above states that 
the only point of variance which o~her geologists may have 
from the opinion of Johnson is whether the source of the 
indiscriminate, uneven, lenticular deposition of the material 
by the streams should be sought in climatic changes or in 
diastrophic changes. He expresses it as his opinion that 
both of these causes may have been operative. The present 
writer is inclined to favor the hypothesis advanced by John­
son. 

PLIOCENE OR PRE·PLIOCENE (?) SERIES 

POTTER FORMATION 

Definition and Distribution.-The name Potter formation 
is proposed for a group of sediments characteristically de­
veloped along the Canadian River, near the central part 
of the county, and which bear a definite relation to the 
sediments to which the name Coetas formation is given. 
The term, Potter formation, is applied to those beds of 
coarsely stratified and partly consolidated sand and gravel 
which can be shown to occupy a stratigraphic position, just 
below the Coetas formation, or which show a definite rela­
tion to beds which do occupy such a position. These beds 
have been classed by other writers as "mortar beds" on 
account of their resemblance to the artificial product, as 
they are somewhat firmly cemented by calcium carbonate. 
It should be noted, however, that it is not proposed to class 
all "mortar beds" under the term Potter formation but only 

"5Gould, C. N., Geology and water resources of the western por­
tion of the Panhandle of Texas. U. S. Geol. Sur. Water Supply 
and Irrigation Paper No. 191, p. 34. 
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those beds which are shown to have a definite relation to 
the overlying beds as stated above. 

A part of the outcrops, which are here grouped under 
the name Potter, are so classified only tentatively as the 
writer does not believe that the evidence for such classifi­
cations in the case of some of the beds is conclusive. These 
include the deposits on the north side of the Canadian River 
from Sections 78 to 85, H. & T. C. R. R. Co., Block 47. With 
regard to the deposits in the neighborhood of Bonita Creek 
it is thought that the evidence is quite conclusive. Mortar 
bed deposits occurring in other parts of the county, where 
no relation to the Coetas formation can be demonstrated, 
are classed with Cenozoic of undetermined age. While the 
evidence seems to point to the fact that all of the "mortar 
beds" within the county are basal and, therefore, belong 
to the Potter formation, it is not disputed on the other 
hand that the "mortar beds" might occur at other points 
than basal, especially if Johnson's hypothesis that the ce­
mentation represents the position of a former ground water 
level, and that the position of such beds in different places 
in the deposits represent fluctuations of the ground water 
level, is accepted. 3D Deposits which present merely the 
character of "mortar beds" are not regarded, therefore, as 
being members of this formation unless other evidence is 
found. 

Deposits classified as Potter occur along the Canadian 
River on the east side of G. & M. Block 20, from Section 14 
to Section 2; along the north side of G. & M. Block 5, from 
Section 24 to Section 29; along the south part of Sections 
69 and 70, H. & T. C. R. R. Co. Block 47, and from Section 
78 to Section 85 of Block 47 of the H. & T. C. R. R. Co. 

Character'.-The formation, as defined above, consists of 
coarsely stratified sand and gravel, the whole somewhat 
firmly cemented by calcium carbonate. The color of the 
formation is slightly darker than that of the overlying 
beds, being of a reddish cast, the overlying beds being 
gray to buff. The formation is characterized by the pres­
ence of a large number of water-worn fossils mainly of the 

"Johnson, Willard D., Op. Cit. 
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genus Gryphaea. These fossils are not found in the upper 
beds of the Cenozoic of this county. 

The gravel of these deposits varies in size from pieces 
several inches in diameter to a fraction of an inch. About 
80 per cent of these pebbles consist of quartz and quartzite, 
the remaining part containing a few sedimentary and some 
igneous rocks. 

The formation is strongly cross-bedded in many locali­
ties. The assortment of the material is very poor but 
lines of stratification can in most places be readily dis­
tinquished. 

Topographic Expression.-On account of its resistance 
to erosion the Potter is cliff-forming. Along the sides of 
valleys it has a tendency to stand up in steep vertical cliffs. 
It does not erode to "bad lands" as easily as some of the 
other formations and the location of this formation is 
made somewhat noticeable in the character of the topog­
raphy for this reason. 

Paleontology.-No fossils were found in this formation 
with the exception of the water-worn fossils mentioned 
above, which have been weathered out of earlier forma­
tions and which do not belong to this formation. 

Relation to Adjacent For1nations.-The Potter lies un­
conformably upon rocks of both the Permian and Triassic 
systems. It underlies the sediments of the Coetas forma­
tion, which, on account of the vertebrate fossils found in 
it, is classed as Pliocene. The Potter, therefore, is either 
Pliocene or pre-Pliocene in age. 

PLIOCENE SERIES 

COETAS FORMATION 

Definition and Distribution.-The name, Coetas forma­
tion, is given to indicate certain slightly consolidated sands 
and fiaggy limestones which by their fossil content are 
known to be Pliocene in age. The name is from Coetas 
Creek in the eastern part of the county where the formation 
is well exposed. The formation is exposed in an irregular 
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area south of the Canadian River between Coetas Creek 
and Bonita Creek. It is exposed throughout the greater por­
tion of the southeastern part of G. & M. Block 20, the north­
eastern part of B. S. & F. Block 1, nearly all of B. & B. 
Block 2, all of A. C. H. & B. Block 3, with the exception of 
a sand dune area in the center of the block, the northern 
part of A. B. & M. Block M3, and parts of Sections 25 to 28, 
G. & M. Block 5. 

As has been previously mentioned (p. 11) Marcou, in his 
journal of the Whipple expedition of 1853, has a brief note, 
concerning the exposures in the neighborhood of Bonita 
Creek, which quite accurately describes some of the typical 
features of this formation. Marcou did not, of course, 
describe these deposits as a separate formation, nor did he 
notice the vertebrate fossils, which is not remarkable, since 
he had not time to take more than passing notice of the 
exposures. 

Character.-The Coetas formation consists for the most 
part of slightly consolidated sand together with a flaggy, 
somewhat sandy, limestone near the top of the formation. 

The sand of this formation is uniform in texture and 
does not show much evidence of stratification. It is, in 
most exposures, of a yellow to buff color, although the color 
varies somewhat. The formation is quite calcareous and 
contains many tubular calcareous concretions. In some 
places the sand is quite firmly cemented by calcareous ma­
terial. In none of the exposures examined does this for­
mation show any of the stratified deposits of gravel which 
are characteristic of the other Cenozoic deposits of the 
county. Plate IV, A shows a typical exposure of the 
Coetas. 

A conspicuous characteristic of the Coetas formation is 
the presence of flaggy, somewhat sandy, limestone, which 
occurs near the top of the formation. This limestone shows 
variations from thinly laminated strata, with laminre one 
millimeter in thickness, to strata having layers several 
centimeters in thickness. In many places it occurs as thin 
flags separated by stratified shale and sand, the flags being 
from six to twelve inches apart and as many as fifteen in 
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number. In other places these flags are close together, 
forming a rather solid stratum. In general this stratum is 
not over two feet thick but in approximately Section 1, 
G. & M. Block 20, between Chicken Creek and Bonita Creek, 
there is an exposure of limestone of the above character 
20 feet thick. This is the maximum thickness of the mem­
ber observed in this formation. This may represent either 
an unusual development of the member in this particular 
locality or it may indicate that this is the original thickness 
and that erosion has removed a considerable portion of the 
limestone. Plate IV, B shows an exposure of the Coetas 
formation in which a considerable thickness of the lime­
stone member is shown. 

In places tliis limestone shows distinct ripple marks which 
indicate its shallow water origin. In the majority of the 
exposures the limestone is white in color although in some 
cases a slightly pinkish tinge is noticed. 

In some exposures the limestone is seen to contain a con­
siderable amount of fine-grained sand and at best it should 
probably be classed as a rather impure limestone. In the 
neighborhood of Section 3, B. & B. Block 2, the limestone 
has a flinty character. 

The limestone member is exposed most extensively along 
the divide between Chicken Creek and Coetas Creek. Plate 
I, D shows the distribution of this member along the divide 
mentioned. It also occurs in isolated outcrops between 
Bonita Creek and Chicken Creek, as in the neighborhood of 
Section 3, B. & B. Block 2. 

Topogmphic Expr·cssion.-Were it not for the lime­
stone member the Coetas formation would be very easily 
eroded. The presence of this member, however, causes the 
formation to outcrop in broad sloping divides. Erosion has 
cut these by numerous ravines, leaving many isolated flat­
topped hills with accordant slopes. See Plate I, D. Where 
the limestone has been removed by erosion the forma­
tion weathers very easily and much of the material is 
eroded by the wind. On the east side of Chicken Creek, 
extending from the neighborhood of Section 24, S. K. & K. 
Block 1, there is an extensive dune area composed of sand 
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blown from the Coetas formation, which is exposed just 
west of this area. Dunes of this area are from 40 to 50 
feet in height and the area is from one~fourth to one~half 
mile broad. At one point, about three miles from the mouth 
of Chicken Creek, the dunes are advancing across the val­
ley of the creek and are burying it. Dunes are also form­
ing to a more limited extent along Coetas Creek. 

Thickness.-No exposure could be found which would 
give a complete section of the formation from top to bottom. 
Exposures may be found at different localities in which 
from 50 to 75 feet of the material may be seen. From the 
top of the formation on the Bonita Creek divide to the bot­
tom of the valley is 230 feet. Since the formation is ex­
posed at different places from the top of the divide to the 
bottom of the valley it seems probable that the total thick­
ness of the formation is about 200 feet. 

Paleontology. - The most distinctive characteristic of 
the Coetas formation is the great abundance of bones 
found in the deposit. These occur as scattered fragments 
in most places but whole bones are frequently found. The 
majority of these have been so poorly preserved, however, 
that it is impossible to get them out without destroying 
them. These bones occur both in the sand of the formation 
and in the limestone at the top. The remains are very 
abundant, hardly an outcrop being found which does not 
contain some fragments. A number of teeth were found, 
some of which ate sufficiently preserved to admit of identi­
fication. Several teeth have been identified by Dr. E. H. 
Sellards, of this bureau, as those of Hipparion sp.? The 
age of this formation is, therefore, regarded as Pliocene. 
In the material weathered out from the limestone which 
caps the bluff on the west side of Coetas Creek, in Section 
10, G. & M. Block 20, two lower teeth of an unidentified 
species of horse were found. In different parts of the 
Coetas formation many fragments of teeth and also several 
astragali and one large leg bone were found which were in 
a fair state of preservation. 

In Section 10, A. B. & M. Block M3, there are two ero­
sional remnants about 20 or 25 feet high and 25 or 35 yards 
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in diameter, the material of which consists of slightly con­
solidated yellow or buff colored sand resembling in every 
way the material of which the Coetas formation is composed. 
An abundance of fragments of bones was found in the ma­
terial composing these remnants. A partially preserved 
left upper jaw, containing six teeth as well as several in­
dividual teeth, were taken out at this place. The teeth were 
identified by Dr. Sellards as those of Equus sp.? On ac­
count of the presence of the Equus teeth in this deposit it 
might seem somewhat doubtful whether the deposits at 
this place should be classed as belonging to the Coetas for­
mation. The deposits are in the bottom of a small valley 
tributary to Bonita Creek valley from the west. The pres­
ence of Equus teeth in these deposits then might be ex­
plained by the hypothesis that these erosional remnants are 
either the remains of a later terrace in the bottom of a 
valley, which was excavated in the Coetas formation, or 
that they are wind blown deposits in a similar situation. 
However, the lithologic character of the material of these 
remnants and their relation to the main body of the Coetas 
formation is such that were it not for the occurrence of the 
Equus teeth in this deposit and the occurrence of HippaTion 
teeth in the Coetas there would be no hesitation in classify­
ing the former as a part of the Coetas formation. Plate V, C 
shows a view of these erosional remnants. 

In the material of these erosional remnants tt!:"2re were 
also found large quantities of fossils, which have been 
identified by Dr. J. A. Udden as endocarps of drupes of 
Celtis. The characteristically wrinkled surface and pattern 
found on the surface of the endocarps of this genus are per­
fectly preserved in these fossils. They occur in aggregates 
which are somewhat cylindrical in form and three or four 
inches in diameter and up to a foot in length. Plate VT 
shows a photograph of one of these aggregates. These occur 
imbedded in the sand, of which the two remnants are com­
posed and the majority of them were found from eight to 
ten feet above the base of the easternmost of these two 
small hills, which is shown at the right of the photograph, 
Plate V, C. 
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The peculiar shape of these aggregates suggest that they 
might be the result of fossilization of endocarps stored in 
the burrows of animals. It seems possible, therefore, that 
these might have been introduced here after the deposits 
were laid down and that they are not contemporary with 
the Equui'! remains. The deposits at this place, like the 
Coetas formation in general, contain a considerable amount 
of calcium carbonate and it would seem that conditions for 
fossilization under such circumstances would be favorable. 

Con"elation.-Upon the basis of paleontological evidence 
the Coetas formation would be correlated with Blanco beds, 
which have been determined as Pliocene in ageY 

Relation to Adjacent Formations.-The Coetas formation 
is seen to overlie the Potter formation in several places, 
notably on the west side of Co etas Creek, on the Coetas 
Creek-Chicken Creek divide and the divide between Chicken 
Creek and Bonita Creek. It is not known whether the 
Potter formation underlies all of the Coetas formation or 
whether the latter formation merely overlies the Potter 
along the northern border of the former. As shown by the 
limestone member, the Coetas formation has a strong 
dip to the south and west, amounting to as much in some 
cases as five to ten degrees-a dip which apparently carries 
the formation to the level of Bonita Creek in the neighbor­
hood of Section 1, A. B. & M. Block 3. In this particular 
location formations, which are a part of the undifferen­
tiated Cenozoic formation, are also found at the level of 
the valley so that the Coetas formation apparently passes 
under these in this location. The dip of this formation 
is in the opposite direction to that of the Trujillo forma­
tion of the Triassic system, south of Bonita Creek, and 
corresponds somewhat to the dip of the Permian rocks far­
ther north. This raises the question whether the Coetas 
formation was not tilted at the time the deformation of the 
older rocks took place. It is not thought that the evidence 

'''Gidley, J. W., The Fresh-Water Tertiary of Northwestern T(';ws. 
American Museum Expeditions of 1899-1901. American Mu~,.pm of 
Natural History, Vol. XIX, Article XXVI, p. 624. 1903. ,,< 
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is sufficient for a conclusion in this respect, but it is suffi­
cient to raise the question. 

The limestone member of the formation when traced 
south along the divide of Chicken Creek and Coetas Creek 
valleys to the neighborhood of Section 23, G. & M. Block 
M20, is seen to pass under 85 feet of material which more 
closely resembles the Cenozoic deposits of the higher parts 
of the county, and which are evidently the latest deposits. 
The broken land or "breaks" end here and level uplands 
extend south from this neighborhood. The later deposits 
under which the Coetas passes, consist of pink calcareous 
sand or partly formed caliche with abundant gravel on the 
top. Marly cap rock is found 50 feet from the top of the 
hill to the south. The actual passage of the Coetas forma­
tion under the above described later formation is not seen, 
as the two are separated by a concealed area 100 yards in 
width, but the dip of the formation takes it under this 
concealed area, and so far as can be determined, under the 
younger formations. 

That the Coetas formation is an older formation than 
those just mentioned above, is also attested by the fact 
that a thin veneer of the gravels of the later formation is 
found in places on the top of the Coetas formation, although 
none is found in the formation itself. 

There seems to be no doubt, therefore, in considering the 
combination of evidences, that the Coetas formation repre­
sents a deposit younger than the Potter formation and 
older than the stratified sands and gravels and caliche to 
the south and east of it. 

UNDIFFERENTIATED CENOZOIC 

Gene1·al Statement.-The nature of the larger part of 
the Cenozoic deposits of the Llano Estacado and the Pan­
handle High Plains is such that it is impossible on lithologic 
or stratigraphic grounds, to separate them into different 
formations. This statement is equally true with regard to 
these deposits in Potter County. As has been shown in 
the discussion of the Coetas formation, the latter formation 
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evidently passes under the beds of the stratified sand and 
gravel, which constitute the later deposits. It might seem 
therefore, that the former should be classed as younger in 
age and regarded as a post Pliocene or later Pliocene. 
While this is no doubt true with regard to the immediate 
deposits concerned, the writer is of the opinion that the 
evidence is insufficient to warrant this classification of 
other deposits, except those which are shown to be directly 
related to the Coetas deposits. 

Gould38 in discussing this question with respect to the 
eastern portion of the Panhandle says: 

"It is the experience of the writer, after ten seasons 
spent in studying these deposits in Kansas, Oklahoma, 
Texas, and New Mexico, that it is practically impossible to 
separate either the Tertiary or Pleistocene deposits of the 
plains into mappable formations. };'rom the bottom of the 
;Loup Fork to the top of the Equus beds the general char­
acter of the rocks changes so constantly and with such ex­
treme irregularity that they cannot for the most part be 
identified in the fieJd. Sections made at about twelve 
points in eastern Colorado, western Kansas, western Okla­
homa, and in the Panhandle of Texas show such a marked 
similarity of structure that without the evidence of fos­
sils it is impossible to determine whether the rocks belong 
to the Miocene, the Pliocene, or the Equus beds." 

Definition and Distribution.-All Cenozoic deposits whose 
age cannot be determined by the evidence of fossils or by 
immediate relation to deposits, in which the age is so de­
termined, are referred to the class under discussion. 

These formations outcrop over a considerable area of 
the county and occupy a greater areal extent than any 
single formation which has been discussed. They occupy 
all of the southeastern one-fourth of the county, with the 
exception of the valleys of the East Amarillo, Pedrosa and 
part of Bonita creeks, all of the eastern part of the county 
to near the river, with the exception of the areas occupipd 
by the Potter and Coetas formations, and all of the western 

"Gould, C. N., The geology and water resources of the eastern por­
tion of the Panhandle of Texas: U. S. Geol. Surv. Water Supply 
and Irrigation Paper No. 154, p. 27. 
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part of the county north of the outcrop of the Trujillo, on 
the north side of the river, with the exception of a few 
isolated patches. In the southwestern part of the county 
these formations occupy a strip varying in width, from two 
to eight miles, bounded on the north by the escarpment over­
looking the headwaters of the Tecovas and West Amarillo 
Creeks. The deposits also occupy the inter-stream divides 
in the southern half of the county, reaching as far north 
as the river between Pedrosa and Bonita creeks and be­
tween East Amarillo and Pedrosa creeks and nearly to 
the river between East and West Amarillo creeks. A large 
irregular area occupies the divide between West Amarillo 
and Tecovas creeks and another between Tecovas and 
Cerritte la Cruz creeks. lV[inol" areas are found between 
the forks of West Amarillo Creek and between those of 
Tecovas Creek. 

Character.-The deposits consist for the most part of 
stratified sand and gravels and clays, the first two being 
the most prominent. In situations where the deposits have 
been weathered and eroded, as in the case of many of the 
inter-stream divides, it is not possible always to correctly 
distinguish between deposits in situ and deposits which 
have resulted from wash from the original beds. The 
gravels vary in size from pieces soveral inches in diameter 
to those no larger than can be classed as gravel, although 
pieces about one-third of an inch in diameter are probably 
the most numerous. The pebbles are largely composed of 
quartzite, the latter predominating and making up about 
60 or 70 per cent of that part of the deposit. Plate V, 
A and E, shows typical exposures in these deposits. 

The sand is usually a light yellow or buff color contrast­
ing with the darker color of the Potter formation. The 
deposits also contrast with the Potter formation on account 
of the absence of water-worn Gryphaeas, etc. in the latter. 
The thickness of the deposits vary from a thin veneer to 
200 feet but in the majority of exposures less than 100 
feet is found. The larger figures are derived mainly from 
the data of water well drillers. 

A very prominent feature of the deposits under discus-
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sion is the so-called "caliche" or "cap rock" of t~,e forma- f' (I e I t' 

tion. This is a limestone --i"ock iisually -. not over four or 
five feet thick but in some places reaching a thickness of 
10 feet or more and also in some places being represented 
by two or more separate beds. The cap rock is very vari-
able, but the character encountered most frequently is that 
of a soft white chalky limestone. In many places it con-
tains many concretions and some exposures show a com-
plete gradation between the concretions, which occur very 
abundantly in the sand and gravel of the formation, and the 
solid "cap rock." The rock very often exhibits a hard 
outer crust. The outer surface of the rock also frequently 
has a somewhat pitted surface. 

The origin of this rock has been ascribed to secondary 
deposition of calcium carbonate by ground water drawn 
toward the surface by capillarity.J" Udden·:ua is of the opin­
ion that the accumulation of a loess-like soil, such as exists 
in the Panhandle, has been a factor in the precipitation of 
calcium carbonate below the surface from water moving 
upward under capillary attraction, as such a deposit would 
furnish a superficial layer of very porous material making 
possible evaporation at a considerable depth below the sur­
face. He is also of the opinion that the existence of more 
than one layer of rock may be due to changes in topography 
caused by a continuous accumulation of loess thus shifting 
the ground water level and causing precipitation at differ­
ent depths. 

While this rock is popularly known as the "cap rock" and 
found in most cases near the top of the formation, it does 
occur in other parts of the formation, even in some cases 
lying immediately on the Tecovas formation. In cases of 
this kind, however, all of the younger deposits have been re­
moved by erosion so that the rock still occurs near the sur­
face. 

"Baker, Charles Lawrence, Geology and underground waters of 
the northern Llano Estacado, Bur. Econ. Geol. & Tech. Univ. of 
Texas Bull. 57, p. 31. 1915. 

JBaUdden, J. A., The "rim rock" of the high plains. Bull. Am. Assn. 
Petro Geol., Vol. VII, No.1, Jan-Feb., 1923, pp. 72-74. 
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Topographic Expression.-Along the rim of the greater 
valley of the Canadian River the cap rock or caliche pre­
serves the formations from erosion and a distinct escarp­
ment is formed, the extent and nature of which has been 
discussed in the description of the "caliche" or cap rock. 
Plate V, D shows some outliers of this escarpment in the 
southern part of the county. 

Back of the rim the surface is that of an almost feature­
less plain and typical of the Llano Estacado and the Pan­
handle High Plains. Very prominent features of the latter 
type of topography are the so-called "lakes" or sinks, broad 
shallow depressions which, during the wet season of the 
year, are occupied by shallow bodies of water. From rim 
to rim these depressions average from a half to three­
quarters of a mile in diameter. They are sometimes elon­
gated but are more often circular in shape. rfhe difference 
in elevation between the center and the extreme outer rim 
is usually not over 30 or 40 feet, and in many cases less 
than this. There is nearly always present an inner basin 
of a diameter of one-third or less of that of the depression 
proper. This inner basin has a depth of usually less than 
ten feet. From this inner basin the ground slopes very 
gradually to the outer rim. There are little more than a 
dozen prominent sinks within the limits of the county, al­
though they are a very common feature of the topography 
of the rest of the Panhandle. These are nearly all confined 
to the southeastern corner of the county. 

Johnson40 has given an elaborate discussion of the ques­
toin of the origin of these basins and concludes that they 
are due to "ground settlement, rather than to some process 
either of original construction or subsequent erosion." He 
believes that these depressions are due to compacting with­
in the formation itself and to caving in the underlying 
floor beneath the Tertiary and Quaternary deposits. 

Within the greater valley of the Canadian River the cap 
rock usually does not appear except as occasional outcrops, 
which, it is believed, are secondary depositions made in the 

<OJohnson, Willard H., The high plains and their utilizat:]u: U. S. 
Geol. Sur. 21st Ann. Rep't. pt. 4 p. 701 et seq. 1901. 
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same manner as those of the main outcrops but subsequent 
to the re-excavation of the valley and, therefore, subsequent 
to the deposition of the main "cap rock." The deposits 
within the main valley, therefore, not having the protection 
of the overlying cap rock, are easily eroded and give rise 
to small rounded, irregular hills and numerous gullies of 
the "bad land" type of topography. The extent and nature 
of this type of topography has already been discussed under 
the subject of Physiography. 

Back from the river, where the erosion is not so vig­
orous, the topography of these deposits grade from the 
bad land type to rough broken land of rolling hills of sand 
and gravel and sand choked, dry valleys. The latter type 
of topography is typical of a large part of the northern 
portion of the county which lies west of the outcrop of 
the Permian rocks. 

The formations under discussion frequently give rise to 
dune topography. The dune areas, as a rule, are not so 
sharply and distinctly set off from the formations as is the 
case with those which are derived from the Codas forma­
tion, so that dune areas and weathered and broken down 
original deposits grade into each other almost insensibly. 

Another deposit to which no definite classification is as­
signed is a fine-grained, very hard rock varying from a 
highly siliceous limestone to almost pure chert. This de­
posit is found exposed on the bluff four miles east of the 
railroad in Section 13, B. S. & F. Block No.9. It has a 
maximum thickness of about four feet. It contains a few 
quartz pebbles some of which are as much as an inch in 
diameter. It occurs directly above the outcrop of the Tru­
jillo at this place and apparently rests unconformably upon 
the latter. 

ALLUVIUM 

The alluvium of the Canadian River is almost wholly com­
posed of sand. The alluvium of the smaller streams, 
especially those whose courses are through the thick Ter­
tiary and Quarternary deposits is largely of the same char­
acter. Many of the creeks of this kind are known as "sand 
creeks" because during a larger part of the year they con­
tain no stream and their beds are filled with thick deposits 
of sand. Streams which flow wholly on other formations, 
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such as the Tecovas, have less deposits of sand and more 
deposits of finer alluvium derived from the shales of the 
formations over which they flow. 

STRUCTURAL GEOLOGY 

The structure of a part of the county has been discussed 
by Gould41 in connection with the structure of the region 
in general. Mention has already been made of the struc­
tural map of the Amarillo gas field prepared by Gould and 
others. (See p. 14.) 

Gould states that the structures in which gas has been 
found in the Amarillo region belong to a system of some 
ten to twelve domes along the Canadian River from Ple­
mons, Hutchinson County, to the west' line of the Panhandle. 
He describes these as large oval, more or less symmetrical 
domes, with an uplift of 200 to 500 feet and a major axis 
of from six to twenty-five miles. He describes the John 
Ray Dome, which lies in the northeast part of Potter 
County, as a broad symmetrical structure 15 to 20 miles 
long and 8 to 10 miles wide a lift or upfold of 500 feet. 

A second of the series of domes mentioned by Gould in 
the paper cited is the Tuck-Trigg Dome which he describes 
as being situated about 10 miles south of the John Ray 
Dome and about 200 feet lower than the John Ray Dome. 
These structures were also briefly mentioned by Gould in 
Water Supply Paper 191 published in 1905. 

The John Ray Dome is the most conspicuous structural 
feature of the county. The canyon of the Canadian River 
cuts through the side of the dome so that the dip of the 
rocks can be plainly seen. (See Plate V, E.) 

The Alibates dolomite has been thoroughly exposed by 
erosion over a considerable portion of the structure and 
furnishes an easily identifiable reference horizon so that 
accurate and detailed structure mapping is possible. The 
same statement holds true with regard to the Tuck-Trigg 
Dome. The excellent work done by Gould and his colab­
orators by mapping on this horizon render unnecessary 

41Gould, C. N., Geology and Structure of the Amarillo region, Bull. 
of American Association of Petroleum Geologists, Vol. 4, No.3, pp. 
269-275. 1920. 
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any further work of this kind and those who are interested 
are referred to the work of these gentlemen.42 

The John Ray Dome occupies the eastern part of D. & P. 
R. R., Block 018, G. & M., Block 3, eastern portion of H. 
& T. C. R. R., Blocks 47 and 46. The Tuck-Trigg Dome 
lies mainly in the east-central part of G. & M. Block 5. 
In Fig. 6 is shown a structural map of the John Ray Dome 
made by contouring on the highest gas horizon in the field. 

The origin of these and similar structures have been 
attributed by Powers 4B as possibly due to condensation of 
sediments around and over buried hills. 

In a discussion of the oil and gas possibilities of the 
Texas Panhandle PratV4 express agreement with this 
hypothesis. 

The Triassic rocks in the southern half of the county 
show in general a dip to the north and east which is some­
what the reciprocal of the dip shown by the rocks of the 
Permian system on the north. This dip averages about 
30 feet to the mile up to the neighborhood of Bonita Creek 
where the dip increases to as much as five to ten degrees. 
The dip of the Permian rocks north of this location is also 
very steep, similar dips being recorded on the Alibates dol­
omite. It will be seen from the cross section Plate VIII, B 
that the dips here are so great as to indicate the possibility 
of a fault in this location. However, the relations of the 
formations and the dips are sufficient to account for the 
observed conditions and it is not thought that there is any 
positive evidence of faulting in the conditions here. 

From the Canadian River the Triassic formations ap­
parently rise to the north as is seen from exposures in 
northern Corrall Creek and in Big India Creek, although 
the Triassic rocks at the river have in general local dips 
away from the river causing the formation of northward­
dipping cuestas away from the river valley. 

420n the map accompanying this report the hundred-foot contours 
of Gould's map are reproduced and are shown in green. 

·'Powers, Sidney. Reflected buried hills and their importance in 
petroleum geology: Econ. Geol. Vo. 17, No.4. June-July, 1922. 

<>Pratt, Wallace E. Oil and gas in the Texas Panhandle. Bull. 
Am. Assoc. Petroleum Geologists. Vol. 17, No.3, pp. 237-250. May­
June, 1923. 
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In Big India Creek the Triassic rocks are seen to have 
many local folds showing four or five minor folds, in as 
many miles, having dips of from two to five degrees. The 
northward rise of the Triassic formations is sufficient to 
bring up the Tecovas formation as the formation of both 
the bottom and walls of the valley north of Section 30, 
D. & Q. R. R., Block 018. 

There is apparently a syncline between the mouths of 
John Ray and Home Creek. This has already been dis­
cussed under Stratigraphic Geology. (See p. 71.) 

The contours shown on the map accompanying this re­
port, which are drawn on the top of the Trujillo forma­
tion, are based, for the most part, on elevations obtained 
by corrected barometric readings. Owing to the scarcity 
of bench marks, and the distance which it was necessary to 
traverse between bench marks and outcrops in many cases, 
the results must be considered as only approximate and 
any conclusions based upon them should be carefully 
checked by accurate plane-table surveys. It is thought, 
however, that they serve to indicate in a general way the 
structure of that part of the county, which on account of 
the absence of a good horizon marker, such as the Alibates 
dolomite, has not received the attention that the more 
Basily mappable portions of the county have been given. 

In Section 86, H. & T. C. R. R., Block 47, the Triassic 
formations appear to have been cut by a fault trending 
east and west, with downthrow to the south. After care­
ful study of the conditions here the writer is of the opinion 
that the conditions shown are not due to an ordinary 
fault but merely indicate slumping of the formations, 
either a slump of a large portion of the cliff down the face 
or slumping due to caving in of the underlying Permian 
formation, a condition which is common in the latter for­
mation. The condition seems to be entirely local and not 
traceable any considerable distance in either direction. A 
'condition somewhat similar to that described above is seen 
in Box Canyon in the neighborhood of Section 58, A. B. & 
M., Block 1. 

One-half mile west of John Ray Creek, Section 86, H. 
& T. C. R. R., Block 47, is, seen a small local fault with a 
throw of about eight feet, downthrow to the west and 
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fault plane about vertical. (Plate II, D shows a view of 
this fault.) Another small fault is seen in the valley of 
Pedrosa Creek in Section 13, A. B. & M., Block 3. The 
throw here is of only a few feet. 

ECONOMIC GEOLOGY 

OIL AND GAS 

The oil and gas development of Potter County began with 
the drilling of the Masterson Well No. 1 in Section 65, 
Block 018, D. & P. R. R. Co. This well was brought in as 
a gas well September 1, 1918, and was completed in Decem­
ber, 1918. This was the discovery well of the Panhandle 
as well as of the Potter County field. Its capacity upon 
completion was estimated at from eight to ten million cubic 
feet of gas daily. The drilling of this well was followed 
rapidly by the drilling of other wells. In 1922 there were 
twelve producing wells within the limits of Potter County, 
with a total estimated capacity of 25 million cubic feet of 
gas per day. In addition to wells located within the bound­
aries of the county, there are twelve producing wells in the 
part of the field which is outside of the county. 

In the discussion of "Rock Not Exposed" it was shown 
that the gas-bearing horizons are probably situated in the 
Permian system and that the gas may have migrated into 
the structures in which it is now found. 

In practically all of the producing wells the gas occurs at 
more than one horizon. In the Amarillo Oil Co.'s Master­
son No. 3 for example, seven different horizons are re­
ported. The gas horizons are close together in some cases 
and far apart in others, the maximum distance of separa­
tion being that of two horizons in the Amarillo Oil Coo's 
Masterson No.5, where two horizons are separated by an 
interval of 555 feet. 

With the exception of one well situated on the Tuck-Trigg 
Dome, all of the producing wells in Potter County up to the 
time of the publication of this report, have been drilled on 
the John Ray Dome, in the northeastern part of the county. 
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Several wells have been drilled in other parts of the county 
but none of them resulted in producing wells. 

A showing of oil has been reported in the logs of some of 
the wells but so far no oil has been produced within the 
county, although oil is being produced in parts of the field 
which do not lie within the limits of the county. 

Pipe lines have been laid from the gas field to the city of 
Amarillo and the gas is being used for domestic and man­
ufacturing purposes. The city of Amarillo uses from four 
and a half to five million cubic feet of gas daily for domestic 
purposes. The United Zinc Smelter Company is at present 
constructing a plant which it is expected will use five million 
cubic feet of gas daily. The Panhandle Brick and Tile 
Company also use the gas in their furnaces in the manu­
facture of brick. 

HELIUM 

The United States Bureau of Mines has conducted an in­
vestigation to determine the helium content of the gas 
from this field but so far no public announcement of the 
results of their work has been made. 

NATURAL-GAS GASOLINE 

The Cannon Gasoline Company of Amarillo has recently 
completed and has in operation a plant for the extraction 
of gasoline from natural gas of the Amarillo field. The 
plant at the present time is treating 20 million cubic feet of 
gas per day. The method used in this extraction is the one 
known as the absorption process. 

Concerning the Natural-Gas Gasoline industry as a 
whole, the U. S. Mineral Resources for 1918, makes the 
following statement which is quoted here for the reason 
that it is sometimes thought that this extraction lowers 
the value of the natural gas for domestic and other pur­
poses: 

"In increasing the supply of motor fuel, natural-gas 
gasoline is a direct means of conservation in that its ex­
traction does not destroy the gas in which it is contained. 
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Experiment has demonstrated that the extraction of gaso­
line from natural gas docs not reduce appreciably the value 
of the gas for heat, power, and light, but that it is a bene­
fit, for it removes not only the water but also the gasoline, 
which causes leakage by disintegrating the Tubber gaskets 
in the pipes." 

With the increased use of the natural gas from the Potter 
County field, the Natural-Gas Gasoline industry will no 
doubt assume larger proportions. 

POTASH 

Sea water contains a number of different salts of varying 
solubility. When such a solution is evaporated the salts 
are deposited in the order. of their solubility, the less soluble 
ones coming down first. The element, potassium, forms but 
few insoluble salts. As a consequence, the salts of potas­
sium are among the last to be precipitated when a solution 
of sea water is evaporated. The most soluble salts found 
in sea water are the chlorides and sUlphates of potassium 
and magnesium and the chlorides of calcium. 

The conditions surrounding the preGipitation of the salts 
from sea water on evaporation from sea water are some­
what complex both from the standpoint of the chemical 
and geological factors involved. The solubility of a salt is 
influenced by the presence of another salt in the solution and 
by the temperature. Furthermore, the geological condi­
tions necessary for the precipitation of various salts from 
sea water require a nice adjustment of a number of differ­
ent factors, and in general it may be said that the adjust­
ments become increasingly complex as the conditions neces­
sary for the precipitation of the more soluble salts are 
reached. It is to be, expected, therefore, that the deposits 
of the more soluble salts found in sea water should be rela­
tively rare, as is the case. 

The largest potash deposits definitely known at the pres­
ent time are those in Germany and France. The German 
deposits were discovered in 1843 and up to the period of the 
World War had been the principal source of the world's 
supply of these salts since 1860. The principal raw ma-
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terials from which the commercial supply of potash is de­
rived from these deposits are carnallite (KCI. MgClz• 

6H20), kainite (KCI. MgSO 4. 3H20), and hartsalz, a mix­
ture of sylvine (KC]), kieserite (MgS0 4 • H 20) and rock 
salt (NaCI). 

In 1904 extensive deposits of potash were discovered in 
Alsace. These contain principally the mineral sylvite:1" 

Minor deposits of potash in different parts of the world 
have yielded small amounts of potassium salts and some 
salts have been derived from natural brines, ashes of sea 
weeds, cement dust, treatment of the mineral alunite 
(K2SO'j. Alz(SO'j)3. 4 AI(OH)3)' and by treatment of sili­
cate rocks. In 1920, in the United States, there were pro­
duced by the various processes outlined above 48,077 short 
tons of potash (K20) or the equivalent of 19 per cent of the 
average annual consumption of the country for the years 
immediately preceding the World War. There were im­
ported into the United States in 1920, 224,792 short tons 
of potash (K20). Of this amount 197,795 short tons were 
imported largely for use as a fertilizer.46 

Potassium is a characteristic constitutent of plants and 
the compounds of this element are necessarily present in 
all fertile soils. Unless supplied in the form of fertilizers 
the soils will rapidly become exhausted. An adequate 
supply of these salts for fertilizers is, therefore, an im­
perative necessity for agriculture. The problem of securing 
an adequate domestic supply of potassium salts is, therefore, 
of vital importance to the nation and any possible domestic 
source of supply should be most carefully investigated. 

At present the most promising field for exploration for 
potash deposits seems to be that of the great salt beds 
which underlie central Kansas, western Oklahoma, 
northern and. western Texas, and eastern New Mexico. 
Although this is the greatest known salt field in the world 
it does not necessarily follow that it, therefore, contains 

4;Gale, Hoyt S., Potash deposits of Alsace: U. S. Geol. Sur. Bull. 
715-B. 1920. 

«'Nourse, M. R., Potash in 1920. U. S. Geol. Sur. Mineral Re­
sources, 1920. Part 2, pp. 99-110. 
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large deposits of potash. Potash deposits are associated 
with deposits of common salt but it does not necessarily 
follow that where salt deposits occur that potash deposits 
will be found also. Attention has already been called to 
to fact that the conditions necessary for the precipitation 
of the most soluble constitutents of sea water call for such 
a nice adjustment of a number .of factors that the condi­
tions are seldom fulfilled, and that there are, therefore, 
many deposits of gypsum and sodium chloride, etc., which 
do not have associated with them any deposits of salts of 
potassium. On the other hand it is also obvious that where 
extensive beds of sodium chloride have been laid down 
that it is likely that somewhe~e within that area conditions 
for the precipitation of potassium salts might have been 
met. 

Positive evidence of the presence of potash minerals in 
the salt beds of Texas is not wanting, however, although 
the exact extent of such deposits has not yet been de­
termined. It is worthy of note in this connection that the 
discovery of potash in borings in Potter County were 
among the first discoveries of potash in the great salt field 
under discussion. 

The first discovery of potash in the salt beds of west 
Texas was made in 1912 by Dr. J. A. Udden, Director of 
the Bureau, who was at that time Geologist of the Bureau. 
The discovery was made from an examination of samples 
from a boring at Spur in Dickens County. In 1915 in ex­
amining samples from a well drilled on Sec. 4, E. L. & R. 
R. R. Co., Block 21 W, in the western part of Potter County 
he found potash minerals containing as high as 9.23 per 
cent of potash (KzO) in the soluble portion from the depth 
of 875-925 feet below the mouth of the well or from 2389-
2239 feet above sea level. Potash was also found by Dr. 
Udden in samples from the boring on the Miller ranch in 
Randall County. These discoveries and the question of the 
possibility of finding workable deposits of potash minerals 
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in the Texas Permian were made the subject of two bul­
letins by the BureauY 

In 1916 the U. S. Geological' Survey undertook a deep 
drilling in Sec. 21. B. S. & F., Block 29, near Cliffside in 
Potte:r: County in order to make a test of the beds there 
for potash minerals. In the report of the results of this 
boring it is stated that no potash of special significance was 
found although a great quantity of crystaline rock salt 
was penetrated. 48 

With regard to this particular boring, however, the fol­
lowing statement is made in the report cited above: 

"The negative results obtained from this one well should 
not be a discouragement to drillers looking' for potash else­
where in this general region or deeper in this same vicinity, 
as it is entirely possible that potash bearing zones may be 
struck at any time in association with thick salt deposits in 
the United States and may prove a valuable asset when 
found." 

Subsequently the United States Geological Survey and 
the Bureau of Economic Geology and Technology entered 
into a cooperative agreement to obtain all the informa­
tion, regarding the occurrence of potash, that it was 
possible to obtain from wells being drilled for oil in the 
western part of the state. As a result of this work potash 
was found in five new places in the Llano Estacado. A 
discussion of these discoveries is given in an article by 
Dr. J. A. Udden,40 director of the Bureau of Economic 
Geology and Technology and in an article by David White,50 

47Udden, J. A., The deep boring at Spur: Univ. of Texas Bull. 
363. 1914. 

Udden, J. A., Potash in the Texas Permian: Univ. of Texas Bul1. 
17. 1914. 

"Gale, Hoyt S. and Hicks, W. B., Potash: U. S. Geol. Sur. Minera[ 
Resources, 1917, Part 2. Non-metals. 00. 427-428. 

'"U dden, J. A., On the Discovery of Potash in West Texas: Ch'?mi­
cal and Metallurgical Engineering. Vol. 25, No. 26, pp. 1179-1180. 
Dec. 28, 1921. 

"White, David, Potash Reserves in West Texas: Mining and Met­
aliurgy. April, 1922. 
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chief geologist of the United States Geological Survey, and 
in press bulletins issued by each of these organizations. 

It is the expressed conviction of both organizations that 
the possibility of discovering workable beds of potash in 
the Texas Permian is sufficient to warrant explorations 
by means of careful drilling and examination of drill cores. 

With regard to the possibilities of potash in Potter 
County, some additional information may be obtained by a 
study of the well logs of wells drilled for oil and gas. It 
It has been noted before that although the presence of thick 
beds of' ordinary salt are not positive indications of the oc­
currence of potash minerals, it is in such locations that 
potash deposits are most likely to be found. Below is given 
in tabulated form the number and aggregate thickness of 
beds of salt encountered in the drilling of oil wells in 
Potter County. 

In the examination of samples from Haines Masterson 
Well No.2, in Section 10, D. & P. R. R. Block 018, traces of 
potash were found in samples from depths 1225-1230, 1295-
1305, 1305-1330. See description of samples from this 
well on page 148. 

The foregoing data are sufficient to show that Potter 
County lies within the region of the thick beds of salt of 
the Permian system, which places it within the area in 
which potash deposits may possibly be found. 

In summarizing, it may be said that there are in West 
Texas extensive beds of thick sodium chloride deposits; 
that the conditions under which these deposits were laid 
down were such as to make it likely that potassium salts 
also have been precipitated somewhere in this area; that 
such salts have been found at widely separated points with­
in the limits of this area, but that no definite information 
is at present available with regard to the thickness and 
areal extent of such deposits. With regard to Potter 
County it may be said; that the county lies within the limits 
of the thick salt beds referred to; that potash varying in 
amount from .027 to 9.23 per cent of the soluble portion has 
been found in wells in the county; but that the one test well 
drilled especially for the purpose of exploration for potash, 
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Name and location of well. ~ 

Amarillo Oil Co. Masterson I 
No.1, Sec. 65, Block 018 

"'.., ..00;; 
• tfJ 

Z1J 

D. & P. R. Co................... 1 

Amarillo Oil Co. Masterson 
No.3, Sec. 102, D. & P. 

35 

P. R. R., Block 018.......... 0 0 

Amarillo Oil Co'. Masterson 
No.2, Sec. 70, D. & P. R. 
R., Block 018 .................. 0 0 

Amarillo Oil Co. Masterson 
I 

No.4, Sec. 108, D. & P. 
R. R., Block 018................ 0 0 

Amarillo Oil Co. Masterson 
No.5, Sec. 31, G. & M., 
Block 3 ....................... . 

Emerald Oil Co. Masterson\ 
No.1, Sec. 82, G. & M.,I 
Block 3 ............................ 1 

White Oil Corporation. Mas-I 
terson No.1, Sec. 5, G. & 

Gr:t~:O:~""illO~,I~~ I 
Masterson No.1, Sec. 20,1 
G. & M., Block 3 _____________ 1 

Haines Little Pool Master-\ 
son No. 1. Sec. 14, G. &1 
M., Block 3 _____ ._._ ---- I 

I 
Ranch Creek Oil Co. Mas-i 

terson No.1, Sec. 2, E. L.\ 
& R. R. R. Co., Block B-1 
11 _. __ ._. __ . __ .. __ .. ___ ... _ .......... __ _ 

6 180 

o o 

3 265 

3 564 

6 322 

5 312 

Remarks: 

Two strata reported by 
driller as shale and salt. 

Two strata reported as salt 
and red rock. 

One bed reported as salt and 
gypsum. 

Driller reports 700-730 as 
"salt water." This not in­
cluded in n u m 1) e r of 
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Name and location of well. .i§ 

Amarillo Oil Co. Bivens No. \ 
1, Sec. 106, H. & T. C. R. 

(J) ..., 

,.oCil 
• rn 

Z6 

R., Block 46 __________ ____ ______ 3 

Amarillo Oil Co. Bivens No. i 
2, Sec. 2, G. & M., BlOCk\ 
M-20 --______________________________ 7 

Amarillo Oil Co. Bivens No. 
3, Sec. 15, G. & M., Block 
M-20 ----------- --------- ---- __ I 1 

Amarillo Petroleum Co. J a-I 
cobs No.1, Sec. 16, A. B.I 
& M., Block 2 _________________ I 10 

Miller Oil & Refining Co. \ 
Tanner No.1, Sec. 59, A.I 
B. & M., Block 2 ______________ 1 19 

I 
Haines Oil Co. Tuck-Trigg I 

No.1, Sec. 37, G. & M.,I 
Block 21-W _ ------ ---- ---- ___ I 10 

u. S. Geol. Sur. Well, Sec. I 
21, B. S. & F., Block 9 __ I 9 

I 
Amarillo Petroleum & Gasl 

Co. Boden Well, Sec. 4, K, 

L. & R. R. Co., Block I 
21-W __ 1 10 

\ 
I 

One stratum reported by 
driller as salt and red 

416 rock. Another as salt, gyp 
and slate. 

715 

20 

205 

Two strata reported as red 
rock and salt. 

Reported as salt and gyp. 

One stratum reported as 
rock salt and lime. 

Eight strata reported as 
shale and salt. Three as 

619 lime and salt. 

324 

Two strata reported as salt 
358 and anhydrite. One as 

salt with intercalated red 
clay. 

314 
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did not yield any results. Whether 01' not there are any 
workable beds of potash within the county cannot at present 
be positively stated. 

GLASS SAND 

On account of the abundance of fuel from the gas fields 
of the county, the location of deposits of sand suitable for 
the making of glass is desirable. For this reason careful 
search was made for suitable deposits of this sort. The 
most promising deposits seemed to be the slightly consoli­
dated sandstone of the Tecovas formation, which have been 
described under that formation. As has been stated under 
the discussion of the Tecovas formation, these slightly con­
solidated sands occur as lens-like bodies in the formation 
and show very great variations in thickness from place to 
place. For this reason careful prospecting should precede 
any attempted development of these deposits for glass sand 
purposes. Considerable thickness at one exposure does not 
necessarily mean that there is a large deposit of this sand 
at that locality. Careful exploration by means of test 
holes should precede development in any locality in order 
that the exact amount of the deposit may be ascertained 
in advance. 

Sands of the Tecovas formation are exposed in the valleys 
of Tecovas Creek, West Amarillo Creek, East Amarillo 
Creek, Pedrosa Creek and along the Canadian River, be­
tween the mouths of Bonita and Pedrosa creeks, and north 
of the Canadian River along the northern part of the west 
one-half of H. & T. C. R. R. Block 47. It should be noted, 
however, that the outcrops are not continuous throughout 
the locations named and that the areal extent of the sand­
stone members under discussion is probably not large, al­
though there may be a possibility of locating deposits of 
sufficient extent for commercial purposes. 

Representative samples from the deposits under discus­
'sion were collected by the writer and submitted to the Divi­
:sion of Industrial Chemistry for analysis, to determine their 
.suitability for the manufacture of glass. Below is given 
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the report of Dr. E. P. Schoch, head of the Division of 
Industrial Chemistry. 

"The seven samples of sand from Potter County, sub­
mitted by you to this laboratory to be tested for their fit­
ness for glass making, were analyzed by Mr. J. E. Stullken 
after this manner of p:rocedure: 

"Silica was determined by fusing 1 gm. of the sand with 
sodium carbonate, by the usual proccdure. 

"For the determination of alumina, ferric oxide, cal­
cium and magnesia, 20 gms. of sand were treated with sul­
phuric and hydrofluoric acids three times and each time 
evaporated to dryness. The residue was treated three times 
with hydrochloric acid and finally diluted and the soluble 
portion filtered off and examined for alumina, ferric oxide, 
lime and magnesia in the usual way. The insoluble residue 
was dried, ignited and fused with sodium carbonate and 
treated in the usual way for additional lime. 

"Tests for phosphates were made on 10 gm. portions 
of sand, treating repeatedly with nitric acid and filtcring. 
To the filtrate ammonium molybdate was added to precip­
itate the phosphoric acid. 

"For sulphates 10 gm. portions of sand were repeatedly 
treated with hydrochloric acid, evaporatcd to dryness, taken 
up with dilute hydrochloric acid and filtered. The filtrate 
was tested in the usual way with barium chloride solution. 
No sulphates were found in any of the samples. 
"Sources of Samples: 
"A" From Tecovas formation near headquarters, Hall 

Ranch, West Amarillo Creek, Potter County. N. W. 
14 Sec. 23, B. S. & F., Block 9. 

"B" ,r. Hall Ranch, West Amarillo Creek, Potter County, 
S. W. 14 of Sec. 22, B. S. & F., Block 9. 

"C" J. Hall Ranch, West Amarillo Creek, Potter County, 
Sec. 22, B. S. & F., Block 9. 

"D" Word Ranch, Sec. 8, G. & M., Block M. 19. 
"E" Tecovas formation, 1 mi~e west of Boden on ranch of 

Judge Word. 
"F" Tecovas formation on Tecovas Creek, approximately 

Sec. 188, B. S. & F., Block 9. 
"G" Undifferentiated Cenozoic, Potter County. Taken on 

Colorado and Gulf Highway, N. of Canadian River near 
the river. 
Appearance of Sample.s: These are all of very fine grain 

except "G" which is somewhat coarser (see Sieve Analyses). 
"A" pinkish-gray. 
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"B" grayish-white. 
"C" nearly white. 
"D" pinkish-white. 
"E" a little brighter than "D." 
"F" light yellow. 
"G" pinkish-gray. 
Analyses: 

Ignition Ferric Phos-
Lab. No. Mark Loss Silica Oxide Alumina L,me Magnesia phates 
C1879 "A" 1.79 93.20 0.53 2.29 0.11 0.01 none 
C1880 "B" 3.30 87.70 1.16 3.33 none none little 
C1881 "e" 2.00 91.85 .61 4.65 .19 .16 none 
C1882 "D" 99.00 .46 none 
C1883 "E" 98.50 .77 .08 none 
C1884 "F" .90 94.41 .66 2.35 none none trace 
C1885 "G" 2.35 82.50 1.32 5.97 1.11 trace little 

Remarks on composition of these samples: "The only 
two that can be considered as glass sand are 'D' and 'E,' 
and these are fit only for window glass. 

"As far as the iron oxide is concerned, the rest might 
be used for bottle glass, but the high per cent of alumina 
renders them unfit for glass." 

Note: Sample "G" of the above is not from the forma­
tion under discussion but from the sands of the Cenozoic 
deposits, but the analysis was included with the analyses of 
the other sands. 

The foregoing shows the need of careful investigations 
of any of these deposits from the standpoint of qhemieal 
analysis, as well as areal extent of the deposits, before any 
development of them is attempted. 

MOULDING SAND 

As indicated in the report of the analysis of sands for 
glass sand the Division of Industrial Chemistry also re­
ported upon the suitability of these sands for foundry pur­
poses. Below is given the report of Mr. Potter, chemist 
of the Division of Industrial Chemistry: 

"With reference to the suitability of the samples of sand 
submitted by Dr. Udden for foundry purposes, I wish to say 
that the samples marked A, B, and E, are too fine grained 
for this purpose. 

"Sample C is very fine grained and has fair bonding 
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power. This sand could possibly be used for light castings. 
"Sample D is very fine grained and has a low to fair 

bonding power. This sand could possibly be used for light 
work in brass, but its use would be very limited. 

"Sample F is fine grained and has fair bonding power. 
This sand could probably be used for light castings in gray 
irol1 and brass. 

"Sample G is the only sand that really has much prom­
ise as a molding sand, and it has the disadvantage of a rath­
er low bonding power. It is medium grained, however, and 
could be used for medium castings." 

Sample "G," which Mr. Potter reports as having the most 
promise as a moulding sand, is a representative sample of 
the sand of the Cenozoic deposits of the county, which have 
a very considerable areal extent and thickness within the 
county. 

BRICK AND TILE 

Representative samples of the Tecovas shale were col­
lected and submitted to the Division of Industrial Chemistry 
to be tested for their suitability for the manufacture of brick 
and tile. The following report was rendered: 

REPORT ON SAMPLES TECOV AS SHALE 
By E. P. SCHOCH 

The samples of Tecovas Shale from the pit of Panhandle 
Brick and Tile Co., Section 55, Block No.9, Potter County, 
have been examined by Mr. A. D. Potter according to the 
specifications of. the American Ceramic Society, and he 
reports the following: 

The raw clay was made up into test piect's by both the 
stiff mud and dry press process and were tested according 
to specifications. The linear drying shrinkage of the stiff 
mud test pieces amounted to 12%. This excessive shrink­
age caused the pieces to crack and they were not fired. The 
plasticity of this sample was medium, and it required 23.7% 
of water for working. Test pieces were also made by the 
stiff mud process containing 5, 10, and 15% of grog, re­
spectively. Of these samples, the ones containing 5 and 
10% grog, showed fair drying qualities. The samples con­
taining 15% grog, showed good drying qualities. These 
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samples were fired at a uniform temperature of about 
950 0 C. The samples containing 5 and 10% grog developed 
some cracks during the firing; the samples containing 15% 
grog came out sound. 

The dry press test pieces made from raw clay were fired, 
but it was feund that all pieces were cracked badly at 
950 o C., and the entire set was removed from the furnace 
at this tcmparture. 

In conclusion I should say that on the basis of these tests, 
this clay could bE' used in the manufacture of red burning 
brick and tile by the stiff mud process, providing 15-20% 
of grog, or dead material, is added to the raw clay. 

The shales of which these samples are representative are 
quite extensively exposed in the county. Many of these 
exposures have little overburden and are in locations which 
are fairly easily accessible. The gas fields offer an abundant 
supply of fuel so that it would seem that conditions are 
favorable for the manufacture of brick and tile. The Pan­
handle Brick and Tile Company has a plant near Cliffside 
which has been in operation since June 1, 1922. At the 
time the plant was visited by the writer there were in opera­
tion one permanent and three temporary kilns giving an 
output of 10,000 bricks per day. The product is a building 
brick. 

ROAD MATERIALS 

The county has abundant deposits of gravel which is ex­
cellent material either for macadam purposes or for the 
purpose of making a bed for the use of other materials, 
such as asphalt. The county at present has 35 milt's of 
paved highway. In the construction of these highways local 
gravel was used for the gravel macadam base of these pave­
ments. The gravel for these projects was obtained largely 
from two gravel pits, one situated on the Hall Ranch, near 
Cliffside, and another three miles south of the bridge across 
East Amarillo Creek, on the Colorado and Gulf Highway. 

The gravel deposits are wide-spread throughout the 
county. The nature and distribution of the Cenozoic de­
posits, in which they are contained, has already been dis­
cussed. (See under Potter formation and undifferentiated 
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Cenozoic deposits.) The wide variation in the nature of 
these formations makes it impossible to designate any 
particular location as being particularly valuable for its 
gravel deposits but wherever these formations exist 
throughout the county good deposits of gravel may be 
looked for. The situation in Potter County is much better 
than in many other counties of the Panhandle in respect 
to the availability of these deposits. Over a large part of 
the area of this county erosion has removed the cap rock or 
"caliche" from these deposits, thus rendering them more 
available than they would otherwise be. It is true, of 
course, that the formation of another caliche deposit, as 
discussed on page 89, in some places will cause some trouble 
but the deposits in this county are ordinarily as available as 
any gravel deposits. Where mixed with sand to the extent 
of 60 to 75 per cent, engineers in charge of highway con­
struction report that it does not pay to screen the gravel 
out. 

While it is not practicable to indicate areas which may be 
of value because of their gravel deposits, on account of the 
very variable nature of the deposits in which the gravel is 
contained, there are, nevertheless, certain areas which are 
more favorable than others. The "bad lands" south of the 
Canadian River, in the eastern part of the county, contain 
many gravel deposits which are evidently easily available 
and which do not seem to contain too great a proportion of 
sand. The same is true with regard to the "bad lands" 
between the mouths of East and West Amarillo creeks. 
North of the river many of the exposures exhibit too large 
a proportion of sand but careful prospecting will reveal 
many deposits which are satisfactory in respect to the 
proportion of sand and gravel and which would require 
but little work of excavation. The so-called mortar beds 
of the Potter formation nearly everywhere contain a pro­
portion of gravel large enough to make them available for 
the purposes in question and, although they are somewhat 
firmly cemented, the induration is not sufficient to greatly 
injure them for the purposes under discussion. 

The Alibates dolomite is a rock which would make a very 
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good material for crushed stone to use in road making and 
is extensively exposed without any overburden so that it 
could be easily quarried. 

SOIL 

The soils of Potter County have been classed by the 
United States Department of Agriculture into Amarillo 
silty clay loam and Amarillo sandy loams and loam (un­
differentiated) .51 

A considerable portion of the county, in the neighborhood 
of the river and the larger tributary streams, is classed as 
"rough, broken land" and no classification of the soils is 
made. 

The extent of the Amarillo silty clay loam, as mapped in 
the report cited above, is practically identical with that 
part of the county which occupies the high lands back of 
the cap rock. The undifferentiated Amarillo sandy loams 
and loams occupy the interstream divides and the rolling 
land immediately below the escarpment. 

The Amarillo sandy loams are thought to have been de­
rived from the sandy deposits of Tertiary and Quaternary 
age. They are described as brown or reddish-brown, me­
dium to fine sandy loam. The Amarillo loam is described 
as a dark brown loam varying to heavy sandy loam. It has 
also been derived from the weathering of the Tertiary and 
Quaternary deposits. In the report cited it is stated that 
in the Canadian River Valley, portions of this type may 
have been formed by the weathering of the Jura-Trias and 
Permian rocks where the younger material is removed hy 
erosion. It is the opinion of the writer that this mode of 
origin in Potter County probably accounts for a larger pro­
portion of the soils of the county than the report would 
indicate. This seems to be particularly the case in the 
western part of the county in the valley of the Tecovas and 
its tributaries. 

The following quotation taken from the Bureau of Soils 

'1 A reeonnoisance soil survey of the Panhandle region of Texas: 
U. S. Department of Agriculture, Bureau of Soils. 1910. 
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report indicates the character of the Amarillo sandy loam 
with regard to its value for agricultural purposes. 

"The type is fairly productive and adapted to a large 
number of crops. Being of open structure and sandy tex­
ture, the surface soil absorbs practically all of the rainfall, 
while the heavier subsoil retains a good supply of moisture. 
Its drought-resistant qualities are remarkable and a valu­
able feature in a region of light rainfall. This inherent 
quality is greatly increased in effectiveness by good tillage. 
On the other hand, where the white underlying' material 
comes too close to the surface, say within a foot, crops are 
liable to suffer dUTing dry weather." 

With regard to the Amarillo silty clay loam the same 
report contains the following statement: 

,,-" * '1 The soil is very productive and if the rainfall is 
sufficient large yields of many diffenmt crops are secured. 
In dry seasons the yields as a usual thing are scant, al­
though some farmers make fair yields even in seasons of 
very light rainfall." 

WELL RECORDS 

In this chapter are given the logs of deep wells drilled 
within the county for oil and gas or in search of potash 
minerals, descriptions of samples taken from these wells, 
and logs of water wells drilled within the county. The de­
scription of samples follows immediately after the log of 
the well from which the samples were taken. The examina­
tions and descriptions of all of the samples were made in 
the sub-surface laboratory of the Bureau and all descrip­
tions were verified by Dr. J. A. U dden. 

DEEP WELL RECORDS INCLUDING DESCRIPTIONS OF 
SAMPLES 

Log of the Amarillo Oil Co.'s Masterson No.1, in Section 65, D. & 
P. R. R. Co., Block 018. Elevation of the well site, 3485'. 
Completed December 9, 1918. 

Cellar 8xlOxlO. Dolomite 
Red rock ..... . ..... _______ _ 

Water sand .................. _ ... _ .. . 

Depth in Feet. Thick-
From To. ness. 

10 
100 

100 
108 

90 
8 
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Red rock _______________________________________________________ _ 

Water sand (200 bbls_ gypsum) __________________ _ 
Brown shale __________________________________ _ 
Quicksand _____________________________________ _ 
Brown shale (carrying salt) ______________________ _ 
Rock salt ___________________________________________________ _ 
Brown shale ___________________ . _______________________________ _ 

Quicksand and salt water ___ , ____________________ _ 
Blue shale ____________________________________________________ _ 
Shell __________________________________________ _ __________ _ 

Coarse dry sand ___ __ __________ _ ___________ _ 
Brown shale _____________________________________ _ 
Hal-d rock ____________________________________________ _ 
Heavy sand __________ _ _______________________ _ 
Brown shale __________________________________________ _ 

Brown shale with streaks of blue _ ___ _ __ _ 
Blue shale ________________________ _ 
Gas sand ________________________________ _ 
Brown shale _________________________________ _ 
Gray lime ____________________________ _ 

Brown shale (more gas)_ 
Hard shell __________________ _ 
Blue shale ____________________________ _ 
Good show of heavy oiL ____ _ 
Blue shale ______________________________________ _ 
Conglomerate __________________________________ _ 
Brown shale ___________________________ _ ___ _ 
Blue shale _____________________________ _ 
Shell __________________________________ _ 

Brown shell and gas 
Hard rock ______________ _ 
Brown shale __________ _ 

Calcareous rock _ 
Blue shale 

108 
345 
355 
365 
405 
745 
780 

800 

1000 
1040 
1041 
1047 
1300 
1315 
1335 
1405 
1675 
1700 
1800 
1812 
1897 
1904 
1905 
2000 
2010 
2100 
2125 
2155 
2250 
2253 
2269 
2273 
2330 
2359 

345 237 
355 10 
365 10 
405 40 
745 340 
780 35 
800 20 

860 60 

1040 40 
1041 1 
1047 6 
1300 253 
1350 50 
1335 20 
1370 35 
1675 270 
1700 25 
1717 17 
1812 12 
1892 80 
1904 7 
1905 1 
2000 95 
2010 10 
2100 90 
2125 25 
2155 30 
2250 95 
2253 3 
2269 16 
2273 4 
2330 57 
2359 29 
2395 36 

Log of the Amarillo Oil Co.'s Masterson No.2, in Sectlion 70, G. & 
M., Block 2. Elevation of the well site, 3505'. COlnpleted 
September 19, 1919. 

Depth in Feet. Thick-
From To. ness. 

Soil _______ _____ _ ______ _ ____ ________ -- - ---------- ____ _ 0 10 10 
Clay __________________________ - ____________________ _ 10 40 30 
Sand ______________________ -- -__________________ - -------- 40 120 80 
Red rock and water_ ______ ------ ------- 120 130 10 
Sand ___________________________ ----- ____ ------------------------ 130 350 220 
Red ro·ck ____________________________________ - ------ 350 360 10 
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Chalky flint ___________________________________________________ _ 360 475 115 
Red rock _______________________________________________________ _ 475 490 15 
Blue shale ------------------------------------------------------ 490 535 4f) 
Gypsum ______________________________________________________ _ 535 555 20 
Blue shale ____________________________________________________ _ 555 565 10 
Gypsum _______________________________________________________ _ 565 580 15 
Red l'ock _____________________________________________________ _ 580 585 5 
Gypsum _________________________________________________________ _ 585 635 50 
Brown shale _________________________________________________ _ 635 640 5 
Sand and water ----------T--------------------------------- 640 740 100 
Lime, shell ------------------------------------------------------ 740 780 40 
Blue shale _ __________ _ ______________________________________ _ 780 800 20 
Quicksand ------------------------------------------------------ 800 820 20 
Red rock ________________________________________________________ _ 820 830 10 
Red rock _______________________________________________________ _ 870 940 70 
GYPSUlll ____________ ------ ______________________________________ _ 940 950 10 
Red rock ______________________________________________________ _ 950 1000 50 
Gypsum _________________________________________________________ _ 1000 1080 80 
Gypsum _____________________________________________________ _ 1000 1080 80 
Red rock _______________________________________________________ _ 1080 1085 5 
Gypsum _________________________________________________________ _ 1085 1J35 50 
Gypsum _________________________________________________________ _ 1135 1140 5 
Gypsum ________________________________________________________ _ 1140 1150 10 
Red rock - ------------------------------------------------------ 1150 1190 40 
Gypsum _________________________________________________________ _ 1190 1235 45 
Red rock _________________________________________________________ _ 1235 1245 10 
Gypsuln _________________________________________________________ _ 1245 1260 15 
Red rock _______________________________________________________ _ 1260 1265 5 
Gypsum __________________________________________________________ _ 1265 1275 10 
Red rock _______________________________________________________ _ 1275 1300 25 
Gypsum _________________________________________________________ _ 1300 1355 55 
Red sand, quick. ____________________________________________ _ 1355 1360 5 
Red rock _______________________________________________________ _ 1360 1385 25 
Sand, brown _ -______________________________________________ _ 1385 1430 45 
Red rock ______________________________________________________ ---- 1430 1435 5 
Brown sand _________________________________________________ _ 1435 1500 65 
Red rock _______________________________________________________ _ 1500 1510 10 
Lime ______________________________________________________ ---------- 1510 1530 20 
Red rock _______________________________________________________ _ 1530 1540 10 
Brown sand ----------------- -- ------------------------------- 1540 1555 15 
Brown shale - -______ _ 1555 1575 20 
Linle ________________________ -------------------------------------- 1575 1585 10 
Brown shale _________________________________________________ _ 1585 1635 50 
Lime ___________________________________________________________ _ 1635 1645 10 
Brown shale --- ______________________________________________ _ 1645 1675 30 

Lime 167}5 1700 25 
, 
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Brown shale .............. _ ........................ _ ...... _ .... . 
Lime, gas sand, 14 million cubic feet gas._ .. 
Red rock _____ .. __ . __ ...... _. ___ ._ .... __ ................... _. _____ _ 
Gas sand, 2 million cubic feet gas ______________ _ 
Red rock _______________________________________________________ _ 
Red rock, more ·gas _______________________________________ _ 
Red rock ____ ....... _._ .......... __ .... _ ... _. ___ .... ____________ . 
Red rock ___ ._ .. _ .. _____ ._. __ .... __ . _______________ . __ . __ .... ___ . 

Red rock, gas, 4'\4 million cubic feeL ___ ._. 
Red rock ___ ...... _________________ . ______________________ . _____ . 
Gas ___________________________________ ...... ______ . _________________ . 
Red rock __ .......... ___ ... _ ........ _ ........ __________ ._. _____ .. 
Gas sand, good showing of oiL __ . ______________ . __ 
Limestone . _____ ._ ..... ________ . __ ... __ ._ .. ___________ .. ____ .... 

1700 
1755 
1760 
1785 
1795 
1800 
1803 
1840 
1885 
1890 
1910 
1915 
1950 
1960 

1755 
1760 
1785 
1795 
1800 
1803 
1840 
1885 
1890 
1910 
1915 
1950 
1960 
2025 

55 
5 

25 
10 

5 
3 

37 
45 
5 

20 
5 

35 
10 

165 

Well completed September 19, 1919. Capacity, 4,900,000 ft. gas. 

Log of Amarillo Oil Co.'s Masterson No.3. Located on Section 102, 
Block 0-18, D. & P. R. R. Co. Surv., Potter County, Texas, Map 
No. 12, Co-ordinate 0-10. Supdded in June 12, 1919, completed 
to 2195 ft., September 23, 1919. ____ Resumed work to deepen 
June 30, 1922, completed January! 1923. 

Depth in feet. Thick-
From To. ness. 

Soil ______ _ 0 7 7 
Lime ____________________________________ .. ______ ._. ________ . ___ ... 7 12 5 
Red rock ___________________ . ________ .. _____ •... ___ . _____________ _ 12 115 103 
Sand ._._. ___________ . _____________________________________________ _ 115 120 5 
Red rock ________ _ 120 140 20 
Quicksand ___ . __________ . ______ . ____________ . _______________ . __ 140 147 7 
Red rock ____________ . _____________ . ________ . _____________________ _ 147 200 53 
Sand _____ . ____________________________ .. __ ._ .. __ . ______ .. _._. _____ ._ 200 205 5 
Red rock .... _. ___ .... _._ .... _____ .. ____________ ._. _______________ _ 205 259 54 
Quicksand and water __________________________ .... _._._. 259 274 15 
Red rock __ .. _________ .. ____ ._ .. ___ ._. ______ ._._ .. _______________ _ 274 329 55 
Blue shale _______________ ._._. _________________________________ . 329 334 5 
Sand ______ . _______ . __________________________________________ . _. ___ _ 334 359 25 
Blue shale ._ ........... _ .. __ ....... ___ .. _. ________ . ________ .. __ . 359 364 5 
Sand flint _________ . ___________________________ ._. _____ ..... _._. 364 374 10 
Gypsum with white water ___ ._. ____________ . ________ . 374 404 30 
Gypsum ____ . ____ . ____________________ -------..... --.- ... ------.- 404 414 10 
Blue shale . __________ ._. ________________________ . ____ ... _ ... ___ . 414 419 5 
Gray flint _________ . ________ . __________ ... _. __________ .. _. _______ . 419 424 5 
Red rock ._._. _______________________________ ._._. ___ .. _ .. _._._ .. 434 439 5 
White gypsum . ____ . __ . ___________________ ._ ... __ . ____ . ____ . 439 449 10 
Flinty lime .. ___ . ____ . _____________ ... _. __ .. _._. ______ . ___ .. __ 449 479 30 
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Blue shale 479 494 15 
White gypsum ___ ........................... _. . ..... . 494 539 35 
Blue shale ................................... _ ........... _. 539 549 10 
Gypsum . .............. .... ................. . ... _ ...... _ .. . 549 594 45 
Dark shale . __ .......... _ .... ' ..... _ ................... . 594 604 10 
Gypsum and water .................................... . 604 625 21 
Shale ................................... _ ...................... " 625 645 20 
Blue shale ..................... _._ ............ _ .. _ .......... . 645 659 15 
Lime flint ............................. _................ . ... . 659 669 10 
Quicksand and water ................... ' __ ......... . 669 684 15 
Blue shale .................................................... _ 684 694 10 
Blue shale .... -.- .. ·- ... -----------.-..... --------- ... -.------1 694 704 10 
Quicksand ___ .. _. __ .. _____ .... _ .. __ ..... _____ .. __ .. ___ ... __ .. 704 714 10 
Red rock .. _._._. __ . ___ .. _ .... _._ .... __ ._ ..... _ .. __ .. ______ ._._ 714 729 15 
Gray flint _ ... _ ..... __ . ____ ._ ........ _ .. ____ ._. ______ .. ___ _ 729 734 5 
Red rock _ ... __ .... _._ .. _._ ..... _ .... _._ "_" ___ .. ___ ' ...... ____ _ 734 1125 391 
Red rock .. _. ____ .. ._ 1125 1325 200 
Salt ro·ck ______ .... ____ .. __ . __ ._ ..... ' ... __ ._._ .. _ .. _._ 1325 1415 90 
Lime salt . ____ .. _ ... _._ .... __ .. __ ... _. 1415 1585 170 
Blue shale __ .. ______ .. _ .... ______ .. ___ .......... _ . __ _ 1585 1624 39 
Broken gas sand lf2 million cubic feet . 1624 1629 5 
Blue shale .... __ ... _. ___ ._ ._ .. _ .. _._ .. __ ._ ._ . __ ... _ .. __ 1629 1654 25 
Gas sand and blue shale ________ .. . .... _ ....... __ ._ 1654 1661 7 
Blue shale _ .... _ .. ____ . __ ... _ .. ' __ " ._. __ . ______ .. _ .. ____ ._ 1661 1686 25 
Gas sand . ______________ ... ________________ ..... -.... -- ..... --_ 1686 1688 2 
Shale, 4%, million cubic feet gas .. -_ .... '. 1688 1710 22 
Shale, more gas ........... _ .. _ ..... _____ .. __ ._._ .. _. ___ ._ 1710 1712 2 
Shell, (prob. lime) _____ ..... ___ .. _._ ....... . 1712 1714 2 
Shale _ ... __ .. _________ ._._ ......... _. __ . __ . ____ ... _. __ .. _ - 1714 1716 2 
Shell _ .. __ ... .-.-...... -____ . ___ ._._. ---"'-' ... -... -----.--- 1716 1718 2 
Red rock .. ________ .. _ .... __ . 1718 1807 89 
Gas, 2 mi. cu. ft. with oil show_. __ .. -----.-... -- 1807 1812 5 
Red rock ... __ . ___ ......... ___ . ___ ....... ' -- -- ----------.- 1812 1945 1:'\3 
Blue shale _._. __ ..... _ .. __ .. ___ ._ .. ___ .. ______ -- ..... ---.-- .. - 1945 1960 15 
White lime -______ . ___ . __ ................. -.' -- .. --- .. -----. 1960 2145 185 
Red rock ............. _____ -- .... -- ... -- ..... , ........ ------.. 2145 2180 35 

Red sand with 2 million cubic feet gas .... . 2180 2195 15 
Red sand, 81,4" set at 2220' ...... -- ................. . 2195 2348 153 

Gas sand, gas 11 million ........... . 2348 2365 17 
Blue slate ............. __ ....... . .... ··c ____ · ______ ·____ '-- 2365 2375 10 
Lime __ . ____ . ______ ._ -- _________ ._ .-.-.----.- -------- - --- ---- 2375 2430 55 
Blue shale ______ . ___ . ____ ._. ___ ._ .. _._._. ______ ._. '--'--- .. --- 2430 2435 5 

Black lime ___ .__ ----.- .. -.. ------ - - -.-- -.-.- ---. 2435 2460 25 

Lime _. ______ . __ -.--.---. .------ --. -- . -.-.-- .. - -- 2460 2495 35 

Blue shale -.-.-----.----.- .- .. ---.-.-.-.. --- .. --- 2495 2525 30 

RIue shale .. -----........ ----.--------. 2525 2535 60 
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Gas sand _______ _ 

Blue shale 
Blue shale _____ _ 
Pink lime ______________________________________________ _ 

Red igneous rock 6 %" set 2752' ___________ _ 
Light igneous rock ___________________________________ _ 
Black igneous rock _______________________________________ _ 
Sand, caving ____________________________ ...... _ ..... _ ........ . 
Sand, caving, black ________ .......... ___ ..... __ . __ ... _ .. _ .. 
Red sand ___ . _________ .... 
Red sand, hard gas ______________ . ___ .. __ ._._ ...... _ 
Red igneous rock _____________ ...... ____ . _____________ . 
Red sand, hard ... __________________________ . _____ ... _ .... __ 

Completed at 3082', total gas, 18,500,000. 
Casing pulled. 

Description of Samples 

2585 
2590 
2692 
2738 
2752 
2837 
2845 
2855 
2885 
2925 
2972 
3030 
3045 

2590 5 
2692 102 
2738 46 
2752 14 
2837 8f; 
2845 8 
2855 10 
2885 30 
2925 40 
2972 47 
3030 58 
3045 15 
3082 37 

Depth in feet. 
A pieee of dark greenish-black intrusive igneous rock which 

breaks easily. In thin section were noted interlocking 
laths of plagioclase feldspar in a ground mass of fe1'ro­
magnesian minerals. Probably a diabase. D. N. S. and 
T. L. B.*_._. ___________ .. _______________________ . __________________ ...... 2765 

Sample consists of cuttings of about three-fourths compaet, 
dark, flint-like siliceous (metamorphic?) rock and about 
one-fourth red granite ___ .. __ .2914-2926 

Sample consists of finely ground up red granite _____________ 2925-2950 
Sample consists of a single fragment of felsite. 

The rock is cut by joints along some of which there is 
a thin layer of reddish oxidized material .... _ ...... __ ... ___ 2945 2960 

Very well ground up material consisting principally of 
orthoclase and quartz, evidently from a fine-grained 
granite ___ .. _._. ____ .. _______ .... _ 2962 

Sample consists of about one-half dozen pieces measuring 
from one-half to eight inches in diameter. Most of the 
samples are evidently crystalline. Some of the frag­
ments show joints which in one fragment is filled with 
calcareous material. In another fragment were noted 
concretion-like spheroidal segregations. Several other 
fragments are noted in two specimens, some straight and 
some irregular. The largest specimen shows what ap­
pears to be true laminations. All the samples consist of 
black siliceous material. They appear to be meta-
morphic _. ________ .. __ ... ____ . _______ . Exact depth of last samples not known. 

*In the following these initials l'efer to the persons who have described the 
sample" viz.: T. L. nailey. H. T. Knikel', J. A. Udden, D. N. Shoaf, E. n. Stiles. 
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Log of the Amarillo Oil Co.'s Masterson No.4, in Section 108, 
D. & P. R. R., Block 018. Elevation of well site 3505'. 
Comple,ted Nov. 29, 1919. 

Depth in feet. Thick-
From To n ess 

Soil ____ ._ .... ______ ...... .. _ ... _ ... .. _ ..... __ ... . _______ __ ... __ __ .... 0 38 38 
Red rock _._. __ .. , .. _ .. _ ... _. ________ __ . ___ _ ....... ___ . __ .. _ .. _. _ 38 44 6 
Lime .. _ .... __ . ___ ...... __ ._. ____ ... _ ..... _. __ _ ..... ____ .... _ .. __ _ ._. 44 48 4 
Gray shale ... _._ .. ___ .. _. _._ ... __ ___ ... __ ... ___ _____ _ . __ .. _____ . 48 58 10 
Red roek _. __ .. ___ .... _._ ._. ___ ... . ___ __ . ___ .. . _ .. _. ____ ._._ .. _____ 58 145 87 
Gypsum ..... _ ........ ______ __ .. _ .. .... _._ ....... ___ __ ._ .... __ ._._ 145 150 5 
Red rock ___ .... _ ... _ ..... _._. _____ ._. __ .... _. __ . __ ...... _._ _____ 150 155 5 
Gypsum .... _____ . _____ . ____ ._ .. __ . __ .. _ .... __ _ .. _____ ... _ ... __ .. _ 155 160 5 
Red rock _________ .... ____ . __ .... _ .. ___ . __ ._ ... ___ . __ ....... ____ _ 160 270 110 
Water sand ____ ......... ___ .. _________ .. .. ___ ._. ___ . _. ___ .. ____ 280 285 5 
Red rock .. _. ____ . _____ . __ . _______ . ___ :_._ ... ___ ._. ____ . ________ . 285 310 25 
Gypsum ... _________ .. __ . ___ . ____ __ ._. ____ __ _____ ._._ .. _ .. _______ _ 310 324 14 
Red rock __ .. __________ ._ .. ___ ____ .. ___ ... _. ____ __ . __ __ ____ _ ... __ 324 370 46 
Red rock and gypsum __ . ______ ._ .. _ ... ___ ...... _. __ .. ____ 370 380· 10 
Red rock and gypsum .. _. ___ _ ._. _ .. _ .... . __ . ___ __ ._______ 380 395 15 
Red rock ~ _________ __ . ___ . _____ .. _. ___ ._. ______ .. _ .. ____ .___ __ __ 395 4 10 15 
Gypsum _._._ .. _____ ... _. ___ . _____ .. . _______ __ .. _____ ... __ _ ...... _ 410 416 6 
Gravel, water ____ __ ._._ ... ___ . __ .. ___ ._ ._ .. _._. ______ ... _ .. _. __ 416 420 4 
Gypsum ________ ,_ ... ____ ... ________ . ____________ . ___ .. ___ _ ._. __ ._ 420 4 35 15 
Gravel, water _ .. _. _._ ... _ .... _. ___ . __ ._ ....... . _._ .... _._.... 435 445 10 
Red rock ....... .. _ .......... _ .... _ ... .. _ .... _ .......... :........ 445 460 15 
Gypsum ..... _._. _ ........... _ . .......... __ ._._ ....... ... .... __ ... 460 485 25 
Red rock ...... ..... ........ ...... _ ...... __ _ .... ........... ...... 485 490 5 
Gypsum ....... .. . _ ........ . _._ .... ........ _ .... .... . __ .......... 490 510 20 
Red rock ..... _ ... . ....... _ ... ....... __ . . _ .. .. .... _ .. .. __ .. .... 510 520 10 
Gypsum ..... _ ... _ .. __ _ ..... . .. .......... _ .. ...... .... _.. ....... 520 545 25 
Red rock ....... _._ .......... __ .. ___ ........... .... ... _... . ..... 545 550 5 
Gypsum ... _ ...... __ ____ ...... . _ .. _ .... .. ___ ................. _".. 550 580 30 
Red rock ....... . _ ... . _ ...... . ... ...... _ .. .... ..... _ .......... _ 580 585 5 

' Gypsum ... ___ .. ___ . ___ . ____ _ ...... .. __ ... __ . __ ....... __ .......... 585 605 20 
Red rock ....... __ .. ___ ....... _ ... _._ .. _. __ .. ......... __ .......... _ 605 610 5 
Gypsum .. __ ...... ___ ... _ ... __ __ . __ ._ ..... ___ ...... .. _ ...... . _._._ 610 657 47 
Brown shale _. __ ... ...... ... __ .......... _ .. ...... _ .. .... ..... _ 657 692 35 
Quicksand, water . ___ ... ... _ .. . _ .. __ .. ... ______ ._._._. ___ ... _ 692 71 5 23 
Gumbo .. ___ ._. _ ..... ___ . _____ ._ .. _._ .... __ _ .. _ .... _._ .... _ .. _.. .. 7 15 725 10 
Red ro ck _ ... _' ... ... _. __ . ___ . __ .. .. ____ . __ ..... ._ ..... _._ 725 735 10 
Quicksand, water, set 12" pipe _ ._ .. . __ ...... _ 735 780 45 
Red rock _ ... _ ...... _._._ ...... __ ... __ _ ._ .. _____ ..... _ .. __ . ____ . 780 786 6 
Blue gypsum _ ..... ... _ ...... . __ _ . __ ...... _._. __ . ____ .. __ .____ 786 805 19 
R ed rock ._ . _. __ ._._ .. _. __ .. . _. ___ . .. __ ...... _ .. _._. __ .___ 805 940 135 
Gypsum .... __ ._. ___ .. _ ..... ____ .. __ .. ... _ .. _._ .. _. ___ _ ... _ .... _. 940 960 20 



Geology and Mineral Resources of Potter County 119 

. Red rock ____ . __________ ._. _____________________________________ _ 
Gypsum ___ . _____________________________________________________ _ 
Red rock ________ .- _____________________________________________ _ 
Gypsum ___ . ____________ . _________ . ____ . ___________________ .. __ . __ 
Red rock _____________________________________ ... _____ . _____ ._._. 
Gypsunl ___ . __________________ . ____ . _________ .. ___ .. _____ ._ ..... 
Red rock _. _____ ._. ________ ._. ___________ . _____________________ .. 
Gypsum __ .. ___ . ___ . __ . _____ .. _ .. ___________ . _________________ ---. 
Red rock .... ________ . ________________ ._ .. _______________________ . 
Gypsum . __ .. ___ .. __ ... __ . __________ . ______ . ____ .. _______________ _ 
Red rock .. ________ .. ____________________________ .... _____ . ____ ._ 
Gypsum __ .. __ . ____ . ___ ._ .. _ ... _. ___ ._. ______ -------.---.- ___ . __ _ 
Red rock .. _. _____ . __ .. __ : _____ . _______________________ . _______ . __ 
Gypsum __ .. _ .. _____ .. _____ . ____ . ____________ . ______ . ____ . _____ . __ 
Sand ________________ . __________________________________ . _________ . __ 
Red rock __ .. ______ . ____________________ . _____ .. _ . __ .. ________ _ 
Sand _________________________________________ .. ________________ . __ _ 
Red rock .... _____ . __ . ___ . __ ._. _____ . ____________ . _____ .. _. _____ _ 
Brown rock ______________ . _______ " _______________________ _ 
Red rock . ___ .. __ . ______ .. ____________ : ____ . ______ . __________ _ 
Lime ___________ ._._._ .. _____________ . ______ ,,_. _. _______ . _____ -_ 
Blue shale _._. __________ ... ______ . ______ . _________ ._. ______ . __ 
Gas sand, 500,000 cu. ft. gas. ___ . ____________ .. ___ _ 
Blue shale _____ . __ . ____ ._. ______ . _______ . ________ . ________ ._. __ _ 
Gas sand _. __ . ____________ . ______ .. ___ . __ .. _____________ • ______ _ 
Gas sand, 107,000,000 cu. ft. gas ____ . __________ _ 

960 
1020 
1046 
1095 
1140 
1150 
1170 
1185 
1205 
1215 
1235 
1240 
1250 
1290 
1310 
1360 
1370 
1420 
1425 
1479 
1490 
1615 
1640 
1645 
1660 
1665 

1020 
1046 
1095 
1140 
1150 
1170 
1185 
1205 
1215 
1235 
1240 
1250 
1290 
1310 
1360 
1370 
1420 
1425 
1479 
1490 
1615 
1640 
1645 
1660 
1665 
1670 

60 
26 
49 
45 
10 
20 
15 
20 
10 
20 

5 
10 
40 
20 
50 
10 
50 

5 
54 
11 

125 
25 

5 
15 

5 
5 

Log of the Amarillo Oil Co.'s Masterson No.5, in Section 31, G. & 
M., Block 3. Elevation of well site 3279'. Completed June 
24, 1920. 

• 
SOoil _______________________________________ . ______________ _ 
Lime ___________ ... _. _______________________ . ________________ . 
Red rock ____ . _______ . __ . _____________ . ____________ . _______ _ 
Red rock . ____________________________________________ _ 
Quicksand ____________________________ . _____________ . ___ _ 
Red rock ______________ . _____________________ . ____________ _ 
Slate, red ____________________________________ -_____ . ______ _ 
Salt rock __________________________________________ ---- ----

Lime, hard 
Sand, hard 
Red rock 
Salt rock _ __ 
Slate, brown ________ ._ .. ______________ . _____ .. __ . ___ ._. ____ .. _ 
Lime, hard _________ . ____ . ___ . ___ .. _____ .. _ .. ____________ . ___ . __ . 

Depth in 
From 

0 
10 
25 

290 
745 
900 

1075 
1140 
1175 
1190 
1256 
1300 
1345 
1355 

Feet. Thick-
To ness 

10 10 
25 15 

280 255 
745 455 
900 155 

1075 175 
1140 65 
1175 35 
1190 15 
1256 66 
1300 44 
1345 45 
1355 10 
1370 15 
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Blue shale ... . 
Salt ...... _ ........ . 
Shale, brown .. _ .. ; __________ . ___ . ______________________ . ___ _ 
Blue shale . __ .... ____ . __ ... __ .. __ .. __ ... __ .... ___ ........ _ .. . 
Salt rock, lime __ .__ ___ ________________________ _ 
Red rock. ___ ._ ... _. __ .. _ __ ._. __ .. _ ... ____ ... _. __________ _ 
Brown shale and salt_ _ __ .. _____ .... ______ . _________ _ 
Shale and salt ____________ . _________________ . ___________ _ 
Shale and salt . __________ . ________ . ____________ . _________ . 
Lime, hard _. __ .. _______ . ___ .. __ . __ .... ____ ._. ____ . ____ . __ . __ _ 
Blue shale __ .. __ ... _______ .______ _ ____ _ _ __ . __________ _ 
Red rock, 1,150,000 cu. ft. gas_. _____ ... ___ . ___ . __ _ 
Red rock ___________ . ___ ._. ___ .. __________________________ _ 
Lime ._. __ .. _______ . ___ . ______ ._ .. ______________________________ ._ .. 
Red rock __________________________ .. _ .. _____ . _. _______ _ 
Lime _ .. __ . ____ ... _. ____ , _____ . ___ . 
Lime shells and red rock. .. __ .. ____ .. ______ . __ 
Lime, hard . __ .______ ____ _ _ ________ _ __ . ___ . 
Red rock and lime __ . __ . _ .. __ . __________________ _ 
Sand and lime ________ _____ _ _________________ ._. 
Blue shale, 5,100,000 cu. ft. gas _______ . __ _ 
Lime. ____ _ ____________ ._. _____________ . _____ ._. 
Hard lime ___ .... __ .. __ ....... __ ... _ .. __ . ____ . _______ . ___ . __ 
Blue shale, 
Lime, 22 _ . ____ . __ .__ _ __ .. __ . __ ._ .. _. ___ ... __ . __ . ______ _ 
Pink lime or granite __________ ____________ __ _ ... __ 

Well completed and shut in at 2285'. 
Total gas, 6,250,000 cu. ft. 

1370 
1380 
1385 
1405 
1410 
1430 
1450 
1470 
1500 
1545 
1560 
1590 
1610 
1680 
1687 
1775 
1835 
1890 
2130 
2140 
2160 
2165 
2185 
2205 
2208 
2230 

Description of Samples 

1380 10 
1385 5 
1405 20 
1410 5 
1430 20 
1450 20 
1470 20 
1500 30 
1545 45 
1560 15 
1590 30 
1610 20 
1680 70 
1687 7 
1775 88 
1835 60 
1890 53 
2130 240 
2140 10 
2160 20 
2165 5 
2185 20 
2205 20 
2208 3 
2230 22 
2256 26 

Depth in feet 
Red granite at _____________________________ . ____ . _______ . ____ . __ ._. _____ .. ______ 2205-2225 
Pink granite and some fragments of dark gray dolomite 

and cherty limestone. All contain pyrite. The granite 
shows fresh surfaces and probably represents rock in 
place. The largest feldspar crystals are about 2 mm. 
in diameter, but most of them are slightly smaller. The 
quartz particles do not differ from the feldspar crystals 
in size _ _ _____ . ____ ... _. _____________ . 2210 

Pink granite, and a few fragments of light gray fine­
grained limestone, and darker gray siliceous ro,ck. All 
fragments contain pyrite. In this section the limestone 
is seen to contain fine sand and crystalline vein-like 
branching areas which are widened at some places. Lime­
stone is l)l'obably from higher up in the boring. The 
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granite appears fresh and probably represents rock in. 
place. The largest feldspar and quartz crystals measure 
1 % bb. across but 1 % mm. is a more common size of the 
crystals. Some measuring less than % mm. in diameter 
are not uncommon .................................................... 2205-2210 

Sample consists of a mixture of fragments of dolomite, and 
white, gray and clear quartz, much pink feldspar, PYl'ite, 
evidently mainly from an igneous rock ............................ 2256 

Log of the Amarillo Oil Co.'s Bliven's No.1, in Section 106, H. & T. 
C. R. R., Block 46. Elevation of well site 2926'. 

Depth in Feet. Thick-

Sand .......... . 
Red rock .... " ..... 
Gypsum ..... .'" .................. . ............ . 
Red rock ................................................... . 
Gypsum ....................... . 
Red rock ...... .... .... . ............... . 
Gypsum ......................................................... . 
Red rock .... _ _. . __ . _. __ 
'Gypsum .... ___ ._ ............................................... _. 
Blue shale .. __ ... ___ .. __ ._._. __ ... _._ .. __ .............. _._ .. _ .. 
Gypsum .... __ . 
Blue shale _. _ ._ ......... __ ..................... _ ........... . 
Red rock, water __ 
'GYpsum _ .. _ 
Blue shale ..... _ ... 
'Quicksrrnd ....................................... _ .......... . 
Blue shale ....... __ . _ .. _._ .. _ ...... _._ .............. . 
Gypsum .. __ .... _. ___ ... _. __ _ 
Red rock . ____ . ___ ._ 
'Quicksand .... _. _ .... _. __ ._ .......... __ ._ ....... _ ......... . 
Red rock ...... _._._ .. _____ ._ ... ... . ................. . 
Gypsum ....... __ ... _ .................... _ ......... . 
Quicksand ._ ..... ........ . ...................... . 
Red rock ........ ... . ......... " .............................. . 
Salt and red rock........ . ...... ... .... . ... . 
Sand .. _ .... _ 
Red rock .. '_' 
Gypsum, slate _ .. - _. . ... _ ..... ..... _ ............ . 
Salt ............. ___ ._ ... _. ___ .. ______ ._ .. _._. __ ._ ....... ---. 
Lime ........... ___ ...... ____ ._ .. _._._ ...... _._ ........ -...... -.-
Salt, gypsum, slate ....... ___ .. _ .............. __ _ 
Gypsum ._._ .......... _ .. _ .......... _._ ................. -.------. 
Red rock _ .. _ -_____ . ___ ... _._ .. _ .... _._ .. _._ .... _ ..... __ . _____ . __ _ 

From 
0 

60 
115 
118 
125 
160 
180 
210 
215 
365 
370 
385 
395 
400 
435 
438 
484 
490 
495 
555 
575 
580 
582 
608 
692 
940 

1000 
1070 
1145 
1183 
1200 
1330 
1370 

To ness 
60 60 

115 55 
118 3 
125 7 
160 35 
180 20 
210 30 
215 5 
365 150 
370 5 
385 15 
395 10 
400 5 
415 15 
438 3 
484 49 
490 6 
495 5 
555 60 
575 20 
580 5 
588 8 
608 26 
692 84 
940 248 

1000 60 
1070 70 
1145 75 
1183 38 
1200 17 
1330 130 
1337 7 
1375 5 
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Red rock, shale _______________________________________________ _ 

72 million cu. ft. gas, showing oil. 
Lime, hard ____________________________________________________ _ 
Red rock _____________ : _______________________________________ _ 
Blue, hard __________________________________________________ _ 
Sand, top gas _______________________________________________ _ 
Sand, big pay, 72 million cu. ft. gas ___________ _ 
Shale, blue ------------------------------------------------------
Sand _______________________________________________________________ _ 
Sand, gas _______________________________________________________ _ 

5.1 M. ft. gas. 
Sand, gas, 7% million cu. ft. gas ______________ _ 
Sand, gas, 10 million cu. ft. gas _______________ . 
Sand, big pay, 20 million cu. ft. gas ___ _ 

Completed at 1945', Feb. 27, 1920. 

Description of Sample 

1375 

1580 
1605 
1635 
1880 
1895 
1902 
1907 
1919 

1920 
1937 
1942 

1580 

1605 
1635 
1880 
1895 
1902 
1907 
1919 
1920 

1937 
1942 
1945 

5 

25 
30 

245 
15 

7 
5 

12 
1 

17 
5 
3 

Depth in Feet 
Gray dolomite, with some anhydrite. In thin section the 

dolomite is seen to be very fine-grained and to have oolitic 
texture, which is somewhat obscured by secondary changes. 
Fumes of sulphur and bituminous fumes with deposition of 
small drop of oil on sides of tube were noted on heating in 
closed tube. Representing part of Double Mountain of the 
Permian. 1890' 

Log of the Amarillo Oil Co.'s Bivens No.2, in Section 2, G. & M., 
B}ock M 20. Elevation of well site 3096'. 

Red sand __________________ _ 
Gravel and water __________________________________ _ 

Red rock 
Gypsum _______________________ .- __ -- _ --- ---- ------ ---
Red rock _ 
Gypsum _ ______ -- -- ---------------
Red rock ______________________________________________________ ----
Gypsum _________ _ 
Blue salt _ ____ __ 

Depth in 
From 

o 
45 
50 

290 
300 
400 
410 
415 
430 

Quicksand _ ___________ ___ __ ______ _____ ________________ 445 
Gypsum _____ _________ _______ 455 
Lime _ ___ ___ __ _______ __ ___ _ __ ___ __ _ ____ ______ 460 
Gypsum __ _____________ _ _______ __ __ ________ ______________ 475 
Blue slate ______________ _ ______________________________________ 560 
White gypsum ________________________________________________ 575 
Blue shale ______ _________________________________ G30 

Feet. Thick-
To ness 

45 45 
50 5 

290 240 
300 10 
400 100 
410 10 
415 5 
430 15 
445 15 
455 10 
460 5 
475 15 
560 85 
575 15 
680 55 
(\40 10 
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Brown shale .................................................. . 640 665 25 
Water sand ................................................... . 665 690 25 
Brown linle .............................. ' ..................... . 690 695 5 
Brown shale .................................................. . 695 720 25 
Quicksand ..................................................... . 720 738 18 
Dark slate ..................................................... . 738 765 27 
Blue slate ..................................................... . 765 790 25 
Salt .............................................................. . 790 800 10 

Red rock and saIL ........................................ . 800 850 50 
Rock salt ...................................................... . 850 915 65 
Red rock ....................................................... . 915 940 25 
Red rock and saIL ......................................... . 940 965 25 
Red rock, salt ............ . .............................. .. 965 1350 385 
Hard lime ............................................ , ....... . 1350 1365 15 
Sand .............................................................. . 1365 1430 65 
Red rock ....................................................... . 1430 1520 90 
Salt ............................................................... . 152(} 1630 110 
Gypsum ......................................................... . 1630 1645 15 
Lime .............................................................. . 1645 1665 20 
Blue shale, salt...................................... . ...... . 1665 1675 10 
Salt ............................................................. . 1675 1730 55 
Red rock and shells ................................... . 1730 1760 30 
Red rock ...................................................... . 1760 1790 30 
Lime ............................................................... . 1790 1805 15 
Red rock and lime shells .............................. . 1852 1995 143 
Red rock ........................................................ . 1995 2030 35 
Lime ............................................................. . 2030 2060 30 
Red rock and lime shells ............................... . 2060 2075 15 
Lime .............................................................. .. 2075 2130 55 
Blue slate ..................................................... . 2130 2155 25 
Lime ....................................... __ ..................... . 2155 2195 40 
Blue slate ................................. __ .... ...... . .... . 2195 2200 5 
Lime ........................................................... . 2200 2230 30 
Blue slate ....................... ..... ...... . ........ ' .. 2230 2240 10 
Lime .................................................... '" 2240 2430 190 
Sand, gas ................... """ ........ ..' .......... . 2430 2440 10 
Lime, gas ............................. ' ................... . 2440 2450 10 
Sand, gas ." ..... ' ............ . 2450 2465 15 
Lime, gas, total Ph million ..... . 2465 2520 55 
Sand, gas ................................................ -- 2520 2525 5 
Lime, gas ............................................... -- 2525 2540 15 
Sand, gas ................................. __ ... --....... .. .. 2540 2600 60 
Light sand, water..... ................ ..... ... ..----. 2600 2690 90 
Red sand ... ..... . ......... ' ......... .. 2690 2760 70 
Lime sand, granite, decomposed. -- 2760 2780 20 
Conglomerate ............ __ ............. ' 2780 2835 55 
Sand ............. "" ................... . 2835 2845 10 
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Dark slate, water ____ _ 
Lime 
Sand 
Linle _____________________ . _____________________________ _ 
Black slate ___________ _ 
Red sand ___________ _ 
Black slate _______ _ 
Sand ________________________ _ 
Hard sand ______________________ _ 
Lime __________________________________________________________ _ 
Hard lime ___________________________________________ _ 
Hard sand _______________________________________ _ 
Conglomerate, granite ___________________ _ 
Hard sand ______________________________________________ _ 
Lime _______________________________________________________ _ 
Hard lime ______________________________________________ _ 
Sharp sand ___ _______ _____ _ ________________ _ 
Lime __________________________________________ _ 
Hard lime _____________________ _ 
Black shale ______________________________________________ _ 
Lime ______________________ _ 
Sand ______________________ _ 
Lime _________________________ _ 
Hard lime ________ _____ _ 
Lime _____________________________________________ ._. __ . _______ ._ 
Black shale ____ ._ ... ____ .. _____________ -._. ___ . __ .. ___ . 
Hard lime ________ ... ____ . __ . ______ . 
Blue sticky shale ___ .. ____ . _____ . 
Lime, gray ____ ._ .. _______ . __________ . _______________ . __ 
Gray lime _ .... __ . ________________________________ . _____ . __ 
Shale . ____________________ . _ .. ____ . ____ .. _ ... ----_. ___ ... --
Sand ________ .. __ .. ________ ._ .. _____ ... ___ ------. 
Conglomerate _. ___ .. _ .. ____________________ --------- --
Lime .. ________ . _______________ . ________ ... __ -----------.. --. 

2845 
2865 
3000 
3085 
3090 
3100 
3110 
3115 
3135 
3175 
3200 
3215 
3265 
3280 
3290 
3300 
3305 
333..'5 
3340 
3425 
3430 
3455 
3500 
3550 
3570 
3590 
3600 
3620 
3630 
3635 
3643 
3650 
3660 
3690 

Description of Samples 

2865 20 
3000 135 
3085 85 
3090 5 
3100 10 
3110 10 
3115 5 
3135 20 
3175 40 
3200 25 
3215 15 
3265 50 
3280 15 
3290 10 
3300 10 
3305 5 
3335 30 
3340 5 
3425 85 
3430 5 
3455 25 
3500 45 
3550 50 
3570 20 
3590 20 
3600 10 
3620 20 
3630 10 
3645 15 
3643 8 
3650 8 
3660 10 
3680 20 
3720 30 

Depth in Feet 
Very light gray dolomite, which in thin section is seen to be 

rather finely crystalline in texture, has a .slightly mottled 
appearance, and shows anhydrite. Several areas vague­
ly suggestivE' of organic forms were noted. When 
heated in closed tube faint bituminous fumes and very 
faint ammonia fumes were noted. Permian. H. T. K.. 2437 

Mostly gray dolomite with some dark gray dolomite. I'n 
thin section anhydrite occurs in small pockets _____ . _2440-2445 

Gray porous dolomite containing irregular pockets of an-
hydrite as shown in thin section. Average size of crys-
tals measure about one-fifteenth mm. _____________________________ 2465-2475 
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Like the sample at 2502-2508 ______________ .. _____________ .. ________________ 2474 
Like the sample from 2437 feeL ______________________________________ 2480-2495 
Like the sample from 2437 feet ________________________________________ 2496-2602 

Light gray dolomite slightly porous. Average size of crys-
tals about one-fifteenth mm. Some anhydrite present __ 2502-2506 

Light yellowish-gray porous dolomite. Anhydrite is pres-
e'nt but not abundant. In thin section the average size 

of the dolomite crystals was seen to be about .1mnL _____ 2514-2520 
Very light gray and white dolomitic chert. Some anhy­

drite, white chert, a few crystals of quartz about one­
fourth mm. in size, and a few grains of quarz were noted. 
A thin section shows obscure traces of sponge spicules, 
fine granular particles and some bituminous material in 
the cherty matrix__________________ _ ______________________________________ 2528-2536 

Light gray dolomite. Size of dolomite crystals vary from 
.1 mm. to one-fifth mm. Rock is somewhat porous and 
contains irregular areas of anhydrite. No fossils 'noted __ 2544-2552 

Very light gray and white dolo'mitic chert and some white 
chert and anhydrite. In this section the dolomitic chert 
shows fine veins which, in most cases, form a network. 
One fragment of chert, when seen in section, was noted 
to have a number of minute irregularly shaped concen­
trically layered bodies of chert. In washed material 
several fragments were noted which contained aggrega­
tions of quartz crystals surrounded by chert. Upon 
heating in closed tube, bituminous fumes were liberated 2552-2560 

Grayish-white dolomite of fine texture. In thin section 
most of the fragments are fineJy crystalline and uniform 
in texture with some scattered small stains believed to 
bitumen. This type of dolomite contains no anhydrite. 
Twc other fragments show the presence of siliceous ma­
terial and contain the casts of sponge spicules. Indis­
tinct traces of organic bodies were also noted. Some 
fragments of flint noted _______ _ __2560-2568 

Light gray dolomite. In thin section the rock is seen to be 
slightly porous and to have replacements by anhydrite 
and flint or chert. Traces of sponge spicules noted __ 2568-2580 

Like the sample from 2560-2568 feeL__________ ____________ __ __2580-2590 
Very light gray, finely crystalline dolomite and dolomitic 

chert, anei wlllte chert. '1'hi8 rock contains some anhy-
drite and minute crystals of pyrite. Traces of organic 
fragments noted. Faint bituminous fumes and very 
faint ammonia fumes were liberated when sample was 
heated in closed tube________ _ ____ 2600-2610 

White and bluish-gray dolomite. In thin section the dolo-
mite is seen to contain some anhydrite. Streaks of yel-
low are seen in the anhydrite. These are believed to be 
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bitumen. One fragment was seen to contain spherical 
remnants of unaltered limestone ________________________________________ 2610-2620 

White dolomite of medium texture. In thin sections this 
dolomite is seen to contain unaltered round bodies of 
limestone. Streaks of anhydrite were noted __________________ 2620-2630 

Like the sample from 2620-2630 feeL_____ __________________ _ ____ 2638-2646 
Very light gray, almost white, dolomite containing anhy-

drite and a few scattered crystals of pyrite. I'n thin 
section the dolomite is seen to be of medium coarse crys-
talline texture. When heated in closed tube, faint am-
monia fumes were obtained ________________________________________________ 2640-2650 

The sample consists mostly of a white dolomite with some 
dark fragments of trachyte rock and vein quart7.. The 
dolomite shows concretionary lumpy texture and fairly 
uniform crystalline texture. It has much anhydrite ev-
idently occurring as replacements in the original rock _2662-2671 

A rock consisting of siliceous dark gray microscopically lam­
inated material and light gray dolomitic material, both 
appearing together in quite small fragments. Under 
the microscope, the dark patt of the rock is seen to be 
very finely laminated and contains in places crystals of 
dolomite and anhydrite. The lamination is seen to be 
deformed by the growth of crystals and in places it is 
apparently deformed by pressure. It is also cut by ex­
ceedingly fine veins, mostly curving irregularly and run­
ing across the lamination. In the dolomitic, light gray 
part of the rock, traces of organic remains are common _2671-2680 

Sample consists of dark a'nd light gray dolomite, some an-
hydrite and some grains of quartz, red feldspar and 
quartzite. Dark gray igneous rock also present ____________ 2680-2693 

Red variegated gneiss-like crystalline rock consisting 
mostly of red feldspar and quartz. Some light gray, fair­
ly coarsely crystalline dolomite containing anhydrite is 
present. In several fragments of dolomite, feldspar crys­
tals were noted. In thin section several fragments of crys­
talline rock show an irregularly banded structure. In 
one of these fragments, two quartz crystals were noted, 
in another one there are several large rectangular crys-
tals, probably of dolomite __________________ . ________ . _____________________ 2690-2700 

Sample consists almost wholly of granitic material. Sev­
eral small worn pebbles were noted. Sample contains 
very little calcareous material. Some fragments of 
dark red indurated argillaceous rock was noted ___ .. ___________ 2700-2716 

Dark red variegated gneiss-like crystalline rock consisting 
mostly of quartz, most of which is red in color. A few 
black specks and some feldspar and some dolomite crys­
tals were notcd in the rock. In thin section one frag-
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ment shows banded structure, the bands making their 
way between large, rectangular crystals. Another in 
which can be seen narrow, elongated areas of darker 
granular material and appare'ntly elongated crystals of 
quartz (?), all extending' in the same direction ______________ 2716-2724 

Pinkish-gray dolomite containing anhydrite. Some red 
arkose or gneiss-like crystalline rock is present. In thin 
section the dolomite is seen to be coarsely crystalline. 
One fragment shows a round (one mm. in diameter) 
area. Other fragments show areas of anhydrite which 
evidently represent replaced organic fragments _____________ 2724-2732 

Sample contains a mixture of shale, dolomite, pieces of 
blue shale and some pieces of granite or gneiss. Washed 
material shows a large amount of white dolomite and 
pieces of blue shale. Fragments of pink feldspar also 
observed. In thin section the limestone is seen to be 
almost entirely erystalline ______________ ._.' ____ .. ___________ . ____ . ________ 27 3 2-27 4 0 

Rock such as found at 2716-2724 feet, but with pure red 
feldspar and bluish-gray crystalline rock containing some 
pyrite. One feldspar fragment- was seen to be intergrown 
with two irregular crystals of calcite. In thin section 
one gneiss fragment is seen to have a banded structure 
and to contain a number of rounded quartz grains. In 
section the bluish-gray rock shows a chert-like texture 
and contains considerable granular material. One frag-
ment has several round areas of fine-grained material ___ 2740-2745 

Light pinkish-gray schist consisti'ng of gray quartz, very 
light red feldspar and considerable pyrite. Minute irreg-
ular laminations seeh in this section... _______ ___ __ _______ __ 2700 
Sample consists of a piece of igneous rock, 2x2x3 inches, 
in which the matrix is a mixture of small crystals of 
quartz and feldspar much altered. In this matrix are 
phenocrysts of pink orthoclase and microcline feldspar 
which arc also altered. Probably a rhyolite porphyry 
D. N. S. __________ . __ . --_ --- _____________________ . ___ . ________ . ______________ .___ 2770 

Finely ground pink gneiss-like crystalline rock consisting 
of pink feldspar and clear quartz. Some coarsely crys-
talline dolomite is present .. .. .......... _.. .. __ .. -- .. 2868-2870 

Pinkish dolomite marble wi.th some anhydrite; and 'Pink 
feldspar crystals and quartz crystals probably from 
above. A thin section shows the dolomite to be coarse)y 
crystalline and to have considerable granular material 
within the crystals ______________________ . ________ .. ________________ . ______ . __ 2870-2880 

Sample is veTY finely ground and consists of crystals of 
clear quartz and pink feldspar, fragments of gray fairly 
coarsely crystalline dolomite, and very light gray, fine-
grained limestone _________ . __________ . __ .... __________ .. __ ...... __ .. __ .. __ ... 2910-2('?,( I 
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Feldspar and quartz in aggregations of crystals and in sep­
arate crystals, light gray, fairly coarsely crystalline dol­
omite and bluish-gray, coarsely crystalline dolomite and 
bluish-gray schist _ __ _______ __ _ ______________________ 3190-3200-

Like sample from 3190-3200 feet _______________________________________ 3206-3218 
Sample ground fine. It consists of mostly angular quartz 

grains, but also some rounded grains of quartz. There 
is considerable crystalline calcite present in the sample. 
Some larger fragments of rock ]Jresent in the sample can 
be described as a very poorly sorted sandstone cemented 
with lime. When heated in closed tube, bituminous 
fumes were noted__________________ _________________ ____ ___ _ ______ 3218-3230 

Gray and light-gray limestone, pinkish feldspar, probably 
from above, rounded and slightly etched sand, some of 
which is composed of gray, red and black chert; and some 
crystalline quartz. A number of fragments of crinoid 
joints and a brachiopod spine were noted. Strong bi­
tuminous fumes were obtained when sample was heated 
in closed tube __________________________________________________________________ 3230-3240 

Dark gray shale, red feldspar, pinkish and white quartz, 
gray limestone, and some pyrite. In thin section one 
bryozoan (7) fragment was noted in which there are 
a dozen round (about one-fourth mm. in size) and oblong 
openings surrounded by a network of walls. In washed 
material several fragments of crinoid joints were noted. 
When heated in closed t~be, bituminous fumes and am-
monia fumes were liberated _ _ _ ____ ____ _ ___ 3240-3250 

Gray and some light gray limesto'ne containing a small 
amount of pyrite. In thin section the rock is seen to be 
mostly fine-grained with some larger crystalline areas. 
Many undeterminable organic fragments were noted. 
Several fragments of crinoid joints and two brachiopod 
(7) spines were seen. When heated in closed tube, 
strong ammonia fumes and bituminous fumes were lib-
erated __ ______ ________ ___ ____ 3415 

Sample consists of light gray limestone, gray and dark­
gray shale. In closed tube gives bituminous odor and 
fumes of ammonia. Limestone is partly crystalline 
and partly organic-fragmental. In this section this rock 
is seen to be granular in texture and to contain various 
minute fossil fragments, one believed to be an ostracod 
shell. In the washed material, one smooth spherical for­
aminfer (7) was found, also sponge spicules and a 
spine of a Productus. A small quartz crystal was seen 
imbedded in one fragment of limestone. The light gray 
shale resembles kaolin in texture _______________________________________ 3586-3593 

Sample consists largely of bluish-gray shale. In washed 
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sample about a dozen pieces of limesto'ne, 2 mm. in diam­
eter, were observed, and a large number of smaller diam­
eter. Two of the larger pieces of limestone were seen to 
be incrusted with minute cubes of pyrite. Fusulina and 
Rhombopora lepidodendroides found in the washed ma­
terial. Also Endothyra and tube of Ammodiscus. In 
thin section the limestone is seen to be organic frag­
mental and with minute oolitic texture. It contains min-
ute scattered spaces filled with calcite _____________________________ 3593-3665 

Light gray and gray limestone containing some pyrite. A 
few lignitized vegetable fibers and coaly shreds were 
noted. In thin section, the limestO'ne is seen to be very 
fine-grained with many minute and occasionally larger 
crystalline areas. Some distinct organic fragments and 
bituminous impregnations are present ____________ _ __________ 3607-3812 

Sample consists of pieces of limestone and dark gray shale. 
Number of pieces of oolitic limestone seen in washed ma­
terial. Also some crystals of pyrite. Some pieces of 
kaolin-like shale noted ________________________ ----------------- _____________ 3615-3620 

Sample consists almost wholly of greenish-gray shale. A 
few small fragments of white limestone found in the 
washed material. A little iron pyrites occur with the 
shale fragments. Rhombopora aJld Fusulina found in 
the washed material. Few fragments of oolitic lime-
stone, the spherules being scattered _______________ ._ ._. _______ 3625-3630 

Very small sample consisting mainly of small fragments of 
quartz and feldspar ____ . _______ . ___________________ ------------- _________ 3648-3651 

Very small sample consisting mainly of various colored 
grains of quartz. Grai'ns of feldspar presenL ____________ 3675-3680 

Sample consist of about two-thirds limestone and dark 
shale and one-third granitic material. One flint pebble, 
4 mm. in diameter, was noted. Several small worn peb­
bles broken by the drill were noted. Sample evidently a 
conglomerate of partly igneous and partly sedimentary 
material - ---------- --------- _________________________________________________ 3690-3692 

Finely ground material of which a fairly high percentage is 
calcareous. The remainder consists of quartz and red 
feldspar evidently from granite ________________________________________ 3 6 94-3 699 

Sample consist of fragments of red granite or gneiss_ 
Many fragments resemble a fine-textured felsite con­
taining occasional small scattered crystals of red felds­
par. A number of slightly worn pebbles were noted. 
Many of these were also fractured by the drilL ______________ 3716-3724 

Note: My interpretation of the Bivens Well No.2 is that 
the samples from 2670-2715 feet and from 2740-2745 
feet, and from 2867-2872 feet, as well as some samples 
below this which are described as consisting mainly of 
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of feldspar and schist, represent arkose conglomerates 
that are interbedded among sedimentaries. Arkoses of 
this kind are known in the Abo and in the Magdalena in 
New Mexico. The fossils noted in the samples from 
3415-3615 are a suggestion that this interpretation is 
correct and that these sediments perhaps may be corre­
lated with the Magdalena.-J.A.U. 

Samples of igneous material from depths 3690-3692 and 
from 3716-3724 were submitted to Harold W. Tomlinson 
for examination. His report is as follows: 

"The sections show the samples to have the composition 
of acid igneous rocks of the granite group with felsitic 
texture or sparsely porphyritic with phenocrysts of ortho­
clase. Phenocrysts are irregular and often rounded as 
though corroded. The base is mostly felsitic in texture 
but in some pieces shows a marked flow structure. 

Sample 3690-3692 has very few phenocrysts and a good 
deal of residual quartz. One piece shows a patch of cal­
cite replacing a portion of the base. Several of these 
pieces appear to have been vitrified by heat, perhaps from 
the drilling. 

Sample 3716-3724 is more nearly a porphry though 
phenocrysts still but few in number. One piece of this 
sample has adhering to it a few crystals of anhydrite which 
must have been derived adjacent saline beds. 

I would classify both samples as felsitic porphries. While 
phenocrysts are more (slightly) abundant in the two 
lower sample there is really no difference between the two 
samples. The formation is intrusive. The texture sug­
gests a dike. It is probably connected with and may be 
the basal complex." 

Log of the Amarillo Oil Co.'s Bivens No.3, in Section 15, G. & M., 
Block 20. Elevation of well site, 3235'. Completed Decem­

ber 2, 1922. 
Depth in Feet. Thick-
From To. ness. 

White and red clay _______________ . ____ ....... __________ . __ 0 35 35 
Red rock and gypsum shells, little water at 

225' .. _ .. _ .............. _____________ .. ____________ ... --------- 35 225 190 
Red sand ...... -- .. ___ .... ____________ ........ _______________ .. .. 225 230 5 
Red rock, casing set 18' below floor ...... __ .. .. 230 280 50 
Red sand, water from 280-291' ___ .... ___ .. _____ .... . 280 291 11 
Gypsum .... ____________ .. ___ --------- ...... ------ .. --- .. -------- 291 295 4 
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Red rock .................... _. __ ...... _ ... _ .. ___ .... __ ._..... 295 310 15 

Red sand, big flow of water ...... _._ ... __ ._ .. __ ._.... 310 320 10 
Sand and gypsum .. _._._._ .. _ ................ _ .. _. __ . ___ ... 320 334 14 
Gypsum, reamed for 20" casing 340-345'.... 334 341 7 
Sand and water .................... __ ................ __ .... _. 341 360 19 
Gypsum and red rock, casing set 14' below 

floor. Set at 362' .................... _._ .... _ ... __ ... 360 385 25 
Red rock ..... _ ........................................ __ ...... __ ._ 385 395 10 
Gypsum .................... _ .......................... _............ 395 405 10 
Gypsum shells and red rock ........................ 405 420 15 
Gypsum .......................................................... 420 455 35 
Gypsum and some red rock .......................... _. 455 520 65 
Gypsum, mostly, little red rock .... . ............ 520 595 75 
Gypsum shells and shale........... ................... 595 620 25 
Blue shale ............ ........................... .......... .. 620 625 5 
Gypsum shells and brown shale _ ..... _ ... _ ... ___ .. 625 665 40 
Brown shale ............................ __ .. _ .. ___ .. _ .. _. __ .. 665 675 10 
Sand and water ... _ .......... __ ................ _............. 675 685 10 
Lime shell ......................................... _ .... _._ ... _. 685 695 10 
Blue shale, wet hole, water standing 500'.... 695 705 10 
No record _____ .. _ .................................... _........ 705 717 12 
Quicksand .............. _ ............ _______ . ______ ........ _. 717 725 8 
Sand __ . __________ ... _ ........... ___ . _______ ._ _ ______ . __ . _______ .. 725 731 6 
Blue shale --- ............. _................. ........... ..... 731 740 9 
Gypsum, 15" set at 742' .................... _.......... 740 744 4 
Red rock ............................................... ........ 744 770 26 
Red rock, quicksand, heaved up 200' in hole, 

shut down to run 12* n._......................... 770 802 32 
Quicksand ........................... ............... ....... 802 815 13 
Red rock ............................ _... .............. .......... 815 820 5 
Quicksand ........... _ ....... __ .... . .............. _______ 820 830 10 
Red rock -................................... _ .... ___ ._......... 830 837 7 
Quicksand .... -.................. _______ . ___ . __ ...... __ ..... 837 847 10 
Red rock ....................... _._ .. _ .. .......... ...... 847 986 139 
Gypsum ............................................... _..... 986 1000 14 
Red rock, 121h" set at 988'.......... .... ......... 1000 1020 20 
Gypsum and red rock. ........... ___ ._..................... 1020 1100 80 
Red rock ".""'.""' .. '.......... ................. 1100 1125 25 
Sand and gypsum ....... __ .. _________ . _____ .. _. __ ...... _ 1125 1180 55 
Red rock ._ .... __________ _. ___ .... __ .. _ ... __ . 1180 1315 135 
Red rock and gypsum ______ .......... _________ ......... ___ . 1315 1355 40 
Gypsum and lime ...... __ . _______ .... ____ ............... ____ . 1355 1400 45 
Gypsum and red rock ___ . _____ ........................ 1400 1485 85 
Salt and gypsum ... ____ .............................. .... 1485 1505 25 
Hard lime ......... ._. __ . . ............................... 1505 1520 15 
Blue shale .. _................ ................................. 1520 1540 20 
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Brown shale _____________________________________________ 0 ___ _ 

Blue slate ____________________________________________________ _ 

Gas sand, about llh million cu. ft. gas 
Brown shale ___________________ . __________ _____________________ _ 
Lime and shells ________________________________ ________ ____ _ 
Lime, 10" set at 1947' _______________________________ _ 
Gray lime, little more gas at 2045' ______________ _ 
Dark gray lime _____________________________________ _ 

Broken lime, little gas sand, more gas__ _ ____ _ 
Gray lime, dark _____ __ ____________________ _________________ _ 
Gray lime __ ______ _ _____________________________________ _ 
Broken lime, more gas ____________ ___________________ _ 
Gray lime _______________ ___ _____________________________ _ 
Sandy lime, more gas ______ __________________ _________ _ 

Gas sand, 6 million cu. ft. gas_ 
Gray Ume ________ ____________________ . ____________ __ _ 
Broken gray lime _______ __ _______ ________ ___________ _ 
Broken lime __ _ ___________________ __ _ __ _____________ _ __ _ 
White lime _______ _____ _________ _ __ _____ _ ____ _ __ _ 
Pyrite of iron, or granite ____________________ . _____ _ 
Red, broken granite ___________________________ __ _0 

Blue granite with shale, 8 14," set at 2501' __ _ 
Blue granite, very hard _____________________________ _ 
White lime ______________________ __ __ __ _____________ ____________ _ 

1540 
1545 
1555 
1557 
1755 
1765 
2020 
2090 
2100 
2105 
2135 
2145 
2150 
2155 
2160 
2162 
2169 
2181 
2190 
2372 
2435 
2468 
2501 
2509 

1545 
1555 
1557 
1755 
1765 
2020 
2090 
2100 
2105 
2135 
2145 
2150 
2155 
2160 
2162 
2169 
2181 
2190 
2372 
2435 
2468 
2501 
2507 
2525 

5 
10 

2 
198 

10 
55 
70 
10 

5 
30 
10 

5 
5 
5 
2 

7 
12 

9 
182 

63 
33 
33 

6 
16 

Completed at 2525', volume of gas gauged through 10", 10,981,000 
cu. ft. 

Description of Samples 
Depth in Feet 

Sample consists of small pieces of cream colored, slightly 
calcareous sandstone. Washed material is mostly white 
and gray quartz sand. Driller's note: "Gas sand" _____ 2160-2162 

Sample consists of three kinds of rock. One is a greenish­
gray dolomite having white streaks and containing small 
sub-angular pebbles of dark gray chert and pink chert. 
In the washed material a Uttle anhydrite was noted and a 
very little quartz, feldspar and pyrite. This is evdently 
a contact breccia. The other two rocks at this depth 
are dark crystalline rocks, one is like that described 
from 2500', a trachyte. The other is also a trachyte but 
lighter in color, more altered, and the flow structure 
is more apparent. D. N. S. ______________________ ___ _______ __________ _ __ 2300 

Sample consists of crumbly fragments of a dark red clayey 
arkose in which angular pieces of quartz and feldspar 
are loosely held together by a deep brown clay. D. N. S. 2435 

A piece of greenish-gray clay containing imbedded angu-
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lar fragments which measure from fine sand up to 4 
mm. in diameter. These angular fragments are pieces 
of rhyolite in which the matrix has been silicified and 
the feldspar phenocrysts have been partly altered........ ... 2475 

Two different types of rock are represented by these two 
samples. One of these is a trachyte and the other type 
is that of a crush breccia of sedimentary rock pro­
duced by an intrusion .. The crush breccia is represented 
by two samples. One consists of greenish-gray, indu­
rated clay containing dolomite, fragments of gray quartz, 
altered feldspar and a little pyrite. The other breccia 
sample was a greenish-gray, indurated dolomite having 
streaks of pink and white dolomite. The other sample 
at this depth is a dark crystalline rock probably a tra­
chyte, in which the minerals are much altered and flow 
structure is quite apparent in thin section. It consists 
of a dark matrix containing pink crystals, some magne-
tite, biotite altering to magnetite, chlorite, etc. D. N. S... 2500 

Driller's Note: "Two different samples seem to occur to­
gether in the hole about 100 feet from time hard material 
is encountered until gnoe through. Driller reports that 
one appears on one side and other on other side." 

Sample consists of a piece of greenish-gray indurated dolo­
mite having pink and white streaks. Imbedded in the 
dolomite was a dark gray chert pebble having dissemi­
nated particles of what appears to be marcasite. In thin 
section the dolomite is seen to contain much anhydrite, 
some calcite and probably some brucite. D. N. S...... . 2510 

Note: It is not possible to say from these samples whether 
the crystalline rock represents parts of a conglomerate 
or igneous rock in place. J. A. U. 

A mixture of fragments of limestone, dolomite, gray shale, 
minute calcite crystals, a little biotite and much pink 
feldspar which is probably of the same nature as that 
in the sample from 2475', derived from rhyolite._ ... 
D. N. S ......................................... _ ........... Exact depth uncertain 

Log of the Amarillo Petroleum Coo's Bivens No.1, in Section 16, 
A. B. & M., Block M.3. Elevation of well site, 3177'. 

Depth in feet. Thick-
From To. ness. 

Surface and red clay........... . ........ . 0 60 60 
Pink shale . . ..... .... . ......... _ ....... . 60 90 30 
Water sand 90 105 15 
Water sand .................................................. . 105 120 15 
Red bed ......................................................... . 12Cl 125 5 



134 University of Texas Bulletin 

;Red rock ................................................ _ 129 160 31 
White pebbly sand, large flow water.. ...... . 160 170 10 
Red rock and shells .............................. _._ ...... . 170 212 42 
Red lime ......................................................... . 212 220 8 
Red rock with, hard shelL ........................... . 220 240 20 
Gypsum and shell ....................... ...... . ...... . 240 260 20 
Gypsum and hard shell ................................. . 260 280 20 
Red sand ...................................................... . 280 295 15 
Red rock and very sticky ........................ ' '. 295 310 15 
Gypsum with streak of adobe ....................... . 310 320 10 
Gypsum ....................................... " .............. . 320 350 30 
Red rock, soft and gluey .... _ ........................ . 350 380 30 
Gypsum and shells ............ _......... ....... . .. 380 400 20 
Water sand _._ ..................... _ .................. '" 400 432 32 
Rock (put in 12lh" pipe, 442') ............ . 432 442 10 
Water sand (put in more 12lh" red rock)._ 442 456 14 
Red sand ..... _.................................. . ....... __ .. . 456 465 9 
Red gunlbo .............. _ ................................. . 465 480 :1.5 
White gypsum and red rock ............... . ' .. 480 495 15 
Gypsum, water sand at 500' .. . ... . 495 500 5 
Water sand, quicksand _ .... ___ ._ ....................... . 500 535 35 
Bottom of quicksand at 533', 12lh" casing, 

630'. 
Red bed ................................................ . 535 595 60 
Quicksand ............... ' .. 595 620 25 
Gypsum ............. __ ...... ' ... . ........... "" 620 630 10 
San-dy shell . . ....................... _ ........ "' .... "" 630 635 5 
Red bed ...... .. ........... '_" ....................... . 635 645 10 
Limestone ..... .... .. .............................. . 645 660 15 
Gypsum ...... ......... . ..... ' .......................... . 660 670 10 
Limestone ... . ... . ................................. .. 670 690 20 
Blue shale _ ..... '" ... . ..... _ ........................ . 690 695 5 
Limestone. . .... ..... ...... .. ........ """'" ...... . 695 705 10 
Rock salt, salt water and lime, 720'- ..... . 705 720 15 
Blue shale ............................................ "'" 720 730 10 
Flint .. . ... .... . ...................... "" 730 775 45 
Red shale. ....... . ................................. _ .... . 775 780 5 
Sand ............................................................. . 780 790 10 
Lime ................................................ " ...... '''' 790 810 20 
Rock salt .. ,."" .. .......... .'" ...................... . 810 830 20 
White sand ....... ....... . ... _ .................. -- .. 830 850 20 
Brown shale ............................................. -.. 850 870 20 
Gray sand ...... ... .... .. . .......... .. 870 890 20 
Lime ........................................................... . 890 905 15 
Blue shale ................................................... -.. 905 915 10 
Limestone, 10" casing at 930'- .................... . 915 930 15 
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Lime, 10" casing at 930' _______________________________ _ 
Blue shale ____________________________________________________ _ 
Rock slate, salt ___________________________________________ _ 
Limestone _____________________ _ _________________________ _ 
Blue shale __________________________________________________ _ 
Limestone ____________________________________________ _ 
Rock salt ___________________________________________________ _ 

Limestone ------------------------------------------------------
Brown shale _________________________________________________ _ 

Limestone _______________________________________________ _ 
Rock salt _______________________________________________________ _ 
Limstone _______________________________________________________ _ 
Rock salt _________________________________________________ _ 
Limestone _______________________________________________ _ 
Brown shale ________________ ______________ __________ _ __ 
Blue mud _____________________________ _ _________ -- ________ _ 
Brown shale _____________________________________ _ 
Red-brawn shale ___________________________________________ _ 
Dark brown shale ________________________________________ _ 
Blue mud ______________________________________________________ _ 
Red sandy shale ______________________ _ __ _ 
Red adobe _______________________________________ _ 
Sand, red-brown shale ___________________________________ _ 
Red sand _____________________________________________________ _ 
Red shale ______________________________________________ _ 
No record ________________________________________ _ 
Red sandy shale ___________ ____ _ _ __ __ _ _ ________ _ 
Red-brown shale __________________________________________ _ 
Red adobe ___________________________ _ 
Red sand shale _______________ _ _____________________ _ 
Red adobe ______________________________ _ _ _ ____________ _ 

Red sandy shale __________________ _ 
Red sandy shale ____________________ _ 
No record _________________________________________________ _ 
Brown shale ________________________________________________ _ 
Brown shale ___________________________________ "" ____________ _ 
Red-brown shale, sandy _______ " _______ "" ____________ _ 
Red sandy shale __________________________________________ _ 
Red sand, rainbow colors _________________________ _ 
Red sandy shale _ -__________________________________ _ 
Brown shale _________________________________________________ _ 
Red sandy shale _______________________________________ _ 
Brown shale _________________________________________________ _ 
Red sandy shale ________________________ " ________ " _________ _ 
Rock salt _____________________________ " _________________________ " 
Brown shale _________________________________________________ _ 

930 
937 
950 
980 

1000 
1006 
1030 
1060 
1080 
1100 
1150 
1170 
1180 
1195 
1245 
1280 
1290 
1290 
1410 
1450 
1455 
1470 
1475 
1515 
1525 
1555 
1590 
1600 
1655 
1670 
1720 
1740 
1850 
2000 
2020 
2070 
2175 
2240 
2250 
2255 
2275 
2290 
2350 
2400 
2420 
2440 

937 
950 
980 

1000 
1006 
1030 
1060 
1080 
1100 

1150 
1170 
1180 
1195 
1245 
1280 
1290 
1310 
1310 
1450 
1455 
1470 
1475 
1515 
1525 
1555 
1590 
1600 
1655 
1670 
1720 
1740 
1850 
2000 
2020 
2070 
2175 
2240 
2250 
2255 
2275 
2290 
2350 
2400 
2420 
2440 
2495 

7 
13 
30 
20 

6 
24 
30 
20 
20 
50 
20 
10 
15 
50 
35 
10 
20 
20 
40 

5 
15 
5 

40 
10 
30 
35 
10 
55 
15 
50 
20 

110 
150 
20 
50 

105 
65 
10 

5 
20 
15 
60 
50 
20 
20 
55 



136 University of Texas Bulletin 

Rock salt ------_.------. .------ ----- ____ ow --- -- 2495 2515 20 
Brown shale _.-----------.--- ---- 2515 2535 20 
Limestone, black ---------- --------- --------- -- -- --- 2535 2550 15 
Limestone, gray ---------- --- 2550 2575 25 
Rock salt ------_.-.-------.------" --- ".------- 2575 2590 15 
Brown shale, sandy --- ---- ------ --- 2590 2600 10 
Rock salt and limc ---"-- --------- ---- --- --- 2600 2680 80 
Sandy brown shale -- ____ ow. ____ woo. --"-------------- 2680 2730 50 
Black lime -- ------.--- -.----"---- ---- ------------.-------- 2730 2742 12 
Gray sand with black lime ____________________________ 2742 2760 18 
Black lime shells and gray sand ______ ._---------- 2760 2790 30 
Red brown shale caving ---------- ------------------- 2790 2835 45 
Red rock ------.--- ------- ---".-- ---- -- --- ----- ----- --- 2835 2910 72 
Red gumbo ----------- -------------- .---- -- ----- 2910 2935 25 
Red rock --- -- ------- ----- -- -- -- -- - 2935 3010 75 

Log of Amarillo Petroleum & Gas Co.'s well near Boden, 'in Section 
4, E. L. & R. R. Co., Block 21 W. Elevation of well site 3267'* 

Depth in feet. Thick-
From To. ness. 

Soil ________________ ___ _ _ _____________ _ 0 12 12 
White clay ___________________________ __ _____ _ __ _ 

White sand mixed with charcoaL _________ _ 
Blue clay __________________________________ ,- _________________ _ 

White sand mixed with charcoal, light flow 
of fresh water ________________________________________ _ 

Red clay ______________ ___ ------ ---- ------
Gray rock ____ _ 
Red clay __ ___ _______ _ ___________ --- --- -- ---- ----

Yellow rock 
Red clay _______ ______ _____ _ __ ------- ------------- ------
Red sand with white shelly rock 
Red clay __ _____ ______ __ _______ ------------ --- ----
Red water sand (salt water, heavy flow, rose 

about 100 feet) __ __ _ _____________________ _ 

Red clay ________________ ---- --------- ---------- --
Red water sand (salt water) _________ _ 
White rock 

Red sand 
Red sand ------ -- ----------- ----
Red clay _____________ - --------- ---- ------- ------
Blue clay _____ ------ -------- ------ ------- -- --------
Red shelly rock and salt -- ---------
Salt --- ------------ --------------
Red sand ---------- --------- ---------------------------------
Salt -- ____________ -------- ----.---------- --------- -----

12 
22 
32 

46 
50 
95 

105 
115 
125 
165 
190 

325 
340 
350 
390 
400 
465 
565 
615 
633 
640 
645 
650 

22 
32 
46 

50 
95 

105 
115 
125 
165 
190 
325 

340 
350 
390 
400 
465 
565 
615 
633 
640 
645 
650 
665 

10 
10 
14 

4 
45 
10 
10 
10 
40 
25 
35 

15 
10 
40 
10 
65 

100 
50 
18 

7 
5 
5 

15 

*"The log and descriptions of samples from this well are taken from 
University of Texas Bulletin No. 17, "Potash in the Texas Permian," 
by J. A. Udden. 
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Hard white rock _______________________________________ _ 665 695 30 
Blue clay ____________ _ __ _ ______ _ 695 698 3 
Dark red clay ______ ____ _ __ _________ ___________ __ 698 701 3 
Salt ___________ _________ ____ __ 701 710 9 
Hard white rock __________________________________ _ 710 720 10 
Salt _________________________ _ 720 730 10 
Brown sand _____________________________ _ 730 745 15 
Hard gray rock __________________________________ _ 745 765 20 
Hard white rock _________________________________________ _ 765 770 5 
Hard gray rock __________________________________ _ 770 775 5 
Salt ______________________________ _ 775 785 10 
Hard white rock ____________________ _ 785 795 10 
Yellow rock _ _ ___________ _ 795 800 5 
Salt ______________________________________ _ 800 810 10 
Hard gray rock ______________ _ 810 850 40 
Hard brown clay _________________ _ 850 855 5 
Hard white rock __________________ _ 855 875 20 
Salt _________________________ _ 875 925 50 
Blue clay ____________________________________________________ _ 925 930 5 
Salt _____________________________ _ _______________________ _ 930 950 20 
Hard gray rock ______________________ _ 950 955 £5 
Blue rock ___________ _ ____________________________ _ 955 975 20 
Hard white rock ______ ____ ___ _ _________________ _ 975 1005 30 
Salt _ ___________ _ ____________ _ 1005 1230 225 
Blue rock ______________________________________________ _ 1230 1290 60 
Salt ___________________ _ ___________________ _ 1290 1460 170 
Blue rock ________________ _ __ 1460 1475 15 
Blue shale _ ____________ _ __ _ 1475 1485 10 
Red sandy clay _______________ _ 1485 1680 195 
Red sand rock _ _ ______________________ _ 1680 1690 10 
Hard brown rock ____ _____ ______ ______________ _____ _ 1690 1720 30 
Red sandy clay, with occasionally thin strata 

of salt ____________________________________________________ _ 1720 2010 290 
Bubbles of gas noted 1900 2000 100 

Description of Samples 

Depth in Feet 
Brownish-yellow sandy adobe___________________________ ____________________ 0- 12 
Gray siliceous clay of fine texture. Does not effervesce 

in acid __ _________ _____ _ __ ______ ____________________________________________ __ 12- 22 

'Gray fine sand and some brownish-red sandy shale. With 
this is a considerable quantity of lignitic wood, like that 
found in the Triassic beds ______________________________________ - -------- 22- 32 

'Gray clay, giving no reaction to acid. It contains fine sili-
ceous sand _ ____ _ _ _______ _ _________________________________________ ------ 32- 46 

'Gray sand, grains mostly from 1/16 to "h mm. in diameter, 
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of clear quartz, the larger sizes well rounded. Some red 
cherty fragments. Much lignite, showing woody struc-
ture ______________________________________________________________________________________ 46- 50 

Red fine silt, slightly calcareous, containing red sand with 
grains mostly less than % mm. in diameter______________________ 50- 95 

Gray dolomite of very fine texture, with a few fragments 
of white and pink gypsum. One fragment of sandy and 
gypsiferous dolomite had many small pale green grains, 
seen in thin section ____________________________________________________________ 95- 105 

White gypsum, coarsely crystalline, and some red sandy 
clay -_________________________________________________________________________________ 105- 115 

Gypsum, white and pink in color _____________ , _________________________ 115- 125 
Red clay, somewhat opef\ in texture ______________________________________ 125- 165 
Brownish-red silty clay and gypsum. The red silt has light 

greenish seeks or blotches. Clusters of cubic pyrite 
noted ___________________________________________________________________________________ 165- 190 

Sandy dark red silt. Minute flakes of mica noted ____________ 190- 325 
Red sand, with grains mostly from 1/16 to % mm. in diam-

eter ___________________________________ . ________________________________________ 325- 340 

Red sandy and clayey silt, with some gypsum ______________________ 340- 350 
Red ~and of fine texture _____________________________________ ________ _ 350- 390 

White gypsum and some gray dolomite. Pyrite present 
and some salt. Potash, strong trace_____________________ __ _ ____ 390- 400 

Red sand, moderately fine in texture. Coarser grains 
rounded ______________________________________________________________________________ 400- 465 

Red sand, containing some silL ____________________________________________ 465- 565 
Light red silt, showing some greenish-gray blotches _ ___ _ 565- 615 
Mostly gray dolomite of fine texture. The crystals are 

clear cut in outline and quite uniform in size. The 
sample contains some red silt, some white anhydrite and 
a few flakes of selenite. Po,tash, trace _____ __ 615- 633 

A mixture of gray dolomite of fine texture, white anhy-
drite, red argillaceous sandy rock and gypsum. Potash, 
trace ______________ _______ ___________________________ 633- 640 

Salt in original crystalline fragments, and red sand and silt. 
Some gypsum and anhydrite. Potash, trace __________________ 640- 645 

Red sand with some fragments of green shale of very fine 
texture ______________________________________________________________________________ - 645- 650 

Rock salt, red sand and some lumps of dark red shale ________ 650- 665 
Pure white anhydrite ______________________________________________________ ---- -- 665- 695 

Gray, marly shale or clay. Heated in a closed tube, it 
gives very strong fumes of sulphur and a deposit of sul­
phur on the inside of the tube. The material contains no 
pyrite. With low heat in an open casserole, pungent 
sulphur fumes are given off. It is believed the sample 
contains some free sulphur very finely divided _______________ 695- 698 
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Dark brownish-red, sandy and silty clay ________________________________ 698- 701 

Much salt, and some red sandy silt. There are some chips 
of a silty gray shale, which is slightly micaceous. Gyp-
sum noted. Potash, trace __________________________________________________ 701- 710 

White and gray anhydrite of compact texture. Some red 
silty material ______________________________________________________________________ 710- 720 

Mostly pieces of clear salt. Potash, trace ____________________________ 720- 730 

Salt, with some red silt and some blue silt. The sample 
contains several fragments of red rock composed of a 
mixture of salt and silt. Potash, trace ____________________________ 730- 745 

White anhydrite of moderately fine texture ______________________ 745- 765 
White anhydrite ____________________________________________________________________ 765- 770 

Grayish-white anhydrite with some brownish-gray silt ________ 770- 775 
White anhydrite, with a few fragments of rcd silt. Potash, 

trace _________________________________________________________________________________ 775- 785 
White anhydrite __________________________________________ 785- 790 
Yellowish-white anhydrite ' ______________________________________________________ 790- 800 

White and yellowish anhydrite of moderately coarse tex-
ture. Potash, trace _________________________________________________________ 800- 810 

Gray anhydrite, mostly of compact texture ____________________ 810- 850 
Brownish-red silt and white and variegated anhydrite, 

with scattered fragments of dolomite_ 850- 855 
Bright white anhydrite ___________________________________________________ 855- 875 

Clear salt, with a few fragments of salmon-colored salt. 
The salmon-colored salt was picked out and analyzed 
and found to contain approximately 9.23 per cent pot­
ash (KoO), equivalent to 14.81 per cent potassium chlo­
ride. These fragments may be a mixture of potash-bear­
ing minerals, with some common salt. The colorless 
salt contains 0.66 per cent potash (KoO). Another 
sample of drillings from this depth, received later, con­
sisted of chocolate-colored clay, in which were seen sur­
faces covered with quartz crystals, in an incrusted plate; 
anhydrite containing small bodies of salt, rock salt with 
clouds of red silt, and a matrix of gray anhydrite, show­
ing moulds of cubic crystals of salt a half-inch in diam­
eter. In one of these moulds a salt-crystal remained 
undissolved ___ ___________________________ _______________ _______ _ 875- 925 

Mostly gray anhydrite, with some fragments of gray and 
red silt_ Potash, trace ______________________________________________ _ 

Salt in fairly clear fragments. Potash, trace 
Gray anhydrite ______________________________________________________ ---------- _____ _ 

Dark, soft shaly rock giving strong fumes of sulphur when 
heated. With this is some anhydrite. No pyrite noted. 

925- 930 
930- 950 
950- 955 

Potash, trace ______________________________________________________ 955- 975 
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White compact anhydrite, with some fragments of red 
and gray silt _____________________________________________________________________ 975-1005 

Pure salt. Trace of potash __________________________________________________ 1005-1230 
Mostly gray, slightly impme anhydrite. In thin section one 

fragment shows the dark impurities distributed in a 
matrix, which incloses kernels of clear anhydrite of 
long, straight crystals forming a network. One frag-
ment showed thin laminae ----------------------- _________________________ 1230-1290 

Halite, anhydrite, red clay and silt and greenish-gray 
shale. The salt adheres to anhydrite in one piece, and to 
red silt in another lump. One piece of anhydrite has 
empty moulds of cubic form, evidently left by dissolved 
halite_ Some of the red silt has blue blotches. When 
washed it is seen to contain small crystals of quartz. 
The anhydrite is fine in texture and gray in color. The 
greenish shale yields strong fumes of sulphur. Potash, 
trace __ ________ ______ ___ ____ __ ___ _________ _______________________ ____ _ 1290-1460 

Gray anhydrite of fine compact texture_ The gray color is 
apparently due to. slight argillaceous impurity, which 
is present in streaks and blotches in some fragments _1460-1475 

Gray, earthy, porous anhydrite of fine and uniform tex-
ture. It contains a small ingredient of silt and sand, 
and in this a few crystals of quartz were noted ______ _1475-1485 

Red sandy silt mingled with some anhydrite and containing 
a few clear pieces of halite. Octahedral pyrite noted. 
The sand contains small clear crystals of quartz. Most 
of the anhydrite is white and granular. Some is pinkish 
or gray and compact, some has a flaky character, and 
the flakes are composed of acicular crystals promiscu-
ously oriented. Potash, trace ______________________________ 1485-1680 

Red sand and silt with grains mostly from 1/16 to Ys mm. 
in diameter. In the coarsest sand, crystals of quartz 
were noted _____________________________________________________________ 1680-1690 

Pure salt, mingled with some red silt_ Trace of potash ______ 1690-1720 
Red silt, sand, and salt. The salt is in clear bodies in 

the sand. The red silty sand contains mica and also 
many small crystals o·f quartz. Potash, 0.14 per cent ____ 1720-2010 

One sample contains a lump of gray, very fine-grained 
anhydrite with an irregular 0.2-inch thick plate of red 
silt. One side of this lump shows cubic cavities, appa­
rently places once occupied by salt crystals, plates 0.1 to 
O.3-inch in thickness, of pure halite. Quartz crystals with 
two opposite pyramids and other more irregular quartz 
crystals occur among the larger sand grains. Marked: 
"All salt found in this formation" ________________________ Depth not stated 

Note: This boring passes through some Cenozoic land 
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drift, then Triassic material down to fifty feet or more 
below the surface. From ninety-five feet down to the 
bottom of the boring the formation penetrated belongs 
to the Permian redbeds. 

Log of the Capitol Petroleum Company's Purvine No.1, in Sec­
tion 11, A. B. & M., Block T. B. & F. (Carson County). Ele­

vation of well site, 3563". 

Surface .............................. _._ .. _._._._ .. _._._ ... . 
Quicksand ............................................. . 
Red rock ..................................................... . 
Quicksand .. _ ................... _ ..................... -.. . 
Limestone ....... .'............ ........ . ... _ .. _ ...... . 
Slate .................................................. . 
Sand ................ _ .. _ .. __ ......... _._ ....... _ ........ . 
Shale .................. _ ............................... . 
Limestone 
Red rock 
Limestone ............................... - ..... _ .. __ ..... . 
Red rock ........................................... _ ...... . 
Limestone ................ _ ..... __ ... __ ._ ..... . 
Limestone and shale ................. ___ ..... . 
Limestone .............. _ .... _...... _ .......... . 
Limestone and shale ............................... . 
Shale ................... __ ..................................... . 
White sand ........................................... . 
Red sand ........... _ ...... _.. .._ .... _... . .............. . 
Limestone .......... _ ..... ....... .... .... . ...... . 
Red shale ................................................. . 
Gray shale, top dolomite 2750' ..... _ .. _ ... _ .. . 
Broken limestone ............. ......... ...... . ..... . 
Hard limestone .. _ ......... _ ................ _ .. 
Black shale ............................. _ .... _ ........... _ .. . 
Hard linle .................................... _ ............. . 

Depth in feet. Thick-
From To. ness. 

9 140 140 
140 706 566 
706 806 100 
806 1470 664 

1470 1515 35 
1515 1525 10 
1525 1560 35 
1560 1630 70 
1630 1685 55 
1685 1710 25 
1710 1720 10 
1720 1885 165 
1885 1985 100 
1985 2010 25 
2010 2015 5 
2015 2025 10 
2025 2074 49 
'2074 2110 36 
2110 2245 135 
2245 2590 345 
2590 2695 105 
2695 2760 65 

Depth not stated 
2900 

2900 2910 10 
2910 3010 100 

Log of the Emerald Oil Co.'s Masterson No.1, in Section 82, G. & M .• 
Block No.3. Elevation of well site 3452'. 

Red rock 

Depth in feet. Thick­
From 

o 
To. 

10 
ness. 

10 
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Lime, hard __ _ 
Red rock 
Lime shell ------------------------------------------------------
Red rock _______________________________________________________ _ 
Limc _______________________________________________________________ _ 
Red rock ________________________________________________________ _ 
Lime __________________________________________________________ _ 
Red rock ____________________________________________________ _ 
Hard lime ____________________________________________________ _ 
Red rock _______________________________________________________ _ 
Lime _______________________________________________________________ _ 
Red rock _______________________________________________________ _ 
Hard lime _______________________________________________________ _ 

Quicksand ------------------------------------------------------
Hard lime _______________________________________________________ _ 
Red rock _________________________________________________________ _ 
White lime with hard streaks _______________________ _ 
Blue slate _______________________________________________________ _ 

Quicksand ------------------------------------------------------
Red rock _________________________________________________________ _ 

White slate ------------------------------------------------------
Red rock _________________________________________________________ _ 
Quicksand, water _________________________________________ _ 
Lime ______________________________________________________________ _ 
Red rock ______________________________________________________ _ 
Gypsum and lime ___________________________________________ _ 
Red rock ______________________________________________________ _ 
Salt ______________________________ : __________________________________ _ 
Red rock _________________________________________________________ _ 
Lime _______________________________________________________________ _ 
Red rock ~ ___________________________________________________ _ 
Salt ______________________________________________________________ _ 
Hard lime _______________________________________________________ _ 
Sharp sand and salt ____________________________________ _ 

Hard sand ------------------------------------------------------
Lime _______________________________________________________________ _ 
Shale _____________________________________________________________ _ 
Red rock _______________________________________________________ _ 
Lime and shells _______________________________________________ _ 
Red rock _______________________________________________________ _ 

Hard lime ------------------------------------------------------
Blue slate ______________________________________________________ _ 
Hard blue lime ____________________ . _________________________ _ 
Black and blue shale _____________________________________ _ 
Red rock _________________________________________________________ _ 

Sand, gas ------------------------------------------------------
Pink shale ____________________________________________________ _ 

10 
45 
70 
75 

155 
160 
165 
170 
255 
280 
320 
330 
340 
405 
415 
485 
490 
685 
695 
735 
740 
750 
785 
815 
820 
835 
840 
850 
870 
950 
980 

1080 
1135 
1215 
1240 
1260 
1270 
1280 
1305 
1315 
1340 
1490 
1510 
1580 
1600 

1602 
1606 

46 
70 
75 

155 
160 
165 
170 
255 
280 
320 
330 
340 
405 
415 
485 
490 
685 
695 
735 
740 
750 
785 
815 
820 
825 
840 
850 
870 
950 -
980 

1080 
1135 
1215 
1240 
1260 
1270 
1280 
1305 
1315 
1340 
1490 
1510 
1580 
1600 
1602 

1606 
1626 

36 
25 

5 
80 

5 
5 
5 

85 
25 
40 
10 
10 
65 
10 
70 

5 
195 

10 
40 

5 
10 
35 
30 

5 
5 

15 
10 
20 
80 
30 

100 
45 
80 
25 
20 
10 
10 
25 
10 
25 
50 
20 
70 
20 

2 
4 

20 
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Lime and shells ____________ . __ .......... __ ...... _ ............. . 
Sand, 1 %, million cu. ft. gas __________ . ___ . ____ . __ _ 
Broken sand, gas_._. __ . _____ . __ . __ .. ___ . ___ ._. ____ ._ .. _____ . 
Red rock ___ . _____________ . _________________ . ___ . __ . ___ . __ ... _____ _ 
Sandy lime ..... _ .......... __ .... _ ... ____ . __ ... _. ___ ....... . 
Red rock . __ .. _____________ .. __ ... __ . _________________________ _ 
Sand, 1,4 million cu. ft. gas_ ...... _. _______ .. ___ .. _ .. . 

Red rock ....... __ ._. ___ ........... _._. ___ .... __ . __ ._ ............ .. 
Sand and shale. __ . __ . __ ._ 
Red rock ......... _ ....... ____________ .. _ .. ___ . __ .. __ .. _ ... __ ._ ... . 
Lime and shells. ____________ . _____________ . ______ . ___ ._._ .. _. 
Shells ........ _ ............. __ ..... _. ______ . _____________________ _ 
Red rock . __ . _______ ........ __ . ___________________ . __ ... _'. __ . _____ . 
Sand, lh million cu. ft. gas .. _. _________________ . 
Sandy lime __________ .. ______ ... ___ .. ___ . ______ ... __ ._. ________ _ 
Red rock . _______ . _________ . ___ . ______________________________ _ 
Hard lime _________________ . _____________________________ _ 
Brown shale ____________________ . ______ . ______________________ _ 
Lime .... __ .... ____ .. _. __ .. _._ ..... __ .. _ ....... __ .................. . 
Brown shale. _ ..... __ . ______ .. __ .. ___________________ _ 
Hard lime __________________ . __ .. _._ ... _. _______________________ . 
Sand a·nd graveL ___________________ . _______________ . _____ _ 
Hard lime _ . _________ . _________ . __ ._. ___ .. _ ____________ __ 
Red rock, red granite ____________ . __ _ 
Red sand, red granite ____ .. ____ ......... _ .......... ____ _ 
Sand, red granite ...................... __ .. _______________ _ 
Red sand, hard granite ___ . ____ ... _ .... ____________ _ 

Shut in for gas wen Sept., 15, 1920. 

Description of Samples 

1626 
1631 
1636 
1651 
1671 
1681 
1686 

1705 
1730 
1735 
1745 
1750 
1755 
1775 
1800 
1830 
1845 
1860 
1875 
1895 
1905 
1990 
1995 
2000 
2030 
2050 
2075 

1631 
1636 
1651 
1671 
1681 
1686 
1705 

1730 
1735 
1745 
1750 
1755 
1775 
1800 
1830 
1845 
1860 
1875 
1895 
1905 
1990 
1995 
2000 
2030 
2050 
2075 
2131 

5 
5 

15 
20 
10 

5 
25 

25 
5 

10 
5 
5 

20 
25 
30 
15 
15 
15 
20 
10 
85 

5 
5 

30 
20 
25 
56 

Depth in Feet 
Red, partly crystalline gneiss, showing some clastic ele-

ments. With this are some fragments of dark greenish 
schist (?) -- ___ . ____ .. ___ ... __ ....... ___ .. __ .____________ _ _____ ... __ .___ 2000 

Like sample at 2000 ft ........... ______ . ___ . __________________ ..... ____ 2065 
The sample consists of red and greenish-gray shale. In 

the washed material some anhydrite was noted. Calcare-
ous concretions, a little quartz sand and pyrite were also 
present ._ ...... _ ........................................... __ . __ .______________________ 1607 

The sample consists of red and dark greenish-gray shale. 
In the washed material some anhydrite was noted. A 
few small calcareous concretions and a little fine quartz 
sand was also present .... __ ........................................ _ ..... _. __ . 1630 

The sample consists of reddish-brown and green shale and a 
little light gray indurated shale. In the washed material 
many fragments of a fine sandstone were noted. White 
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anhydrite, calcareous concretions and a little quartz sand 
were also present ................................................................. 1680-1685 

The sample consists of reddish-brown, dark greenish-gray 
shale and light greenish-gray, silty shale. In the washed 
material some white anhydrite was noted. A few small 
calcareous concretions and a very little quartz sand were 
also present ............................ . . .................. 1690-1695 

The sample consists of reddish-brown, dark gray shale, and 
some light greenish-gray, indurated shale. In the 
washed material many fragments of fine sandstone were 
noted. Some white anhydrite and a little fine quartz 
sand was also presenL ........................................................ 1705-1710 

The sample consists of reddish-brown and greenish-gray 
shale. In the washed material much white anhydrite and 
a little quartz sand were noted ...... ..... . .. . .. 1710-1720 

The sample consists of reddish-brown shale with some light 
greenish-gray, silty shale. In the washed material nmny 
fragments of fine sandstone were noted. A little anhy-
drite was also present .................................................. 1730-1735 

Just Above Thil'd Gas Sand. The sample consists of 
greenish-gray, sandy dolomite. A little fine quarh. sand 
was noted in the washed material. In this section a 
great many grains of fine sand could be seen in the lime­
stone. The limestone has been partly replaced by anhy­
drite which was more transparent than the dolomite, giv-
ing the section a mottled appearance... ... .......... 1735 

The sample consists of very' dark brown, dark-gray shales 
and some light gray, silty shale. Some of the dark gray 
shale was seen included in the brown shale. In the 
washed material fragments of fine sandstone and anhy-
drite we;re noted......................................................... ... 1756 

The sample consists of dark reddish-brown and greenish-
gray shale. I'll the washed material some white anhy-
drite and a very little quartz sand was noted .................. 1745-1760 

The sample consists of dark reddish-brown, pinkish and 
greenish-gray shale, which is variegated. In the washed 
material some fragments of fine sandstone and anhydrite 
were noted ........................................................................ 1760-1765 

The sample consists of reddish-brown and greenish-gray 

shales. In the washed materials some fragments of fine 
sandstone and anhydrite were noted....... ......... . .. 1765-1770 

Red, partly crystalline gneiss, showing some clastic ele-
ments. With this are some fragments of dark greenish 
schist (? )......... ..... .... ............. ... .. ............... 2000 

Like sample at 2000 ft.. ...... ...... ........ ........ ............ 2065 
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Log of the Greater Amarillo Oil Co.'s Masterson No.1, in Section 20, 
G. & M., Block No. 36. Elevation of well site 3423'. 

Depth in feet. Thick-
From Too nesso 

Surface __________________________________________________________ 0 15 15 
Lime ___________________________________________ ___________ ________ 20 15 35 
Red clay, one-half bailer of water________________ 205 35 240 
Clay ________________________________________________________________ 10 240 250 
Water sand, three bailers water per hour ___ _ 
Lime __________________________ 00 __ 0 ___________ 0 ____________________ _ 

Red clay _______________________________________________________ _ 
Water sand ___ 0 _______________________________________________ _ 

Clay _______________________________________________________________ _ 

Quicksand ------------------------------------------------------
Clay __________________________________________________________ ~ ____ _ 
Gypsum 0 __________ 0 ______ 00 _____________________________________ _ 

Red bed, nine barrels water per hour, two 
barrels later, two barrels per hour, 
two hours later exhausted ____________ o ________ _ 

Gypsum _________________________________________________________ _ 
Red bed _____________________ 0 ___________________________________ _ 

Gypsum _________________________________________________________ _ 
Brown shale ___________________________________________________ _ 
Gypsum _________________________________________________________ _ 
Clay _______________________________________________________________ _ 
Gypsum _______________ 0 __ 0 _______________________________ 0 ______ _ 

Blue shale ------------------------------------------------------
Brown shale ____________________________________________________ _ 

Water sand, salt water filled to 300 foot 
level ___________ 0 ___________________________ 0 _______________ _ 

Lilne _______________________________________________________________ _ 
Blue shale, caved badly _________________________________ _ 
Quicksand ____________________________________________________ _ 
Clay _______________________________________________________________ _ 
Lime _______________________________________________________________ _ 
Red rock, cave _______________________________________________ _ 
Salt and red rock __________________________________________ _ 
Red rock ______________________________ • __________________________ _ 
Salt and red rock ________________________________________ _ 
Sand, sharp _________________________________________________ . 
Red rock _ ______________ _ _______________________________ _ 
Lime _______________________________________________________________ _ 
Gypsum ______________________________________________________ ---_ 

Salt, white ------------------------------------------------------
Lime, bottom 15 feet very hard __________________ _ 

Blue shale -----------------------0------------------------------
Gas sand, estimated 4,000,000 cUo fto _________ _ 

250 
260 
270 
340 
348 
355 
365 
395 

470 
475 
495 
500 
510 
515 
555 
560 
575 
580 

595 
600 
630 
645 
677 
685 
695 
696 
710 
745 

1195 
1235 
1390 
1397 
1420 
1510 
1550 
1503 

260 
270 
340 
348 
355 
365 
395 
470 

475 
495 
500 
510 
515 
555 
560 
575 
580 
595 

600 
630 
645 
677 
685 
695 
696 
710 
745 

1195 
1235 
1390 
1397 
1420 
1510 
1550 
1563 
1580 

10 
10 
70 

8 
7 

10 
30 
75 

5 
20 

5 
10 

5 
50 

5 
15 

5 
15 

5 
30 
15 
32 

8 
10 

1 
14 
35 

450 
40 

155 
7 

23 
90 
40 
13 
17 
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Red rock 1580 1610 30 
Gas sand, total gas now estimated to be 

40,000,000 cu. ft. ____________________________________ _ 1610 1625 15 
Red rock __________________________________________________ ... __ 1625 1637 12 
Gas sand, additional flow, not estimated ___ _ 1637 1650 13 
Red rock ___________________________________________________ _ 1650 1680 30 
Blue shale, more gas __________________________________ _ 1680 1685 5 
Red rock ____________________________________________________ _ 1685 1700 15 
Gas sand, more flow of gas ___________________________ _ 1700 1712 12 
Red shale _________________________________________________ _ 1712 1718 6 
Blue shale __________________________________________________ _ 1718 1768 50 
White slate ....... _______________________________ .. ___________ _ 1768 1775 7 
Blue shale __________________ : ___________________________ _ 1775 1785 10 
Lime ___________________________________________________________ _ 1785 1792 7 
Red rock __________________________________ _ 1792 1797 5 
Sandy shale ___________________________________ _ 1797 1820 23 
White lime _________________________________________________ _ 1820 1860 40 
Sand, showing oil and gas ___________________ . ___ . _____ _ 1860 1870 10 
White lime ------------------------------------------------------ 1870 1920 50 
Gas sand, additional gas estimated at 30,-

000,000 cu. ft. __________________________________ ... _ .. __ 1920 1935 15 
Sharp sand __________ _ _______________ . ___ ... _ ... _... _. 1935 2145 210 
Gas sand . __ .. ___ ........... ____ . _________________________ .. . 2145 2185 40 
Lime, hard __ .. __ ._. _______ .. ___________ . ________________ . __ _ 2185 2190 5 
Gas sand ____ .. _________ ._. __________________________________ _ 2190 2225 35 
Lime, gray ______ _ _ ____________________ _ 2225 2320 95 
Blue shale ____________________________________________________ _ 2320 2328 8 
White lime ____________________________________________________ _ 2328 2390 62 
Black lime, hard_________________________________________ __ 2390 2415 25 
Gray lime _______________________________________________________ _ 2415 2430 15 
Gas sand, estimated 60,000,000 cu. ft. ______ _ 2430 2450 20 
Gray lime ___________ ________________________________ _ _____ _ 2450 2510 60 
Brown lime __________________________________________________ _ 2510 2550 40 
Gray lime ____ __________________________ _________________ __ 2550 2580 30 
Quicksand _____________________________________ _ ____________ _ 2580 2595 15 

Description of Sample 

Depth in Feet 
A dark gray siliceous and, at least in part, crystalline rock. 

The bulk of the rock is feldsitic material, which as a 
matrix contains crystals of quartz and red feldspar. In 
thin section parallel wavy fibers characterize the fel­
sitic matrix. These bend around the crystals. A thin 
quartz vein was also noted. Perhaps the rock may be 
a porphyritic rhyolite. J. A. U .. _______________________________________ 2045-2050 
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Log of the Haines Little Pool Well in Section 14, G. & M., Block 
No.3. Elevation of the well site, 3411'. 

Grass turf ......................... __ ._ ...................... . 
Dry sand and gravel ................................... . 
Dolomite rock and graveL .......................... . 
Water sand ................................................... . 
Lime and Tock ............................................. . 
Sand and gypsum ......................................... . 
Red beds and rock ............... _ ........................ . 
Sand and red rock ......................................... . 
Rock and gypsum ......................................... . 
River sand and water ..................................... . 

Set 15 %" casing at 342'. 
Red beds ...................................................... . 
Gypsunl ......................................................... . 
Light shale ................................................... . 
Blue shale ..................................................... . 
Gray, blue shale and hard rock ................ . 
Gray rock and gypsum ................................. . 
White gypsum ___ .. _ .. ___ . __ .......... _._ .................... . 
Red beds ...................................................... . 
Red rock ...................................................... . 
Brown shale ...... _ ................................ _ .... . 
Light gypsum ................................................. . 
Gray shale ........................... _ .......................... . 
White gypsum ............................................... . 
Brown shale and little water sand ............. . 
Dark shale and gumbo ................................. . 
Blue shale ..................................................... . 
Water and heaving quicksand, set '12 % " 

casing at 762' 10" ................................... . 
Blue shale and rock .................................... . 
Rock salt .......................................... _ ............ . 
Red rock ........................................... _ ........... . 
Red beds, set 10" casing at 1138' on account 

of cave in redbeds. Water leak in 12 %" 
Salt and gypsum ......................................... . 
Rock salt ................................ _ .................... . 
Shale and sand ............................................. . 
Red rock ....................................................... . 
Red rock .................................................... _ .. . 
Loose sand ........................................... _ ...... __ . 
Rock salt ................................. _ .......... _ ......... _ 
Red rock _ .................................... -................ . 

Depth in 
From 

o 
2 

14 
36 
40 
80 

110 
165 
248 
336 

342 
400 
430 
438 
465 
480 
495 
540 
565 
585 
610 

630 
645 
665 
680 
700 

718 
760 
835 
920 

1070 
1138 
1250 
1285 
1320 
1375 
1390 
1400 
1415 

feet. Thick-
To. ness_ 

2 2 
14 12 
36 22 

40 4 
80 40 

110 30 
165 55 
248 83 
336 88 
342 6 

400 58 
430 30 
438 8 
465 27 
480 15 
495 15 
540 45 
565 25 
585 20 
610 25 
630 20 
645 15 
665 20 
680 15 
700 20 
718 18 

760 42 
835 75 
920 85 

1070 150 

1138 68 
1250 112 
1285 35 
1320 35 
1375 55 
1390 15 
1400 10 
1415 15 
1455 40 
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Sandy brown shale, hard ____________________________ __ 

Blue shale ------------------------------------------------------
Rock salt ____________________________________________ _ _ ____ _ 
Rock salt _____________________________________________________ _ 
Lim'e ____________________________________________________________ _ 

Blue shale, little gas showing _______________________ _ 
Red rock, more gas 500,000 cu. ft. _____________ _ 
Red rock _______________________________________________________ _ 
Red shale ______________________________________________________ _ 
Red rock ___________________________ . ____________ . ____________ .. 

Brown shale and red rock ___ . __ .... __ ..... ___ ....... . 
Sandy blue shale ______ .... _ ........... _ ... _____ . __ . ______ . 
Blue shale -- .... ---.--.- .. -........ --- .. ------- ....... ---------. 
Very hard lime, set 814" casing at 1858', 9" 
Red rock _._. ___ . ___ .. ___ . ___ ._._ ... _ .. ______ .. _ .. __ ..... _______ _ 
Lime, little more gas ...... _ ... _. __ . _____ ... __ . ____ . __ .. __ . 
Lime, sho·wing of 3,000,000 cu. ft. gas ____ .. __ 
Lime ... __ .. _ .. _ ..... ___ .............. _________ ._ .. __________ _ 
Lime, sandy showing of gas with oil _ .. _. __ 
Gas sand and lime ___ ._. ___ .. _._ .. ____ ....... ____________ .. . 
Gas sand ....... _ ..... _ ... _ .. _________ . __________ . _____ ._ ....... . 

1455 
1475 
1480 
1520 
1545 
1575 
1605 
1630 
1670 
1680 
1705 
1725 
1740 
1770 
1780 
1787 
1810 
1950 
1!J80 
1995 
2010 

Shut down, making more gas, 21,000,000 cu. ft. 

1475 
1480 
1520 
1545 
1575 
1605 
1630 
1670 
1680 
1705 
1725 
1740 
1770 
1780 
1787 
1810 
1950 
1980 
1995 
2010 
2028 

20 
5 

40 
25 
30 
30 
25 
40 
10 
25 
20 
15 
30 
10 

7 
23 

140 
30 
15 
15 
18 

Description of Samples from Haines Masterson No.2, in Section 
10, D. & P. R. R., Block 0-18. 

Depth in Feet 
Mostly fine-grained red sand. Some pieces of anhydrite. 

Some pieces of anhydrite and a few pieces of gray shale 
noted ___ . ___________ .. __ . ______ . __ . ____ .... _ .......... __ ................. __ ._ .... _. ____ .. 880 

About one-half of the sample consists of rock salt. Some 
salt fragments are white. Some are streaked red. The 
other one-half of the sample consists of brick-red silt. 
One-half of the sample was submitted to Dr. E. P. 
Schoch of the Division of Industrial Chemistry with a 
request for a determination of the per cent of potassium 
in the soluble portion. The report showed the presence 
of 0.038 per cent of potassium .... _. ___ .. _ .... ________ . __ . ____________ 1225-1230 

Redbed silt. Some pieces of bluish-gray shale, rock salt 
and anhydrite. Rock salt fairly abundant. One-half 
sample submitted to Dr. E. P. Schoch of the Division 
of Industrial Chemistry with a request for a determina­
tion of the per cent of potassium in the soluble portion. 
The reports showed the presences of 0.058 per cent of 
potassium ._ .... ______ . __ ...... ________ ... _. _____ .. _ ... ___________ ... __________ ._1225-1232 

White and light gray anhydrite _____ .____ _ ____ . ____________ ... __ __ _1295-1305 
Mostly fine-grained red sand. A few pieces of red shale 
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and a few pieces of blue shale noted. Small amount of 
salt noted. One-half sample submitted to Dr. E. P. 
Schoch of the Division of Industrial Chemistry with a 
request for a determination of the per cent of potassium 
in the soluble portion. Report showed 0.027 per eent 
of potassium ............ ____________________________________________________________ 1305-1330 

Fine-grained red sand. Few pieces of red shale and gray 
shale noted. Few pieces of anhydrite. Some sand . 
grains and other fragments were seen to be salt in-
crusted but no pieces of rock salt observed ____________________ 1335-1365 

Red silty clay, containing some fine sand. The clay gives 
no reaction for lime. With this clay occurs some anhy­
drite which is reddish-gray. The anhydrite fragments 
have the appearance of coming from thin layers occur-
ring in the clay____________________________________________________________________ 1365 

Log of the Miller Oil Coo's Tanner No.1, in Section 59, A. B. & M., 
Block 2. Elevation of well site, 3609'. 

Depth in feet. Thick-
From To. ness. 

Black and red clay __________________________________ _ 0 180 180 
Clay and chalky stone ___________________________ _ 180 220 40 
Water sand and graveL _____________________________ _ 220 300 80 
Red shale _______________________________ • __________________ _ 300 480 180 
Red clay ________________________ . __________________________ _ 480 500 20 
Red clay and shale _______________________________________ _ 500 550 50 
Red clay, shale and gypsum _________________________ _ 550 600 50 
Red clay, shale, gypsum rock and gyp _________ _ 600 1050 450 
Gypsum rock, shale and salt _________________________ _ 1050 1095 45 
Gypsum rock, gravel and shale _____________________ _ 1095 1143 48 
Rock salt ____________________________________________ _ 1143 1160 17 
Clay and shale _______________________________________________ _ 1160 1200 40 
Clay, shale and gypsum rock _____________________ _ 1200 1240 40 
Shale, slate and anthracite_______ _ _______________ _ 1240 1276 36 
Shale and clay ____________________________________________ _ 1276 1310 34 
Shale, clay and lime ______________________________________ _ 1310 1375 65 White lime ___________________________________________________ _ 1375 1400 25 
White lime and shale _____________________________________ _ 1400 1430 30 
Blue shale ------------------------------------------------------ 1430 1460 30 
Blue and red shale and salt _________________________ _ 1460 1480 20 
White lime ___________________________________________________ _ 1480 1490 10 
Salt _______________________________________________________________ _ 1490 1510 20 
Gray lime and salt _______________________________________ _ 1510 1530 20 
White lime and salt _______________________________________ _ 1530 1565 35 
Gray lime -------------------.---------------------------------- 1565 1600 35 
Rock salt . ___ ..... ___ ... ____ . _____ . _________ ...... ___ . _________ _ 1600 1670 70 
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Rock salt and shale ................. , ..................... . 
Blue shale ................................................... . 
Gray lime ....................................................... . 
Brown lime ................................................. . 
Black lime .................................................... . 
Blue shale .................................................... . 
Gray lime and salt ....................................... . 
White lime ...... . ............................................ . 
Brown shale and salt .................................. . 
Salt .............................................................. . 
Salt and lime ................................................ . 
Brown shale ................................................ . 
Blue shale .................................................... . 
Brown shale ................................................ . 
Shale and salt .............. _._ ..... __ .............. _ ........ . 
Red beds ....... . ......................................... . 
Red and blue shale .... _. . ___ .................. _ ......... . 
Broken lime .................................................. . 
Hard lime ........... _ .......................................... _. 
Shale and salt .............................................. . 
Broken lime ............................................... . 
Shale .......... _ .................... _ .......... _ .. _ ........ _ .. _. 
White lime ................................................. . 
Shale and red beds .... _ .................... _ ..... "'_" 
Shale ........................................................... . 
Shale and red beds 
Broken lime and shale ................................ . 
Red beds .................................... . 
Broken lime and slate ................................ . 
Red beds and rock ..................................... . 
Broken lime, shale and red rock ....... _ ....... . 
Red beds and red rock. ................................ . 
White lime .................................................... . 
Blue shale and lime .. _ ................................ . 
Gray lime and shale. .. . ....... _ ..................... . 
Gray lime, shale and salt .................. . ...... . 
Blue and brown shale ................................. . 
Gray lime and shale ..................................... . 
Gray lime, shale and gypsum ..................... . 
Gray lime and shale ................................... . 
Salt ................................................................. . 
Gray lime ....................................................... . 
Gray lime and shale ..................................... . 
Gray lime ..................................................... . 
Gray lime and sand ....................................... . 
Gray shale and gypsum .............................. . 

1670 
1820, 
1825 
1830 
1845 
1880 
1900 
1925 
1940 
1980 
2025 
2035 
2045 
2070 
2080 
2120 
2280 
231e 
2325 
2335 
2350 
2390 
2395 
2400 
2435 
2445 
2500 
2550 
2565 
2575 
2600 
2650 
2670 
2682 
2700 
2720 
2735 
2755 
2765 
2790 
2815 
2825 
2840 
2855 
2860 
2870 

1820 
1825 
1830 
1845 
1880 
1900 
1925 
1940 
1980 
2025 
2035 
2045 
2070 
2080 
2120 
2280 
2310 
2325 
2335 
2350 
2390 
2395 
2400 
2435 
2445 
2500 
2550 
2565 
2575 
2600 
2650 
2670 
2682 
2700 
2720 
2735 
2755 
2765 
2790 
2815 
2825 
2840 
2855 
2860 
2870 
2885 

150 
5 
5 

15 
35 
20 
25 
15 
40 
45 
10 
10 
25 
10 
40 

160 
30 
15 
10 
15 
40 

5 
5 

35 
10 
55 
50 
15 
10 
25 
50 
20 
12 
18 
20 
15 
30 
10 
25 
25 
10 
15 
15 

5 
10 
15 
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Blue and red shale ....................................... . 2885 2895, 10 

Red beds ....................................................... . 2895 2920 25 
Red beds and blue shale. ___ ........................... . 2920 2988 68 
Blue shale and salt ................ __ ......... _ .. _ ..... _ .. . 2988 3005 17 
Blue shale and salt .. ___ .. _ ... ___ .. _ .. ____ .... __ .......... . 3005 3010 5 
Blue shale .- ..... -- ... --.- .. ----.- ....................... -..... . 3010 3030 20 
Brown shale ...... _ ... _________ . ____ .. ___ . ____ ...... ________ .. 3030 3055 25 
Black shale ._ .. _ .. _ ................ __ ._ .. __ ......... _ ......... . 3055 3080 25 
Salt ...... _ ................ , ........ _ .............. , ........ -- ... --, 3080 ,3092 12 
Black shale and gypsum ___ ... _ ........................ . 3092 3130 38 
Gray shale and salt . _____ ._ ... __ ..... _ .................. . 3130 3160 30 
Salt ........ _ ................. _ .......... _ ........................... . 3160 3180 20 
Salt and shale ... _ ... __ ._ ......... _ ... __ . ____ ._ ... _ ....... ___ . 3180 3210 30 
Salt __ ..... _._._._ ...... __ .... _ .. _ .... _ .. ___ ...... ___ .. _ .. -,-.- .... . 3210 3245 35 
Gray lime ...... -......... -----......... --- ......... ---- ....... . 3245 3290 45 
Broken lime and shale .. ____ . ___ .. ____ ................. _ .. 3290 3300 10 
Salt ................................... _ .. _ ... __ ..... ___ ......... . 3300 3310 10 
Blue shale and salt .. _ ......... ____ ... _ .. _ ... _ ....... ___ . 3310 3325 15 
Blue lime .... -- ..... -......... -----........................... . 3325 3340 15 
Gray lime and shale_ ... __ .. __ ........ __ . ___ ... _ .. ___ ._._. 3340 3360 20 
Black shale and slate ........ ____ .......... __ .. ___ ._ .... . 3360 3380 20 
White lime .... _ ..... _. __ ._. ___ . ____ ... _ ..... _ .. _ .. __ ._. __ ._._. 3380 3395 15 
Shale and gray lime _._ .. ___ .... ____ .... __ ...... _ ...... _. 3395 3420 25 
Blue shale -... --.-.-.. ----... ----.-....... -- .... -.......... -- .. . 3420 3430 10 
White lime _____ ......... _._. _____ .. _ .... ___ ....... __ . ____ ... _. 3430 3470 40 
White 'lime and shale __ ..... _ ... _____ .................. _. 3470 3480 10 
Black shale and slate. ___ .... _ ......... __ ......... _ ... _. __ . 3480 3500 20 
Blue shale ._ .......... __ .. ___ ........ ____ .. ____ ...... __ ....... . 3500 3506 6 
Blue shale and lime _._ .......... _ ... _._ .... _ ..... _._ .. _ ... . 3506 3536 30 
Blue shale and slate ._ .... __ ... _ .. __ ._ .. _ ............. _._. 3536 3548 12 
Blue and red shale ......................................... . 3548 3555 7 
Red shale ........... __ .......................... _ ............. .. 3555 3600 45 
Red and blue shale ..................................... .. 3600 3635 35 
Red and blue shale and gray lime ............ _ .. _ .. 3635 3682 47 
Red and blue shale ............................. . 3682 3688 6 
Red and blue shale and blue lime ............... . 3688 3696 8 
Blue shale ..................................................... . 3696 3701 5 
Blue shale and lime ............ _ .. _ ................... . 3701 3712 11 
Hard linle ........................ -... -.................. -.. 3712 3718 6 

Hard lime and shale .................................. .. 3718 3723 5 
Hard lin1e ~~~ ____________ --- --- ------------------------------- 3723 3726 3 
Lime and blue shale ............................... .. 3726 3755 29 

Blue lime and shale . -- ... -............. -............. . 3755 3795 40 
Red shale and lime .................. -- ............. -.... .. 3795 3860 65 

Red and blue shale ...................... ·· ... ·· ...... ··· .. ·· 
Red lime ................ .. . ....................... -...... .. 

3860 3880 20 
3880 3890 10 
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Red shale 
Red shale and lime ..................................... . 
Blue and red shale ....................................... . 
Blue and red shale and lime ..................... . 
Bottom of hole ............................................. . 

Abandoned, dry hole. 

3890 
3895 
3917 
3926 
3941 

Description of Samples 

3895 
3917 
3926 
3941 

5 
22 

9 
15 

Depth in Feet 
Red, fine-grained, loosely-cemented sandstone, banded with 

layers of white sandstone. The sand is calcareous and 
contains some shaly material. The larger grains are con­
siderably worn. About 80% of the sand grains range 
from 14 to 1/8 mm. in size. Weak fumes of ammonia 
noted .................................................................................. 230- 240 

Mostly red shale, slig'htly calcareous, containing some gyp­
sum and anhydrite. Some fine sand present. Fumes of 
sulphur noted ............................ ....................................... 311 

Red shale, containing some selentite and gypsum and a 
small amount of anhydrite. Rounded grains of sand 
noted .................................................................................... 660- 670 

Like sample from 660-670, with an increased amount of 
gypsum and sand grains. Fumes of ammonia presenL .. 730- 740 

Red shale containing some fibrous gypsum. A few sand 
gTains present. Weak fumes of ammonia noted_ .......... 740- 750 

Red shale, containing a small amount of gypsum and an-
hydrite. A few sand grains present. Weak fumes of 
ammonia noted ................................................................. 750- 760 

Red shale and gypsum. Some fine sand present. Fumes 
of ammonia noted ....... ................................................ 755 

Like the sample from 755'. Weak fumes of ammonia 
noted ........................................................................... 760- 770 

Like sample from 755'. Weak fumes of ammonia noted .... 770- 780 
Like sample from 755'. Weak fumes of ammonia noted .... 780- 790 
Like sample from 755'. Contains some calcareous frag-

ments ................................................................................. 800- 818 
Red clay with some etched crystals of anhydrite and some 

gypsum. A few calcareous fragments present. Weak 
fumes of ammonia noted ________________ . ____________ . ________ . ____ . ________ 818- 830 

Red clay with some gypsum and a considerable amount of 
fine sand. Fumes of ammonia noted ____ .. ______ .. __________ . __ .... 830 

Red shale, gypsum, and a considerable amount of very fine 
sand. Some light gray calcareous fragments present. 
Weak fumes of ammonia noted. ____ . ______________ . __________________ . 835 

Like sample from 835' ________ . ____ . __ ............. __ . __ ............ __ . ________ . 830- 840 

Red shale, some gray shale, and gypsum. Some fine sand 
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and fragments of calcareous material present. Weak 
ammonia fumes noted ____ ... ____ . ____ . ___ . __________ ._ ...... _. __ . __ ... _. _____ 840- 850 

Like sample from 840-860'. No fumes noted .......... __ .... ____ .. 850- 860 
Red sandy clay, containing a small amount of calcareous 

materiaL Ammonia fumes noted ... __ ._ ............. _______ . __ .... _. 860- 870 
A light red, fine, silty sandstone and some gypsum. Some 

calcareous material present. About 70% of sand grains 

are from :lJs to 1/16 mm. in size, and all are below JA 
mm. in size. Ammonia fumes noted_. __ .. ___ . ______ . __ ._. __ . _____ . 870- 873 

Red sandy clay and gypsum. Weak fumes of ammonia 
noted . ____ .... _______ . __________ ._. __ ._ ... __ ...... _ .... ___ ............. _____ ... __ .. ____ 873- 883 

Like sample from 873-883'. Contains a few fragments 
of calcareous material .. ___ ... ___ ._. _______ .. __ . ___________ ...... __________ 878 

Red shale and some gray shale. Sample contains a small 
amount of impure calcareous material and gypsum. 
No fumes noted . ____ ... _ .................. ________ . ____ ...... __________ ..... ___ .. 877- 880 

Red sandy clay and gypsum. ______ .. ___ ...... _ .... _. __ .. __ ................... 883- 893 
Red shale, gypsum, and anhydrite. A small amount of 

sand grains present. Fumes of ammonia noted. __ . _______ 893- 900 
Like sample from 893-900', containing white calcareous 

fragments. Fumes of ammonia noted__ ____ .. !JOO 
Red, sandy, calcareous clay containing some gypsum and 

anhydrite. Fumes of ammonia noted_. ______ .. _____ _ 900- 970 
Red shale and gypsum. A few fragments of white cal-

careous material and hard black shale. Weak fumes 
of ammonia noted ________ ... ___ . ____ . ___ . _____ . ____________ ........... ___ 900- 910 

Like sample from 900-910'. No black shale observed. 
Weak fumes of ammonia noted .... _______________ . ______ .. ___ . __ .. __ 910- 920 

Like sample from 910-920. No fumes were noted . __ .......... 925- 935 
Red and brown shale, anhydrite and gypsum and a consid-

erable amount of calcareous materiaL Fumes of am-
monia noted ___________________________ .. __ . _________ . ____________ .. _ ....... __ 945- 948 

Red shale, spotted with gray, gypsum and some anhydrite. 
One fragment of the shale has a soapy appearance. A 
few fragments of calcareous material present. Weak 
fumes of ammounia noted ____ ...... __________ . ____ . ________ .. ______ .. ____ 980 

Red and brown shale, with some gypsum and anhydrite. 
A few fragments of calcareous material. Weak am-
monia fumes noted ____ . __________ .......... _ ................. _ .... _ ......... 1135 

Like sample from 1135_._ ..... _. ______ .. __ . _______ . __ · ____ · __ ···· ___ ···· .......... 1140-1145 
Like sample from 1135. No fumes presenL _____________ .. ________ .1145-1150 
Red and brown shale, gypsum and anhydrite. One frag-

ment of light gray calcareous material presenL_ ........... 1150-1155 
Red and gray shale, anhydrite and gypsum. Weak fumes 

of ammonia __________ ._ .. _._. ____ . _________ . ____ ._ ..................... __ ..... _._1155-1160 

Red and gray shale, anhydrite and gypsum. A few large 
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fragments of light gray calcareous material present. 
Weak fumes of ammonia .................................................. 1160-1170 

Red shale and some gray shale. Shale has slick soapy ap-
pearance. Anhydrite and gypsum present. Weak fumes 
of ammonia noted .............. _ ....... __ .... _._ ... _. __ ._ ...................... 1170-1180 

Red and brown shale and gypsum and anhydrite. A few 
fragments of calcareous material present. __ ................... _.1180-1190 

Like sample from 1180-1190. Fumes of ammonia noted .... 1190-1200 
Red and brown shale, gypsum and anhydrite. Some frag-

ments of calcareous material present. Weak fumes of 
ammonia noted .............. _ ............ _ ...... _ ............................... 1210-1220 

Red and brown shale, somewhat sandy with anhydrite and 
gypsum. Weak fumes of ammonia noted .... _ ................. 1226 

Red shale, somewhat sandy, anhydrite and gypsum, and a 
few fragments of calcareous material. Fumes of am-
monia noted ..................... _._ ......... _ ....... _ .......................... _ ... 1230-1240 

Like sample from 1230-1240. Weak fumes of ammonia 
noted ' .. ' .................................................................... 1240-1250 

Red and gray shale, gypsum and anhydrite. A few frag-
ments of gray calcareous materiaL ......................... _ ...... 1250-1280 

Red sandy shale, gypsum and anhydrite. Fumes of am-
nlonia noted ..... _ ....... _ ............ _ .......... __ ... _ ............. _ ............ _1265 

Red and gray shale, gypsum and anhydrite. Also frag­
ments of gray calcareous material noted. Fumes of 
ammonia noted .............. _._ .................. _ ........................ _ .... 1300 

Red sandy silt and clay with bluish-gray small round 
blotches, and containing a few very small flakes of 
mica. Some porous white gypsum, partly in small per­
fect crystals of selenite. Some fibrous white gypsum. 
Above and at ................................................ _ ..................... 1325 

Log of the Ranch Creek Oil Co.'s Masterson No.1, in Section 2, 
E. L. & R. Co., Block B-1!. Elevat,ion of the well site, 3434'. 

Depth in feet. Thick-
From To. ness. 

Surface ....................................................... . 0 2 2 

Dolo,mite ....................................................... . 2 29 27 

Red sand rock ............................................... . 29 110 81 
Dry sand ..................... -................................. . 
Red rock ...................................................... .. 

110 120 10 
120 140 20 

Water sand ......................................... L ......... . 140 145 5 

Red rock ........................................................ . 145 180 35 

Water sand (gypsum) ................................ .. 180 205 25 
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Red rock _______________________________________________________ _ 
'vVater sand ___________________________________________________ _ 

Set 15" casing at 395'. 
Red rock _______________________________________________________ _ 
Water sand ___________________________________________________ _ 
Red rock _______________________________________________________ _ 
Water sand (hole full water) _______________________ _ 
Red bed ---- ____________ ..... __ .. _. __ . __________ . _______ ._ ....... . 
Gypsunl ______________________________________________________ ----

Light shale ------------------------------------------------------
Blue shale ------------------------------------------------------
Brown shale _____________________________________________ . ___ _ 
Hard rock, blue _____________________________________________ _ 

Gray rock ------------------------------------------------------
Gypsum _________________________________________________________ _ 
Red rock _______________________________________________________ _ 
Gypsum ________________________________________________________ _ 
Red rock _____________________________________________________ _ 
Gypsunl ______________________________________________________ _ 
Brown shale _________________________________________________ _ 
Gypsum ________________________________________________________ _ 

Gray shale ------------------------------------------------------
Gypsum _________________________________________________________ _ 
Brown shale _________________________________________________ _ 

Salt water -----------------------------------------------------­
Blue shale ------------------------------------------------------
Dark shale ------------------------------------------------------
Quicksand _____________________________________________________ _ 

Set 12 1h" casing at 785'. 
Blue shale ------------------------------------------------------
Red rock _______________________________________________________ _ 
Salt _______________________________________________________________ _ 
Red rock _______________________________________________________ _ 
Gray lime ____________________________________________________ _ 
Dry sand _______________________________________________________ _ 
Rock salt ____________________________________________________ _ 
Dry sand _______________________________________________________ _ 
Brown shale ________________________________________________ _ 

Salt ----------------------------------------------------------------
Brown shale __________________ . ________________________________ _ 

Blue shale ------------------------------------------------------
Hard gypsum _______________________________________________ _ 
Salt ______________________________________________________ ----------

Blue shale ---------- -------------------------------------------

205 
260. 

280 
340 
350 
380 
400 
425 
430 
435 
440 
465 
480 
490 
540 
545 
565 
575 
585 
610 
630 
645 
685 
700 
730 
740 
750 

785 
795 
885. 
920 

1345 
1350 
1370 
1382 
1386 
1505 
1550 
1565 
1570 
1590 
1670 

260 
280 

340 
350 
380 
400 
425 
430 
435 
440 
465 
480 
490 
540 
545 
565 
575 
585 
610 
630 
645 
685 
700 
730 
740 
750 
785 

795 
885 
920 

1345 
1350 
1370 
1382 
1386 
1505 
1550 
1565 
1570 
1590 
Hl70 
1715 

55 
20 

60 
10 
30 
20 
25 

5 
5 
5 

25 
15 
10 
50 

5 
20 
10 
10 
25 
20 
15 
40 
15 
30 
10 
10 
35 

10 
90 
35 

425 
5 

20 
12 

4 
119 

45 

15 
5 

20 
80 
45 
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Gas sand ..................................................... . 
Hard shell ................... _ .... _._ ....................... . 
Gas sand .................................................. _ .... . 
Rock salt and shells ....................................... . 

Pocket of gas. 
Blue shale .............................................. _ .. _ 
Hard lime ............................ _ .. _ .... _ ...... __ . ___ . 
Brown shale ................................................. . 
Shale ............................................................. . 
Sand, showing oiL ......................................... . 

Description of Samples 

1715 
1740 
1745 
1760 

1900 
1940 
2200 
2310 
2340 

1740 
1745 
1760 
1900 

1940 
2200 
2310 
2340 
2343 

25 
5 

15 
140 

40 
260 
110 
30 

3 

Depth in Feet 
Sample consists of a fragment about one-half inch in 

diameter of dull red granite of fine texture, contain-
ing a few grains of magnetite. E. B. S ........................ . 

Sample consists of three fragments, one about o'ne-fourth 
inch, one one-half inch, and one three-fourths inch in 
diameter. Each one of them is from a red, apparently 
unweathered, gneiss-like rock, in which quartz and ortho­
clase feldspar make up the bulk of the rock, but in 
which no mica can be seen. The specimens show an in-
distinctly layered texture ....... __ ....... __ ..... _ ....................... . 

Two pieces of rather fine-grained red granite about 8 
mm. in size. H. T. R ........................................... _ .............. . 

* 

* 

* 

Log of the Seven States Oil Co.,s olbrook No.1, in Section 127, 
A. B. & M., Block 2. Elevation of well site, 3582'. 

Depth 
From 

Soil ................................................................. . 0 
Red sand ...................................................... . 15 
Blue slate ... _ .......................... _ ........... __ ...... . 40 
Red rock ..................... _ ............ _ .................... . 65 
Lin1e ............................................................ . 105 
Red rock ........................................................ . 115 
Gypsum ....................... _ .......................... _._ .... . 145 
Red rock ................... -- ........ ----...................... . 150 
Linle ............................................................... . 190 
Red ro-ck .................................................... . 205 
Red sand ..... _ .............................................. . 220 
Red rock ......................................................... . 225 
Blue shale ............................... -- ...... -.-.-.- ...... . 320 
Gypsum . ___ .. ____ . ______ . __ ......... -..... ----.. -... -... -.. -.. -. 335 
Red rock ........ _. ____ ._. ------.---- .. -.-- ............... -- ... . 350 

"Exact depth not known. 

in feet. 
To. 

15 
40 
65 

105 
115 
145 
150 
190 

205 
220 
225 
320 
335 
350 
410 

Thick-
ness. 

15 
25 
25 
40 
10 
30 
5 

40 

15 
15 

5 
95 
15 
15 
60 



Geology and Mineral Resou1'(;es of Potter County 157 

Lime _______________________________________________________________ _ 410 415 5 
Red rock _______________________________________________________ _ 415 490 75 
Red sand, water ___________________________________________ _ 490 500 10 
Lime _______________________________________________________________ _ 500 505 5 
Red rock _______________________________________________________ _ 505 520 15 
Gypsum _________________________________________________________ _ 520 555 25 
Red rock _______________________________________________________ _ 555 570 15 
Gypsum _________________________________________________________ _ 570 585 15 
Red rock _________________________ , _____________________________ _ 585 620 35 
Gypsum _________________________________________________________ _ 620 680 60 
Red rock ______________________________________________________ __ 680 735 55 
Red sand _______________________________________________________ _ 735 745 10 
Gypsum ___________________________________________________________ _ 745 750 5 
Gravel ___________________________________________________________ _ 750 760 10 
Red rock _______________________________________________________ _ 760 840 80 
Red sand, water _____________________________________________ _ 840 860 20 
Gypsum ________________________________________________________ __ 860 870 10 
Red sand, water ___________________________________________ _ 870 895 25 
Red rock _______________________________________________________ _ 895 950 55 
Gas sand _______________________________________________________ _ 950 955 5 
Red rock _______________________________________________________ _ 955 990 35 
Brown sand ___________________________________________________ _ 990 1030 40 
Rock salt ____________________________________________________ _ 1030 1045 15 
Brown sand _______ _ _______________________________________ _ 1045 1100 55 
Rock salt __________ _ ________________________________________ _ 1100 1110 10 
White lime _______________________________________________ _ 1110 1160 50 
Rock salt _______________ __ _________________________________ _ 1160 1175 15 
White limfOl ___________________________________________________ __ 1175 1210 35 
Rock salt ____________________ __ ____________________ __ 1210 1240 30 
Blue sandy lime ___________________________________________ _ 1240 1250 10 
White lime __________________________________________________ _ 1250 1300 50 
Rock salt ____________________________________________________ _ 1300 1320 20 
White lime ___________________________________________________ _ 1320 1400 80 
Gypsum _________________________________________________________ _ 1400 1420 20 
Brown lime __________________________________________________ __ 1420 1450 30 
Rock salt _______________________________________________________ _ 1450 1575 125 
Gray lime _______________________________________________________ _ 1575 1610 35 
Rock salt _______________________________________________________ _ 1610 1630 20 
Black lime ____________________________________________________ _ 1630 1640 10 
White lime ____________________________________________________ _ 1640 1645 5 
Brown lime ___________________________________________________ _ 1645 1720 75 
Gray lime _______________________________________________________ _ 1720 1750 30 
Blue shale _____________________________________________________ _ 1750 1768 18 
Salt and shale _______________________________________________ _ 1768 1805 37 
Lavender sand _____________________________________________ _ 1805 1815 10 
Rock salt _______________________________________________________ _ 1815 1905 90 
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Gray sand ----------------------------------------------------,­
Black lime ------------------------------------------------------
Blue shale _____________________________________________________ _ 
Red rock ________________________________________________________ _ 
Rock salt ____________ ------- ___________________________________ _ 
Red rock _______________________________________________________ _ 
Water sand ___________________________________________________ _ 
Red rock _________________________________________________________ _ 
Black sand, lh million cu. ft. gas ___________________ _ 
Red rock _______________________________________________________ _ 
Brown and gray lime _____________________________________ _ 
Brown shale ________________________________________________ _ 
Lime and salt _________________________________________________ _ 
Brown sand __________________________________________________ _ 
Red rock _______________________________________________________ _ 
Brown shale ___________________________________________________ _ 

Brown shale and red rock _____________________________ _ 
Blue and gray lime _________________________________________ _ 
Brown sand ___________________________________________________ _ 
Salt _______________________________________________________________ _ 
Blue lime _______________________________________________________ _ 
Lime and salt _______________________________________________ _ 
Black slate __________________________________________________ _ 
Gray lime ___________ _ ______________________________________ _ 
Rock salt _______________________________________________________ _ 
Gray lime ______________________________________________________ _ 
Gray shale ___________________________________________________ _ 

Gray lime ------------------------------------------------------
Blue shale ____________________________________________________ _ 
Black lime _____________________________________________________ _ 

Blue shale 
Black lime 
Blue shale 
Rock salt ______________ ---- -_________________________________ _ 

Black lime ------------------------------------------------------
Blue slate ___________________________________________________ _ 

Black lime ------------------------------------------------------
Blue slate ____________________________________________________ _ 

Black lime ------------------------------------------------------
Red rock, cave _____________________________________________ _ 

1905 1915 
1915 1930 
1930 1945 
1945 2020 
2020 2030 
2030 2130 
2130 2135 
2135 2380 
2380 2385 
2385 2555 
2555 2570 
2570 2585 
2585 2770 
2770 2795 
2795 2800 
2800 2835 
2835 2880 
2880 2905 
2905 2930 
2930 2980 
2980 3010 
3010 3145 
3145 3150 
3150 3210 
3210 3225 
3225 3280 
3280 3300 
3300 3345 
3345 3350 
3350 3355 
3355 3365 
3365 3370 
3370 3380 
3380 3395 
3395 3425 
3425 3445 
3445 3465 
3465 3480 
3480 3495 
3495 3530 

G. & M., Block 

10 
15 
15 
75 
10 

100 
5 

245 
5 

170 
15 
15 

185 
15 

5 
35 
45 
25 
25 
50 
30 

135 
5 

60 
15 
55 
20 
45 

5 
5 

10 
5 

10 
15 
30 
20 
20 
15 
15 
35 

5. Ele-Log of the Tuck-Trigg well in Section 37, 
vation of well site, 3310'. 

Depth in feet. Thick-

Soil 
Dolomite, white, hard ___________________________________ _ 

From 
o 
8 

To. 

~ 
13 

ness. 
8 
5 
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Red beds, medium ...................... __________________ 13 
Dolomite, white, hard ___ .. _______________________________ 17 
Sandy shale, red, soft____________________________________ 25 
Red beds, soft ________________________________________________ 29 
Lime, gypsum, white, hard ____________________________ 65 
Red beds ___________________________ ____________________________ 68 

Gypsum, white ______________________________________________ 72 
Red beds __________________________________________________________ 74 
Gypsum, white ________________________________________________ 78 
Red beds _________________ :________________________________________ 81 
Gypsum, white ________________________________________________ 89 
Red beds __________________________________________________________ 91 
Gypsum, white ______________________________________________ 96 
Red beds ____ _____________________________________________________ 100 
Sandy lime, white ________________________________________ 140 
Red beds __________________________________________________________ 146 

Show of water, 7!J bbl. per hour. Cave. 
Gypsum, white _____________ .. _________________________________ 175 
Red beds _____________ __________________________________________ 180 
Gypsum, white ________________________________________________ 195 
Red beds ________________________________________________________ 200 

Gravel (37!J bbls. water per hour) _____ __________ 278 
Shale, red to blue _________________________ . ____________ ._._ 286 
Lime and gypsum, white _____________ .. _________________ 320 
Red beds ________________________________________________________ 340 

Gravel, hole full of wateL____________________________ 345 
Red beds ________________________________________________________ 352 
Quicksand, alkali water ________________________________ 404 
Red beds ________________________________________ ._____________ 410 

Quicksand, alkali water__________________ _______________ 414 
Gypsum, white ________________________________________________ 420 
White sand ___________________________________________________ 424 
Shale, red ______________________________________________ ____ __ 430 
Red and blue shale__________________________________________ 460 
Gypsum __________________________________________________________ 495 
Blue shale ______________________________________________________ 509 
Lime, white, hard________________________ _________________ 512 
Shale, blue __________ .__________________________________________ 535 
Shale, brown __________________________________________________ 538 

Sand, red, nitrogen gas________________________________ 547 
Lime, white, hard __________________________________________ 552 
Chalk, white ____________________________________________________ 578 
Gypsum, bro'wn _______________________________ .. ___ ._________ 580 
Lime, white, hard __ .. ____________ .. _________________________ 595 
Red beds ________ ._._. _____ .. ___ ________________________________ 630 
Gypsum, white __________ . ______ ._._. ___ . _________________ ._ 635 

17 
25 
29 
65 
68 
72 
74 
78 
81 
89 
91 
96 

100 
140 
146 
175 

180 
195 
200 
278 
286 
320 
340 
345 
352 
404 
410 
414, 
420 
424 
430 
460 
495 
509 
512 
535 
538 
547 
552 
578 
580 
595 
630 
635 
640 

4 
8 
4 

36 
3 
4 
2 
4 
3 
8 
2 
5 
4 

40 
6 

29 

5 
15 

5 
78 

8 
34 
20 

5 
7 

52 
6 
4 
6 
4 
6 

30 
35 
14 

3 
23 

3 
9 
5 

26 
2 

15 
35 

5 
5 
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Lime, pink, hard _________________________________________ _ 
Red rock ___ . _________________________________________________ _ 
Salt, white ________________________________________________ _ 
Lime, brown ______________________________________________ _ 
Flinty lime, white, hard ______________________________ _ 
Salt, white __________________________________________________ _ 
Shale, brown ________________________________________________ _ 
Lime, pink ____________________________________________________ _ 
Salt, white ___________________________________________________ _ 
Lime, white _______________________________________________ _ 
Shale, blue __________________________________ _________ _ _____ _ 

Lime, blue ---------.--------------------------------------------
Lime, white ___________________________________________________ _ 
Blue shale ___________________________________________________ _ 
Lime ____________________________________________________ . __________ _ 

Salt and shale, dark brown __________________________ _ 
Gypsum, white ____________________________________________ _ 

Salt, gypsum and red bed _________________________ _ 
Salt and shale, brown _________________________________ _ 
Lime, brown __________________________________________________ _ 
White lime __________________________________________________ _ 

Gray lime _____________ ... _._ ... _________ .... _ .......... _ .... ____ _ 
Blue shale ____________ .. ____________ .. _ .. __ .. ________________ _ 
Blue lime _ ... _ ........... ____ .. ____________ .. _______ ... _____ . __ 
Blue shale __ . ____ ...... __________ ...... ____ .. ___ .. ____________ . 
White salt _______ .. ___ .. _____ .. ________________ ...... __________ _ 
Coarse sand, red, dry_ ... ___________________ .. ________ .. 
Salt, white ........... _ ... _ .. ____________________ .. ____ ... ______ _ 
Lime ._ ... ___ .. ___ ._ .. _ .... _______________ .................. ___ . ____ _ 
Shale, white __________ .. __ ......... _ ... ___ . _ .. __ .. _. _________ . 
Blue shale ______ ....... __ ........ _ .... ___________________ .... __ .. 
Salt, white .. _ .......... __ .... _________ .. ____________ .. _. ___ .. . 
Red rock, dry ______ .... ____ .. _______ ..... ____ .. _____ .. ____ ... _. 
Sand, dry _________ .... __ .... _ ......... _. _______ .. ___ .. __________ _ 
Red rock __ .. __ ........... __ .. ____ .. _ ..... ______ .. ____________ .. 
Gypsum .. ___________ .. ___ .... _ ...... __ ................. ______ .. . 
Sandy shale, red ... _____ .. ____ .. ______ .. __ .. ____ ........... . 

Brown lime .............. _____ .......... _ .. ____ .. ______ ...... .. 
Red shale .......... _ .. _ ... ____ ........ _ .... _____ .... _ ... ___ ... __ . 

Sandy lime, water in ten days .... ____ ........... __ .. . 
Sandy shale, brown _____ .... __ ..... ___ ... ___ .. ________ .. . 
Lime, pink, and blue _____________ ...... ______ ......... ____ .. 
Sandy shale, red _____ ._ .. ___ .. _ .. ______ .... __ .. ________ ._. 
Brown lime - __ -_____ .. __ .. _______ .. ____________ .... ________ _ 
Red shale .. __ .. ___ .. ________________ ........ _______ .... _______ _ 
White salt . __ ... ___ ...... _______ .. ___ .. __ ..... _ .... _ ... _ .. _ .... _ 
Red shale .. _. ___ .... _____ .. _______ .... _ ....... ____ ...... _ ... ____ _ 

640 
650 
655 
660 
665 
685 
710 
715 
725 
740 
765 
770 
775 
795 
800 
805 
830 
845 
920 

1020 
1028 
1038 
106'8 
1070 
1078 
1090 
1135 
1158 
1225 
1235 
1255 
1265 
1275 
1340 
1355 
1372 
1376 
1708 
1718 
1798 
1820 
1840 
1860 
1880 
1885 
1900 
1915 

650 
655 
660 
665 
685 
710 
715 
725 
740 
765 
770 
775 
795 
800 
805 
830 
845 
920 

1020 
1028 
1038 
1068 
1070 
1078 
1090 
1135 
1158 
1225 
1235 
1255 
1265 
1275 
1340 
1355 
1372 
1376 
1708 
1718 
1798 
1820 
1840 
1860 
1880 
1885 
1900 
1915 
1932 

1() 
5 
5 
5 

20 
25 

5 
10 
15 
25 

5 
5 

20 
5 
5 

25 
15 
75 

100 
8 

10 
30 

2 
8 

12 
45 
23 
67 
10 
20 
10 
10 
65 
15 
17 

4 
332 

10 
80 
22 
20 
20 
20 

5 
15 
15 
17 
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Lime, pink, blue and gray_____ __________ _______ __ 1932 
White salt ____ __________ _ ________________ __ ____ 1939 
Lime ____________________________________________ _ 
Red rock ____________________________ _ 
Sandy lime, showing of gaL ___________________ _ 
Red rock ____ ________________ _ _____ __ _ _____________ _ 
White lime _______________________________________ _ 
Red sand ____________________________________ --- ____________ _ 
Sandy shale, dark brown __________ .. __ ._ .. _. ____ . ___ . __ _ 
Sand, blue and brown._ ___ _____ __ 
Brown shale ___ . ___________ . _. ______________________ _ 
Red shale _' ___ .. _. __ . ___ .__ _ ______ _ 
Brown shale ________________________ . ___ - . _____ ._. __ . -
Sandy shale, dark brown. __ . ________ _ 
Sand, blue and brown ____________ _ 
Lime _____________________________________ ._. __ 

'White salt _____________ . __ ._.__ _________ _ ____ _ 

Blue and brown Rhale_ 
Blue shale __ 
White salt _____________ _ 

White lime 
Blue shale 
White salt 
Blue slate 
Brown salt ______________________________________ . ________ ._ 
Shale, blue, showing oiL ________ .. __ _ 
Brown shale ___ __________ _ ________ _ 
Blue lime _________ .___ ________ _ _ _______ _ 
Blue, sandy lime ____ _ ____ . ___ . ______ _ 
Black slate _______ .______ ._ .______ _______ _ _ ___ _ 
Blue shale ____ . ___ ___________ __ 
Red shale __ ___ ____ _____ _ ____ . ___ _ 

Gas pay at 2500, 2560, 2590, 2600 feet. 
Gas sand and red shale. 
Red shale _ . _ . __ __ _ ______ . ______ ._._ ._ _ ___ _ 
Lime ___ . ___ . _____________ _ 
Red rock ___________ _ 
Lin1e __________________ . __ . ________ . 
Red rock ___ . __ . __ ._____ ____ ______ _ _______ _ ______ . __ 

Sandy lime 
Red rock __________________________ . ___________ . __________ . _____ _ 
Lime ___ ._. ________ . _____ ._. ___________ . ___ . ----- __ _ 
Red rock ______________________ -____ _ 

Brown lime 
Red rock ___ _ 
Lime 

1950 
1960 
19R5 
1989 
2005 
2020 
2050 
2100 
2104 
2125 
2145 
2160 
2185 
2195 
2220 
2265 
2300 
2315 
2325 
2337 
2347 

2380 
2460 
24RO 
2490 
2496 
2515 
2530 
2540 

2550 
2640 
2650 
2655 
26R5 
2695 
2710 
2718 
2745 
2750 
2760 
2790 
2795 

1939 7 
1950 11 
1960 10 
19R5 25 
1989 4 
2005 16 
2020 15 
2050 30 
2100 50 
2104 4 
2125 21 
2145 20 
2160 15 
2185 25 
2195 10 
2220 15 
2265 45 
2300 35 
2315 15 
2325 10 
2337 12 
2347 10 
2370 23 
2380 10 
2460 80 
2480 20 
2490 10 
2496 6 
2515 19 
2530 15 
2540 10 
2550 10 

2640 90 
2650 10 
2655 5 
2685 30 
2695 10 
2710 15 
2718 8 
2745 27 
2750 5 
2760 10 
2790 30 
2795 5 
2805 10 
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Red rock ..... . 2805 2815 10 
Broken lime, red breaks ................ . 2815 2865 50 
Blue shale ............ ..... ... ............ . ............ . 2865 2870 5 
Brown lime .............. . 2870 2875 5 
Black shale ................ . 2875 2890 15 
Lime with blue shale, breakR.. .. . ............. . 2890 2985 95 
Blue shale with lime shells._ 2985 3035 50 
Lime, white ..................................... . 3035 3045 10 
White shale .. ....... .. 3045 3055 10 
Blue shale .... .. ..... . ... .... . ...................... . 3055 3064 9 
Solid lime .. ...... . .... . 3064 3575 511 
Lime .......................................................... . 3575 3660 85 
Water sand ..... . .............. . ........ _ .............. . 3660 3685 25 
Lime .............................................. . 3685 3880 195 
Black lime .... _ ..................... ' ................... . 3880 3920 40 

Description of Samples 

Depth in Feet 
Brown granular and dolomitic limestone with some clear 

anhydrite. No fossils were seen........................................ 3600 
Very finely-ground yellowish dolomite. Some anhydrite 

and some slightly rounded and etched sand grains are 
present. Permian. H. T. K. .......................................... 3625-2630 

The sample consists or very finely ground, light brown 
dolomite. In the washed material a little anhydrite was 
noted) ........... __ .................. _ ... _ .. __ ........................... _ ........... 3 6i25~3 6 30 

Almost white dolomitic limestone stained brown by rust. 
Some anhydrite present. No fossils were seen ................ 3630-3637 

Almost white dolomitic limestone like 3630-3637' ................ 3637-3647 
The sample consists of very finely ground light brown 

dolomite. In the washed material a little white anhy-
drite was noted .................................................................. 3647-3653 

Gray limestone and clear anhydrite. Sample is very finely 
ground and stained by iron rust. No fossils were seen .. 3680-3684 

The sample consists of finely ground up white dolomite 
and red and greenish-gray, indurated shales. In the 
washed material some white anhydrite and a little gyp-
sum were noted ..................................................... _ ... _3688-3691 

The sample consists of finely ground up white dolomite. In 
the washed material some white anhydrite and a few 
fragments of red and greenish-gray shc>Je were noted ..... 3700-3705 

Light yellow dolomite and some quartz grains showing crys-
talline faces. Some anhydrite is present. A thin sec-
tion shows the dolomite to be mostly rather coarsely 
crystalline. One fragment has a fine-grained texture .... 3705-3714 

Light gray dolomite limestone and clear anhydrite. No 
fossils were seen ..... _ ...................... : .............. _ ................. 3705-3714 
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The sample consists .of finely ground up white dolomite. 
In the washed material some white anhydrite and sev-
eral small quartz crystals were noted ............................. 3714-3718 

Like sample from 3705-3714 feet ....................................... 3715-3718 
The sample consists of finely ground up white anhydrite. 

In the washed material some anhydrite and gypsum were 
noted. A few fragments of red and gray shale were 
als,o present ........................................................................ 3 718-3 722 

Like sample from 3718-3722 feeL ....................................... 3740-3745 
Like sample from 3718-3722 feeL ...................................... 3745-3750 
The sample consists of very finely ground up light brown 

dolomite. In the washed material some white anhydrite 
was noted ............................................................................ 3750-3755 

Like sample from 3705-3714 feet ...................................... 3755-3760 
The sample consists of finely ground up white dolomite. 

In the washed material some white anhydrite was ·noted. 
A few fragments of red and greepish-gray shale were 
also present ..................................................................... 3755-3760 

Light gray, almost white, dolomitic limestone and clear 
anhydrite. No fossils were seen .................... .. ............. 3760-3765 

Like sample from 3755-3760 feet ................ . ..... .. ........ 3765-3770 
Like sample from 3755-3760 feet ..................................... 3770-3780 
White dolomitic limestone with some anhydrite. No fos-

sils were seen. Sample ground very fine ........................ 3778-3785 
Like sample from 3755-3760 feeL ..................................... 3790-3795 
Like sample from 3755-3760 feeL ..................................... 3795-3800 
White dolomitic limestone like 3778-3785 feeL.................. 3800 
Like sample from 3778-3785 feet.. .. ____ . __________ ... __ .. ____ ... __ .. __ .3805-3810 
Like sample from 3755-3760 feeL. ____ .. ____ .... __ . __ . __ . ____ ....... __ 3810-3815 
Light gray dolomitic limestone containing some clear an-

hydrite and a few fragments of maroon colored and 
dark gray shale. No fossils were seen ........... ____ . __ . __ ... __ .. 3815-3820 

Like sample from 3755-3760 feeL __ .. __ ......... __ ........... __ .. __ ..... 3820-3825 
Like sample from 3755-3760 feeL. __ ........ ______ ... ______ ........... 3825-3830 
Light gray dolomitic limestone with some anhydrite. No 

fossils were seen .............................................................. 3840-3845 
The sample consists of very finely ground, very light gray 

dolomite. In the washed material some white anhydl'ite 
and a few fragments of red and greenish-gray shale 
were noted .......................................................................... 3845-3852 

Gray dolomitic limestone with some clear anhydrite. No 
fossils were seen. In closed tube faint sulphur odor 
was noted ... __ .............. ______ ......... __ ........... __ ....... __ ......... __ . __ .... 3852-3857 

Very light gray dolomitic limestone with some anhydrite. 
No fossils were noted ......... __ ......... __ ....... ______ ....... ____ .......... 3857-3865 

Gray dolomitic limestone with some anhydrite. In one 
fragment an indication of a replaced sponge spicule was 
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noted. No other fossils were seen. In closed tube 
bituminous fumes were given off .... ... 3865-3870 

Gray dolomite limestone with some anhydrite. In one 
fragment an indication of a replaced sponge spicule 
was noted. No other fossils were seen. In closed tube 
bituminous fumes were given off. 3865-3870 

Dark gray dolomitic limestone which is in part siliceous. 
In thin section the limestone is seen to be finely crystal­
line with considerable granular inclusion within the 
crystals. In the siliceous fragments the granular ma­
terial of the limestone is retained in the brownish ma­
trix. In some fragments bituminous stains are seen. 
No fossils noted. In closed tube bituminous fumes 
and strong fumes of ammonia were noted .... 3870-3880 

Dark gray dolomitic limestone like that from 3870-3880. 
Some white cylindrical spines suggesting casts of 
sponge spicules were seen in washed material. In 
closed tube ammonia fumes were noted...... 3880-3884 

Gray medium coarse crystalline dolomite and a small 
amount of white flint and anhydrite . .. . ........ . ...... 3885-3890 

Dark gray dolomite and a few fragments of anhydrite. 
In thin section the dolomite is seen to be finely crystal­
line in texture. When heated in closed tube, faint bitu­
minous fumes were liberated. The texture and general 
appearance of this rock reminds one of the Word forma-
tion of the Glass Mountain section. J. A. U. . ........ 3900-3905 

Light yellow, fine grained dolomite and some anhydrite. 
Still Permian. II. T. K ............................................... 3995-3998 

Log of the White Oil Corporation's M'asterson No.1, 10 Section 5, 
G. & M. Block No.3. Elevation of welI site 3227'. 

Depth in feet. Thick-
From To. ness. 

Shale ------------ ... -_._- ------.----------- -------------- 0 1370 1370 
Gypsum ... .. 1370 1380 10 

Sand ------------ ----- -- ------------ 1380 1411 31 

Lime shell . -- -- ---- ... ... ____ H • .. ' .. --------- 1411 1417 6 
Lime ---------------------------------------------.---------------- 1417 1430 13 
Shale ... --------- .. 1430 1435 5 

Water sand .. ... 1435 1440 5 

Lime --- ------ ... ---.---- 1440 1450 10 

Water sand 1450 1455 5 

Lime ------ 1455 1460 5 

Shale --------- ----- .. 1460 1470 10 

Gypsum .. .---- - __ ow ---- ------.-------- 1470 1475 5 
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Red Rock .......................................... . 
Rock salt 
Red shale 
Lime ... ' 
Red shale 
Red sand 
Lime shell 

Red sand . ... ... ............. ...... ......... . ......... . 
Red shale ..... ......... ..... . ........... . 
Salt ...................................................... . 
Lime .................................................... . 
Red shale ............. . ................... . 
Sand ................................................. . 
Red Rand, caving . 
Sand and red shale ........... ... . .................. . 
Gypsum ...... . ..... . 
Sand ....................... . 
Red rock ..................................................... . 
Salt .. ...... ... .... ...... . ............ . 
Lime .................................................. . 
Salt . .... . ......................... . 
Blue shale 
Red shale 
Lime .. 
Red Rock 
Brown lime ................... ......... . ............ . 
Red rock ... .......... ... .. ..... .... . .. 
Red sandy shale, showing of gas at 3055' . 
Red rock ......... ...... . ........ . 
Brown sandy lime ..... ' ... ..... ... ...... .. .. 
Red Rock ................... . 
Hard gray lime ....... ' ............................. . 
Red rock . ...... ...... .. ... . . ............. . 
Gray lime ....... ..... .... ..... .. ..... ... . ......... . 
White sand, showing little oil ................... . 
Sandy lime .............. .. .... .... . .................. . 
Sand, oil show. ........... . .. _ ..................... . 
Gray lime .. .. ' ....... ' ..................... _ ..... . 
Lime, very small gas show....... . .............. . 
Gray lime . .......... . ..... . ............. . 
Sand, little oil........ ... ... ..... . ..... . 
Lime ......................................................... . 
Hard lime .. ............... .... ...... ............ .."." .. 
Lime and sand ......... . 
Sandy lime, salty ................................... . 

3 Bailers water per hour at 3720' 

1475 
1480 
1510 
1595 
1600 
1625 
1645 

1650 
1660 
1670 
1700 
1710 
1720 
1750 
1780 
2230 
2280 
2310 
2510 
2605 
2655 
2755 
2776 
2796, 
2806 
2814 
2822 
3009 
3090 
3115 
3120 
3122 
3225 
3285 
3305 
3320 
3444 
3449 
3470 
3485 
3572 
3584 
3595 
3667 
3700 

1480 5 
1510 30 
1595 85 
1600 5 
1625 25 
1645 20 
1650 5 
1660 10 
1670 10 
1700 30 
1710 10 
1720 10 
1750 30 
1780 30 
2230 450 
2280 50 
2310 50 
2510 200 
2605 95 
2655 50 
2755 100 
2776 2 
2796 20 
2806 10 
2814 8 
2822 8 
3009 177 
3090 81 
3115 25 
3120 5 
3122 2 
3225 103 
3285 60 
3305 20 
3320 15 
3444 124 
3449 5 
3470 21 
3485 15 
3572 87 
3584 12 
3595 11 
3667 72 
3700 33 
3745 45 
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Gray sandy lime .... _ .... _____ . __ ._ .... _________ .... __ .. 
Gray sandy lime ._ .... ________________ . ______ . ______ . ____ .. 
White lime __ .. _. ______ . _____ .. ___ .... __ ..... ___ ._ .......... _. 
Brown lime . _____ .... __ . __ ._ .... _ .. _ ............ _ .. _ ...... . 
Black lime ._ ........... _ ....... _________ . ___ . ____ ._._._. __ .. __ _ 
Brown lime . __ ... ___ . ____ .. _. _____ . ___ . _______ . _________ .... 
Coarse black lime . ___ . ___ ....................... _ ... _. __ ._. 
Black shale and lime, hace of oil ______________ . 
Black shale, caving, trace of oil ______________ ._ .. 
Hard sand, 10% lime . ___ ._. __ ._. __ . _______ ... __ ...... _. 
White lime ....... _. ___ . __ . ___ . ____ . __ . _____ .. _ ........... _____ _ 
Gray lime ___ .. _. ___ . ________ .. _ ................ __ ' ______ _ 
Hard gray lime _ .... ___ .... _____ _______ _ ______ _ 
Gray linle .... _. __ ...... __ ....... _____ ._.___ . _____ ...... __ ... . 
Reddish-brown sand .... ___________ ._. _ .. _ .. . 
Dry and abandoned at ..... _.... . ... __ ... __ 

374G 
3802 
3885 
3910 
3915 
3920 
3830 
3945 
3948 
3960 
3968 
3972 
3998 
4007 
4165 
4200 

3802 
0885 
3910 
3915 
3920 
3930 
3945 
3948 
3960 
3968 
3972 
3998 
4007 
4165 
4200 

First Shot: 420 quarts from 3310' to 3447'--:1(1 rcsponse. 
Second shot: 200 quarts from 3310' to 3447'-no response. 
After shot there was no show of oil or gas. 
Formation from 4165'-4200' may carry granite fragmcnts. 
Casing pulled and hole plugged. 

Description of samples 

57 
83 
25 

5 
5 

10 
15 

3 
12 

8 
4 

26 
9 

lU8 
35 

Depth in Feet 
The sample consists of red clay. In the washed material 

fragments of fine sandstone, a little white anhydrite and 
a very little quartz sand were noted . _ __ __ _ _ _____ . _ 2822-2980 

Brownish-red clay, reddish dolomite, rounded, etched sa"Jld, 
anhydrite, some quartz crystals, and a few fragments of 
limestone. Permian. n. T. K. .. __ ._ ................. ____ .. __ ........ __ 2828 

The sample consists of I'eddish-bI'own and gI'eenish-gI'ay 
shale. In the washed material numerous small calcare-
ous concretions and some white anhydrite were noted ._ 311G-3118 

The sample consists of red, purple and greenish-gray 
shales. In the washed material same white anhydrite 

was noted. Small calcareous concretions, a very litte 
fine quartz sand and pyrite were alw present ___ ...... __ . _ 3275-3280 

Maroon-red fine textured shale and bluish-gray shale, both 
of which are dolomitic. With the shale is considerable 
crystalline anhydrite ....... _______ ... _._._ .. __________ ._ ___ .. ____ . ___ 3320-3326 

Maroon-red and g'I'ay shale like that from 3320-3326', and 
some gray fine-grained thin bedded (1 mm. thick layers) 
dolomite. Anhydrite present ..... ___ .. ___ .... ___ ......... __ .... 3355-3365 

Blue and red non-calcareous indurated clay, gray dolomite, 
some anhydrite, and a few grains of subangular sand. 
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In thin section the red clay is seen to contain some fine 

sand and inclusions of gray clay. In this section the dolo­
mite shows oolitic texture, the oolitic spherules being all 
shapes from round (one-third, mm. in size) to verY' nar­
row and elongated and having a finely granular texture. 
Some 00£ the oolitic spherules have an outer lighter layer 
and a darker center, others have a light center sur­
rounded by a dark and a light layer. Many of the oolitic 
spherules seem to have been flattened by pressure. The 

oolites are separated from each other by coarser gran­
ular material. One dolomite fragment has a finely 
mottled texture. When heated in closed tube, faint am-
monia fumes were liberated____________ _______________ _____________ 3360 

Gray dolomite whieh contains much anhydrite. In thin 
section the anhydrite is seen to occupy circular areas 
of various sizes resembling oolitc spheTules, and irrig­
ular elongated areas more or less bTanching and con­
nected. The quantity of anhydrite varies in different 
fragments but anhydrite seems to be present in all. One 
fragment which was digested in warm hydrochloric acid 
left the anhydrite in a skeletal anangement. Several of 
the circular bodies of anhydrite have a central area of 
dolomite and same show concentric rings. In closed tube 
enough bitumen to have a deposit in tube was given off __ 3370-3380 

Light gray dolomite containing much anhydrite, and some 
gray shale. In thin section the dolomite is seen to be 
very fine grained and to contain minute clear crys-
talline bodies and areas of anhydrite____ ___ ___________ 3390 

Dark bluish-gray dolomitic shale, brown dolomite, gray an­
hydrite and some maroon-red shale. In thin section 
the shale is seen to contain minute quartz grains. The 
anhydrite is seen to be crystalline in thin section. In 
closed tube ammonia and bituminous fumes were given 
off _________________________________ _ ___________________________ 3390-3400 

Light gray dolomite containing anhydrite, and some dark 
gray shale. In thin section the dolomite is seen to have 
oolitic texture, the oolites being composed of finer grained 
material than the matrix and arc mostly irregular in 
shape, being mostly oblong. Some of the oolites are re­
placed partly or wholly by anhydrite and several are sur­
rounded by a distinct ring. The dolomite in this sample 
differs from that found at 3360', in being coarser 
grained. The oolites are smaller and are more distant. 
When heated in closed tube, faint ammonia fumes and 
faint bituminous fumes were liberated______ ____ _____ __ _ __ 3396 

The sample consists of dark greenish-gray and light green-
ish-gray shales and some anhydrite. In the washed ma-
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terial some small calcareous concretions and a little fine 
quartz sand were noted ___ ____ ___ __ __________________ ___ _ _______ 3400-3406 

The sample consists of light gray dolomite, dark gray shale 
and a little red shale_ In the washed material some 
white -anhydrite and a little pyrite were noted_ In thin 
section the dolomite was seen to be finely granular and 
to contain indistinct traces of fossils_ There are irreg­
ular areas of anhydrite which have partly replaced the 
dolomite __ ___ ___ ___ ___ __ ___ ------------ ______________ 3408.3412 

Brownish-gray granular dolomite containing included areas 
of anhydrite_ In thin section the dolomite shows oval 
and irregular areas of anhydrite_ Some of the areas 
have a small lump of granular dolomite in the center and 
suggest replaced organic remains. Areas of darker 
color and of finer texture within the dolomite itself also 
bear out this suggestion_ Some areas which arc dark­
ened by very fine black specks are seen in the dolomite 
and bordering some areas of the anhydrite. In closed 
tube bitumen sufficient to nlake a deposit in tube and sus-
tain slight flame was given off_ __ ___ _3410-3420 

Gray fine-grained dolomite and dark bluish dolomitic shale_ 
In thin section the dolomite shows areas of anhydrite in 
uniform fine-grained groundmass. The shale contains 
considerable fine quartz sand or silt. Bituminous fumes 
sustained slight flame and form slight deposit of oil in 
closed tube, ammonia fumes also present _ _____ _ _ ______ 3433-3440 

Brown very finely crystalline dolomite containing much an­
hydrite in irregular areas_ Some dark gray dolomitic 
shale present. In closed tube ammonia and bituminous 
fumes were given off ___ ___________ _ ___________ _ 

The sample consists of greenish-gray shale and a few pieces 
of red shale. In the washed material many fragments 
of gray dolomite were noted. White anhydrite and pyrite 
were also present ____ ________ __ ___ _ ___________ _ 

The sample consists of light gray dolomite and dark gray 
shale_ The dolomite splits into thin plates_ In the 
washed material a little white anhydrite was noted_ In 
thin section the dolomite was seen to be finely granular 
and to contain thin irregular bo-dies and wavy lines of 
dark gray material. Areas of anhydrite which have 
partly replaced the dolomite were noted. Some rugged 

3451 

3458 

dark streaks occur throughout the dolomite_ _____ _ 3458-3463 
Gray fine-textured dolomite with scattering fine quartz 

grains. Brown dolomite like that described at 3451'; 
and some black and some maroon-red shale. In closed 
tube a slight deposit of bitumen was formed in tube. In 
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thin section the rock shows many indistinct round 
spherules possibly originally real oolitic granules.......... . 3468 

The sample consists of light gray dolomite and dark gray 
shale. In the washed material a little white anhydrite 
and a few fragments of red shale wpre noted. . . 3471 

The sample consists of gray dolomite and a few fragments 
of red shale. In the washed material a little white anhy-
drite was noted ............................................................. 3480-3503 

Gray dolomite and black non-calcareous shale. In thin 
section the dolomite is seen to be oolitic in texture. The 
oolitic spherules range in size from slightly less than one­
fourth mm. to three-eighth mm. in diameter. Several 
of the spherules have been filled by anhydrite. Others 
show indistinct concentric rings or layers in the crystal­
line dolomite. The larger part of the spherules however 
are distinguished by their fine texture and darker color. 
The rock breaks in thin flakes. One fragment seen in 
section shows discontinuous and roughly paralJel layers 
of dark material. The black shale contains some fine 
sand and silt. In closed tube bituminous and ammonia 
fumes were given off. ............ ...... .... ..... ... . ........ . 

Gray dolomite and some red shale which splits into square 
pegs. In thin section the dolomite is seen to be oolitic. 
Most of the oolitic spherules are found to measure be-
tween one-fourth and three-eighths mm. in diameter, 
others are elongated and measure one-half mm. in length 
by one-eighth in width. Some of the spherules are 
filled by anhydrite and some of the matrix of the rock is 
replaced by anhydrite. The oolitic spherules are dis-
tinctly finer in texture and darker in color than the sur-
l"ounding matrix and generally show one or more distinct 
rings around the circumference. This dolomite re-
sembles very closely the rock described from 2609-24' in 
the Spur Well, Dickens County, in Univ. of Tex. Bull. 
363, Plate 8 A-B. In closed tube ammonia and bitu-
minous fumes were given off. E. B. S ............................. . 

Gray and white anhydrite, gray dolomitic shale and red 
shale. In closed tube bituminous fumes and fumes of 
ammonia were given off ... . ............................ . 

The sample consists of gray .dolomite, white anhydrite and 
a few fragments of red shale. In thin sectio'n the dol-
omite was seen to be granular and to be blotchy in ap-
pearance. Some areas of clear anhydrite were noted 
which had partly replaced the dolomite ............. .. 

Dark gray dolomite, reddish-brown shale and some gray 
shale. In thin section the dolomite is seen to be oolitic. 

3486 

3496 

3507 

3508 
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The oolitic spherules are from three-eights to one-half 
mm. in diameter. Some of the spherules vary from their 
oval outline in order to conform to the shape of adjoining 
bodies. The spherules are for the most part darker than 
the matrix and of finer texture. They show concentric 
banding or rings suggesting growth by accretion. Anhy­
drite has partially replaced the matrix in some fragments 
and an occasional spherule shows partial replacement by 
hydrite. In closed tube ammonia and bituminous fumes 
were given off _________________________________________________________ _ 

The sample consists largely of gray dolomite with a little 
red shale. The dolomite splits into thin plates. In the 
washed material a little white anhydrite was noted. In 
thin section the dolomite was seen to be finely granular 
and to contain small blotches of darker materials. Some 
small areas of anhydrite which have partly replaced the 
dolomite were noted. The grouping of the darker areas 
suggests organic materiaL __________________________________________________ _ 

Gray dolomite and gray fine-grained dolomitic shale. In 
thin section of the dolomite is seen to be of uneven tex­
ture partly granular and partly clear crystalline. The 
outlines of two organic bodies were seen in section. 
Other outlines less distinct but probably of the same 
origin are also seen. The gray shale is fine textured with 
an occasional clear grain imbedded. Some red shale 
present. In closed tube ammonia and bitumen were 
given off _________ ____ ________________ _ _________________________ _ 

Gray dolomite and dark bluish-gray dolomitic shale. In 
thin section the dolomite is seen to have a blotched, un­
even texture. Areas of inegular outline, of crystalline 
material are surrounded by a granular ground mass 
which contains darker areas, that may be traces of or­
ganic remains. Some anhydrite and some red shale 
present. The rock breaks in thin flakes. In closed tube 
ammonia fumes and fumes of bitumen were given off ___ _ 

Gray dolomite with a small amount of red and bluish-gray 
shale. In thin section of the dolomite organic outlines 
are seen in a rock which consists largely of secondary an­
hydrite. In some fragments the anhydrite constitutes 
almost the entire rock only a few small areas of the 
granular dolomite texture remaining. In closed tube 
ammonia and bituminous fumes were given off ___________ _ 

The sample consists of dark-gray dolomite and a little red 
shale. In the washed material some white anhydrite 
was seen to be included in the dolomite. A little pyrite 
was also present. On heating the dolomite in a closed 
tube a strong odor of bitumen was noted _______________ _ 

3526 

3532 

3540 

3560 

3574 

3585 
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Gray dolomite. In thin section the dolomite is seen to be 
largely replaced by anhydrite. Faint outlines of organic 
bodies are seen in some fragments. In closed tube am-
monia and bituminous fumes were given ofL__________________ 3593 

Light gray dolomite. In thin section anhydrite is seen to 
have replaced relatively large areas of the dolomite. 
Ill-defined outlines probably of organic bodies are seen 
in several fragments. In closed tube very faint am-
monia fumes were given off________________________________________________ 3606 

The sample consists of gray dolomite which splits into thin 
plates. In thin section the dolomite is secn to be crys-
talline and to contain areas of anhydrite____ ____ __ _ _____________ 3615 

Gray and slightly brownish dolomite. In thin section the 
dolomite is seen to contain less secondary anhydrite 
than has been present in samples next above, and is 
somewhat coarser crystalline in texture. No organic 
outlines were seen in section. A small amount of red 
shale is present in thi~ sample. In closed Lube faint bi-
tuminous fumes were given ofL__________________________________________ 3639 

Slightly dark gray dolomite. In thin section the dolomite 
is seen to vary in texture from fine crystalline to crystal­
line, with areas of darker finer texture which are prob­
ably traces of organic fragments. A very few frag­
ments show very small areas of anhydrite. In closed 
tube very faint bituminous fumes were given off _____ 3653 

Gray crystalline dolomite with some anhydrite and a small 
amount of red shale. No thin section was made of this 
sample. In closed tube faint bituminous fumes were 
given off __ __ _________ ___ __ __ _________ ______ 3675 

Slig-htly brownish-gray, non-laminated dolomite. In thin 
section an even crystalline texture with occasional areas 
of granular, darker material are seen. Some frag'ments 
show small areas of anhydrite. In closed tube faint 
bituminous fumes were given off ___ _ _________ . ____ ._ 3697 

Light gray, almost white, fine crystalline dolomite contain­
ing secondary anhydrite areas. No thin section was 
made of this sample. A few fragments of red shale 
present. In closed tube very faint bituminous fumes 
were noted _______ . _._ .. __ . ___ _ __. _. ___ ___ 3705 

Very light gray, crystalline dolomite containing some sec­
ondary anhydrite. Small porosities were seen in sev­
eral small fragments. Some red shale and several frag­
ments of green Rhale were seen i~ washed material. No 
section was made on account of fineness of material. In 
closed tube very faint bituminous fumes were noted________ 3715 

Light gray dolomite. In thin section of a number of very 
small fragments, secondary anhydrite is seen to' have 
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replaced more than fifty per cent of the original granu­
lar dolomite. The remaining dolomite is mostly in small 
grains about one-eighth mm. in diameter and not clearly 
defined, surrounded by anhydrite. Some red and a small 
amount of bluish-gray shale present ........................... . 

Very light gray fine grained dolomite and anhydrite. The 
sample is ground unusually fine, all fragments being 
less than one-fourth mm. in size. Still Permian ..... _ ..... 

Like sample from 3725' .. _ ... _. _ ........... .... .. ' ... . 
Slightly brownish light gray dolomite like that from 3735'. 

Some faintly bluish-white flint is present in this sample. 
Some red shale also present _' 

Yellow, dolomitic limestone, anhydrite, and a few fragments 
of gray chert, and red and blue clay. The sample is 
ground unusually fine and has a yellow flour-like appear-
ance. Probably Permian. E. B. S ........................... _ .... . 

The sample consists of greenish-gray shale, reddish-brown 
shale and many fragments of anhydrite. A large piece 
of very fine-grained anhydrite was present. In the 
washed material many fragments of dolomite were 
noted. Some pyrite was also present. The sample con­
tains one large fragment of bluish-gray dolomite of fine 
texture. This shows some small traversings of slight-
ly lighter color than the mass .. .. . ..... 

3725 

3725 
3735 

3740 

3745 

3745 

Log of the United States Geological Survey well in Section 21, 
B. S. & F., Block No.9. Elevation of well site 3400'.* 

Depth III feet. Thick-
From To. ness. 

Soil and clay, surface deposits .. ____________ 0 15 15 
Tevocas shale (Triassic): 

Clay, variegated, white, and bright yel-
low _____ ._ - ----- .... -... ----- .. ---- ------- .. - ----

Quartermaster formation (Permian): 
Clay, mostly red, with some nodules of 
lime _______ .. _____ ... ---- .. ------ --- ---- -.---------- -.----
Dolomite; compact strata, separated by a 
stratum of red clay ____ ._______ -.. ... - - - ----

Shales, brickJred, sandy, wjth severali 
strata of gypsum in lower part 
Sandstone, brick-red, and red shale in 
alternating strata ------........ -----
Gypsum and red sandy clay ______ ... --- .. - --
Sandstone and shale, predominating 

15 100 85 

100 180 80 

180 195 15 

195 260 65 

2(;0 330 70 
330 360 30 

*Log taken from U. S. Geol. Survey Mineral Resources 1917, p. 

427. 



Geology and Mineml Resources of Potter County 173 

brick-red color ______________________________ _ 

Greer formation (Permian): 
Limestone, siliceous __ ___ _________ _ __________ _ 
Limestone, dolomitic and anhydrite ______ _ 
Clay, red, sandy, mottled with gray, con-
taining some gypsum _________________ _ 

Beds as yet' undifferentiated stratigraph-
ically: 

Sandstone ___________________________ _ 

Limestone and anhydrite _____________ _ 
Clay, red, sandy __________ _ ____ --- ______________ _ 
Anhydrite ________________________ ._______ _ ___ _ 

Clay, dark brown and red, sandy beds and 
Salt _________________________________________ -- ______ _ 

Salt 
Anhydrite, limestone, clay and some salt 
Salt __________________________________ , __ 

Anhydrite ______ _ _____ _ 

Anhydrite and limestone in thick beds, 
with some clay 
Salt and anhydrite _ ____ __ _ _____ _ 
Salt ____ _____________ _ _________ _ 

Silt and anhydrite ______________ _ 
Salt ___________________________ _ 

Anhydrite and limestone, with thin beds 
blue clay __________ ____ _ ______ ___ _ ____ _ 

Salt with red clay intercalated strata 
Salt _ ____ ________ __ _________ _ __________ _ 

Limestone and some anhydrite between 
blue clay beds _ ___ ___ _ ________ " __ _ 
Salt _ ____ __ __ ___ _ __________________ _ 

Limestone, anhy(lTite, intercalated sand-
stone, clay and salt __________ _ 
Clay, red, with intercalated beds of an­
hydrite and limestone 

360 

478 
488 

510 

560 
582 
588 
661 

665 
743 
759 
779 
8H) 

835 
97'2 
996 

1029 
1037 

1058 
1116 
1215 

1313 
1392 

1440 

1570 

SHALLOW WELL RECORDS 

478 

488 
510 

560 

582 
588 
661 
665 

743 
759 
779 
819 
835 

972 
996 

1029 
1037 
1058 

1116 
1215 
1313 

1392 
1440 

1570 

1703 

118 

10 
22 

50 

22 
6 

73 
4 

78 
16 
20 
40 
16 

137 
24 
33 
8 

21 

58 
99 
98 

79 
48 

130 

133 

1. A. T. & S. F. Ry. Co. well No.1 at St. Fmncis in Section 4, 
A. B. & M., Block 2. Log furnished by the company: 

Black soil 2 feet; white marl 5 feet; light-colored clay and sand 
43 feet; red clay and sand, caves, 100 feet; light-colored clay and 
sand 25 feet; brown clay and sand 35 feet; sand and dry gravel, 
caves bad, 43 feet; red clay 35 feet; red water-bearing sand 21 feet; 
red clay 5 feet_ 

2. A. T_ & S. F. Ry. Co. well No.2 at St. Francis in Section 4, 
A. B. & M_, Block 2_ Log furnished by the company: 
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Black soil 2 feet; white marl 5 feet; light-colored clay and sand 
43 feet; red clay and sand, caves, 100 feet; light-colored clay and 
sand 25 feet; brown clay and sand 35 feet; sand and dry gravel, 
caves bad, 43 feet; red clay 35 feet; red clay 5 feet. 

3. A. T. & S. F. Ry. Co. well No.3 at St. Francis in Section 4, 
A. B. & M., Block 2. Log furnished by the company: 

Black soil 2 feet; white marl 5 feet; light-colored clay and sand 
43 feet; red clay and sand, caves, 100 feet; light-colored clay and 
sand 25 feet; brown clay and sand 35 feet; sand and dry gravel, 
caves bad, 43 feet; red clay 35 feet; red clay 6 feet. 

4. A. T. & S. F. Ry. Co. well No.4 at St. Francis in Section 4, 
A. B. & M., Block 2. Log furnished by the company: 

Black soil 2 feet; white marl 5 feet; light-colored clay and sand 
43 feet; red clay and sand, caves, 100 feet; light-colored clay and 
sand 25 feet; brown clay and sand 35 feet; sand and dry gravel, 
caves bad, 43 feet; red clay 35 feet; red clay 6 feet. 

5. City Light and Water Company well at the Country Club. 
Log furnished by the company. 

Soil 1 foot; reddish clay 10 feet; gray putty clay 30 feet; red clay 
20 feet; gray rock 4 feet; gray pack sand 80 feet; brown sand-rock 
15 feet; brown sandy clay 4 feet; shelly, brown sand-rock, streaked 
34 feet; reddish sandy shale 3 feet. 

6. Log of well drilled in Section 103, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the 
driller. 

Soil 3 feet; clay 50 feet; cap rock 8 feet; sand 150 feet; red clay 
180 feet. 

7. Log of well drilled in Section 103, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the 
driller: 

Soil 2 feet; clay 50 feet; cap rock 8 feet; sand 160 feet; red 
sandstone. 

8. Log of well drilled in Section 103, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller: 

Soil 2 feet; clay 50 feet; cap rock 8 feet; sand 160 feet; red sand­
stone. 

9. Log of well drilled in Section 103, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas.' Log given from memory by the driller: 

Soil 5 feet; clay 55 feet; cap rock 10; sand 110 feet; white sand 
rock 20 feet. 
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10. Log of well drilled in Section 135, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller: 

Soil 5 feet; clay 40 feet; cap rock 10 feet; rock sandstone 135 
feet; hard rock 1 foot; gravel 1 foot; clay 25 feet. 

11. Log of well drilled in Section 158, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller: 

Soil 5 feet; clay 30 feet; cap rock 8 feet; sand 195 feet; very hard 

rock 5 feet; no record 20 feet. 

12. Log of well drilled in Section 48, B. S. & F., Block 9. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller: 

Sand 130 feet. 

13. Log of well dilled in Section 4, J. H. Gibson, Block Z-6 Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Sand 50 feet. 

14. Log of well drilled in Section 3, G. & M., Block M-19. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Clay 50 feet; clay and sand rock 120 feet. 

15. Log of well drilled in Section 1, G. & M., Block M-19. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Soil 17 feet; clay 330 feet; sand rock 70 feet. 

16. Log of well drilled in Section 60, B. S. & F., Block 9. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the dnller. 

Soil 5 feet; no record 50 feet; cap rock 8 feet; sand 125 feet. 

17. Log of well drilled in Section 111, B. S. & F., Block 9. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Soil 5 feet; clay 30 feet; cap rock 8 feet; sand 150 feet~ 

18. Log of well drilled in Section 44, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Soil 8 feet; no record 45 feet; cap rock, hard, 10 feet; sand 90 
feet; dry sand 60 feet; mortar beds 35 feet; sand 75 feet; white 
rock 10 feet. 

19. Log of well drilled in Section 63, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Cap rock 10 feet; sand 230 feet; completed in sandstone. 

20. Log of well drilled in Section 50, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Clay 35 feet; cap rock 10 feet; sand and rock 170 feet; red clay, 
red sand and rock 40 feet; white sand-rock 15 feet. 
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21. Log of well drilled in Section 25, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the driller. 

Soil 4 feet; clay 30 feet; cap rock 8 feet; sand 195 feet. 

22. Log of well drilled in Section 24, A. B. & M., Block 22. 
Driller: Joe Connor, Amarillo, Texas. Log given from memory by 
the driller: 

Soil 5 feet; clay 38 feet; cap rock 10 feet; sand, with little rock, 
170 feet; red rock and clay 20 feet. 

23. Log of well drilled in Section 23, A. B. & M., Block 23. 
Driller: Joe Connor, Amarillo, Texas. Log given from memory by 
the (hiller. 

Soil 5 feet; clay 35 feet; cap rock 8 feet; red clay 25 feet. 

24. Log of well drilled in Section 44, A. B. & M., Block 2. Driller: 
Joe Connor, Amarillo, Texas. Log given from memory by the 
driller: 

Soil 5 feet; clay 40 feet; cap rock 5 feet; no record of 25 feet; 
red clay 5 feet; sand rock 140 feet. 

WELLS WITHIN THE CITY LIMITS OF AMARILLO 

25. City Light and Water Company well at 506 Arthur Street. 
Log furnished by the company: 

Gumbo 30 feet; yellow clay 60 feet; hard sand 27 feet; clay 2 feet; 
hard sand 41 feet; yellow clay 30 feet; sand 20 feet; clay 12 feet; 
sand 34 feet. 

26. City Light and Water Company well at 507 Arthur Street. 
Log furnished by the company: 

Red gumbo 30 feet; yellow gumbo 70 feet; hard sand 50 feet; 
sandstone 85 feet; rock 10 feet; sand 10 feet; yellow clay 8 feet; 
sand 3 feet; clay 25 feet; sand 3 feet; clay 3 feet; water 53 feet. 

27. City Light and Water Company well at 303 Houston Street. 
Log furnished by the company: 

Top soil 9 feet; chalky clay 9 feet; brown clay, very tough, 31 feet; 
sandy brown clay 60 feet; brown packed sand 25 feet; boulders on 
lime formation 7 feet; brownish shale rock 20 feet; brown packed 
sand 53 feet; loose fine red sand, containing pans, 30 feet; red clay 
5 feet. 

28. City Light and Water Company well No. 15. Log furnished 
by the company: 

Top soil 5 feet; brown clay 145 feet; hard pan, "boulder rock," 
6 feet; brown sandy formation 79 feet; coarse gravel, first water 
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237 feet, 2 feet; hard bluish rock, "lime," 4 feet; brown sand rock 
20 feet; red clay 11 feet; conglomerate of red shale, streaked with 
white sand, 3 feet; brown sand rock 19 feet; red clay 13 feet; water 
89 feet. 

29. City Light and Water Company well at 1509 Jefferson Street. 
Log furnished by the company: 

Soil 3 feet; brown clay 135 feet; hard pan, boulders, 8 feet; packed 

sand formation 67 feet; brown water sand 25 feet; coarse sand gravel 
2 feet; sand rock formation, streaked with limestone, 48 feet; gray 
shale 1 foot; red shale 2 feet; gray shale or clay 1 foot; white sand 
rock 5 feet; yellow shale 5 feet; red clay 2 feet. 

30. City Light and Water Company well at 305 Polk Street. 
Log furnished by the company: 

Soil and subsoil 5 feet; brown clay 140 feet; red shale 5 feet; 
brown sand shale 10 feet; red shale, streaked with brown and white 
sand, 30 feet; yellow clay, with gravel and red sand, fine, 10 feet; 
red clay 7 feet; water 80 feet. 

31. City Light and Water Company well at 607 Adams Street. 
Log furnished by the company: 

Top soil 6 feet; chalky clay 60 feet; packed sand 44 feet; bould­
ers 10 feet; loose dry yellow sand 20 feet; brown clay 20 feet; brown 
sand, streaked with red clay, 30 feet; brown, gray and red clay 30 
feet; brown sand, containing clay and gravel, 15 feet; yellow clay, 
containing hard streaks of rock, 48 feet; red clay, very soft, 7 feet. 

32. City Light and Water Company well at 402 North Grant 
Street. Log furnished by the company: 

Top soil 5 feet; chalky clay 55 feet; brown sandy clay 20 feet; 
brown, tough clay 25 feet; brown sandy formation 30 feet; hard pan, 
apparently cement or lime, 5 feet; brown sand shale 20 feet; brown 
packed sand 45 feet; yellowish shale 20 feet; yellow sand gravel 22 
feet; hard brown sand rock 14 feet; red shale or clay 1 foot. 

33. City Light and Water Company well at 317 South Madison 
Street. Log furnished by the company: ' 

Top soil 2 feet; light brown clay 45 feet; brown packed sand 28 
feet; yellowish clay 15 feet; brown packed sand or rock 95 feet; 
boulders 5 feet; brown sand 15 feet; red sandy clay 25 feet; loose 
brown sand 19 feet; gravel 1 foot; red clay, streaked with fine sand, 
14 feet; tough red clay 17 feet. 

34. City Light and Water Company well. Log furnished by the 
company: 

Top soil 4 feet; different colored clays 245 feet; fine brown sand, 
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streaked with red clay, 16 feet; brown water sand 25 feet; brown 
and white sand 15 feet; sand gravel 1 foot; yellow. clay 2 feet; 
red clay 1 foot. 

35. City Light and Water Company well at.400 North Arthur 
Street. Log furnished by the company: 

Top soil 5 feet; chalky clay 20 feet; brown clay 75 feet; rcd clay 
80 feet; brown packed sand and rock 65 feet; porous sand rock 
with brown sand 6 feet; red shale 9 feet; brown sand 28 feet; 
white sand 2 feet; coarse yellow sand 3 feet; white gravel (all 
colors), 8 feet; red clay 2 feet. 

36. City Light and Water Company well at 700 North Johnson 
Street. Log furnished by the company: 

Top soil 6 feet; reddish clay 75 feet; dry, brown sand 49 feet; 
boulders 5 feet; brown clay 2 feet; gray, sandy shale 18 feet; cap 
rock and lime 5 feet; gray shale 20 feet; brown sand 30 feet; fine 
red sand 20 feet; red, sandy clay 15 feet; brown sand 25 feet; brown 
sand and gravel 15 feet; brown sandy clay 11 feet; red clay 4 feet. 

37. City Light and Water Company weU No. 24. Log furnished 
by the company. 

Chocolate loam 3 feet; chocolate clay 20 feet; red sandy clay 60 
feet; brown sandy clay 97 feet; boulders, lime 5 feet; brown sand, 
containing small boulders, 70 feet; first water at 255 feet; thin 
shell rock, stl'eaked with fine brown sand, 40 feet; gray shale 1 foot, 
water gravel 8 feet; yellow sandy clay 6 feet. 

38. City Light and Water Company well No. 25. Log furnished 
by the company: 

Clay 125 feet, no boulders at 125 feet; gray sandy clay 30 feet; 
sand, streaked with hard pan one-half to one inch thick, 40 feet; 
yellow clay 5 feet; clay, with sand streaks up to 8 inches thick, 
20 feet. 

39. City Light and Water Company well at 506 North Garfield 
Street. Log furnished by the company. 

Loam 2 feet; reddish clay 100 feet; gray sandy clay 143 feet; 

red sandy clay 10 feet; brown sand containing thin hard strata 40 
feet; g-ravel 6 feet. 

40. City Light and Water Company well at North Second and 
Bynum streets. Log furnished by the company: 

Top soil 5 feet; chalky clay 20 feet; red clay 85 feet; light sandy 
clay or shale 130 feet; red muddy fine sand, first water noted, 5 feet; 
brown sand 20 feet; hard pan (gravel) 4 feet; yellow clay 1 foot; 
yellow sand 12 feet; lavender, white clay 1 foot. 

41. City Light and Water Company well at North Fifth and 
William streets. 
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Soil 3 feet; bluish sandy clay, containing small boulders, 80 feet; 
brown sand rock 42 feet; gray clay 90 feet; brown, sandy clay 45 

feet; fine red water sand, streaked with shelly rock, 22 feet; brown 
sandy clay 7 feet; gas sand 8 feet; gravel 41 feet; yellow sandy 
clay 11 feet; yellow sticky clay 314 feet. 

42. City Light and Water Company well at 607 North Houston 
Street. Log furnished by the company: 

Top soil 3 feet; reddish clay 47 feet; red clay, containing small 
boulders, 60 feet; gray, sandy shale 170 feet; red sticky clay 20 
feet; red sand rocks 5 feet; red shelly sand rock 10 feet; red sand, 
streaked with gravel, 25 feet; coarse gravel and clay 5 feet; white 
sand shale 5 feet; lavender clay 3 feet. 

43. A. T. & S. F. Ry. Co. well No.9. Log furnished by the 
company: 

Soil 5 feet; clay 60 feet; sand 73 feet; gray sand 122 feet; 
water bearing sand 30 feet; clay HI feet. 

44. A. T. & S. F. Ry. Co. well No. 10. Log furnished by the 
company: 

Soil 5 feet; clay 60 feet; sand 73 feet; gray sand 105 feet; white 
sand 47 feet; red clay 19 feet. 

45. A. T. & S. F. Ry. Co. well No. 11. Log furnished by the 
company: 

Soil 3 feet; clay 62 feet; sand 73 feet; gray sand 100 feet; white 
sand, water bearing, 44 feet; red clay 33 feet. 

46. A. T. & S. F. Ry. Co. well No. 14. Log' furnished by the 
company: 

Red clay 10 feet; light-colored clay 10 feet; yellow clay 10 feet; 
dark-colored clay, with reddish tint, 10 feet; red clay 70 feet; 
yellow clay 5 feet; sandy clay 10 feet; red sandy clay 15 feet; red 
clay and some gravel 25 feet; yellow clay 25 feet; light red, sandy 
clay 45 feet; yellow sandy clay, first water struck at 250 feet, 
25 feet; bright-red clay 10 feet; red clay and sand, water-bearing 
15 feet; sand and clay mixed, no water, 15 feet; red clay 7 feet. 

47. A. T. & S. F. Ry. Co. well No. 15. Log furnished by the 
company: 

Red clay If feet; light-colored clay 10 feet; yellow clay 10 feet; 
dark colored clay 10 feet; red clay 70 feet; yellow clay 5 feet; sandy 
clay 10 feet; red sandy clay 15 feet; red clay, some gravel, 25 feet; 
yellow clay 25 feet; light-colored sandy clay 45 feet; yellow, sandy 
clay 25 feet; red clay 5 feet; red clay, with some water, 5 feet; 
red clay with gravel and more water 15 feet; red clay 4 feet; water 
sand and very coarse gravel 11 feet; red clay 20 feet; red and 
yellow clay 21 feet. 
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48. A. T. & S. F. Ry. Co. well No. 16. Log furnished by the 

company: 
Sandy clay 98 feet; gray sand 117 feet; sand and clay (brown) 

11 feet; sand and clay 10 feet; red clay and sand, struck water at 
278 feet, rose to 260 feet, normal water level 261 feet 6 inches, 
28 feet; red clay, some pebble gravel 18 feet; red sand, cave badly, 
8 feet; coarse water gravel (shot well at 294 feet 8 inches, sticks 
80 per cent, 9 feet; red sandy clay (caves easily), 19 feet j yellow 
clay (caved some), 44 feet; red pacl,ed sand, shallow streaks of rock 
(5 inches to 1 foot thick red shale), 110 feet 6 inches. 

49. A. T. & S. F. Ry. Co. well No. 17. Log furnished by the 
company: 

Ground line 2 feet; sandy clay, red, 168 feet; white colored clay 
22 feet; red clay, some sand, cavy, 36 feet; rotten red sand rock, 
hard drilling, 17 feet; red clay, struck some water at 270 feet, 25 
feet; medium coarse water sand 6 feet; rotten sand rock, hard drill­
ing, 10 feet; white water sand', medium coarse, good water flow, 
7 feet; light colored clay, cavy, 3 feet; red clay, dry, hard to drill 
and mix, 43 feet; yellow clay, cavy, 19 feet; hard red sand rock, cut 
bit out of gauge fast, 8 feet; red sticky clay, hard to mix, 4 feet; 
soft rock, struck salt water at 474 feet (rose to 360 feet), 2 feet. 

50. A. T. & S. F. Ry. Co. well No. 19. Log furnished by the 
company: 

Cinders, ashes 18 feet; yellow clay 62 feet; yellow clay, very hard, 
10 feet; gray sandstone, hard, 15 feet; gray sandstone, coarse, 20 
feet; light sandy clay 45 feet; gray sandstone, hard, 25 feet; light 
sandy clay 30 feet; red sandy clay 20 feet; red sand with some clay 
45 feet; 21 feet 7 inches of 10 inches perforated, 9-16-inch holes, 
4-inch centers, water at 290 feet; red sand, with some gravel, 15 
feet; light red clay 24 feet. 

51. A. T. & S. F. Ry. Co. well No. 20. Log furnished by the 
company: 

Soil 3 feet; yellow clay 77 feet; light sandy clay 50 feet; sticky 
yellow clay 40 feet; light sandy clay 60 feet; yellow sandy clay 28 
feett; red clay, water level at 265 feet, 7 feet; red sand, struck water 

at 280 feet, 35 feet; gravel 5 feet; red clay 18 feet. 
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A. View taken at the mouth of Alibates Creek looking southward up the creek valley. 
B. View of the canyon of Plum Creek. 
C. View of the Canadian River taken from the mouth of Chicken Creek. 
D. View of the divide between Coetas Creek and Chicken Creek. 
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A. 
B. 
C. 

D. 

E. 

Topography of the sand covered country immediately north of the Canadian River. 
View showing local and erratic dips in the Quartermaster formation. 
Exposure of the Alibates dolomite showing the two ledges. View taken from near 
Pitcher Creek. 

Exposure of Tecovas formatiol1 near John Ray Creek showing ledge of ~oft unconsol­
idated sandstone which occurs in the formation. The ledge is here cut by a SInal! fault. 

Exposure of Tecovas formation in the valley of West Amarillo Creek showing a local un­
conformity within the formaiton. 
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A. Block of Tecovas shale showing casts found in the shale. 
B. Block of Tecovas shale showing one of the branching forms of the casts. 
C. Casts found in the Tecovas shale dissected out of the matrix. 
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A. An exposure in the Coetas formation showing the slightly consol­
idated sandstone and thin bedded limestone of the formation. 
One of the localities at which vertebrate fossils were found. 

B. An exposure of the Coetas formation showing the thin bedded 
limestone of the formation. 
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A. An exposure of the undifferen~iated Cenozoic deposits a short distance north of the Canadian 
River in the central part of the county. 

B. An exposure of the undifferentiated Cenozoic. View taken in the valley of Corral Creek about 
three miles from the mouth. 

C. Erosional remnants in the valley of Bonita Creek in which vertebrate fossile were :found. 
D. Outline of the cap rock escarpment in the southern part of the county. 
E. View taken on the south side of the Canadian River showing the steeply dipping rocks of the 

John Ray dome. 
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Aggregate of fossil endocraps of drupes of Celtis found in the 
erosional remnant shown in Plate V. C. 
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