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State of ... , County of e 88,
' Before me, a Notary Public, within and for said County and
* State on this .. day of - , 190...., personally
appeared , to me known to be the identical

person who executed the within and foregoing instrument and acknowl-
edged to me that he executed the same as his free and voluntary act
and deed for the use and purposes therein set forth. Witness my hand
and official seal the day and year above set forth. . :
(Seal)

Notary Public.
My commission expires : :

From and after the filing of said pledge of contribution and its
acceptance by the Board of County Commissioners the same shall be-
come and be a lien upon said property, with all the effect of any tax

that may be levied against the same, and shall be collected in yearly.

installments as specified.

Section 57. At the expiration of the time named the Board of
County Commissioners shall meet and after deducting the bona fide
contributions offered for the proposed road improvement, shall order
that road to be built, or improved, and shall order the Engineer to pre-
pare plats, surveys, plans,-specifications, and all necessary data with
itemized estimate of construcbing the roadway to be built or improved,
the original of which shall be filed with the County Clerk.

‘Section 58. All donations and funds received for the purpose of
this Act, for and on behalf of any road improvement district shall be
placed in the hands of the County Treasurer and by him disbursed

upon the order of the Board of County Commissioners in accordance

with the contract of construction.

Section 59. The Board of County Commissioners shall provide
all roads improved under the provisions of this Act with suitable bridges
of a permanent and substantial character and shall keep and main-
tain same in repairs. :

Section 60. Within five days from the filing of the surveys, plans,
specifications and estimates, the County Clerk shall advertise for bids
for the building or improving of the highway in accordance therewith ;
said advertisements shall contain a brief statement of the location of
the highway, the time and place of opening bids, where the specifica-
tions can' be inspected, and that a bond or a guarantee shall be given
that the roadway shall be improved in accordance with the plans and
specifications. :

Section 61. On the date advertised the Board of County Commis-
sioners shall meet and in open session receive and open all bids; each
>id shall be in the form prescribed by the FEngineer and duly signed

by the bidder; any system of hard road surface that meets the require-
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ments of this Act may be specified by the bidder in his proposal. Every

© bid must be accompanied by a certified check for an amount equal to

five per cent. of the proposed contract price and shall contain an agree-
ment to furnish a good and sufficient bond for the faithful perform-
ance of said contract in a sum equal to one-fourth of the proposed con-
tract price. The Board shall award the contract to the lowest respon-
sible bidder, provided, however, that all bids may be rejected in the
discretion of the County Commissioners if they are materially greater
than the cost as estimated by the Engineer. '

Section 62. After the contract is awarded the Board shall forth-
with enter into a contract with the successful bidder in accordance
with the provisions of this Act, and the said Board is authorized and
empowiered to execute such contracts and to Pass and adopt all orders
and resolutions necessary to carry out the provisions of this Act, and
to secure the construction or improvement of said roads and highways,
and may authorize the closing of any part of any road where necessary

“during construction.

Section 63. All acts and parts of acts in conflict herewith are
hereby repealed. T

Section 64. For the preservation of the public peace and safety,
an emergency is herehy declared to exist by reason whereof this Aot
shall take effect and be in force from and after its passage and ap-
proval.

LOCATION OF ROADS.

In section I, all section lines are declared public highways and
the width is established as not less than 33 nor more than 66 feet wide.
Section £ and 3 provides for the obtaining of right of way and opening
of the section line roads. The advantages and disadvantages of sec-
tion line roads have been discussed in another connection, but it may
be repeated here that the attempt to follow section lines in the hillier
portions of the State will result in poor roads on account of the steep
grades and the difficulty of maintenance on these grades.

Provision is made, in Section 4, for the location of roads mnot
on section lines. On petition of the voters of g township or of the
township board, the county commissioners shall open any road for
which there is public necessity. The county commissioners. shall judge
of the public necessity for such roads except when the petition is signed
by a majority of the voters of the township. 1In this case the petition
is taken as conclusive evidemce of the public necessity for the road.
In the location of such roads the distance between objective points,
expense .of construction and maintenance, and cost of right of way are
to be considered. It is urged that the locations of such roads. be left
to competent engineers, as the factors which enter into the selec-
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tion of the most practicable route are altogether too complex to be.

handled successfully by one not well trained in such work.

THE ROAD UNITS.

Under the law there are, practically three road units: (1) the
township, (2) the county, and (3) the road improvement district. -

THE TOWNSHIP AS A ROAD UNIT.

The Township Board is made the Board of Highway Commission-
ers for their township and are given complete control of road affairs
in that township. They appoint Supervisors for each of the road
districts (not the same as the road improvement districts mentioned
above) which shall not consist of less than four square miles. I ach

supervisor shall be a resident taxpayer of his district. The Township

Board is given power to levy taxes for road purposes. They may also
let contracts for building roads to the lowest responsible bidder or
bidders. The Township Board may issue bonds not to exceed 3 per
cent. of the taxable property in the township and to levy taxes to
create a sinking fund to provide for the payment of these bonds and
the interest upon them.

THE COUNTY AS A ROAD UNIT.

While not really a road unit, the county, through the County
Commissioners, has, power to open a road on the section line in any
township, and on petition to locate roads not on section lines. The
Counly Commissioners also have charge of building all bridges over
20 feet in length. They also have power to appoint a ITighway En-
gineer for the county. 'This engineer must be a resident of the county
in which he is appointed. It is specified that he shall have a practical
knowledge of Civil Engineering. The pay of the Highway Iingineer
is to be fixed by the County Commissioners, but cannot exceed $5 per
day for the time actually engaged in road work. It is provided that
where competent the County Surveyor shall act as Highway Engineer.

The County Commissioners shall also have power to work convicts upon. .

public roads.
ROAD IMPROVEMENT DISTRICTS.

'Where roads are desired in a certain portion of the county, this
portion (not less than 18 square miles) upon petition of the majority
of the legal voters, may be made a road improvement district by the
County Comumissioners. The roads are then laid out by the Highway
Iingincer and built under the direction of the County Commissioners.

T'hreo-fourths of the cost is paid by the district and one-fourth by the -

county.
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OBJECTIONS TO THE ORGANIZATION.

From what has been- said it may be seen that the township is prae-
tically the road unit of Oklahoma. The county has practically no
power of initiative, but must act only. upon pcti.tlo‘n of voters. The
principal objection to the township unit is that it is too small. Im-
portant roads seldom lie wholly in one township and- the improve-
ment made on a principal highway in one township will often be ren-
dered practically worthless by failure on the part of other townships to _
make improvements. The township is often powerless to purchase the
machinery needed for road construction and maintenance on account
of the lack of funds. The township cannot raisc sufficient funds to
employ a competent engineer.

The provision for road improvement districts may relieve this
condition to some extent, but the same remarks hold true in large
measure of the road improvement districts.

The provision for a Highway Engineer is good, but it seems to
the writer that it is a mistake to require that he be a resident of the
county in which he is appointed. The construction and maintenance
of roads is of sufficient importance to require the services of the best
engineer available no matter where he may live. The further pro-
vision that, where competent, the County Surveyor shall be Highway
Engineer does not seem satisfactory. The question of his competency
is left entirely to the County Commissioners and they may translate
the term competent in any way they see fit. It is safe to say that
few of the County Surveyors of Oklahoma, or of any other state, are
really competent Highway Engineers, since years of training and ex- .
perience in road location, comstruction and maintenance are required
before ome can he a competent Highway Engineer.

The states which have the best road systems are those which have
abandoned the township as a road unit and made the county or pre-
ferably the state, itself, the unit. With the larger unit road systems
may be planned, instead of isolated roads with little or no relation
to each other. A truly competent engineer can be employed, who can
give his whole time to road construction and maintenance. The larger
units can control enough funds to buy the necessary machinery such
as graders, stone crushers, etc., which are often out of reach of the -
township. The township unit in public roads is much the same thing
as if the portions of a railroad system which happened to be in dif--
ferent counties or states -should have totally separate managements,
and be constructed by different engineers, who were not subject to any
higher authority. Even with the county unit there should be a state
highway engineer who should have power to co-ordinate the work in
different sections and not merely to suggest what should or should not
be done.
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THE STATE HIGHWAY DEPARTMEN T.

This office of State Highway Commissioner was established by the
last legislature by House Bill No. 318, the text of which is as follows:

Enrolled.
HOUSE BILL NO. 318.
By Committee on Roads and Highways.
| AN ACT

Establishing a State Department of Highways, Providing for the Ap-
pointment of a State Highway Commissioner and Prescribing His
Duties and Compensation ; Authorizing a State License Fee on
Automobiles to Create a Fund for Establishing and Maintaining
the Department of Highways. ‘

Be It Enacted by the People of the State of Oklahoma: '
Section 1. A state highway department is hereby created and es-
tablished, and the governor of the state shall appoint a state highway
commissioner, to be approved by the senate, who shall hold office for
a term of four years. 'The commissioner so appointed shall be a per-
son of recognized knowledge in the construction and maintenance of
improved roads. Said state highway commissioner shall receive a salary
of twenty-five hundred dollars ($2,500) per annum, and shall be al-
lowed actual traveling expenses, not exceeding fifteen hundred dol-
lars ($1,500) per annum. Said commissioner shall, before entering
upon his duties, file with the secretary of state his oath of office, which
shall be the same as is prescribed for other state officers, and shall
furnish a bond in the sum of five thousand dollars ($5,000) for the
faithful performance of his duties, said bond to be approved by the
governor, and he shall give his whole time and attention to the duties

of his position. A vacancy in said office shall be filled in the same

manner as is prescribed far original appointment.

Section 2. The said state highway commissioner shall be pro-
vided with suitable office rooms at the state capitol, which shall be kept
open at such times as the business of said department and the conven-
ience or interests of the public shall require. '

Such office shall be conveniently and properly furnished, and shall
be the repository for all the records of said state highway department.

Section 8. It shall be the duty of the said state highway com-

Inissioner to consider all questions relating to the general policy of

the state highway department, and the conduct of the work in general;
to act for the state highway department in all matters relating to ree-
ommendation, estimates and appropriations; to prepare standard spect-

fications for construction of roads; to employ an assistant engineer or
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éngineers and such clerical force as may be necessary to properly con-

-duct his department, at an annual expense not to exceed $5,000, and

to exercise authority in all matters relating to plans for the building

.and maintenance of improved public highways.

Section 4. The state highway commissioner shall keep a record
of all proceedings and orders pertaining to the business of the office and
of the department. He shall keep on file copies of all plans, specifica-
tions and estimates prepared by the office. He shall cause to be made
and kept a general highway plan of the state, and shall collect such
information as the department may require relative to mileage, char-
acter, construction and condition of the highways and bridges in the
state, and shall investigate and ‘determine the methods of road con-
struction best adapted to various sections of the state ,and shall estab-
lish standards for the construction and maintenance of improved high-
ways in various counties, giving due regard to the topography, natural
conditions, character and availability of road-building material.

Section 5. The state highway commissioner may, with the ap-
proval of the state board of affairs, purchase for the state all necessary
and office equipment or instruments that may be needed for the pur-
poses of this act. '

Section 6. County commissioners or county engineers of the sev-
eral counties of this state, and the officers of all cities, towns and town-
ships in the state, who now have, or may hereafter have by law, author-
ity over the public highways and bridges, shall, upon the written re-
quest of the state highway department, furnish said department with
any information relative to the mileage, cost of building and main-
tenance, condition and character of the highways under their jurisdic-
tion, and with any other needful information relating to the said high-
ways '

Section 7. Tor the purpose of ecarrying out the provisions of
this act, and to create a fund for the maintenance of this department,
a state license fee of one dollar shall be charged annually the owner.
of each automobile owned by him. Said license fee shall be collected
by the state highway commissioner, and shall be used for the payment
of the salary of the highway commissioner, provided for in this act,
and the expenses of said office. Any surplus from the above said
amounts to be paid into the state treasury. The state highway com- -
missioner shall issue to the owner of said automobile the license duly
signed and sealed with the seal of his department, together with prop-
er description for the proper identification of such automobile license,
record of which, together with the number of the license, shall be made
in the office of the state highway department. And no automobile so
owned shall be operated within the state without having paid such
annual state license, under penalty of the law in such cases made and
provided. Non-residents operating automobiles within this state shall be -
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required to pay the same license as provided for in this section. Noth-
ing in this act shall be construed to interfere with the right of cities
and towns to license and regulate automobiles through the streets of
such cities and towns.

Section 8. The state highway commissioner shall keep an accur-
ate account of all the moneys received from licenses, as provided for
in this act, and shall make a true and verified account of all receipts

and expenditures of his office to the governor of the state, on or before
October 1 of each year.

Section 9. Nothing herein shall be construed as limiting the
power of the state to construct and build state highways and pay all
costs of constructing and maintaining same under direction of the state
highway commissioner.

Section 10. All acts and parts of acts in conflict herewith are
hereby repealed.

_ This is a step in the right dircetion but it seems to the present
writer that so far the principal result is to add a fourth road unit, the
state, to the three already in existence and to still further complicate
the road organization instead of simplifying it. The State Highway
Department can draw up plans for highways and bridges in different
counties of the State but the counties can use their own pleasure about
following such plans. The State department can outline systems of
roads but the building of such road systems may bhe prevented by the
refusal of any township involved to enter into the plan. In short the
Highway Department as it now exists seems to have very little execu-
tive power but seems to be entirely an advisory body. It can do a great
amount of good in this way, however, and with this department al-
ready in existence it should be easier to secure the passage of laws
completing the state organization on the basis of county or larger
units under the control of the State Highway Department. This will
end the condition of divided authority now existing and be the greatest
advance which can he made in the Road administration of the State.

THE LABOR TAX.

Section 17 makes every male citizen between 21 and 50 years sub-
ject to road duty for four days each year. The supervisor of labor
tax is inherited from England and is practised in almost all of the
states. Although common there are many objections, to this custom.
Shaler?® speaks of it in these terms:

“There is probably no other feature in our road system which has
so far served to maintain the low state of our American road making
as this ‘corvee’ or forced-labor system on the highway. It has bred,
in a systematic manner, a shiftless method of work; it has led our

28. American Highways.
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people to look upon road building as a nuisance. There is no situation
in which the American workman makes so unsatisfactory appearance
as when he is endeavoring to do the least possible amount of lflbm;
which is to count as a day’s work on the highways of his distriet.” _
This view may be correct in some regions, but is undoubtedly over-
drawn for many-localities. Many townships with the labor tax have
roads superior to adjacent townships with cash tax. The qb]gci_:lonable
feature of the labor tax arises from the fact that the majority of la-
borers are engaged in farming and are unable to spare the time when
the roads are in best condition to be worked, if their crops demand their
attention. However, it is difficult to see how the cash tax would help
this matter as the farmers would still have to he employed to do' th.e
work. A few laborers might be employed the vear around, but this is
impracticable especially under the township organization.

The solution of the difficulty seems to lie in two directions: First,
as the farmers come to realize the advantages of good roads to themselves,
they will be willing to give a full measure of time and effort to road
work instead of “endeavoring to do the least possible amount of labor
which is to count as a day’s work” as Shaler puts it. The price al-
lowed ($1.25 per day) is not as much as they could make at private
work, but on the other hand, the Lenefits to be obtained from the road
improvement are worth much more than the difference in wages. In
the second place, much of the success of the labor tax system depends
upon the road supervisor. Ile should be one of the best men of the
district; should insist upon a good day’s work being done and should
see that the work is done on the sections .of road where it will do most
good. The great trouble with the majority of the work done under
the supervisor system is that it is wasted in doing a poor grade of
temporary repair work in patches on the road. If only a small section
of road is placed into permanently good condition each year, the final
result is much better than if a few temporary improvements are scat-

tered over the district.

STATE-AID ROADS.

Some of the states within the last few years have adopted the plan

" of giving state aid to road construction. These roads are built under

the direction of the State Highway Commissioners, and upon petition
of adjacent property owners. The proportion paid by state, county and
township varies in the different states using this plan. In Massachus-
etts the state pays 75 per cent., and the county 25 per cent. of the ex-
-pense; in New Jersey, the state pays thirty-three and one-third per
cent., the county fifty-six and two-thirds per cent. and the township
10 per cent.; in New York the state pays fifty per cent. and the coun-
ty thirty-five per cent. and the township fifteen per cent. New York
is the only state giving state aid for the improvement of earth roads.
The arguments in favor of state aid are that it secures centralized control
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and establishes uniformity in construction and maintenance; that it

makes the cities which profit by improved roads bear part of the ex-
pense; and that it compels state wide corporations to bear their share
of the expense of improved roads. The plan of state aid is practicable
only where there is a state Highway Commission or other similar de-
partment. ’

THROUGH-STATE ROADS.

There has been some agitation recently for the construction of per-
manently improved roads entirely across the state from north to south
and from east to west, intersecting at Oklahoma City. Such roads
would be advantageous for automobile tours or for advertising pur-
poses, but their practical value would not be commensurate with their
cost. They would have to pass through considerable areas which are
sparsely settled and where the communities could not bear the expense
of the construction. The same amount of money applied fo roads
radiating from the larger towns in different parts of the state would
do vastly more good. It should be borne in mind that since the in-
troduction of the railroad very little through traffic is carried on over

the public highways and that while in times past through roads such-
as the National Road were very important, that they are so no longer.

If such roads are built they should at least be paid for, wholly or in
part, by the State. ST

SUMMARY.

1. Section lines are made public roads by the State law, but pro-
vision is made for roads not on section lines.  Section ‘lines should be
followed where practicable, but should not be where the country is hilly,
or where for any reason hetter roads can be had by leaving the section
lines.

2. The width of the road may be 33 feet to 66 feet. The latter
ls much wider than is ordinarily necessary or advisable for county
roads.

3. The road authority is divided, there being four units, the
township, the Road Improvement District, the County and the State
Highway Department. The County possesses no power of initiative ex-
cept in bridge building and the functions of the State Highway De-
partment is at present mostly advisory. - This system is at fault in that
the township is too small a unit to plan road systems, to purchase the
proper machinery or to employ competent supervision. Better results
are had where the county is the local unit and where there is active
supervision by the State. There can be no great improvement in road
conditions until there is better organization.

4. The roads are maintained by a labor tax, i. e. each able bodied
male citizen must furnish four days’ labor-on the roads annually. This
system is successful if the work is regarded- in the proper spirit by the
citizens and if it is well administered by the road supervisors. :

CHAPTER VL

; ROAD MATERIALS OF OKLAHOMA

INTRODUCTION.
For the purpose of this report the State is divided into portions
or districts as follows: . _

1. TKastern district.
2. Western district. _
3. Cretaceous Area or Southern district,

In this chapter each of these districts is considered in reference
to location and subdivisions, to available road material and to road con-
ditions. Descriptions of practically all the quarries now operating are
given together with reports of tests upon the stone which were made
by the Office of Public Roads. )

THE EASTERN DISTRICT,

THE LOCATION AND SUB-DIVISIONS.

The eastern district includes all or part of the following counties:
Kay, Pawnee, Payne, Creek, Okfuskee, Seminole, Pontotoc and Coal
and all lying east of them except the southern parts of Atoka, Push-
mataha and McCurtain counties, which are in the Cretaceous area.

For clearer discussion the district is divided into the following
areas, beginning at the north:

1. The Mississippian Area, or Ozark Uplift, the extreme north-
eastern part of the State.

2. The northern Pennsylvanian Area, the Pennsylvanian rocks
north of Arkansas River.

3. The Southern Pennsylvanian Area, the Pennsylvanian rocks
south of Arkansas River.

4. The Ouachita. Mountain Region.

'i‘he location of these sub-divisions is shown on Plate III at the
“end of the book. .
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THE MISSISSTPPIAN ARTA OR OZARK UPLIFT.
LOCATION OF AREA,

The Mississippian rocks outcrop as the southwestern extension of
the Ozark Mountains, in the extreme northeastern part of the Stafe.
They occupy the following counties: all of Delaware, and the adja-
cent portions of Craig, Mayes, Cherokee and Adair. :

STRATIGRAPHY.

The surface rock of muost of this area is the Boone chert, a forma-
tion which consists of chert and limestone and which contains the lead
and zine deposits of the region. 'T'he deeper valleys have cut through
the Boone chert into the underlying Devonian and, in some -cases,
through the Devonian into the Silurian and Ordovician. The exposures
of the older rocks are relatively small and unimportant. "The Boone
chert is surrounded by a belt of the Pitkin and Morrow formatjons of
Chester age.

Older Paleozoic rocks. 'These are exposed in the sides of the
deeper valleys and gorges of the arca. "They consist principally of
sandstones and shales with subordinate amounts of limestone. They
contain little material suitable for road building and as the Boone chert
always occurs in the same vicinity, it will be used in preference.

At Spavinaw, the Ordovician is cut bv a red granite dike, 75 feet
thick and 500 yards long. This material would probably be good both
for building and road material, but at present is too far from trans-
portation to be available.

The Boone chert. This formation consists of chert and limestone
and has a thickness of about 300 feet. Some of the heavier limestone
ledges have a thickness of 20 to 30 feet. All of this material should be
good for macadam roads. For this purpose, the limestone and. chert
need not be separated, but can be crushed and used together. 'The mix-
ture should be better than either stone used alone as the chert would
give great resistance to wear while the limestone would furnish the bond-
ing and cementing properties.

Almost any hillside in this area will give a good supply of ma-
terial for local road building and furnish good sites for a portable
crushing plant. Many of the streams contain considerable deposits of
gravel which can be utilized for improved roads at very slight expense,

The Pitkin formation containg some limestones, that are thick
enough to be available for road material and also some flaggy limestone
which has been used for sidewalks and curbing. The quarry of the
Muskogee Crushed Stone Company at Keough, £ miles northeast of
Fort Gibson, is probably in the Pitkin limestone, which is the top of
the Mississippian in this section. The quarry is located on the St
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Louis and San Francisco Railroad. A quarry floor of about one-half
acre has been made with a face of 100 feet in height and 600 feet in
length. The stone is screened by rotary screens to the desired size.
The material has been used for concrete and also for macadam paving
in Muskogee, and is reported to be giving satisfaction. No tests were
made for this report. ' : »

ROAD CONDITIONS,

The surface of this area is rather rough duc to the resistance of
the Boone chert to weathering. The land is not very fertile and the
country is thinly settled. The Boone chert and the limestones of the
Pitkin and Morrow formations furnish a wealth of material for ma-
cadam roads and it is easily accessible to practically all the region. The
natural roadways are easily the best in the State. The Boone chert
outcrops along the roads and bowlders have rolled on to the roads and
have been crushed by traffic, thus forming a natural macadam sur-
face. The mixture of limestone and: chert, as has already been noticed,
makes an excellent road material,

So far practically nothing has been done toward permanent road
improvement, the only improvements reported for the area at the close
of the year 1909 being 4 miles of gravel macadain in Ottawa County. .
As the population increases and the counties begin to recover from
excessive expenditures incident to their formation, there will undoubted-
ly be many miles of macadamm roads constructed in this part of the
State. :

THE PENNSYLVANIAN AREA NORTII OF ARKANSAS RIVER.

LOCATION AND AREA.

This region (Plate I) lies west of the Mississippian area just de-
seribed, east of the Redbeds and north of Arkansas River. It comprises
all. or part of the following counties: Kay, Osage, Washington, Tulsa,
Rogers, Nowata, Craig, Mayes, Wagoner, Muskogee and Sequoyah.

STRATIGRAPHY.

In a recent paper®, Gould, Ohern and Hutchinson have divided
the Pennsylvanian system of Oklahoma into four groups.

1. The Muskogee Group outcrops over an area which is bounded
on the west by a line extending southwest from Chetopa, Kansas, past
Claremore, Okmulgee, Henryetta and Calvin to Ada; on the north
and northeast by the Mississippian area and on the south by the Ar-
buckle Mountains, and the Choctaw fault.

¢. The Tulsa group, whose outcrop lies between the western

29. Research Bull. No. 3, Okla. State University.
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boundary of the Muskogee grou i i
group and a line extending southwest fr
Lenapah past Nowata, Tulsa, Beggs and Okemah to near Holdenvillef)m
3. The Sapulpa group, whose outcrop lies between tne western

boundary of the Tulsa group and an irregular li )
gular line which extend
of south past Pawhuska, Cleveland and Cushing to Changfeﬁn > weet

4. The Ralston group lies between the western bo .
bound £ th
Sapulpa group and the base of the Permian. In this reportag{leolowe:

Permian limestones of Kay County are taken up in connection with

THE MUSKOGEE GROUP. 30.

. This group consists prineipally of sandstone and shale ‘
casional lentils of limestone. N onZ of these lentils have beanxl;:grkoeil
out thoroughly enough to permit of complete discussion, but it ig im-
probable that any of them will be developed unless for local use, for
the limestones are not thick enough for development in g large W;Ly.

THE TULSA GROUP.

The only formation in the Tulsa group which is availa
mat'erlgl is the Oologal, formation, nam%d frpom the theltvoztwlril bolf(? é%lio;(;id
where it is well exposed along the west bank of Verdieris River. “The
formation occupies a narrow belt along the river in ﬁlis vicinii.:y but
widens out opposite Claremore and near Catoosa is six or seven ;niles'
wide. The belt narrows again near Broken Arrow and continues to

z?rl;ansas River, the limestone being largely replaced by sandstones and
shales. -

The Oologah is about 100 feet thick and consist i
?‘f bluish cherty limestones separated by thin bands of b?a((:)li E;isﬂslillcec(:;15;(1);1 '
The limestone becomes siliceous jn the south part of the outero North-
east from Talala the limestone splits, the two p arated by
a black shale which thickens to the Kansas line.

A quarry is developed in this formatio
) ' n at Garnett, (fig. 2
S\fv1t-ch on the 8t. Louis and San Francisco Railroad few(nﬁlesvzv’es:
]o Catoosa. No tests of the stone have been made, but it appears to
be suitable for road material except on very heavy traffic roads,

THE SAPULPA GROUP,

This group consists of three formations
. . a as follows: 71 )
limestone, the Curl formation, .and the Wann formation, lih%e?:ftilll'

arts being separated by -
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subdivided into the Hogshooter limestone member, the Copan member
+7ith the Dewey and Avant limestone lentils, and the Stanton limestone
-aember. These formations apply only to the northern portion of the
areg under consideration, the divisions of the southern portion being the
Skiatook formation, and the Ramona formation with the Dewey, Och-
slata and Avant members. Of these the Lenapah limestone, the Hog-
shooter limestone, the Dewey and the Avant limestones are considered
in this connection. -

The Lenapah limestone extends from the Kansas line south and
southwest past Lenapah and Nowata to Tulsa. In the quarry 3 miles
north of Lenapah it is over 30 feet thick, but the thickness decreases
to 6 or 8 feet at Nowata and south of Nowata it is seldom over 30
inches thick. It is a dense, blue, partly crystalline limestone, contain-
ing an abundance of fossils. It has little chert. The only ‘develop-
ment of the limestone is at Lenapah where the Hickory Creek Lime
and Stone Company has a small quarry and erusher.

The Hogshooter limestone member of the Wann formation is ex-
posed along the west bank of Hogshooter Creek and occupies the slope
to the eastward. It crosses Caney River 3 miles northeast of Ochelata
and extends due south to Ramona, where it is exposed in the railroad
cut south of town. The thickness of the Hogshooter is about 18 feet
at the Kansas line, but thins to 6 or 8 feet along Hogshooter Creek
and to 4 feet at Ramona. The limestone is massive near the Kansas
line but becomes thin bedded and argillaceous toward the_south. The
Hogshooter is not worked and no tests have been made upon it.

The Dewey limestone lentil first appears near the center of Sec.
13, T. 28 N., R. 14 BE., where it is about 3 feet thick. It thickens
rapidly to the south and spreads over large areas in the vicinity of
Dewey and Bartlesville. © At the'cement-plant quarry at Dewey it is
20 feet thick, southward from Caney River the outcrop narrows to near

" Nchelata and to Ramona and the thickness decreases to 15 feet. The

Dewey is a bluish, semi-crystalline limestone, usually somewhat shaly,
t.ut often thick bedded. It has many seams of crystalline caleite and
:s very fossiliferous. No sample of this stone was secured for testing,
but as it is =0 similar to the Avant the results would closely approxi-
mate those for that stone. A small crusher is installed between Bartles-
ville and Dewey, along the interurban line. The Dewey .at this point
consists of fairly hard crystalline beds 18 inches to 30 inches in thick-
ness separated by shaly layers 6 to 10 inches in thickness. The shaly
layers cause considerable waste and lessen the value of the stome for
road. material. '

The Avant limesione lentil outcrops as a narrow band south from
Bartlesville. It is exposed on top of the hills west and southwest of
Ochelata and caps the hills southward from this point. It extends
west along Bird Creek to Avant where it is typically developed. Near
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Bartlesville it is only a few feet thick, but inereases to 20 feet at Oche-
lata and to 40 feet at the Midland Valley quarry southeast of Avant.
In character the Avant is very similar to the Dewey. It is blue in color,
has pronounced seams of calcite and is very fossiliferous. In the vicin-
ity of Avant it is massive and forms bold cliffs. "T'he Midland Valley
Railroad operates 3 quarry- and small crushing plant 2 miles south.
east of Avant. The rock is rather badly jointed and the joints are
opened widely by solution and filled with clay. The report of the test
on this material is as follows: '

Sample No. 438381,

Location .. N \ Avant.
Material : S Limestone.
Specific gravity — 2.60 i
Weight per cubic foot ..o 162.  pounds.

Water absorbed per cubic 2.23 pounds.

foot ..

Per cent. of wear 5.%
I'rench coefficient of wear 7.0
Iardness 1.2
Toughness 4.
Cementing value - Good.

Remarks: A soft rock with low resistance to wear, very low tough-
ness and good cementing value. Not recommended cxcept for very light
traffic roads. .

In the southward extension of the region discussed, the Lenapah,
Dewey and Avant limestones continue to or beyond Arkansas River.
All become thinner and the character of the rock changes considerably,
the Avant becoming quite ferruginous, and the Dewey urenaceous.

Another limestone lens, appears in the Skiatook formation at Tiost
City on the south bank of Arkansas' River 6 miles above Tulsa. Here
it is 40 feet thick, but thins rapidly: to the north, until 8 miles north
of Tulsa it is only 8 feet thick. A quarry and crusher is operated
at Lost City by the Lost City Stone Company of Tulsa. The workings
are situated on a switch from the A, V. & W. Railroad. The stone is
screened through rotary screens into bins or into cars on the side track.
The principal use of the stone so far has been in concrete work,

The Stanton limestone member of the Wann formation is exposed
on the slopes of the hills at and 2 miles west of Wann, and north of
Copan and on Twin Mounds, 2 miles southeast of Copan. It is not
exposed south of the latitude of Bartlesville, The Stanton in Oklaho-
ma is 8 to 12 feet thick. It is a massive, bluish limestone, giving little

chert on weathering. .
-

31. The numbers given to the samples are those used by the laboratory
of the Office.of Public Roads of the Department of Agriculture. Ifor the
methods of making the tests, see Chapter III, ) '

Fig. 27. Quarry at Garnett. (Oologah limestone)

at Uncas. (Wreford Jimestone)

Fig. 28, Quarry



at Chock’e. (Wapanucka limestone)
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THE RALSTON GROUP.

This group contains several ledges of limestone with shales and
sandstones. The Pawhuska formation is taken as the base of the group.
Just west of Pawhuska, this formation is exposed as two heavy ledges
of limestone separated by a sandstone. The Midland Valley railroad
cuts through the formation and gives good opportunity for develop-
ment. The stone is hard and compact. A good crusher site is reported
1 or & miles west of Myers, where there is a ledge 15 to 20 feet thick
of good firm stone. Limestone in abundance occurs along. the rail-
road from Myers to Foraker. Near Foraker the limestone is 10 to 15
feet thick and contains considerable chert.

'PERMIAN LIMESTONES OF KAY_ COU'NTY.
THE WREFORD LIMESTONE.

The Wreford limestone. enters the State from Kansas near Hardy,
where it is about 15 feet thick. This limestone contains large quan-
tities of chert in Kansas, but in Oklahoma it is almost a pure lime-

. stone. It can be developed at Hardy. At Ponca City it occurs in
_the slopes of the hills east of town where S. H. Lewis and ‘Company
of Emporia, Kansas, operate a quarry for building stone. This quarry
is situaled one and one-half miles northeast of Ponca City at the end
of a spur track from the Atchison, Topeka and Sante Fe Railway. The
stone occurs in two ledges, the top one 314 feet thick and the bottom
one 5 feet thick. The stone is cut.by two sets of joints, approximately
at right angles to each other and about 15 feet apart. = These joints
are badly affected by weathering and only a small portion of the upper
ledge can be used. The stripping averages 5 to 6 feet. The quarry
is equipped with 4 derricks and a gang saw. . o

The rock is a very soft limestone of a buff color. It is very por-
ous and, in places, semi-crystalline. It has been used for buildings in
Ponca City and other places, for ballast on the Santa Fe Railroad and
for curbing in Oklahoma City. It is also used locally for fence posts,
and the fine dust from the saw is used as fertilizer. .

It is'too soft to be considered available for » macadam road mater-
ial. It might be used for the foundation course if a harder, tougher
stone could be obtained for surfacing. Its use -for curbing and side-
walks where there is much traffic is questionable owing to its extreme
softness. o : :

_The results of the test of this stone follow :

Sample No. 4346.

Li0eation’ . e Ponea City, Quarry.
Material SRR, .Clay limestone.
Specific gravity . ' 2.30

8—G s :
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143.  pounds.

Weight per cubic foot

Water absorbed per cubic f00t ..o 5.05 pounds,
Per cent. of wear ..o (Not enough for test)
Trench coefficient of wear ... (Not enough for test)
Hardness : 0.0
Toughness ... 3.
Cementing value . Fair,

Remarks: A wvery soft rock with very low toughness and fair ce-
menting value. Not recommended for road building.

Another ledge of limestone crops out along the small creek at the
foot of the hill below the quarry just described. The ledge shows a
thickness of about 8 feet. .T'he stone is a bluish-gray stone, more
crystalline and less porous than the stone at the quarry. The stripping
at the point observed would render working unprofitable, but detailed
work should show other exposures with less stripping. The stone is
much more pleasing in appearance than the buff stone, and is also
somewhat harder and tougher but is still too soft for macadam material
as is shown by the test. ’

Sample No. 4347.

Location ... Ponca City.
Material : .. Limestone.
Specific gravity %.45

Weight per cubic foot 153. « pounds.

Water absorbed per cubic f00t oo . 3.77 pounds.
Per cent. of wear 5.7

French coefficient of wear : 7.0
Hardness 8.3
Toughness 5.
Cementing value ..o Good.

Remarks: A soft rock with low toughness, low resistance to wear
and good cementing value. Not recommended for road building.

Quarry at Newkirk. TFrom Newkirk east one passes over a suc-
cession of limestones. The city of Newkirk is on the Herrington lime-
stone, the hills to the east are of the Winfield limestone and the quarry
mear the foot of the hill is in the Fort Riley limestone. This quarry
is located 4 miles east of Newkirk on the property of Charles Shaw.
The limestone is in three layers, the top layer 3 to 4 fect, the middle
layer 4 to 5 feet, and the bottom layer 214 to 3 feet in thickness. Back
in the hill the ledge appears solid, but still breaks into the three layers
on quarrying. There is little difference in the different layers except
that the top one is usually lighter colored than the others, due to sur-
face leaching. .

The stone is a rather soft, porous limestone, contalning commin-
uted fossils. It is a buff to yellow color, the pores being filled with
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dark yellow material. It has been used largely as a building stone in
Newkirk and other towns of the vicinity, although its use is restricted
on account of the haul by wagon from the quarry to Newkirk. The
amount of this stone available in these hills is unlimited. The ledges
higher up the hill are reported to be harder, but porous; these are also
in the Fort Riley. The report of the tests on this material follows:-

Sample No. 4348.

Location Shaw Quarry, east of Newkirk.
Material : .. Clay limestone.
Specific gravity : 2.30 pounds. -
Weight per cubic foot 6.79 pounds.
Per cent. of wear 9.9

French coeflicient of, wear 4.0
Hardness . 0.0
Toughness 4.0
Cementing value Good.

Remarks: A wvery soft rock with very low toughness, low resist-
ance to wear and good cementing value. Not recommended for road
building.

Uncas Quarry. "The same stone js continuous to Uncas, 6 miles
south and 1 mile east of the quarry described. For this distance the
limestone comes almost to the surface and several outcrops of many
acres in extent occur with little or no soil covering. The stone has
been used with good results in building bridges and culverts in this
section. At Uncas on the FEastern Oklahoma branch of the Atchison.
Topeka and Santa Fe Railway, L. H. Lewis and Company of Em-
poria, Kansas, have installed a crushing plant and have a large quarry
opening (fig 28). The stone here is harder, less porous and more
crystalline than at the quarry east of Newkirk. There are 9 layers of
stone ranging from 1/ foot or less to 7 feet in thickness. There are a
few thin shale partings. The face of the quarry is about 25 fect
in height. The stone is hauled from the quarry to the crusher in end-
dump horse carts, where it is screened and run directly into the carx.
A large Gates crusher with capacity of 500 tons per day is used. Th-
amount of this stone available is unlimited for, as has been said, many
acres are underlaid with this stone with practically no stripping.

A report of the test of this material follows:
Sample No. 4349.

Location “‘Uncas.
Material Shell limestone.
Specific gravity : 2.40.

Weight per cubic foot 150.  pounds.
Water absorbed per cubic f00b oo 5.29 pounds.
Per cent. 0f WeAT ooreermenrmssnnene e 9.3
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French coefficient of wear 4.3
Hardness - 0.0
TOUGNNESS oo e e e 3.
Cementing value Good.

Bemarks: A wery soft rock with very low loughness, low resist-
unce to wear and good cementing value... Not recommended for road
building. ) .

THE WINFIELD LIMESTONE,

The Winfield limestone has been mentioned as occurring in -the’

hills just east of Newkirk. At the quarry of J esse Fagens 414 miles
northeast of town, it is a shaly limestone occurring in layers a few inch-
es in thickness. It is quarried for flagstone and curbing. Many of
the sidewalks, street crossings and curbings in Newkirk are of this
stone. Where used as curbing it is usually set on edge and the water
soaking into the bedding planes and freezing, causes it to crumble
rapidly. The corners of the blocks used for street crossings grind
off rapidly and the sidewalks show considerable tendency to shale off.
In view of these facts it was not considered a suitable road material
and no sample was secured for testing. : :

At Chiloeco on the Indian school reservation, a small quarry is
opened on the east side of the Atchison, Topeka and Santa Fe Railroad.
There are 2 to 4 feet of hard erystalline limestone with a considerable
number of geodes, underlaid by a soft, yellow, shaly limestone which
‘drades downward into a black shaly limestone. The line between
the yellow and black stone is irregular showing that the yellow color
is due to the leaching out of the black rock. The top crystalline layer
'would make good macadam material, however, the quantity available
is not sufficient for any but local use. Both the yellow and black stone
is too soft for macadam material but the former stone has been used
in the buildings at the Indian school with very satisfactory results.
No samples of this stone were secured.

No limestones of economic importance occur west of Newkirk.

THE PENNSYLVANIA AREA SOUTH OF ARKANSAS RIVER.
STRATIGRAPHY. :

_All the limestones of this area mentioned in the discussion of the
region north of Arkansas River disappear to the southward being re-
placed by shales and sandstones. A few persist beyond Arkansas River,

ll){l_lt none of them are of importance for any distance south of Cimarron
iver.

In the neighborhood of Pawree on the Fastern Oklahoma branch
of the Atchison, Topeka and Santa Fe Railway, a thick ledge is shown
which should be available for road material and several locations would
be suitable for crusher sites. .

Y
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Near Ripley on the same railroad a crusher is in operation. The
quarry is located on a spur from the railroad 2 miles east of town.
The stone is a very hard crystalline limestone occurring in layers about .
1 foot thick with shale partings. The stripping is thick and this with
the shale members makes it necessary to handle a large amount of
waste material. A face of from 12 to 15 feet in height has been de-
veloped. . The stone is run from the quarry to the crusher in gravity

cars on tracks, and is crushed by a Gates crusher. The material has

been used for macadamized streets in Guthrie. The screenings from
the crusher have been used on the streets at Ripley and give a smooth
firm surface. These limestones belong to the Ralston group, and the
onte at Ripley occurs near the eastern limit of the Pennsylvanian Red-

beds.

The Sapulpa, Tulsa, and Muskogee groups south of Arkansas
River consist of sandstones and shales. The Sapulpa group contains
the easternmost extension of the Redbeds and a great thickness of shales
and sandstones. The Tulsa group probably includes the Calvin sand-
stone, Wetumka shale, Wewoka formation and part of the Holdenville
shales of the Coalgate quadrangle, a thickness of approximately 2000
feet. The Muskogee group thickehs enormously and its outerop con-
sequently widens greatly south of Arkansas River. In the Muskogee
quadrangle there are two formations, the Boggy and Winslow. In Coal
and Hughes counties the following formations are shown:

200 feet

Calvin sandstone
Senora formation 500 ”
Stuart shale 250 ”
Thurman sandstone 200 ”
Boggy shale 2000
Savanna sandstone . : 1200 7
- McAlester shale 200 ”
Hartshorne sandstone 200 ”
Atoka formation : 3000 ”
Total 7750 feet

From this list of formations, it may be seen that the area con-
tains little in the way of road material. There are occasional small
limestone and chert lentils which will be of value for local use, but they
are small and have not been mapped. : :

THE GRAVEL DEPOSITS.

A large bed of gravel occurs near Hotulke in the southwestern
part of the Sapulpa group. It lies near the eastern limits of the Red-
beds and seems to be an old river deposit. The deposit is located one-
fourth mile from the Missouri, Kansas and Texas Railway at Harjo
switch. There are about 80 acres known to be underlaid by this gravel
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which varies from 2 to 15 feet in thickness. The gravel ranges in

size from fine sand to pieces 2 inches in diameter. 'The larger pieces
are principally water-worn chert and some limestone. The relative
amounts of fine and coarse material vary considerahly in different parts
of the deposit. The gravel is very compact and must be shot loose, but
when shot crumbles to pieces. The material is clean and free from
loam except very near the surface. A small rotary screen is installed
at the pit. The screened gravel is hauled to the switch at Harjo where
it is loaded by means of a trap. It has been shipped to Shawnee and
Oklahoma City principally for use in concrete, although it should make
good macadam material,

A similar deposit is reported from Konawa, about 15 miles north
of Ada on the same railroad. This may be an extension of the deposit
at Hotulke or has been formed under similar conditions,

THE WAPANUCKA LIMESTONE.

This limestone is at the base of the Pennsylvanian rocks in south-
ern and eastern Oklahoma. It appears from beneath the Trinity sands
at Boggy depot and extends northwest to Wapanucka and to the north-
west corner of the Atoka quadrangle. In the Coalgate quadrangle it ap-
pears in the extreme southeast corner, From this point it extends
northeast past Limestone Gap and parallels the Ardmore branch of
the Chicago, Rock Island and Pacific Railway to Hartshorne,. here it
turns east and extends almost to the Arkansas state line. The thick-
ness in Limestone Ridge southwest from Hartshorne is about 200 feet,
at Wapanucka about 125 feet while farther northwest it is only 30
feet. It finally grades into the Franks conglomerate. The western
portion of the oufcrop is shown on Plate II, and the eastern portion
lies very close to the Choctaw fault. At ‘Wapanucka the ledge is about
100 feet in height (fig. 29). Here it seems to consist of three layers,
a layer of hard, crinoidal limestone at the base, and two heavy massive
ledges of hard crystalline stone, the middle layer being blue, and the
upper one buff in color. ' This would be an excellent site for a crusher
as the Missouri, Oklahoma and Gulf and the Chicago, Rock Island
and Pacific railways hoth pass near the ledge. A small lime kiln is
installed at this place. :

Quarry at Chockie. At Chockie, south of Limestone Gap, the Mis-

sourl, Kansas and Texas Railroad has had a crusher for several years,
and has ballasted the right of way for many miles with this stone.” The
rock is a blue, cherty stone in layers of about 2 feet in thickness which
is almost a chert at this Place. The layers dip about thirty degrees
fo the southeast and are worked from the dip slope side (fig. 30). A
heavy charge is used to hreak out the lower part of the layers, the ledge
for the entire height of the quarry then slides down as fast as the lower
part is broken out by small shots. The stone is hauled to the crusher
in dump carts. The stone is crushed in a Gates crusher, screened
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through rotary screens and run directly into cars. The report of the
material follows:

Sample No. 4352.

Location M, K. & T. Ry. at Chockie.
Material : Chert.
Specific gravity 2.6

162.  pounds.

Weight per cubic foot

Water absorbed per cubic f00t .. 0.65 pounds.
Per cent. of wear 2.1
French coefficient of wear 14.?
Hardness :1\.9'4
Toughness ﬂI?O
Cementing value air.

Remarks: A hard and tough rock with high resistance to wear -and
fair cementing value. Should make a good road building material.

i ' i -Trini 1t Comp;any is

It is reported that the Cleveland-Trinidad Aspha )
pla.nninglsto ill)lostall a crusher where the railroad cuts through the hme(i
stone ridge one and one-half miles north of the Missouri, I ansas an

Texas Railway crusher.

rry of the Choctaw Portland Cement Company is located
aboutT {cbfvoqz{;ldyoné-half miles south of Hartshorne in the Wapa.nluckB:
limestone. The stone consists of two massive layers, an upper buff layer
and a lower of blue stome. The amount of stone available is él(l)l(;
limited. The company is installing a Gates crusher of 600 to %0,
cubic yards and smaller one of 200 to 300 cubic yards, daily ‘CaI:,Zﬁl' y-
Both the buff and the blue stone are dense, fine-grained, crys ine
limestones. The buff seems to be somewhat tougher under the .hammeld.
The lower portion of the blue stone contains some shale partings an
near the base of the hill is a layer shale about 5 feet in thickness.

Reports of the tests on both stones follow:
Report of the test on the blue stome.

Sample No. 4351.

i Hartshorne, Okla.
ill\’[‘(-;i?i(::ll Blueﬁlsimestone.
Specific gravit 2.

Wpeight p%r cugic foot : 165.  pounds.
Water absorbed per cubic £00t .. 1.14 pounds.
Per cent. of wear 44
French coefficient of wear .. 9.1
Hardness igg
Toughness .

Cementing value Excellent, -
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Remarks: A rock of medium hardness, medium toughness, medium
resistance to wear and excellent cementing value. Should make g good
road material,

Report of the test on the buff stone,
Sample No. 4370.

Location ; Hartshorne.
Material ... Buff limestone. -
Specific gravity ... 2.70 :
Weight per cubic foot : 168.  pounds.
Water absorbed per cubic foot ... 0.31 pounds.
Per cent. of wear ... Not enough for test.
French coefficient of wear ... .. Not enough for test.
Hardness ... .16.8

"Toughness et .8

(ementing value Good.

Bemarks: A4 rock of medium hardness, low toughness and good
cementing value. Would probably make q satisfactory road material,

ROAD CONDITIONS IN THE PENNSYLVANIAN AREA.

Much of the surface of the northern portjon of this area consists
of a series of limestone ridges extending north and south with inter-
vening valleys underlaid with shale, These shale valleys ave rich farm-
ing land and the greater portion of the ridge land may be cultivated,
although some of it is too rough for anything but pasture. In thig
section the limestone ridges furnish an abundance of material for ma-
cadam roads. Some of the limestone is very soft, but there is g large

amount sufficiently hard for light or medium traffic roads, The value -

of the land for farming will make road building advisable and will pro-
vide sufficient funds to carry it on.

Farther south, the ridges die out as the limestones are replaced by
shales and sandstones. For some distance the shaleg predominate and
the country is more level, but the sandstones thicken to the south and
produce a rougher topography. In Pittsburg, MeIntosh, Hughes, Coal,
Atoka, and Pontotoc counties, much of the surface is very rough and
poorly adapted to farming. :

In this region the road improvement wil] probably proceed more
slowly than in the counties tarther north, both on account of the scarci-

ty of road material and on account of the sparsely settled condition
of the land.
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THE OUACHITA MOUNTAIN REGION.

i i i fes: heastern Atoka,
This area comprises the following counties: nort _
southwestern Pittsburg, south part of Latm}er and LeFlore and the
greater portions of Pushmataha and MeCurtain.

inei les of great
The rocks of the area are principally sandstones and s_hf.l 5
thickness. The section as given by Taff in the Atoka tolio is as fol-

lows:

kfork sandstone: Brown and drab sandstone, shaly
Jaclor -sandstone, and thin shale beds......... 3800 feet.

Bluish and greenish fissile ‘shales,
and massive and thin bedded fri-
able drab sandstones............ 6100 feet.

Standley shale:

Talihina chert: Bluish, greenish, and white strati-
fied flint and chert, cherty and clay
shales. Black, brownish, and white
stratified flint, chert and cherty
shale with thin lentils of blue lime-

~ stone 1150 feet.
Stringtown shale: Black and blue shales with a bed .
gt of cherty shale 300 feet.

There has been very little published on the geology of this Tegion
so that it is impossible to discuss the distribution of the materials in
detail. The Talihina chert is the only formation which contains much
macadam road material. There are deposits of asphaltite at several
localities in the region, principally near Antlers and Page. Most of
this contains too much fixed carbon for it to be used as a paving ma-
terial. The country is very rough on account of the mountains pro-
duced by the Jackfork sandstone and the principal roads follow the
streams.  Owing to these conditions, the country is very thinly settled
and the need for improved roads is not so pressing-as in other parts
of the State. It will probably be many years before there is much
done toward the extensive permanent improvement of roadways.

THE ARBUCKLE MOUNTAIN REGION.
LOCATION AND AREA.

This region includes all of Murray County except the extreme
northern portion, the north half of Johnston Count__y, the southern por-
tion of Pontotoc County and the southwestern portion of Coal County.
It is the smallest of the areas considered, but contains a wealth of road
building material and will be the _source of supply for much of the
south central part of the State. 7. . .
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STRATIGRAPHY.

The Arbuckle Mountains consist of a great thickness of rocks,
principally limestones, ranging in age from the Middle Cambrian to
Middle Pennsylvanian. This great series is as a rule, conformable
throughout, showing an immense lapse of time during which oceanic
conditions existed. There were probably minor oscillations which
brought the area of deposition to the surface for intervals, but there
are no pronounced depositional unconformities within the series.

Unconformably below the sedimentary series, is the re-Cambrian

granite and associated igneous rocks which now occupy the center of
the area.

About the middle of the Pennsylvanian times, this region was up-
lifted, and folding and crumpling of the sedimentary series resulted,
but the action was not great enough to produce metamorphism.

Since that time the region has remained above sea level and the
vast amount of erosion, which has taken place, has removed the sedi-
mentary rocks from above the granite in the center of the uplift leav-
ing it exposed over a large area. This granite is encircled by the up-
turned sedimentary rocks beginning with the Cambrian sanastone next
to the granite and extending to rocks of Middle Pennsylvanian age.

To the east and northeast the upturned strata lie unconformably
beneath the later Pennsylvanian sediments which were deposited hori-
zontally over them. The Redbeds of Permian age and the Cretaceous
sands cover the older rocks on the west and south respectively.

Taft3 gives the following succession of rocks beginning with the
igneous rocks:

Pre-Cambrian granite and porphyry cut by dikes of other igneous
rocks:
Formation. Age.

Reagan sandstone Lower and Middle Cambrian

{ Middle and upper Cambrian and
Calciferous of the Ordovician

Chazy and Stone’s River
gBlack River

Arbuckle limestone

Simpson formation

Viola limestone Trenton

Richmond

Sylvan shale Silurian about Medina
Niagara

Hunton limestone zHelderbel'g
Oriskany

32. U. 8. Geol. Survey. Prof. Paper No. 31.
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Woodford: chert Portage and Cheming

Sycamore limestone
Caney shale

Franks Conglomerate
Wapanucka limestone

Of these, the Pre-Cambrian rocks, the Reaga,nl.sandtstri):e,th(;hes }2:1-
buckle limest:)nc, the Viola limestolne, th?c H;Iigortlh gm\:rsagan,u the Hhyea-
limestone, the Franks conglomerate _ &
:;gxrlz ai'lengflitable for road material and will be discussed aft solr:; il‘fgnii;1 .
The areas of the principal formation, and the location of qu _
asphalt pits and outcrops are shown on Plate II.

} Mississippian

} Pennsylvanian

THE GRANITE AND ASSOCIATED IGNEOUS ROCKS.

Area. The principal granite area lies east of Was'hitf,{ lgiveﬁr. anl(;
comprises approximately the southern half of T. 2 S, 1111 g T ,3 a
¥ B all of T. 3 S, R. 5 B.; the west 1{% and b{teE] fﬁigly 3 8

’ E. Over most of this area the granite is think
glit}?’szﬁdagd residual clay containingAd:imntegr}:)l.ted %rzz)réltf},leb?ghiag;og

3 U . c y

{ s and in the cuts on the Ardmore hran :

tB}lcfcks {sﬁﬂd and Pacific Railroad, the granite is well exposed.

ite is rather coar ined, gray

the rock. The granite is rather coarse-graimed, ¢ y

to pizx\lrg:}: er(:)gk wIt is traversed by numeroustJO}n:s ;n var}ggsogtl;';cl

i : ough to interfere wi in-

tions, but the joints are not numerous en L b0 e o .
i - s for building stone. A sample of this gT .

}::,?nggrii 1’3113501;1::11'v ;lllte ( fgicg. 31) near the Tishomingo reservoir and

gave the followipg test:

Physical Tests.

..... Tishomingo.

Biotite Granite.
2.65

165.  pounds.
0.06 pounds.

Locality
MALETIAL oot
Specific gravity ..
Weight per cubic foot ..
Water absorhed per cubic o0t s

6.7
Per cent. of wear ) 52
Hardness o
Toughness =

Cementing value

i low resistance to wear
. Ls: A hard rock with low toughness, : or
and ?:iTacre;wntfing value. Not recommended cxcept for the founda

tion course.
Mineralogical analysis.

Plutonic.
Granite.

Character of material
~Name ..
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Essential Minerals,

Orthoclase ... 50.2

QUarts .o 13.4

Plagioclase ..o 10.2

Biotite . 8.2
Accessory Minerals,

Muscovite 1.2

Magnetite

Pyrite 12

ZAYCON o 0.2
Secondary Minerals.

Kaolin ... S e 12,5

Bpidote e 2.5

Chlorite ... e e 0.4

Bemarks:  Specimen is g coarse-grained, light gray granite com-
posed essentially of kaolinized orthoclase, quartz, plagioclase (oligo-
clase) and biotite.

Crusher sites. Several favorable locations for crushers were ob-
served along the Chicago, Rock Island and Pacific Railway between
Tishomingo and Wapanucka. The railroad cuts through several hills
of granite. A switch could be easily run along the side of the hill so
that a good quarry face could be secured and the handling of the stone
done by gravity. The quantity of the stone available at any of these
locations may he considered as unlimited. This material has not been
used as a road material at the present time.

The dike rocks. Cutting the gray Tishomingo granite in all gi-

rections are numerous dikes of black rock, which is classed as diabase
in Taff’s report to which reference has been made, These dikes vary
in thickness from a fraction of an inch to about forty feet.

The rock as a rule is very close-textured, and very hard and tough
under the hammer. These qualities make it a better roaq material
than the granite, but it will be more difficult to crush. It was not ob-
served to oceur in commercial quantities along either of the railroads
whicli eross the region, but more detaileq Investigation will probably
locate the occurrences. A dike six feet thick parallels Pennington
Creek for some distance through the quarry site near Tishomingo which
has been described. A sample secured from this location gave the fol-
lowing results on testing :

1R5
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mple (No. 5354,
SamZ)le_fNO Physical Test.
: e "Tishomingo.
frogmes! | -Diabhase.
Material : _ o ia
Wt gmwt)l;' foot : 19.0 pounds.”
Weight per cubic foo .
Watger agsorbed per cubic f00b o 2.%4 pounds
" Per cent. of wear .

[¢
‘French coefficient of wear 1;3
Hardness 25 |
Toughness o
Cementing value

ock with 1 dium resistance lo wear
ks A hard tough rock with medi sist :
and gj:(;aicement-inq value. Should make a satisfactory road material.

Mineralogical Analysis. ,
Igneous Rock.

Character of Material

Name Diabase.
| Essential - Minerals,
Augite } ............... 50.1
(P;ilalggic:?ase i 41.1
Accessory Minerals.
Magnetite gg
Biotite

] ) a; dium grained rock com-
Remarks: Specimen is a dark gray, med: : -
posed essentially of chlorite, augite and pla.gwcla.se ( Ia-b1adqmtv).

Sand Creek cuts through a large dike of tlrxi‘s material jlﬁst ilﬁﬁh
of the Tishomingo-Ravia road crossing in sec. 1, I.48,R.5 .ld o )_'
large bowlders of the rock lie in the stream and this location wou p
ply enough material for local use in road building. :

. . . two
anite at Ravie. A quarry is opened in the granite about

lnil@G;xgrbt-liwest of Ravia on a switch from'tlle _St. Lou%s— an((l1 Sa{l F;?(i
cisco Railroad. The material at Fh;s p()'l?t is a dark re' cooto -
much finer grained than the granite af _llshommgo. 1t setf:ms e
a large dike cutting the gray gragxlltel,{ b(ilil: it “{)ai iloftmfltl)'llge\zidw iegeeggcltlgr h
i this absolutely. A black dike abou S

3 il}:-ch(s)ith 's?de of theyledge. The ledge is forty to fiftv feet]lzroag
and the top is about twenty-five feet above the track (fig. 32). : cat
be worked back in both directions from the switch. The mass is cu
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by joints and also by other planes of cleavage in all direcn

when blasted it breaks up into small ang‘ulai%T fragments, CTEZS,mSa(Tjotlgg)t'
of these fI.'agmen‘ts are 114 to 3 inches in dimension and some difficulty
was experienced in obtaining a six-inch cube which did not show cleav-
age planes.' This property of the rock, while making crushing quite
easy, necessitates much shovel and fork work and is the principal ob
jection to the working of the quarry. pat o

The quarry has been worked and a consid ! i
( ‘ erable quantit -
last supplied to the railroad company, but at present t}?e site1 iys (i)lfl ﬁﬁ-

ation and i . r i X L
fonditioiﬁ?( 13 not being uséd' The switch is rapidly getting into bad

The report of the test on this material is as follows:
Sample No. 4355.
Physical Tests.

Locality ... i

Material ' e
Spgciﬁc gravity e 2.60 (ranite
Weight per cubic foot ... 162, pounds

Water ahsorbed per cubie foot
Per cent. of wear :

............................................. 0.18 pounds,

French coefficient of wear .. 13 0
Hardness . 19.0
Toughness ..o 9.0
Cementing valve ... Fair

Remarks: A hard rock 4
wear and fair cementing val
foundation course.

vith low toughness, medium resistance to
ue. Not recommended except for the

Mineralogical Analysis.

glmracter of Material ... Plutonic rock
e e, I\' .
S vt AN LG,

Tssential Minerals,

Orthoetase e

];\S'Iil(jzg-icgg]me reported.
Accessory Minerals,

Muoortis e

Magnetite reported.
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Secondary Minerals.

Hematite ' Percentages
Kaolin not
Chlorite reported.

Remarks: Spectmen is a coarse-grained, pink granite composed
essentially of quartz, orthoclase, microline and little tmpregnated with
iron ozide.

Granile also outcrops along the Frisco Railroad from Ravia north

‘to Mill Creek. It resembles the Tishomingo granite but is finer grained

locally. Several localities would furnish favorable quarry and crusher
sites.’ ‘ . :

Disintegrated granite. Over most of the granite area the slopes
are steep enough to bring about the removal of the material as fast
as it is broken down by weathering. Locally, however, the solid granite is
covered by several feet of disintegrated granite and soil. The largest
deposit of this sort visited is at Lester, a switch a few miles south
of Mill Creek, in N. W. 14 sec. 20, T. 29, R. 2 E. Here an opening
covering 1% acre has been worked to the depth of 12-15 feet at the
east end of the workings. There are large bowlders of solid granite
and these make the working more difficult. Some of these were blasted
to pieces and disposed of to the St. Louis and San Francisco Railroad
for riprap. Switches were installed and a small switch engine was
used for handling the cars. The material removed was used for ballast
principally on (he Frisco system. The pit has been idle for some time.

The Southern Ballast Co. of Lester is planning to open a similar
pit southeast of the old one in the 8. E. 1/ sec. 21, T. 2 S, R. 5 E.
A switch is to be put in from the railroad and the material used .prin-
cipally for ballast. It will also be available for roads and should prove
valuable for gravel roads and in concrete work.

Granite gravel. The streams which flow across the granite carry
away the particles, which are broken loose by weathering, and build
them up as gravel beds. Such streams as Blue River, Pennington
Creek, Rock Creek and Mill Creek have almost inexhaustible deposits.
Many of these are used locally. The streets of Tishomingo are covered
with granite gravel from Pennington Creek southwest of town. It will
not have the wearing properties of crushed stone macadam, but is a
wonderful improvement over the clay and sand roads or streets. The
gravel is very clean and free from dirt or soil and is sharp ana angular.
It is rather fine but a large percentage of the pieces have diameters
of over one-half inch. - :

The Tishomingo Granite Gravel Company of Tishomingo has a
switch from the Chicago, Rock Island and Pacific Railway to a very
large bed on Ponnington -Creek.- -The gravel is shoveled onto gondola



128 OKLAHOMA GEOLOGICAL SURVEY.

cars by hand. Half the output is taken by the railroad for ballast and
the other half is available for comiercial use at prices approximating
50 cents per cubic yard free on board cars at Tishomingo. About 1500
carloads were shipped during the last year,

Granite porphyry. The igneous rocks of the portion of the Ar-
buckle Mountains west of Washita, River, occur in the exposures known
as Bast and West Timbered Hills, They are located in sec. 36, T. 18,
R. 1 E, and E. 1 sec. 1, I 2 S., R. 1 E. The material is a granite
porphyry or a granite, the majority of whose crystals are microscopic
in size with some larger feldspar “erystals. The porphyry is cut by
large dikes of aporhyolite which is usually glassy and vesicular in
structure, but which is locally porphyritic. ~ There are also numerous
dikes of diabase similar to those described in the Tishomingo granites.

East and West Timbered Hills contain an immense amount of
rock which, owing to its fineness of grain, would probably be -superior
to the Tishomingo granite as road material. However, at present, they .
are inaccessible and cannot be considered as a source of supply. It : . . ranite near Quarry at Tishomingo.
demand should ever exist for this stone it would be possible €£ iynstall Fig. 31 Txposure of Granite
a switch from which the Gulf, Colorade and Santa Fe Railway which
is about four miles from the hills but as the intervening land is rough
and broken it would be g very expensive proposition, and, in view of
the wealth of other material in the neighborhood, not likely to be un-
dertaken, . '

THE REAGAN SANDSTONE.

The Reagan sandstone lies above the granite and is largely com-
posed of the fragments of the granite which have been cemented to-
gether. In some localities it is absent by non-deposition and the lower
part of the Arbuckle limestone rests directly on the granite. In other
places the Reagan is faulted out. Its greatest area is a belt from one-
fourth to one-half mile in width along the west side of the large granite
area just described.

The Reagan sandstone, being composed of granite fragments, should
make a fairly good surfacing for macadam roads, but since its outcrop.
is limited in area, and since it iz ok situated favorably as regards.
transportation, it will probably have only a limited local use and need
not be considered further in this report. '

THE ARBUCKLE LIMESTONE.

drea. The Arbuckle limestone is a ledge of from 4000 to 6000:
‘cet in thickness, which overlies the Reagan sandstone where it is.
wresent or rests directly on the granite where the Reagan is absent:
hrough faulting or non-deposition. Fig. 32. Abandoned Quarry at Ravia.

It is exposed in three large areas in the Arbuckle Mountains: - (1),



Fig. 33.

Quarry at Crusher,

(Arbuckle limestone)

Fig. 34.

Quarry at Fitzhugh.

(Viola limestone)
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the major portions of Townships 1 N., and 1 S., in Ranges 5 and 6 E.,
and smaller portions of the townships surrounding these; (2) an area
of about one and one-half square miles in the southern part of Town-
ships £ and 8 S, R. 5 E.; and (3) west of Washita River, a roughly
triangular area consisting of the south part of T. 1 S, in Ranges 1
E., and 1 W., and the northern parts of T. 2 S., in the same ranges and
the central portion of T. 2 8., R. 2 E.

Nature of the rock. The base of the Arbuckle limestone is com-
posed of thin bedded limestone, shaly in part and with intraformational
conglomerates. From the base of the Upper Cambrian, upward, the
rocks are largely dolomitic and massive up into the Ordovician. The
upper 450 feet are thinner bedded and 'in places are associated with
shaly strata.

The most accessible locations in the Arbuckle limestone in the
Arbuckle Mountain region is at the gorge of Washita River, where it
cuts across the Arbuckle limestone near the apex of the triangular area
described above. The Gulf, Colorado and Santa Te Railway parallels
the river at this point and furnishes transportation facilities.

Quarries at Crusher: Two quarries are located at Crusher in the
southwestern part of T. 2 S., R. 3 E. They are both in the middle
part of the Arbuckle limestone and are working the massive beds.

The plant of Dolese Bros. of Chicago is located at the station of
Crusher (fig. 83) which have a capacity of about 1000 cubic yards per
day. The screen are 215", 114" and 14" perforations and a dust jacket
is used. The stone is taken from the quarry face to the crusher in dump
care by gravity.

Carter Bros. have a quarry and crushing plant about 14 mile north
of the Dolese Bros. quarry. They use a No. 5 old style and a No. 5
improved Austin-Gates crusher with a combined capacity of from 300
to 500 cubic yards per day. The stone is screened to the same sizes as
at the Dolese Bros. plant. The stone is also transported to the crusher
by gravity.

The stone at both plants is very similar. It is a dark gray lime-
stone, very hard but rather brittle. It breaks into angular fragments
with sharp cut edges.

There are some local variations in the material, some of it being
of a lighter color and somewhat softer than the majority of the stone.
So far the principal use of the stome has been in concrete, but it will
undoubtedly come into use as a macadam road and street material.
The finer material has been disposed of principally to the railroad for
ballast and platforms. .

The stone is placed I'. O. B. cars at Crusher at prices approximately

T2 cents per cubie yard. The freight rate to Oklahoma City is about
—G 8 )
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80 cents. The’following is the report of the test on the rock from
Dolese Brothers’ quarry. Owing to the similarity of the rock it was
not deemed necessary to have tests made from both quarries.

Sample No. 4362.

Locality :
Materia] Fimestons.
Specific gravity 290 -
Weight per cubic fo0t oo 168.  pounds
- Water absorbed per cubic foot 0.24 pounds.
Per cent. of wear ) 4.4 .
I'rench coefficient of wear 9.2
HAardness oo 15.1
Toughness : 8
Cementing value Good.

, fcm;zrks: Adrock of medium hardness and resistance to wear with
tow tougnness and good cementing value. Should mak 7 -
isfactory road material. g o make o foirly sai

The Arbuckle limestone is also well ex osed along the St. Loui
and San Francisco Railroad from Mill Oreekpnorth to gear Roﬂ". é)':\f

eral localities would furnish favorable crusher sites, but none are bein
worked. ’ ' o g

THE SIMPSON FORMATION.

This consists of a series of sandstones, shales and limeston
total thickness is from 1200 to 2000 feet. It lies just aboveest’h:evhzgsre-a
buckle limestone and is exposed as a lowland belt around the plateau
formed by the Arbuckle. Some of the limestones, especially in the
upper part, are of sufficient thickness to furnish much road material.
H_oweve.r, the beds are located so near the Arbuckle limestone and
Viola limestone wherever they are exposed that where there is a de-
mand for crushed stone one of these will be worked instead of the
Simpson as they are thicker and more accessible. The Simpson con-

tains some of the principal deposits of asphalt and will b iced y
. fully in connection with these deposits.p : ® noticed more

THE VIOLA LIMESTONE.

Location and area. The Viola limestone lies above the Simpson
formation and is exposed as a belt of rounded knobs separated from
the Arbuckle plateau by a depression, the outcrop of the Simpson
formation. It occurs entirely around the Arbuckle uplift except where
the older rocks are buried by younger formations as at the northwest
end of the uplift and along the south where the Cretaceous sands
lie directly on the granite. The width of the outcrop varies from 14
mile to 3 or 4 miles depending on the position or dip of the strata and
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the topography. The largest areas are: (1) in the north and east
portions of T. 1 8., R. 7 I, and contiguous portions of the adjoining
townships on the north and east; (2) in the northeast part of T. N,
R. 5 B, (3) as a strip about 1% miles wide extending from north to
south through the middle of T. 2 8., R. 3 E. Of these large areas
only No. (%) is situated near transportation.

‘Nature of the rock. The Viola limestone is about 300 to 500 feet
in thickness. It is separated on the basis of slight differences in char-

‘acter into three beds. There is little difference between them; the lower

one and upper one being somewhat argillaceous and cherty in places.
On a fresh exposure the Viola appears to be massive, but on weathering
it is shown to consist of thin layers, usually less than a foot in thick-
ness. The great mass of the stone is a gray to light blue color, very
hard, and rather brittle. At the places where it stands nearly on
edge, it seems as if the force of the upheaval had caunsed the rock to
become full of incipient cracks so that when blasted it breaks into
small angular pieces. ’

Quarry at Wapanucka. About two miles south of Wapanucka the
Chicago, Rock Island and Pacific Railway cuts through the Viola lime-
stone. The rock stands about 30 feet high on both sides of the track.
The railroad formerly had a crusher at this point. The rock is very
brittle and badly checked. When shot it broke into very small pieces
causing a great amount of shovel and fork work. This made the work-
ing expensive and the quarry was abandoned. No sample was obtained
as no piece of the stone could be found large enough for the test (3"
by 8” by 4”) which did not have cleavage planes through it.

"Quarry at Fitzhugh. At Fitzhugh on the St. Louis and San Fran-
cisco Railroad south of Ada, the Webster Stone Company operates a
crusher quarry in the Viola limestone (fig. 34). The quarry is located
in the S. W.-14 of sec. 35, T. 3 N,, R. 5 B. A quarry face 500 feet’
long by 44 feet in height has been developed. 'The stonme is hauled
from the quarry face to the crusher in dump carts. No. 5 and No. 3
gyratory crushers are installed with a daily capacity of 400 cubic yards.-
The stone is screened through a 12 foot rotary screen and into storage
bins of about 4 cars capacity. The average price of the stone F. 0. B.
cars at Fitzhugh is 75 cents per cubic yard. The amount of stone avail-
able at this locality is practically unlimited.

The report of the test on this stone is as follows:

Sample No. 4390.

Locality Titzhugh.
Material Shell limestone.
Specific gravity : .55

Weight per cubic foot .. 159, pounds.
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Water absorbed per cubic foot
Cementing value

.......................................... 2.60 pounds.
Not suitable for other tests. |

Fair.

Remarks: This material would probably be suitable for very light
traflic only.

Quarry of Oklahoma Portland Cement Co. at Ada. The Oklahoma
Portland Cement Company at Ada obtain their limestone from a quarry
at Lawrence in the N. 14 of sec. 36, T. 3 N » R. 5 B A quarry face
400 feet long and 20 feet high has been developed. This stone has not
been-available for commercial use, but it is planned to install crushing
machinery and screens and to place the crushed stone on the market.
It is well suited for use in concrete and probably for foundation for
macadam roads, but is too soft for the surface of macadam roads, It
is very pure, crystalline limestone and does not seem to be filled with

the incipient cracks as is the most of the Viola. The report of the
test on this stone is as follows:

Sample No. 4364.

Locality e, ; Ada.
Material e Tossiliferous Limestone.
Specific gravity 2.65

Weight per cubic foot 165.  pounas.
Water absorbed per cubic f00t oo 0.41 pounds. .
Per cent. of wear 9.0

French coefficient of wear 4.4

Hardness 8.2

Toughness 3.

Cementing value Good.
Remarks: A soft rock with very low toughness, low resistance to

wear and good cementing value. Not recommended for road building.

Another very favorable location for a quarry and crusher site in
the Viola limestone is at Rock Cut on the Gulf, Colorado and Santa Fe
Railroad south of Davis, about the center of Sec. 21, T. 1 8., R. 2 E.
(fig. 35). The top of the hill stands about 100 fest above the track
and a little creek crosses the track at right angles just north of this
hill.  The bed of this creek would make an excellent location for a
switch and also for the location of a crusher. The quarry could be op-

erated by gravity and still have a face of 60 to 80 feet and a length
of several rods. ‘

THE HUNTON LIMESTONE.

This formation consists of three members, an upper and a lower
limestone, and a middle shale, which is often calcareous, sometimes
cherty. As it is usually steeply tilted, the differential weathering of
these three members produces two narrow ridges and an intervening
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h. The Hunton trough is separated from the Viola trough by
ng(;u]g_,ower Hunton ridge Wh%ch is wider than the Upper Hunton ridge.
The Hunton limestones are hard, crystalline limestones, white to light
blue in color. The base of the lower member is usually oolitic, and the
upper member often contains concretions and bands of chert.

i i itable for
Either of the Hunton limestone members would be suitab )
road material, but as neither has a thickness of over 40 ffeet, and as it
always outcrops mnear the Viola limestone, the latter will almost cer-
tainly be used in preference to the Hunton.

THE WOODFORD CHERT.

The Woodford chert occurs above the Hunton. It is almost 650
feet in thickness and consists for the most part of alternating thin beds
of shale and chert. The shale increases toward the top. The outerop
is usually a wooded valley lying between the upper Hunton ridge arl;d
a ridge due to the outcrop of the overlying Sycamore limestone. T e
chert members of the Woodford would make a good road material, but
on account of the interstratified shales and the proximity of more easily
accessible material, it is not a commercial proposition to try to utilize
it.

THE SYCAMORE LIMESTONE.

This overlies the Woodford chert and is exposed p'rlnmpaﬂ!ly as a
narrow ridge along the south side of the Arbuckle Uphit. It is about
130 feet thick in the Tishomingo region and thickens westward. The
limestone is thin bedded, the layers averaging about one foot in thick-
ness. It is blue in color and very hard and tough. It breaks into small
fragments due to jointing oblique to the bedding planes. While un-
doubtedly the Sycamore is a good road material, no favorable locations
for development are known to the writer and no samples were obtained
for test.

THE CANEY SHALE AND GLENN FORMATION.

i i - la rated areas in
These two formations outcrop in rather large separated @
the outgs parts of the Arbuckle Mountains but neither formation con%
tains anything suitable for road material except the asphalt deposits o
the latter, which will be discussed later. :

THE FRANKS CONGLOMERATE,

The Franks conglomerate was formed by the erosion of the pre-
carboniferous deposi‘csl,D in early Penngylvaman times. It is an IlJ_nsh(ﬁ'e
deposit and consequently is variable in thickness and nature. . gua y
it consists of pebbles of limestone cemented by calcareous cement. Some-
times a portion of the pebbles are of granite. The conglomerate is very

* hard although it weathers down somewhat rapidly. It is exposed in
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mosh places around the western portion of the Arbuckle Uplift and de-
creases in thickness from west to east. It is well exposed along the
Atchison, Topeka and Santa Fe Railroad between Davis and Sulphur
and in the vicinity of the latter place. :

The nature of conglomerate as road material has alreadv been no-
ticed, but it may be repeated here that the irregular composition of the
rock with the varying hardness of the pebbles and the cementing ma-
terial make a conglomerate very difficult to work. The Franks will be
of some value for local use on the roads of the regions where it occurs
but will not be of general use. ’ ’

THE WAPANUCKA LIMESTONE.

This limestone occurs in the eastern part of the Arbuckle Mountains
but is much more prominent farther east and has been taken up in con-
nection with the eastern part of the State.

THE ASPHALT OF THE ARBUCKLE MOUNTAINS.

As the general nature of the asphalt deposits. have already Deen
discussed in Bulletin No. 2 of this Survey, only the deposits” which
have been used as Paving material will be noticed here, The asphalts
of the Arbuckle region usually occur as impregnations of sandstone,
limestone and shale of the Simpson formation. Of these the shale as-
phalt is of no value in paving. The principal producing area is known

as the Brunswick district and is located east of Dougherty and south of -

Sulphur.

“Brunswick Rock.” 'This is an asphaltic limestone which occurs
in section 31, T. 1 S, R. 3 E., about 4 miles northeast of Dougherty.
The exposure is in the banks of a dry run about one-fourth mile from
Rock Creek. A large quarry has been developed with a face 25 to 35
feet high. It is located in the side of a considerable hill that seems
to consist entirely of the bituminous limestone. The surface outerop
shows an area of at least one-fourth square mile,

The face of the quarry as well as’the product shows crystalline
limestone unevenly saturated with heavy maltha. Some of the crystal-
line portions are free from bitumen. The bitumen content varies from
5 to 8 per cent. The rock has g tendency to split into irregular frag-
ments because of the asphalt having infiltrated into the Joints or seamns
of the rock. The material js probably as of much value in paving on
account of its mineral matter and structure as on account of its bi-
tumen. .

The report of the test of this material is as follows:
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ample No. 4359.
Somiple Murray County.

{\Jiogtali'tyl Bituminous limestone.
ecifio i 2.50 .

P B 156.  pounds.
Weight per cubie feet .. 086 Dounds
Water absorbed per cubic £0Ot i 4:2

Per cent. of wear ‘ &2

Frel(lic}l coeficient of “earNot suitable for these tests.
ooy ™ Not suitable for these tests.
Toughness .oecrerrne hose st

(Clementing value
rks: -ock medium resistance to wear and ezcellent ce:
mentgf;l %Zé. 411710?110[]:1 (Z*robably make a very good road building ma
terial. | o
No. 2 sand. This is also located on Rock CreIe{k ?{bcglrte:k I?;oin e st
of the limestone just described, and 14 miles up togon3ists T
fluence with Buckhorn Creek. The developmen « s of o g
i lar pit on the banks of the creek. The pit reaches a dep i 82
Feet i aJt}lx)l sphaltic sand. The depth is reported to have been dex}{) o
N d ?Hat 90 feet. The deposit is probably horlzqntal and has ;
D oburdr t? 2 to 10 feet of conglomerate and varying thickness o
OV_el‘bufl(‘ilen ;moimt available is limited by the thickness of the over-
f)?llll';ien x\lriich makes an excessive amount of stripping necessary.

The product consists of subangular grains of sand ierl?:ﬁtﬁ;gn:
lid -}1}:1113 itch having the penetration of ordlna.ryf aspl alt cement.
§I(‘)hle ;rsgjdu& Fs hauled to Dougherty. It is used to furnish

pitch for paving mixtures.
The report of the tests on this material follow:

No. 4360. '
Samyple No Dougherty.

[l\fc;tali?:yl Rock Asg(l)la}yt.
ateria _ s

Bitumen soluble in CS, o R o

Character of bitumen...... Semi-solid, sticky, ductile.

Analysis of bitumen:

Specific gravity 25°C-25°C -
Penetration 100 g.1 5 sec. 25°C
Loss at 163° C. 5 hours :
Consistency of residue, penetration as a}lﬁ}\]re
Bitumen insoluble in 86°B. paraffin naphtha
Fixed carbon
Mineral matter
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Grading of mineral aggregate:

Retained on  50-mesh sieve %
£ . (14 80 ({3 (1%

({4 (14 100 (14 (14 gz

(13 (13 200 ({4 (14 %

Passing 200 « “ . %

100.0 9

Character of mineral aggregate—very fine sand with rounded grains,

Number 3 sand. This is also located alon Rock Cr i
Brunswmk. dls?rlct. The layer is about 15 feet tl%ick, lieg h(?;!;oilntaltl};'e
is un_derla_ld with blue clay and has an overburden of soil from 5 to 20
feet in thickness. Thg area is not known. 'The aggregate is of angu-
lar to sub-angular grains of sand cementeq loosely with a soft malt%l; ‘

The product is hauled to Dougherty. 1t - - eni
or flux for the harder pitches.g ' | teedas the sgftenlng gent

The examination of this sample g

ave the following results:
Sample No. 4358.

Locality
t - Dougherty.
-_Ié{.aterlal .................... p— . Rock Asphalt,
itumen soluble in O8;g 6.77 9
Character of bitumen.........sticky viseone iy e

Analysis of bitumen :

- Specific gravity 25°C-25°C
Loss.at 163°C. 5 hours
ansmtengy of residue—.—Too soft for penetration,

Bitumen insoluble in 86°B. paraffin naptha

Fixed carbon

Retained on 3 0-mesh sieyve
(14 13 50 (14 14
(14 (13 80 14 (13
(13 €« 100 (14 (13
¢« « 200 <« . «
Passing 00 « «

100.0 9

Asphalt at Ravia. The "asphalt at Ravia is on segre,
_ _ asphalt g ated land
about 1 mile i':rom a switch from the Frigco Railroad. Itg isgan evealﬁy
!mpregnated lime asphalt. Tle layer is 5 to 6 feet thick and lies
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practically horizontal. The stripping is only & to 3 feet thick where
it is worked but increases rapidly back into the hill. The material
was quarried and shipped for paving but is not now being used. There
is a large amount of quarried material on hand at the quarry. The
area of the deposit is unknown.

Richardson® gives several analyses for this material which show
considerable variation.

Bitumen soluble in CS, 3.4 to 10.8%
Mineral matter soluble in HCLowoooo 63.7 to 77.9%
Mineral matter insoluble in HC1............ 11.3 to 30.8%

Difference — 0.8 to 5.5%

A sample was selected which gave nearly as possible the average
material from this deposit for analysis for this report.

The results follow:
Sample INo. 4356.

Locality : — Ravia.
Material ' 3 . Bituminous Limestone.
. Special gravity ' 2.15
Weight per cubic foot 134.  pounas.
Water absorbed per cubic 00t ... 2.69 pounds.
Per cent. of wear 4.0
French coefficient of wear 10.0
Hardness 3.2
Toughness 6.0
Cementing value : Excellent.

Remarks: 4 wvery soft rock with low toughness, medium resist-
ance to wear and excellent cementing value. Would make a very good
binder in connection with some better wearing material.

The examination for bitumen showed only 2.19% with a residue
of coarse calcareous sand. .

Asphalt at Ada (fig. 36). One and one-half miles west of Ada,
on the land of D. A. Herring, is an immense deposit of lime asphalt.
™.e deposit consists of a long hill, the area of the top being at least
1¢0 acres. Prospect holes have been dug over the hill which show
that the deposit underlies the whole hill. A depth ot B0 feet was
shown by some of the drill holes. At present the product is hauled
by wagon to Ada. The material has been used for the surface of streets
of Lawton and is contracted for at Ft. Worth, Texas, and at Oklahoma
City. At Lawton the material is used alone as the surface and the
weathered stripping is used as a foundation. :

34. Op. Cit.,, Page 23;.



138 OKLAHMOMA GEOLOGICAL SURVEY.

The results of the examination are as follows:
Sample No. 4363.

Locality ... ' Ada.
Material . Rock Asphalt.
Bitumen soluble in C8, 7.45 9%
Character of bitumen...... Semi-solid, sticky, ductile.

Specific gravity 25°C/25°C e 1.019

Penetration 100 g. 5 sec. 25°C..... 81.
FLoss at 163°C. 5 hours 4.69 9%
Consistency of residue, penetration as above....... . 31.
Bitumen insoluble in 86°B. paraffin naphtha.......... 190 %
Fixed carbon 11.52 %
Mineral matter 19 %
Grading of mineral aggregate:
Retained on 30-mesh sieve 0.0 %
[{4 114 50 €« [13 6'3 %
« “ g9 « « : . 836.0 %
<« 114 100 [11 (13 18.3 %
<« 144 200 ({3 13 - 25-7 %
Passing 200 « “ 137 9%
100.0 %

Character of mineral aggregate—a calcareous sand with fairly sharp
grains,
g .

ASPHALTS OF THE ARDMORE BASIN.

_ The Ardmore Basin is located southwest of the Arbuckle Moun-
tain region. The surface rocks are shales and sandstones of ‘Carboni-
ferous age. They contain little road material besides the asphalts. Tt
has not been decided whether these asphalts have been formed in place
in the Carboniferous rocks or have worked upward from the Simpson
formation which is supposed to be buried beneath the younger rocks.

'“C’onsolida‘ted Sand.” _This sand asphalt is found near Overbrook,
7 miles south and 1 mile west of Ardmore. The ledge is 25 feet thick
and dips at an angle of 20 degrees. The outerop is 15 mile long. It
is underlaid by blue shale and has an overburden of soil. - The sand-
stone is massive, but shows lighter colored streaks due to variation in
the percentage of bitumen. There are occasional nodules of clay
through the deposit. The asphalt is used to give the solid pitch to
pa.v1ﬂg mixtures. The examination of this material gave the following
results: '
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Sample No. 4357.

' Locality Ardmore.
Material .. ; Rock Asphalt. .
Bitumen soluble in CS, 9.97 %
Character of bitumen....... Semi-solid, sticky, ductile.

Analysis of bitumen:

Specific gravity 25°C/25°C 1.032
Penetration 100 g. 5 sec. 25°C 54,
Loss at 163° C.-5 hours 411 %
Consistency of residue, penetration as above..... . R2.
Bitumen iusoluble in 86°B. paraffin naphtha........ R2.44 %
Fixed carbon 10.22 %
Mineral matter . 1.78 %
Grading of mineral aggregate:
Retained on 50-mesh sieve : 0.0 %
(43 143 80 (‘. [13 s 4.4 %
« « 100. « @« 140 %
&« 113 200 (f_ 13 . 57.5 %
Passing 200 « .« 241 %
100.0 %

Character of mineral aggregate—a fairly sharp, fine sand.

Another deposit of consolidated sand lies 2 miles north of the
one described. This ledge stands practically perpendicular, and is
about 25 feet thick. The trend of the ledge is NW-SE. On the east
side there is a wall rock of limestone £ feet thick and on the west a bed
of conglomerate. There are occasional “horses” of clay and conglom-
erate which must be thrown out when the material is worked. There
are the remains of an old extraction plant at this place and the present
owners operate a pulverizing mill here. The material is similar to that
last deseribed and is reported to average 10 per cent. bitumen. The
product of both the consolidated sand mines is hauled to a spur track
on the Gulf, Colorado and Santa Fe Railroad about two miles distant.

There is a ledge of bitumen limestone on the same property which
is only partially developed. '

“Aleck” wmine. Thig is located 12 miles northwest of Ardmore, in
section 18, T. 83 8., R. 1 E. A perpendicular ledge of 65 feet in thick-
ness is separated from a second perpendicular ledge by a bed of shale.
The deposit is broken occasionally by streaks of clay.

The sand carries about 12 per cent. of bitumen which is a heavy
maltha not so soft and oily as that of sand No. 3 from the Brunswick



140 OKLAHOMA GEOLOGICAL SURVEY.

d'istrict. The extent of the deposit is not known, but the material in
sight may be said to be inexhaustible. A pit 60 feet by 60 feet has
been opened without reaching the limit of the bed. The ‘product is

t}:xl?;lelsetd by wagon to Ardmore. It is used as the flux in the paving mix-

o a . . .
Richardson® gives the following analysis of this material :

Bitumen soluble in CS, .. -
Passing 200-mesh sieve2 . 1;.;‘%
(13 (13 (13 ’

: 128 “ L —— 75.0%
“80 « o« T . 22.0%
50 « e, 2.09

(13 4:0 ({3 (13 - 1'0(7;)
- 0%
“ 0 U 0.0%
.......... 0.0%

Elxtracted bitumen :

Loss at 212° F.,/l hour 0.1%
Residue after heating to 212°F—Too soft for penetration.

Dry Substance, _
Loss, 325°F., ¥ hours — 3.5%

Residue after heating to 325°¥F:
Penetration 110.

Bitumen soluble in CS, air temperature...___. 68.7%
DHEETCNCC oo 1'5’79
Inorgan‘ic or mineral matter _ 29:5&72
Maethenes : . 100.09
’B‘lt.un}en soluble in 88° naphtha, air temperature........ 57..3‘7:
This is per cent. of total bitumen ... - 83.4%
}%]t.lllr'len soluble in 66° naphtha, air temperature 62.6%
This is per cent. of total bitumen ... 91.1%

Character of extracted bitumen—Soft at 7S°T.

THE WESTERN DISTRICT.
GENERAT, DESCRIPTION, |

This area comprises practicall y [

] actically the western half of the State, :
most of this area the surface rocks are of Pennsylvanian-Permianofrgtla
and are predopunantly_red in color. “The eastern line of the Redbeds
is a line crossing the Kansas-Oklahoma line at Caldwell, then trendine

H =

33, The Modern Asphalt Pavement, p. 235.
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southeast near Hardin, Tonkawa, and Red Rock, cutting diagonally
across the strike of the Pennsylvanian limestones and shales through
the eastern parts of Payne and Lincoln counties to the western end of
the Creek and Seminole nations, (now Creek, Okfuskee, and Seminole
counties.) Here the line swings to the southwest and continues through
the Chickasaw Nation (Pottawatomie County) passes around the west-
ern end of e Arbuckle Mountains, crossing Red River 35 miles west

of (ainesville, T'exas.””%

The major portion of the Redbeds is of Permian age but the east-
ern portion is of Upper Pennsylvanian. The boundary between the
red Pennsylvanian and the red Permian has never been worked out ex-
actly but is approximately a line starting west of Pawnee and extending
south-southwest past Stillwater, passing about midway between Guthrie
and Fallis, past Moore and Norman and further south swinging to the
east near the Arbuckle Mountains. This line is shown in Plate IIT.

STRATIGRAPHY.
THE RED BEDS,

Gould® gives the following classification of the Permian:

Quartermaster

formation 300 feect
Mangum. dolomite
Collingsworth gypsum

Greer Cedar Top gypsum 295 feet

formation Haystack gypsum
Kiser gypsum
Chaney gypsum
_ Day Creek dolomite '
Woodward , iWhitehorse sandstone %425 fect.
formatien Dog Creek shales
. Shimer gypsum :
B]amo. {Medlclngyﬁodge gypsum }100 feet.
formation Ferguson gypsum
Enid :
formation 1500 feet.

The Enid formation consists entirely of red shales with thin soft
sandstones. The clays are often gypsiferous and contain gypsum con-
cretions and thin layers of a selenite in the upper portion. The Blaine
formation consists of three eypsum members separated by thin red
shales. Dolomite occurs locally near the top of the formation. The

35. Gould. Charles Newton, U. S. G. S. Water-Supply and Irrigatipn
Paper No. 148, p. 37. . . .
36. Op. Cit. page 490.
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Woodward formation consists of a shale member, a sandstone member
and a dolomite member. The Greer formation consists of five gypsum
members separated by thin red shales and a dolomite member at the

top.. The Quartermaster formation consists of sandstone and arenaceous
shales.

CRETACEOUS ROCKS.

Rocks of Comanche Cretaceous age occur in isolated areas in sev-
eral places in western Oklahoma. They usually consist of limestones
and shales, the limestone being known locally ‘as “shell rock” on ac-
count of the number of fossil oyster shells it contains. The Cretaceous
rocks lie upon the eroded surface of the Redbeds and usually occur on
the hill tops. Thev are probably the remmnants of a large area of Cre-
taceous deposits, the major portion of which has heen removed by
erosion. Qutcrops of the Comanche Cretaceous occur in Woodward,
Dewey, Custer, Iarper, Washita, Roger Mills, Woods and Beaver coun-
ties.

The Dakota sandstone of Upper Cretaceous age, occurs in the ex-
treme northwestern corner of Cimarron County,

TERTIARY ROCKS.

The Tertiary rocks occur on the high plains of the extreme north-
western part of the State and along the higher divides farther to the
east. The Tertiary, like the Cretaceous, probably covered all of this
region at one time but has been largely removed by erosion. The larg-
est arcas of the Tertiary are in the Panhandle where it occupies almost
all of Cimarron, Texas and Beaver counties (except the valleys of the
streams) and the level prairies between Gimarron and South Canadian
rivers in Ellis and Woodward counties.

The rocks of Tertiary age consist of clay, sand and gravel very ir-
regularly stratified giving rise to a peculiar structure known as “mor-
tar beds.” The gravel is sometimes cemented to form a conglomerate.
The slopes of the hills are often covered with pebbles which have been

washed from the mortar beds and considerable deposits of gravel from

the same source occur in some of the streams.

ROAD MATERTALS.
GENERAL STATEMENT.

From the preceding brief review of the stratigraphy, it may be
seen that this section of the State, with the exception of the Wichita
Mountains, is almost without material for the construction of improved
roads, unless the sand-clay road be considered. The only materials suit-
able for macadamized roads are the dolomites of the upper Redbeds,
the limestones of the Comanche series and the gravels of the Tertiary.
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DOLOMITES.

it g i locally near the top of

The dolomites occur at three horizons, (1) !
the Blelx?ne formation which extends 1{:111 a,tnarr;)th-bel\;cV ;:)car‘?;\;‘vgsiéoﬁﬁ
El Reno to the Kansas line, (2) at the top of the >
tion, the Day Creek dolomite and (3) at the top of the Greer forma
tion, the Mangum dolomite. : _

The dolomites of the Blaine formation are usgally thin and len';iﬁg-
lar in occurrence, and arenaceous or :;rgilli(l)cequs 1tn (Et})lln};l(;s&iﬁ%n;)f theiil- |
i e
ften occur as the cap rock of the hills. Owing to .
gec?ﬁ‘rence, they will be of little importance except for local use.

1 i Vhitehorse member of the
ha Day Creek dolomate 0ve1.l1e's the .V : \ s

Wooélzvbaérd fé/rma.tion. In Kansas it is a-bo'ut 5 feet in thickness sl;%terlgﬁ

Oklahoma is seldom over 3 to 4 feet tlnfzk. It outcr?ps.on % WQ—

hills in Woodward County, caps the 1'edt}h11}s b{et:;azlx‘ls (;feaé}:)bz;noreék.

2 and extends as far southwest as the headw Ce -

ggﬁrllniqgég :t}:{ %/Iountain View-and at Harl'lson37were provisionally re
ferred to the horizon of the Day Creek by Gould®”.

ue onga, Blaine County, of this
mateﬁai‘.o asl'l‘llllis f}z)?rllld;(t)ﬁ)slgu:f::dn?:g; ?’rfa;nl%y(’lrous‘ gypsum and only
the surface is composed of the dolomite.
The reports of the tests of the gypsum and the dolomite are as
follows:
Report on anhydrous gypsum.

Location . 1% miles north of Watonga, Ok}ahoma.
Material S Gypsum.
Specific gravity :

V&?eight pber cubic’ foot .. . 14?).34 poEEg:.
Water absorbed per cubic foot .. I po .
Per cent. of wear 1.0

French coeflicient of wear a
Hardness +8
Toughness .

Cementing value Excellent (500)

Remarks: This material runs very low in ht;zr.dness, toughness and
resistance to wear, but has an excellent cementing value. It is Dest
ac%a,ptcd for use as a binder in conncction with some form of siliceous
rock. .

Report on dolomite,
. Watonga, Oklahoma.
Dolomite.
2.70

Location
Material -
Specific gravity

37. Op. cit. p. 58.
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Weight per cubic foot 158

Water absorbed pe i Lo
Pew g el ;)rer cubic foot ... 1.16 pounds.
French coefficient of Wear ... gg
Hardness '
Toughness igg
Cementing value Good

Remarks: A rock of medium hard
Res A : rdness and toughness, with »
low resistance to wear and good cementing value, sh%uld mai]l:; ;17%3'}:';;

satisfactory macadam road.

Minera] analysis of dolomite.

Essential Minerals,

Dolomite—Carbonate of lime and magnesia.......... 99.0%
Accessory Minerals, :
Quartz—silica .
Hematite—iron oxide 85»20
o]

Remarks:  Swori . . -y
mmmz Za;].s.t-bpecw?en is fine grained, pinkish white dolomite con-
nng but a trace of iron oxide and quartz as impurities

A chemical analysis of the dolomite from the hills

and Watonga give the following results: between, Geary

Calcium carbonate y

Magnesium carhonate : gggg? ‘
. 0

Total dolomite 95.33%
Water ' 1‘82 %
9?<§(1es ()f.iron and aluminum 1.35?
Silica or insoluble residue 1'82‘70
- - (2]

99.88%

At Cement, in the southeastern part of Caddo i
much thicker ledge, of what appears Ito be a siliceougollillllll?;’toﬂleere 'll‘iliis‘.
cz;pf] the hills to the east of the town and also the butte in the north end
]”. he town. It is a blue-gray stone very hard and tough under the
x‘mnmer. G. A.‘Heman of Chickasha operates a quarry in the large hill
gast of town. 'lhe area controlled is about 40 acres, on which tl?ere is

to 10 feet of soil. The upper layer of limestone is badly weathered and
makes considerable waste. The main body of the stone is the blue sili
ceous stone mentioned. This is being worked to the depth of 12-15 fsee?
The thickness of the ledge is not accurately known but a well at th(;

crusl 1 1S ]
stone].er plant is reported to have passed through 54 feet of the same

OKLAHOMA GEOLOGICAL SURVEY. 145

An Austin-Gates crusher of 150 cubic yards daily capacity is in-
stalled.. The material is hauled to the crusher in side-dump track cars,
and from the farther part of the quarry by end-dump horse cars.. The
crushed stone is elevated to a rotary. screen and screened into storage .
bins. The stone is hauled to the railroad in end-dump carts and dumped
into the cars from a trap. The haul is about four squares and is all
down a slight grade. It is proposed to install an aerial tramway as there
is 74 feet of fall from the crusher to the loading point. The stone has
been used in concrete work, prineipally in Chickasha.

The report of the test of the material is as follows:

Sa,mpl‘e No. 4365.

Location Cement.
Material Siliceous limestone.
Specific gravity 2.65

Weight per cubic foot 165.  pounds.
Water absorbed per cubic fOOt i 0.66 pounds.
Per cent. of wear 4.1

French coefficient of wear : 9.9
Hardness TR 16.2
T T3 T S 7.
Cementing value ... Very good.

Remarks: A rock of medium hardness and resistance to wear with
low toughness and very good cementing value. Should make a fairly
satisfactory road material.

The large hill west of town is of the same stone. It is reported
that another plant is to be installed at this hill and that a No. 6 and
two No. 5 crushers have been ordered. Surveys have been made for »
spur from the Frisco railroad to the hill. It is claimed that an area
of 82 acres, with no stripping, is available.

The stratigraphic position of this ledge of rock is not known. From
Gould’s® map it should be at the top of the Woodward formation and it
may be the same horizon of the Day Creel dolomite. However, it is
much thicker and greatly different in character from the Day Creek so its
position is doubtful.

The Mangum dolomite is a dolomite 3 to 5 feet thick at the top of
the Greer formation. It is exposed near Mangum, the county seat
of Greer County, and on most of the divides between the streams of
that county. Owing to the thickness of the bed it can be of .only local
importance, but many miles of roads in the vicinity of its outcrop can.
be improved by its use.

38.  Op. cit. Plate 1, opp. p.. 12.
'10—G S
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CRETACEOUS LIMESTONE.

These occur in relatively small isolated areas and the limestone
members are thin. The amount of material at one place will seldom
be great enough to justify installing a crusher but the material could

be hammered up and used on the worse portions of the local roads
with good: effect.

GRAVEL.

Where the Tertiary gravel occurs in sufficient qu@tity it should be
good macadam material, as it ig composed principally of quartz which

would furnish good wearing qualities and it also has sufficient other
material to make it cement.

THE ROAD CONDITIONS OF THE WESTERN DIS'I‘RICT.

Togognqphy. The greater portion of the Redbeds region ig fairly
lev_el._ The gypsum hills and the hills capped by Tertiary rocks are the
principal exceptions. As a general statement it may be said that the

roads may be built along section lines throughout this section without
having excessive grades. :

. Climate. 'The climate of most of the region is rather dry. Suffi-
cient rain falls in all except the most western part to permit of the
raising of all the principal crops, but the rain falls principally during
the growing seasons when there is the least need for heavy hauling on
the roads. The fall and winter seasons are usually dry. The cold
of tI.Je winters is seldom great enough to freeze the roads to any ap-
preciable depth, especially in the dry condition which is common, so
that the roads are free from the long period of “thawing out” which
renders earth roads impassible for several weeks in the spring in the

more northern states. The wind in this section is very strong and
often blows for days at a time.

The effect of the climatic conditions enumerated 1s to make the
earth road, properly constructed, a much better road in this part of the
State than it is in almost any other seotion of the country. An earth
road when smooth and solid is as satisfactory as any form of improved
road. Proper grading and surfacing will produce roads in most of this
section which will be in good condition for ten months out of a year
and the two months when they are likely to be bad come at the season
of the year when little hauling is necessary.

On the other hand, such climatic conditions are very unfavorable
for macadam roads unless they are oiled with heavy oils. The high
winds will keep the unoiled roads continually free from n
so that all the wear of the traffic will come directly o
cause it to wear down rapidly. The lon
out thoroughly, and will cause

a dust covering
n the stone and
ng dry seasons will dry the stone
raveling” or separation of the pieces

N
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of stone in the road surface. Raveling when once started proceeds very
rapidly in dry weather, and, especially where there is no protective dust
covering. Oiling the macadam will render these conditions less harm-
ful but will not entirely overcome the difficulties.

Nature of the soil. In the greater portion of the district, the sub-
soil is a clay containing considerable percentages of sand. The earth
roads therefore approach the composition of sand-clay roads and may
be called natural sand-clay roads. In localities where there are heavy
ledges of sandstone in the Redbeds, the natural earth will be too sandy
for a good sand-clay road and will work up loose under traffic in dry
weather. On the other hand, where the Redbeds are of soft shale the
roads are clay and become sticky in wet weather.. In either case it is
almost always possible to find beds of sand or clay—whichever is need-
ed—within reasonable distance so that the road may be made a good
sand-clay road with little expense. - )

It should be borne in mind that, after all, the grading and drain-
age are the fundamental things in road construction and that no amount
of surface improvement will make a good road if the foundation is

.not well made and well drained. For miles of road in western Okla-

homa all that is necessary is to make a good crown with a scraping grader
and to keep this crown in shape by the use of the same grader or the
split-log drag. The natural earth road made in this way will be almost
as satisfactory, in many cases more so, than the macadam roads con-
structed at great expense. In the eastern portion of-the Redbeds area
where the rainfall is heavier it will be necessary to build tile drains to
keep the earth roads in good condition, but in the western portion it is
believed that good side ditches will give all the drainage required.

The sand areas. In a belt along each of the rivers crossing this
section, and in large areas in Roger Mills, Ellis, Dewey; Beckham and
Tillman counties, the surface is of sand and the regions are known as
the sand hills. The road problem is a very serious one in these localities
as the natural sand roads are extremely bad in dry weather. Where clay
is close at hand it may be used in making sand-clay roads. This may be
done in a good deal of the sandhill area especially near the “breaks” of
the river valleys. TIn other places clay may be so far removed that the
construction of sand-clay roads will be almost as expensive as macadam.
In localities where clay or other material for surfacing cannot be ob-
tained, any means of keeping the road as moist as possible should e
employed. Planting trees, encouraging the growth of grass on the road-
way, covering with leaves, straw or weeds all have a beneficial effect on
a sand road. The road bed should be left level instead of being graded
into a crown.

Sand roads as well as the clay may be improved by oiling with
asphaltic oil. In any case, oil should not be used where the soil shows
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any alkali as the alkali decomposes theé oil causing it to lose its bonding
power.

THE WICHITA MOUNTAIN REGION.
NATURE OF THE MOUNTAINS.

The Wichita Mountains lie to the northwest of the Arbuckles. Their
long axis is in the same direction as that of the latter mountains and

they are undoubtedly part of the same general uplift. The seas in -

which the Redheds were deposited rose much higher around the  Wich-
itas than around the Arbuckles so that the former were almost buried
in the Redhed sediments. Consequently, while the Arbuckles consist
of a plateau consisting of a core of igneous rocks surrounded by great
thicknesses of sedimentary rocks which are steeply inclined, the Wichitas
consist of isolated areas and peaks of igneous rocks surrounded and sep-
arated from each other by the flat, level-lying Redbeds. - The great ser-
ies of older sedimentary rocks which are so prominent in the Arbuckles
are certainly present in the Wichita uplift, but, with the exception of
the Reagan sandstone and Arbuckle limestone, exposures northeast of
the main range of the mountains and three knobs of Viola limestone near
Rainy Mountain Mission, they are deeply buried beneath the Redbeds.
The mountains are rough, weathered peaks of granite and other igneous
rocks sticking out abruptly from the Redbeds plain (fig.-37)

LOCATION AND AREA.

The Wichita Mountain group consists of several separated ranges
and isolated peaks. The group extends from Fort Sill northwest to
Granite City, a distance of 65 miles. The mountains are about 30 miles
wide at the middle hut narrow rapidly towards the ends.

DIVISIONS OF THE GROUP.

The principal range is the Wichita Mountains, which lie in T. 4 N,
and the north half of T. 3 N, in ranges 13, 14, and 15 W. The range
is composed of granite peaks separated by deep gorges. The highest
peaks are Mount Baker and Mount Scott at the east and west ends re-

“spectively.  They rise to a height of about 1500 feet above the level of
the surrounding plain.

The Quana group lies along the south side of the Wichitas in the
south half of T. 3 N, R. 13, 14 and 15 W. They resemble the Wichita
group but the peaks are not so high. The Carlton Mountains lie between
the cast ends of the Wichita and Quana groups. They are composed of
porphyries and rhyolites which weather into small fragments mstead of
into large bowlders as the granite does. Consequently the Carlton
Mountains have a more rounded topography than the Wichita or Quana
groups. Medicine Bluff is the most striking feature of this group. It
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is formed by Medicine Bluff Creek flowing against the north side of a
porphyry hill 1 mile west of Fort Sill and is a bluff 100 to 400 feet high
and one-half mile long.

The Raggedy Mountains consist of a broad group of isolated moun-
tains and hills extending nearly north and south and lying west of the
Wichita-Quana groups, and separated from them by a broad, flat plain
of Redbeds. The Redbeds also separate the individual mountains. .In
these Redbeds the igneous rock often comes near the surface, showing
that the whole Wichita Mountain group is really a continuous mass of
igneous rock of which all but the highest pcaks are buried in the Red-
beds. As the sediments for the Redbeds were derived from the moun-
tains themselves, they are often said to be buried in their own ruins.

The central mass of the Raggedy Mountains is composed of gabbro
and black granite. The only elevated area of this rock oceurs in the vicin-
ity of Roosevelt and Cold Springs. This rock weathers into bowlders
but they are not so angular as the granite bowlders and the topography
is rounded and is more like that of the Carlton Mountains than of the
Wichita-Quana group. The northern ax}d southern POI‘thDS of the Rag-
gedy Mountains are composed of small isolated granite peaks.

The Devil's Canyon group consists of several granite peaks near
Lugert. The principal peaks are Devil’s Canyon Mountain, Tep_ee
Mountain, Dome Mountain, Quartz Mountain and Soldier Mountain.
The group lies northwest of the Raggedy Mountains and is separated
from them by a Redbeds plain. Headquarters Mountain is a mass of
granite about three square miles in area which is near the town of Gran-
ite City. This mountain and the accompanying small peaks are the ex-
treme northwestern end of the system.

THE IGNEOUS ROCKS OF THE WICHITA MOUNTAINS.

The igneous rocks of the Wichita Mountain system are divided into
four divisions on the basis of age. :

The gabbro and black granite seem to be the oldest of these rocks.
They occur in four principal erposures, (1) along the north side of the
main or Wichita range; (2) along the west side of the same range and
in the plain separating the Wichita-Quana from the Raggedy Moun-
tains; (3) in the plain between the Wichita and Quana groups, and (4)
in the central part of the Raggedy Mountains. Of these, the last named
is the only exposure that has sufficient relief or is favorably enough sit-
uated in regard to transportation to render it of commercial importance.

In this exposure, the rock is a close-textured, gray to black rock.
It is very tough under the hammer and has a somewhat v1rr<_3g‘ular frac-
ture. The samples which were collected by Tafl are described as fol-
lows®: “the prevailing physical aspect of the gabbro is that of a dark

39. Taff, J. A, Op. Cit. page 60.
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gray to black, rather coarsely er i

: , T3 : ystalline rock.
sists of lapradorltg, augite, and magnetite with g
sory titanite. It is a typical gabbro, fairly fresh, or with the augite al-

tered to uralitic hornblende.” The bl i i
. acl 'a; i
than the gabbro often grades into diorite.c{ gramie, which > younger

The gabbro proper con-
little biotite and acces-

The black granite has been quarried for building and ornamental

.Qto e at C d Spl‘l g S 3
. S d L
1 ()] ngs on the t‘ lJ()u] an Sa.n [ rancisco “Oall Oad and

stone. The quarry is located alon i i i

] Ty is log _along the railroad in the side of a

3)1%11.}1 The quantity in sight is inexhaustible. The analysis z?nda l'léilgl-i
e tests of a sample of the stone from this quarry are as follows:

Sample No. 4367.
Physical Tests.
Location ...

N on Cold Springs, Oklahoma.
Spe_ciﬁc gravity 2 85" Dioxite.
Weight per cubic foot 178, p d
Water absorbed per cubic foot 24 pOunds.
Per cent. of wear 2§ pormes.
French coefficient of wear 14.3

Hardness 18.

Toughness . %gg
Cementing. value Fa;if

Remarks: A hard and toug

h rock with high resi :
. . 7 ! 1 / ..
fair cementing value. oy moa g woar and

Should make a satisfactory road material,

Mineralogical Analysi
Plutonic rock .. b o

Diorite.
~ Bssential Minerals,
Plagioclase
Hoﬁlblende 42tl'1
Quartz .y 13'(7)
Accessory Minerals.
Biotite 5
Magnetite L ‘0'7
Apatite ) i(l)
Secondary Minerals,
Chlorite
Augite } ------ "3
Kaolin 3.1

Bematrks: Specimen is a dark gr )
_ ' ‘ark gray, coarse grained r -
essentially of plagioclase (andesine) hornblende {md quc:a:tiﬂ composed

plant at the quarry to utilize the waste
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In close association with the gabbro is a bluish white rock resembling
the gabbro in structure but which on close study proves to be anorthosite.
This rock is composed almost entirely of labradorite feldspar with a
trace of magnetite. It is exposed along the railroad between Cold
Springs and Roosevelt. It is favorably located for quarrying and should
be a valuabie stone for either building or road purposes. It has been
quarried to some extent just north of Cold Springs by the same company
which operates the granite quarry. '

The red or pink granite makes up the greater part of the mass and
area of the Wichitas. It comprises almost all of the Wichita-Quana
groups, the northern and southern portion of the Raggedy Mountains
and all of Devil’s Canyon and Headquarters groups. Portions of all of
these exposures are favorably located to railroads. The easternmost peak
of the Wichita range comprises an area of over one square mile and is
about one-half mile distant from the Chicago, Rock Island and Pacific
Railroad, four miles north of Fort Qill. The Quana Mountains can be
reached from the St. Louis and San Francisco Railroad in the neighbor-
hood, of Cache by from 1 to 3 miles of switch. Several of the peaks
of the southeastern Raggedy Mountains are casily accessible to either
branch of the St. Louis and.San Francisco Railroad at Snyder, and an-
other area of four square miles is near the north and south line midway
between Mountain Park and Cold Springs. The Kansas City, Mexico
and Orient cuts the Devil’s Canyon Mountain at Lugert, and the Chick-
asha-Mangum branch of the Chicago, Rock Island and Pacific passes
very near Headquarters Mountain at Granite City.

The granite is usually a moderately coarse-grained, red-colored rock.
Tt consists largely of quartz and feldspar in about equal amounts with
subordinate amounts of hornblende. The feldspar is a red orthoclase
which gives the characteristic color to the rock. Local variations in color
and structure are common, especially near the contact with the gabbro.
The rock is somewhat porphyritic, the large crystals of feldspar being
surrounded by micropegmatitic growths of quartz and feldspar. The
granite is usually firm and massivé in structure, but near lines of fault-
ing it is often shattered so that it is easily broken into small angular
fragments. The gabbro and black granite previously described are often
cut by dikes of this granite which vary in thickness from g fraction of an
inch to 30 or 40 feet. In the exposure of gabbro on the west end of the
Wichita range the granite lies above the gabbro. This relation and the
dikes of granite in the gabbro prove conclusively that the granite is
younger than and has been intruded into the gabbro.

The only one of the locations mentioned above that is being worked
for crushed stone is the one at Granmite City (fig. 38). The Ruggles
Granite Company has had a quarry and mill in operation about 1 mile
northwest of town on the south side of Headquarters Mountain for some
years and have recently installed a crusher. The granite is the typical
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red granite of the region. It is moderately coarse-grained, and when
shot by heavy charges for. the crusher, shatters rather badly, producing
a large percentage of fine material. Both the building stone quarry and
crusher quarry are located on a spur from the Chicago, Rock Island and
Pacific Railroad. The machinery at the crushing plant consists of a
No. 5 Austin-Gates crusher, with rotary screens and storage bins of a
few tons capacity. The rock is hauled from the quarry face to the
crusher, by side-dump gravity cars. A sample gave the following analysis
and tests: :

Sample No. 4369.
Physical Tests.

Locality Granite City.

Material - - Hornblende granite.

Specific gravity . : 2.69 .

geight ger f)ull}ic foot b Py 16(5)' 0 poungS. Tig. 35. Viola limestone at Rock Cut, South of Davis.
fater absorbed per cubic foo .20 pounds.

Per cent. of wear 6.3

French coefficient of wear 6.3

Hardness . 18.%

Toughness . - 8.0

Cementing value ' Fair,

Bemarks: A hard rock with low toughness, low resistance to wear
and fair cementing value. Not recommended except for the founda-
tion course. ’ '

Specimen is a coarse-grained pinkish, brown, granite, composed es-
sentially of quartz, green hornblende and orthoclase impregnated with
iron oxide.

A few rods west of the quarry of the Ruggles Granite Company is
a high bluff where the rock is extremely fine grained, porphyritic, is
somewhat brittle and breaks with a clean fracture. This material is
reached by a spur from the Chicago, Rock Island and Pacific Railroad,
and considerable of the material has been used as rip-rap ly that com-
pany. Time was not taken to determine whether this was a dike through
the coarse-grained granite or merely a porphyritic phase of the granite®.
In either case the amount of material available would be reckoned in mil-
lions of cubic yards. A sample taken from this point gave the following
analysis and tests:

Sample No. 4368.
Physical Teste.

Location - Granite City.
Material. . Granite porphyry.

40. According ‘to C. H. Taylor who has examined the region in detail ) halt pit at Ada
since the above was written the fine-grained rock occurs as large bowlders ) Fig. 36. Portion of Asphalt p d
in the coarse-grained granite. . .
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Specific gravity 2.65
Weight per cubic foot 165. pounds,
Water absorbed per cubic foot 0.12 pounds.
Per cent. of wear 2.5

French coefficient of wear ... 15.7
Hardness 19.3
Toughness : 21.0
Cementing value Fair.

Remarks: A hard and tough rock with high resistance to wear and
fair cementing value. A binder of higher cementing value should be
used if possible.

Mineralogical analysis.

Character of material ... Intrusive rock.
Name , ...Granite porphyry.
Essential Minerals.

Orthoclase 50.1
Quartz : 4.2
Plagioclase 9.5
Biotite 5.4

Accessory Minerals.
Hornblende : 0.6
Apatite ) 0.2
Hematite ' ‘ :
Magnetite 5.8
Secondary Minerals.
Kaolin : : 4.2

- Remarks: Specimen is a pinkish-gray, porphyritic rock composed
essentially of large crystals of orthoclase, quartz, plagioclase (oligoclase)
and biotite embedded in a granophyric intergrowth of quartz and ortho-
clase.

The Oklahoma State Reformatory is located one mile southeast
of Granite beside a granite hill of several acres in area and over 100
feet in height. The granite in this hill varies considerably from that

_of Headquarters Mountain. It is of a lighter color, being a pink, some-
- what resembling the Texas granite. It is not so coarse grained as the

red granite and seems to be of a firmer texture. Hornblende seems more
abundant than in the red granite.

As soon as arrangements can be made, it is planned to install quar-
rying and crushing machinery at this location, the labor to be furnished

by the convicts. A spur from the Chicago, Rock Island and Pacific

Railway may be easily installed. The product will be available for the
construction of public buildings and public roads.
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_ There are slightly varying kinds of granite, the principal vama-
tion being in color. The sample was taken from the predominating

type and as the variations are so slight it may be tal ep:
tive of the whole hill. i e TR w epresenty

The analysis and tests follow :

Sample INo. 4370.
Physical Test,

wf\ioc‘at‘l'on Granite, Oklahoma.
Material I . Hornblende granite.
Specific gravity 2.65

Weight per cubic foot 165. pounds
Water absorbed per cubic f00t . 0.20 pounds'
Per cent. of wear 3.8 .
French coefficient of wear 10.5
Hardness 19.0
Toughness 9.0

Cementing value Fair

Remarks: A hard rock with low toughness, medium resistance to

wear and fair cementing value. Not recommended excopt for the founda-
tion course.

Mineralogical Analysis.
Character of material ... Plutonic rock.
Name Granite.

Essential Minerals,

Orthoclas: %

Kaolin |~ : 43.5

Quartz ' 31.9

Plagioclase 13.0

Hornblende 8.8
~ Accessory Minerals.

Zircon 0.2

Remarks: Specimen is ¢ medium grained, pinks, " :

‘ @ , pinkish gray gramite
composed essentially of kaolinized orthoclase, quartz, greeff Ibgrrfblende
and plagioclase (oligoclase). ‘

The Granite-porphyry. "This rock is younger than th
the granite as it rests upon the granite and) dikegs of it cut go%}?b‘i)lfg gaal.}bd-
bro and the granite. 1t is exposed in the Carlton mountains west of
Fort Sill, in the limestone hills in T 4 N., R. 12 and 13 W., and in
a few hills in T. 6 N., R. 14 W, east of the Rainy Mountain Mission.
The only exposure accessible to railroad is the east end of the Carlton
Mountains which can be reached by about 1 mile of spur track from
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the Chicago, Rock Tsland and Pacific Railroad one mile north of Fort
Sill: The rock in this section is described as follows by Taff:

«Tt is a dull-pink rock, with phenocrysts of feldspar and quartz,
in a dense or finely granular ground mass. The feldspar phenocrysts
ave all orthoclase, frequently twinned according to the Carlsbad law,
and from 3 to 4 millimeters in length. The ground mass is largely
feldspathic, and in part possibly micropegmatitic, is now very much de-
composed, and looks not unlike the divitrified base of a surface glassy
flow. With the exception of a little doubtful hornblende there are no
dark silicates to be made out. The feldspars are all charged with a
fine reddish dust, probably hematite.” E

No observation of this location was made nor any samples collected
by the writer.

" The Dike rocks. The gabbro, granite and porphyry are cut in all
directions by diabase dikes similar to those in the Arbuckle Mountains.
The rocks are not known to occur in sufficient quantities to be used as
a Toad material so will not be considered further here.

Granite gravel. Granite gravel occurs in the streams which flow
across the granite areas of the Wichitas. It occurs in large quantities
in Cache Creek near the town of Cache. A spur has been built from
the St. Louis and San Francisco Railroad along the creek and consider-
able gravel and sand have been shipped to Chickasha and Lawton. The
sand and gravel is angular and very free from clay or loam. Dettey
and Thompson of Cache are the principal operators. The price of the
material is about 65 cents per cubic yard F. 0. B. cars at Cache. This
material on the clay of the level plains makes a fine road surface and
should be used extensively on the roads in the vicinity of the mountains.

LIMESTONES OF THE WICHITA MOUNTAINS.

~ Of all the immense series of sedimentary rocks exposed in Ar-
buckle Mountains only the Reagan sandstone, Arbuckle limestone and
Viola limestone are exposed in the Wichitas. :

The Arbuckle limestone is exposed in two parallel ranges of hills
north of the main range of the mountains. They extend from southeast
to morthwest and at the southeastern end the two ranges are separated
by the exposure of the porphyritic granite. The southeastern extremity
of the northern ridge is about one mile south of the station at Apache.
Dolese Brothers have a quarry and crusher plant at this point which
is known as Richard’s Spur. It is reached by a spur from the railroad
and is well provided with switching and storage facilities. The Company
controls about 40 acres and have a quarry face 50 feet high by about
500 feet long (fig. 39). The stone is hauled from the quarry face to the

41. U. S. G. 8., Prof. Paper No. 31.
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crusher by sid.e-dump push cars on tracks. The screen .

] 3 st . E s are of th 1
size. Three crushers are installed, Nos, 8, 5, and 4 Gates st(;le v(:i;lslf;l
average daily output of 500 cubic yards. The product is dfstr,ibuted to

the neighboring towns, principally for concrete worlk. Oklahoma City, .

Enid, EI Reno, Chickasha and Lawton take the most of it.

The stone istvg'y similar to the Arbuckle limestone quarried by the
same company at Crusher in the Arbuckle Mountains,
- test of the Richards material follows: e The xeport of

Sample No. 4366.

Location i

Material : Rmh?fiillfesstg:r.
Specific gravity .o 2.70 -
Weight per cubic foot -168.  pounds.’
Water absorbed per cubic foot 0.20 pound;
Per cent. of wear 4.0 ,
Trench coefficient of wear ... 10 0

Hardness 16'6
Toughness 6.0
Cementing value .o Good

Remarks: A rock of medium hardness and resi .
: : , . i esistance 1o wear and
good cementing value. Should make g fairly satisfactory road material.

ROAD CONDITIONS IN THE WICHITA MOUNTAINS.

In the mountains themselves the population is very thin and
much of the area is comprised in the United States Forest Reserve
Consequently there is little need of improved roads over the mountains.
On the level plains at the foot of the hills the conditions are those of
the remainder of Western Oklahoma and are considered in that connec-
tion. It may be said, however, that where the granite sand occurs mixed
naturally with the Redbeds clay at the base of the mountains, a ver
firm, satisfactory roadway results. All that is necessary to ,produc};

d lodds W hele the I(l y Ont(l“ls t 1 anlt san pl Opel I o
goo C C 1e [¢] d 18
- ] .( . b

g g a;dlnc

Iy
. 1%1_0 san.d can be used advantageously on all the roads which are
m‘ 1auling distance of the streams which flow across the mountains and
many miles of good road should result from its use.

THE CRETACEOUS AREA.
LOCATION AND AREA.i
The Cretaccous area comprises the extreme so i
. _ ; uther p
Oklahoma. It lies south of a line which crosses Red Rilvcél{l a,PsOﬁ:):i'(’)cndi(s);f

tance west of Marietta, and extends northeast
ita, al ast to near Ardm
and northeast past Tishomingo to Atoka, then swings southeast po,al:e,et’ A:;?;E
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lers and cuts the Oklahoma-Arkansas line not far from Red River. The
area includes all of Marshall, Bryan, and Choctaw counties, the. south-
ern portions of McCurtain, Pushmataha, Atoka and Johnston counties,
with the southeast corner of Carter County and the cast half of ‘Love
County. .

' STRATIGRAPHY.

The Cretaceous rocks dip gently to the southeast.. To the north
they lie upon the upturned edges of the Paleozoic rocks of the Arbuckle
Uplift, the Pre-Cambrian granite or the Carboniferous rocks of the
Ouachita Uplift. .

The following generélized section of the Cretaceous rocks is given
by Taff*: S

Silo sandstone ... Brown friable sandstone, locally indurated by
' ' ferruginous cement, shale and shaly limestone.

Bennington formation......10-15 feet. Blue shell limestone.

Bokchito formation......... 140 feet. Red and blue shale with thin fer-
: ruginous limestone and lentils of friable sand-

‘ , stone.

(Caddo limestone........co... 60 feet, yellow and white limestone inter-

stratified with thin marly beds.
Kiamichi formation........ 150 feet. Blue friable shale with thin shell
: : limestone beds in lower portion.
Goodland limestone...... 25 feet. Massive white limestone.
Trinity sand.......c. 200-400 feet. Fine yellow sand with conglom-

erate beds locally at the base.

ROAD MATERIALS OF THE CRETACEQOUS AREA.

 Of these formations, the Goodland limestone, the Caddo limestone
and the Bennington limestone are suitable for material for macadamized
roads. Some of the limestone lentils in the Kiamichi and Bokchito
formations may be available for local use but as the Goodland, Caddo
and Bennington are never separated by any great distance, it will be
better to develop the thicker ledges.

The Goodland limesione is a massive white limestone about 20
feet thick. It outcrops as a north facing bluff standing above the soft,
easily eroded Trinity sands (fig. 40). The outerop is sinuous owing to
the small streams from this bluff cutting back inte it. Almost any
place along its outcrop will be a suitable location for small crushers
for local road building purposes and good locations for larger plants
were observed at Madill and Goodland. At Goodland the St. Louis and
San Francisco Railroad cuts through the limestone. At Madill, the

42. U. 8. Geological Survey, Atoka Folio.
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limestone formg 5 pronounced bluff along a small creek near the inter-
section of the Red River division and Arkansas and Choctaw division
of the St. Louis and San Francisco Railroad. The Goodland is glso well
exposed near Garvin and Idabel in McCurtain County.

The Caddo limestone consists of clay, marls and limestones, the Iast
increasing in proportion toward the top. The limestone beds even at
the top are separated by thin marly layers. Thig limestone is well ex-
posed along the Missouri, Kansas and Texas Railroad near Caddo, from
which town the formation is named,

The Bennington limestone is g massive, dull bluye limestone about
10 feet in thickness. It caps the hills near Caddo and is well expoged
at Bennington. TThe limestone is in large part composed of the shells
of a small species of oyster. '

The asphalts of this region oceur for the most part in the Trinity
sands, usually as lens-shaped bodies, of variable thickness and extent
(fig. 41). All the asphalts observed in the Cretaceous by the writer

and for oiling earth or sand roads gs previously discussed. Deposits
are known in many places in the region, the principal ones having been
described by Hutehison m Bulletin No, 2 of this survey,

ROAD CONDITIONS IN THE CRETACEOUS AREA;

Topography. The Trinity sands form a broad plain 10 to 18 miles
in width with low rounded knobs, Rising above this is the escarpment
of the Goodland limestone. South from this is g succession of steps
caused by the alternation of hard and soft strata of the Kiamichi, Caddo,
Bokchito and Bennington formations, The streams in cutting through
these give rise to many hills none of which, however, are of great height
or are very rugged. There are broad belts of level land on top of the
limestone ledges due to the weathering back of the softer shaly forma-
tions. The Silo sands weather into rather steep hills separated by V-
shaped valleys.

Climate. The rainfall in thig section is rather heavy and as.many
of the roads are on the black soil of the limestone belt they become very
muddy. The roads practically never freeze in winter.

The Trinity sangs weather rapidly and forp, sandy soils or sand

with very little Toam in it. The roads through the sand belt resemble .

those of the other sand areas and the methods of improvement should
be the same. The use of the asphalt whic) oceurs in tne same sands

in improving the natural roadways hag already heen discussed and need
not be repeated here.

Over most of the Cretaceous region, macadam is the logical improveq
roadway, The presence of the different limestones and the climate are
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ructi land, too, for the

th favorable to the construction of such roads. The , too,
g?ost ;::rt, is very fertile and the developmept of the agricultural re-
sources will require permanently improved highways and at the same
time the land will be valuable enough to support taxation sufficient to

build such roads.

The only improved roads reported from this area in 1909 were 30
miles of sand-clay roads in Bryan County. :



CHAPTER VII.

ROAD MATERIALS AND CONDITIONS BY
'COUNTIES

INTRODUCTION.

In this chapter an attempt is made to review very briefly the pres--

ent situ'ation of the road affairs in each county. The location of the
county is given, the principal road materialg named, and the topography
and dr.a.inage noted.  Since the different formations have heen dis-
cussed in the proceeding chapter the observations on the formations and
the character of the material are not repeated here. Reference can
easily be made by Chapter VI for more detailed information concerning
any formation. - The data for the second paragraph were obtained as
t!le result of information from the county surveyors, county commis-
sioners and county clerks of the several counties. No reports were re-
ceived from eight counties but in some of these cases the conditions

were known to some member of the Survey staff so that they could be
filled in. ’ ’ '

While the consideration of each county separately makes necessary
a great deal of repetition, it is believed that the advantage of having
the data for each county in compact and easily accessible form more
than compensates for this repetition. '

COUNTIES.

Adair County lies in the east-centra] part of the State and has the
state of Arkansas as its eastern boundary. The surface rocks are almost
entirely of Mississippian age (Boone chert) ; the exceptions being Penn-
s,vlv_.anlan‘roe]\'.s on some of the hills and in the southeast portion. The
drainage is principally to the south and southwest through Barren Fork
of Tllinois River and through Caney, Sallisaw and Lees creeks. The

topography is rough and broken. Road material in the form of chert, -

gravel or limestone is abundant in all parts of the county and the ma-
cadam road is the logical improved road for the county. Many of the
natural roadways are covered with fragments of chert and with some
grading and- drainage can be made into satisfactory roads.

_ Since statehood many of the roads have been re-located on section
lines but much of the county is so hilly that such location is not prac-
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ticable. About one-half of the roads are worked to some extent each
year. Several culverts have been built of wood and two 40-foot wooden
bridges have been constructed. No steel bridges have been built. No
bonds have been voted for road improvement. The townships are pro-
vided with plows and scrapers but none have graders nor stone crushers:

difalfa County borders on the Kansas line west of the middle of

~the State. The surface rocks are the Permian Redbeds and consist of

red shales and soft sandstones. The surface rocks are soft sandstones
and shales, except a broad belt of sand hills along the north side of Salt
Fork of Arkansas River. The roads are all laid out on ‘section lines
and with the exception of those in the sand hills are easily kept in
passably good condition. About 25 per cent. of the roads are worked
each year. There is no material for macadam roads in the county and
none of importance within reasonable distance. Permanently improved
roads will probably be of sand-clay or oiled earth. About thirty steel
bridges and many culverts have been built. No permanently improved
roads have been built and no bonds for road purposes have been voted.
The townships are equipped with drag scoops and with graders.

Atoka County is situated in the southeastern portion of the State.
The surface rocks of the northeastern portion are those of the QOuachita
Uplift, viz.,, the Stringtown shale, Talihina chert, Standley shale and
Jackfork sandstone; the Hartshorne, McAlester, Savanna and Boggy
formations outerop in the north-central part; the Wapanucka limestone:
and rocks of the Arbuckle Uplift occur in the western portion and the
Trinity sand and Goodland limestone of Cretaceous age form belts ex-
tending across the southern third of the county. The drainage is to
the southeast through Clear Boggy, Muddy Boggy and McGee creeks.
The greater portion of the surface is rough and hilly but there is much
level land in the creek valleys and on the Trinity sand outcrop in the
south portion. Practically all of the county is in reach-of either the
Wapanucka, or Goodland limestone outcrops so that material is at hand
for macadam roads. The soft asphalt which occurs in the Trinity sand
may be used to advantage as a dressing for the roads crossing the out-
crop of this formation. There are also several deposits of asphalt re-
ported from other parts of the county but they have not been studied .
in detail. There are at present no permanently improved roads in the
county but the abundance of material and demand for such roads in
the more level portions will undountedly cause a rapid improvement in

- road conditions in the near future.

Beaver County occupies the eastern third of old Beaver County or
No Mans land. The surface rocks are principally of Tertiary age with
a belt of Redbeds along the south side of Beaver Creek and a belt of
sand hills along the north side of the same stream. The county lies en-
tirely in the High Plains region and the surface is a plain into which
Beaver Creek and its tributaries have cut deep channels. There is little

11—- G 8
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material for improved roads but the natural earth roads are not bad
and if properly graded and cared for would be satisfactory. The roads
through the sand hills should be treated with clay. The county is thinly

populated and it is improbable that extensive road improvements can
be undertaken for some time.

At present not over one-tenth of the roads are worked each year.
The townships are supplied with plows and drag scoops; some nave
graders. Three pile bridges have been built across Beaver Creek, one at
Beaver, one 15 miles west of Beaver and: one at Cline in the eastern
portion of the county.

Beckham County is located in the extreme western portion of the
State and is bounded by Texas. The Permian Redbeds occupy the entire
county except for a belt of sand hills from 5 to 10 miles in width on the
south side of North Fork of Red River, which drains the county to the
southeast. In the southern part of the county the Redbeds belong to
the Greer formation and contain severa] ledges of gypsum. The gypsi-
ferous clay from this formation will be very valuable for the construc-
tion of sand-clay roads through the sand hills. There is little or no
material for macadam roads but sand-clay roads will probably prove
more valuable than macadam in this section of the State on account of
climatic conditions. The surface is level to rolling. '

Practically all the roads are laid out on section lines and about
half of them are worked each year. About 10 miles of sand-clay roads
have been built and twenty steel and twenty wooden bridges have been
constructed over the smaller streams. Corrugated steel is used for
culverts. The townships are provided with drag scoops and with road
graders. No road or bridge bonds have been issued.

Blaine County lies to the northwest of the center of the State. It
is entirely within the Redbeds area and the surface rocks are of the
Permian series except for belts of sand hills along the north sides of
North Canadian and Canadian rivers which drain the county to the
southeast. The Blaine formation extends from southeast to northwest
across the county and gives rise to a pronounced escarpment, the main
line of gypsum hills. Dolomite caps some of these, hills and furnishes
the only macadam road material for the county.

At present all the roads are on section lines but only a small por-
tion of them are worked each year. Three-fourths mile of macadam
road was built near Watonga in 1909. Anhydrous gypsum was used
for the foundation and dolomite for the surface. Since 1907 eight
bridges with spans of from 50 to 75 feet, one bridge of two 70-foot spans
with 16-foot steel approaches and one bridge of three 70-foot spans have
been built. All are of steel on reinforced concrete foundations. Forty-
three concrete box culverts have been built in the same time. No bonds
for road purposes have been issued and no road improvement districts
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have been organized. The townships have scoops and graders and the
city of Watonga has a stone crusher. ,

Bryan County is bounded on the south by Texas and lies to thg_
east of the middle of the State. It is entirely in the Cretaceous area an
the surface rocks are limestones and soft shales with s._andst’ope in the
southern part. There is a belt of alluviumn along Red River. ‘lhe drain-
age is into Red River, principally through Washita and Blue rivers. The
soil, especially on the limestone and shale, is rich and well adapted to
farming. It is a black clay loam which when wet makes almost im-
passable roads. Under these conditions the demand for improved roads
will soon be imperative. The different l‘1mgston(a. ledges_ which cross
the county, the Goodland, Caddo and Bennington will furnish an abund'—.
ance of material for macadam roads. These limestones are rather soft
for such usage but roads constructed of them will wear for many years
if properly maintained. There are some deposits of asphalt near Durant
which will furnish material for the improvement of roads in the sandy

~ regions of the country.’

Only a part of the roads have been re-located on section' lines.
No impr};ved proads have been built and no road bonds have been issued.
Several steel bridges and culverts of wood and of corrugated gteelr have
been installed. A small portion of the roads are worked with plows
and drag scoops each year.

‘addo County lies southwest of the center of the State. It is in-
cludec({ in the wesi/ern district of the State and the rocks belong to the
Permian Redbeds except for an area of Arbuckle limestone in the south-
west corner. A ledge of siliceous limestone in the Redbeds at Cement in
the southeast corner of the county also affords excellent macadam roarl
material. Ixcept for a few thin ledges of dolomite there is no maca,dflm
material in the northern part of the county and sand-clay construction
will probably have to he used here. Many of the natural roadways 0051—'
tain very nearly the proper proportions of sand and clay and are already
tolerably good through the greater part of the year,

No permanently improved roads have been built at present and no
road honds have been issued. The roads are on section lines excepr
in a few instances where such location is not practicable. Only a small
portion of the roads are worked with road g’rad.ers each year. Three
large steel bridges have heen built; one across Little Washita River at
Cyril; one across Cache Creek south of Apache; and one across Washita
River near Carnegie. Several smaller bridges and muuy wooden ana
concrete culverts have been constructed, and more concrete pulverts are
planned. The people of the county are deeply interested in" the road
question and several plans for improvement are under consideration.

Canadian County lies just west of the center of the State. North
Canadian River flows southeast across the central part of the county
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and the South Canadian across the southwest corner. The rocks of the
county are all Permian Redbeds (except a narrow strip of sand hills
along North Canadian River) and consist of soft red sandstones and
shales. The surface is level to rolling. Many of the. natural roadways
are mixtures of sand and clay, and sand or clay can be secured to improve
those roads which are lacking in either constituent. In view of the lack
of macadam material and the climatic conditions it is doubtful if ma-
cadam roads would be ‘advisable, since sand-clay roads can be con-
structed so much more cheaply and will give as good satisfaction. -

Practically all the roads are on section lines and all are worked
and graded to some extent. No road improvement bonds have been is-
sued. Over one hundred steel bridges have been built in the county.
Concrete is used for culverts. All the townships have plows, scoops and
graders. .

Carter County is situated in the south-central part of the State.
The northeastern portion is in the Arbuckle region ; the eastern portion
is underlaid by the Glenn formation and the western portion by the
Permian Redbeds. There is an area of older Paleozoic rocks known as
the Criner Hills in the southern part of the county and the extreme
south-central and southeastern portions are in the Cretaceous area. The
surface is hilly in the Arbuckle Mountains, rolling to hilly in the other
portions. The drainage is to the southeast through Cdddo Creek and
Washita River. The limestones of the Arbuckle Mountains and Criner
Hills will supply macadam material and some of the largest deposits of
asphalt in the State occur in the Glenn formation, in this county.

Many of the roads have not been re-located on section lines on ac-
count of the difficulty of securing the right of way through Indian lands,
but the work of re-location is proceeding rapidly. Many bridges have
heen built and new ones are being built at the rate of four to six per
month. All over 20 feet in length are of steel and the larger ones over
Washita River, Caddo Creek and Walnut Bayou are of high truss con-
struction.  One 40-foot bridge of reinforced concrete built as an experi-
ment has so far been satisfactory. Corrugated steel is used for culverts.
The county has issued $100,000 bridge bonds and the townships have is-
sued $60,000 for opening roads, buying machinery, building culverts, ete.
All of this improvement has been made since statehood so that Carter
County bids fair to take the front rank in the matter of road improve-
ment in the future.

Cherokee County is situated in the east-central portion of the State.
‘T'he greater part of the county is in the Mississippian area but the south-
western part is underlaid by Pennsylvanian limestones, shales and sand-
stones. The northern part is very rough and hilly, the southwestern part
is rolling to hilly. The drainage is into Arkansas River through Grand
and Illinois rivers. The Boone chert and the Pitkin limestone furnish
inexhaustible supplies of macadam material. The hills are often covered
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to a depth of several feet with disintegrated chert and there are large
quantities of chert gravel or “chats” in the stream beds.

About 50 per cent. of the roads have been re-located on section
lines. Much of the county is too hilly for section-line roads to be feas-
ible. Some work is done upon all the roads and a small part of them
are graded each year. Most of the townships have plows and scoops
but only one has a scraping grader. Three small steel bridges with con-
crete plers and wing-walls have been built. Concrete and corrugated
steel have been used for culverts. :

Choctaw County lies in the southeast part of the state, Texas form-
ing its southern boundary. The whole county is in the Cretaceous area.
The surface is level to rolling. The drainage is 1ni‘:0 Red River prin-
cipally through Boggy Creek and Kiamichi River. The Goodland, Cad-
do and Bennington limestones extend the length of the county and fur-
nish abundant macadam material. The soil is mostly a black loam, which
makes very fine farming land but very bad roads.

The majority of the section lines have been opened as hlg}Eways
since statehood, and some work is done on all the roads each year. Twen-
ty-four small bridges have been built by the county. The majority of
the culverts are of wood but corrugated steel and concrete are coming
into use. Bonds for $120,000 have been voted to build steel bridges.
All townships have plows and scoops and some have graders. Graders
are difficult to use on account of the limestone exposures on the prairie
land and the stumps on the newly opened roads through the timber.
Wilson Township has a rock crusher.

Cimarron County is the extreme northwestern county of the Statﬁ
and occupies the western third of No Mans Land or the “Pan.Handle.
Tertiary rocks outerop over about three-fourths of the surface. The
northwestern portion is underlaid by Dakota sandstone, and there is a
small area of lava rock known as Black Mesa in the extreme northwest-
ern corner. 'The surface is in general a plain into which Cimarron
River and Beaver Creek have cut channels. The Tertiary deposits con-
sist principally of soft sand and clay, and except for the lava rock there
is little material for macadam roads. The county is thinly settled and
the climate is dry so that there will probably be little demand for ma-
cadam roads. The natural roads if properly graded, or sand-clay roads
will serve all purposes.

The roads are all on section lines. Very few are w'orked,.and no
bridges or culverts have been built. One township is provided with drag
SCOOPS.

Cleveland County lies just south of the center of the State. It is
entirely in the Redbeds area. The rocks of the eastern portion belong
to the Pennsylvanian Redbeds and the surface is rather hilly, while the
rocks of the western portion are of Permian age and the surface is
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level.  Canadian River forms the southern boundary and TLittle River
flows east across the northern portion. The Redbeds rocks are all sand-
stones and shales and there is no macadam road material of any sort.
Some of the natural roadways closely approximate g sand-clay mixture

but many, especially in the eastern part of the county and near Canadian
River, are too sandy.

‘The roads are all on section lines and are kept in fair condition.
The townships have scoops and graders, Several steel bridges have been
built across Little River and across Chouteau Creek in the southeastern
part of the county. :

Coal County is located southeast of the center of the State. The
surface rocks, except in the extreme southwest corner belong to the
Pennsylvanian system and consist almost entirely of sandstone and shale.
There is a small area in the southwest corner of tlie county in which
the limestones of the Arbuckle Mountains and the Wapanucka lime-
stone are exposed. The surface as g whole is hilly although there are
large areas which ave fairly level. The drainage is to the southeast
through Muddy Boggy and Clear Boggy creeks.

Since statehood the majority of the roads have heen relocated on
section lines and some work has been done on part of them. No im-
proved roads have heen constructed and no road improvement districts
have been organized. ['wenty-eight steel bridges and a large number
of stone and corrugated steel culverts have been built. . A bond issue of
$35,000.00 has been made for bridges. The townships have plows,
scoops and road graders and one has a rock crushing outfit. '

Comanche County is situated in the southwestern part of State.
The Wichita Mountains occupy the northwestern portion and the Per-
mian Redbeds the eastern and southern parts. Except for the Wichita
Mountains the surface is level to rolling.  Drainage is into Red River
principally through Cache Creek. The granite, porphyry and limestone
of the Wichitas offer an inexhaustihle supply of macadam road material.
A large commercial crushing plant is operated in the Arbuckle limestone
at Richard’s Spur. The streams flowing from the mountains carry large
quantities of granite gravel which can be used with splendid effect on the
roads. There are some deposits of asphalt near Lawton.

Practically all the roads are on section lines. Only a small portion

are worked each year and no permanently improved roads have been
built. All the streams are bridged at the more important crossings.
Bridges of over 20-foot span are of steel. Wood and corrugated steel
are used for culverts. Some of the townships have road graders,

Craig County borders on Kansas and is separated from Missouri
by Ottawa County. The surface rocks belong to the lower part of the
Pennsylvanian system (Cherokee shales or Vinita formation) except
for an area of Mississippian limestone in the southeast part. ~Besides
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this limestone there is little macadam materia] in the county. The sur-
face is generally level. The drainage is to the south, principally through
Big Cabin Creek.

The majority of the highways have been re-located on section lines;
about ofle-fo{u'thyof the 1'o§ds aze worked each year. No permanent'ly
improved roads have been built and no bond issues have been made. Sui
large bridges with spans of from 70 to 145 feet have been built of st_ee
with concrete floors. 'There are several smaller bridges and culverts.
"Phe townships have plows, scrapers and road machines.

T ounty lies northeast of the center of the State. The sur-
face ?(i)gle\ic aci'eua :léuccession of shales and sandstones of Pennsylvanrfa}tln
age. A few ledges of limestone occur in the northeastern part. ¥ e
sandstone ledges are resistant to weathering and form pronounced rlF ge;
and hills. The drainage is to the east through Polecat Creek, Deep For
of Canadian River and Cimarron River. There is very little macadam
material in the county and material for permanently improved roads ex-
cept for sand-clay roads will have to be imported.

7 the roads are located on section lines and no permanent roads
haveig(;wnotf}uilt. ‘ONot over 10 per cent. of the roads are worked annually£
Sixty-nine steel bridges have been built, two of them being 600-foo
spans over Cimarron River at Mannford and 12 miles west of the S?-Iille
town. Corrugated steel is the principal material used for culverts. l}‘1 e
county has voted bridge bonds for $100,000 and Creek Township has
voted $5,000 for road improvement.

ster County lies in west-central Oklahoma. It is entirely in the
weste?':lt district an/d 1s underlaid by Permian Redbeds except for sev?ifl
small areas of Lower Cretaceous limestone or shell rock which ca,ps1 t;
hills in the western half of the county. This limestone and some oc:.
occurrences of dolomite are the only macadam material in the coim){
and they occur in too small quantities to be available except for .ofca
use. There are vast quantities of gypsum in the county and the gypsifer-
ous clay can be used to advantage on sandy roads. The surface is s;)mt;—
what broken by ledges of gypsum and the hills ca,pped.by th.efz; IHII{I'eS one.
The drainage is to the southeast principally through ‘Washita River.

All the roads are on section lines and about one-fourth are worked
annually. No improved roads have been built and no bonds 1ssue{id.
Nine steel bridges and fifty frame bridges have been built and forty o
bridges have been rebuilt since 1907. Wood' and concrete are used fgr
culverts. The townships are well equipped with plows, scoops and grad-
ers which are little used on account of poor organization of road system.

Delaware County is sitnated in northe_astern.Oklghoma. ‘I'he sur-
face rock is practically all the Boone formation which gives a rough, hxlly
topography. The drainage is to the southwest through Grand River
and Spavinaw Creek. The chert and limestone of the Boone formation
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provide an abundance of good macadam material which is available
in all parts of the county. Where the hills are not too steep, the natural

roads are fairly good on account of the disintegrated chert which the
soil contains.

Owing to the rough topography, the county is thinly settled and
practically nothing has been done toward road improvement. Few roads
are on section lines and very little road work is done. No bridges nor
culverts have been biult. :

Dewey County lies in the northwestern part of the State. The sur-
face rocks are Permian Redbeds except a belt of sand hills on the north
side of Canadian River and small areas of Cretaceous limestone capping
the hills in the western portion of the county. This limestone and some
thin ledges of dolomite in the northeastern portion are the only macadam
material. The gypsiferous clay of the Redbeds can be used to good ad-
vantage in building sand-clay roads through the sand hills.

Less attention is paid to the road situation in Dewey County than
in most of the neighboring counties. No improved roads and no large
bridges have been built. Only sufficient work is done on the roads to

render them passable. Some of the townships have graders but little
use is made of them. :

Lllis County lies immediately northwest of Dewey County and is
bounded on the west by the Pan Handle of Texas. The surface rocks
of most of the county are Tertiary deposits consisting of clay and sand:
There is a small area of Redbeds in the extreme southeastern portion.
About half of the county is in the sand-hills region. There are belts
five to six miles in width on each side of Wolf Creek in the north part
of the county and a belt eight to twelve miles wide along Canadian River
in the south portion. There is no macadam material in the county.

The roads are principally on section lines and about one-fourth of
them are worked each year. Eight miles of sand-clay roads have been
built. Thirteen steel bridges, two of which are 180 feet long, and six
wooden bridges have been built. Corrugated steel is used principally
for culverts. One road improvement district was organized but the bond
issue was voted down. .The townships in the “hard land” have plows,

scoops and graders. Those in the sand hills have purchased large mowers
and rakes to use in “haying” the roads.

__ Garfield Counly is situated in north-central Oklahoma. It lies en-
tirely in the Redbeds area and the surface rocks are of soft sandstone and
shale. There is no macadam material of any kind. An area of sand-hills

lies in the southwest portion of the county. The surface is level to
rolling.

The roads are all on section lines and the majority are worked to
some extent each year. All the principal stream crossings are bridged
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rocks are the gypsums, soft sandstones and shales of the Redbeds, with
some granite hills of the Wichita Mountains in the eastern portion, and
an area of sand-hills in the north-central portion. The granite hills
will furnish inexhaustible supplies of macadam material. The sur-
face, except for the granite hills, is level. The drainage is to the south-
east through North Fork of Red River and its tributaries, '

The roads are on section lines and a good share of them are worked
each year. Ten miles of sand-clay roads have been built, Many of the

100-foot bridges have been buijlt across Elm Fork of Red River. Stone

and corrugated steel are used for culverts. No road bonds have been -

voted. The townships are wel] equipped with graders and smaller tools.

larmon County is the extreme southwestern county of the State.
1t lies entirely in the Redbeds region and the only hard rock is a ledge
of dolomite from 1 to 5 feet thick. The surface js a plain into which
the streams have cut rather deep valleys. Tn the northern part there
are several gypsum hills and in the southern part, a belt of sand-hills
lies between Sandy Creek and Red River.

No report on the present conditions in thig county has heen re-

ceived but as it is 4 part of old Greer County the conditions are prob-
ably very similar to those of that county.

Harper County is located in the northwestern part of the State. Tt
lies in the Redbeds area and the surface rocks are all soft, red sandstones
and shales, except for some small areas of Tertiary and Cretaceous rocks
on the uplands. The Cretaceous limestone and a ledge of dolomite in
the northeast part are the only macadam material. A belt of sand hills
about 10 miles in width extends across the county along the north side
of Beaver Creek. The surface is generally level.

Practically all the roads are on section lines. There is no organ-
ized system of working the roads, and they are worked at only enough to
keep them passable. The county is not thickly Populated and there is
a great road mileage, much of it sand roads, so that great improvement
is not to be expected in the near future. No improved roads have been
built and no bonds have been issued. Four bridges of 40-foot span of
wodbd and steel and: one wooden bridge of 200-foot span across Beaver

Creek at May have been built. The townships have graders, and small
tools.

Iaskel] County is situated in east-central QOklahoma, Canadian
River forms the northwestern houndary and Arkansas River the north-
eastern boundary. The surface rocks are sandstones and shales of Penn:
sylvanian age. "There is no material suitable for macadam roads. The

ledges of sandstone are very resistant to weathering and produce very
rough surface.
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qradlnghls ahole ear. No permanently improved roads have b;eetr)l ot

g tbe ‘(’; iﬁsﬂgs have been made for road purposes. Sei\lrera Sgelgis

il;genlizelf Ii)uil?: -one of 1000 feet in ée?gtlhang ni):ﬁzﬁsos;ln;: egorrugatéd

: i 3 or the .

uts 9% f'grutsl:fi 1?(1)'5 etl,:ull)s:ritgs(?s aj‘iﬁ vz}(l)g townships have plows, drag scoops

steel i

and graders. | )
ies i Oklahoma along Re
ty lies in extreme southern ) :
Rive;f eﬁ{‘r}fg 72111%31:: ryocks are all Redbeds and consist of soft sandstones

i dam material in the county.
. There is no hard rock for macadam ) A
f_llzfe S;fi?:ce is level to rolling. Drainage is into Red River throug

Beaver and Mud creeks. .
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The roads are upon - section lin
Yo 8 es and the majorit ‘
}‘)vlf'lilt{el;i over each season. No permanently improvgdr;o};d(;f ht:ile:l bare
Ut but the natural roads are fairly satisfactory when graded eeﬂ

Johnston County lies in the southern part of the

‘ _ s in. State. -
21111-};‘3221011'[‘?f the founty lies in the Arbuck{)e Mountains an?i- hrfsh: gﬁgﬁ
sand and Goodland Tireetons, ks ane vy, Gretaceons rocks, the Trinity
gf macadam road material coﬁsistin ;)11!111 r};nizs e astible Suppy
1(5((3) ,cérl'avtal ;I.'Ild the Arbuckle, Viola,gHun%on S;czlgoiglaé;gp;?fcfl’(ag I:I:E
a{n?ndz?]t. lmeistones. No part of the county is oui’: of reach of an
sbund supply of good macadam material. There aré also considerabl
deposits of asphalt near Ravia and Russett (see fig. 41) e

The majority of the roads are on secti i
Jority of . ection lines and all ar
gligreicci):r lhess. l?bout 50 miles have been graded. Nso 20&3 }Ir?gioye(;;l;;%
: S have been organized. Bonds for $100,000 i
for bridges. Steel bridges wi 00 1o 340 feot pave oo
. ges with spans of from 300 t
built across Washita River at M i o s fra beat
: : ‘ at Mannsville, Russett and Tishomingo:
x(‘%l;llln er)jﬂls of f(IiOl% llit)O-to 220 feet across Blue River at Egy%rimi\/%?linfrrxl)d
e an elton. About thirty smaller steel brid ‘ ,
wooden bridges have been built. Nati morete o e s
/ ; . ve oak and concrete are the pri
cipal materials used for culverts. Th i {pped with
plows and drag and wheeled scr:i)eré. ® fownships are equipped with

Kay County is situated in the e ;

‘ y (0 _ xtreme north-central

Sftattle. There are several massive ledges of limestone in tl?e g;srtit:er(r)lf 211‘61!:

Surf;g:ouqnqty, mo]f;t of which are very soft and not suited for macagam

ace. 1e Tocks west of the main line of the Atchison, T

Sfélt:fls?;'nl{i)l;;‘i{;ay z}rgallslla}ce},ls tWith a little sandstone. ’Il‘ll’le :1}1)3:1‘3:1(1)%
e easter] 't 15 hilly; that of the western part ig 1 i

Drainage is to the southeast through Arkansas %iverlsangveslaff ];gill‘l:ng-

The roads are on section lines and are worke .
_ : 'ked eno
Eiiseal{]e. I‘l‘)lv‘e miles of sand-clay roads have been builltl.g lllzrggegrfge:;
a;ld . ())?letrlll 111:11§vover Arkansas River east of Newkirk and Ponca O’%rt'
aud no-t(l) &taw City. A concrete bridge crosses Chickasha Rivez'
e I ll }.\(‘]res part of Fhe county. Limestone is used for culvert
¢r, ° all bridges.  Miller Township has voted bonds for $18,000.00 £ :
oad 1mprovement. Several townships use the split-log or Kirig dl.'ags .

Kingfisher County lies i
) i _ y lies just northwest of the cent
g;dl;ﬁf f::tl;le'ﬂyl in tﬁe Redbeds area and there is nci3 llllagfl cr)(fmlt(h?of .t;lt:.
cada aterial in the county. There is g 1 .
i;)' -ten‘mlles or more in width along ;l?erlnl())?‘ltthosfi oot e o five
! Olr\ neé'rlr]} tl'le nlortheastern part of the county. The extreme southw.

s 1 the Gypsum Hills region. The surface is generally ef(etsg?

o B *

The drainage is i 3
¢ 1s Into the Cim i
8 arron which cross ; ;
west to southeast. crosses the county from north-

de of the Cimarron -
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"The roads are all upon section lines and are kept in fairly good re-
pair. Ten miles of sand-clay roads have been built in the sand-hills
region, One Toad improvement district was organized but the bond
proposition failed to carry. Several bridges have been built since state-
hood, among them two pile and two steel bridges across the Cimarron,
concrete bridges across Trail and Kingfisher creeks, a 90-foot span has
been added to an old bridge across Cimarron River, and thirty-one .

* smaller bridges mostly of steel, ranging from 30 to 90 feet in span.

The townships have plows and scoops and there are also five road
graders and one elevating grader with a traction engine in the county.

Kiowa County is situated in southwestern Oklahoma. The surface
rocks, except some outliers of the Wichita Mountains in the southern
half of the county, are Redbeds. These outliers consist of granite and
limestdne. The surface of the county with the exception of the granite
and limestone hills is level. The drainage of the major portion of the
county is south through North Fork of Red River and Elk Creek; that
of the northeast corner is east through Washita River.

The roads are upon section lines and the majority are kept up in
fairly good shape. No permanently improved roads have been built
and 1o bond issues have yet been made although an issue of $40,000.00
is being considered. Attempts are being made to organize a road im-
provement district. Practically all of the road crossings over streams
are bridged with steel bridges. . Corrugated stecl is used for culverts.
Most of the townships are provided with plows, drag scoops and road

graders.

Latimer County lies in southeastern Oklahoma. The greater por-
tion of the county lies in the Ouachita Mountain region ; the northern
part is in the Pennsylvanian area. The rocks are principally sandstone
and shale with an area of chert along the south line. Besides this

_ chert there is practically no macadam material in the county. The sur-
face is very hilly. Owing to the rough surface and sparsely settled con-
dition there will be probably few improved roads built in the near future.

The roads have been located upon section lines where this is prac-
ticable but the greater portion of the country is too hilly for the roads
to be o located. All of the roads are worked sufficiently each year to
keep them in passable condition. No road improvement districts have
been organized and no road or bridge bonds have been issued. The
smaller streams have almost all been bridged with wooden bridges and
a steel bridge has been built over Fourche Maline Creek at Tutie. Cor-
rugated steel is being used for culverts. The townships are equipped

with plows and drag scoops. _

LeFlore County is situated in extreme eastern Oklahoma. The
state of Arkansas forms the eastern and Arkansas River the northern
boundary. The southern half of the county is in the Ouachita Moun-
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tain region and the northern half in the Pennsylvanian area south of
Arkansas River. The rocks are all sandstones and shales which produce
& very rough surface except in the valleys of the larger streams, There

it will probably be some time before there is g great amount of per-
manent improvements in the road system. The principal drainage 1s
north throngh Poteau River into the Arkansas.

About one-half of the roads have been located on the section lines,
the mountainous nature of the country rendering such location of the
remaining roads impracticable ; o permanently improved roads have been
built, the only work done so far being toward opening up the right of
way and sufficient work to render the roads passable. No road improve-
ment districts have been organized and no bonds have been issued. Two

county. A contract has been let for the building of three stee] bridges,
one 250-feet, one 200 feet and one 75 feet in length, Eight of the
townships have purchased plows, drag scoops and road graders,

Lincoln County is situated in the central part of the State, The
greater portion of the county is underlaid by rocks of Pennsylvanian
age which consist of sandstones and shales. TIn the western part of the
county these rocks merge into the Redbeds. The only macadam ma-
terial in the county is a thin ledge of limestone which outcrops near
Agra. The surface is rolling to hilly, " Drainage is to the east through
Deep Fork of the Canadian,

The roads are upon section lines and are worked over by the labor-
tax system cach year. Two miles of macadam road, one mile of sand-clay
and one-fourth mile of oiled-earth road have been built. No road Im-
brovement districts have been organized and no bonds have been issued
for road purposcs. Three large steel and three concrete bridges have

heen built recently. The townships are provided with the ordinary road
working machinery including road graders

Logan County is situated just north of the center of Oklahoma.
The surface rocks are entirely of the Redbeds and consist of soft sand-

stones and shales. "Ilere is no macadam material in the county, The

surface of the eastern half of the county is rather hilly, while that of the
western part is niore level. There is an area of sand hills in the west-
central portion, Drainage is principally into Cimarron River which
forms part of the northern boundary.

The roads are mostly upon section lines and are worked over to
some extent each year under the labor tax. One-tenth mile of macadam
road has been built and a total of five miles of sand-clay road has been
built in the sand areas. A petition for one road improvement district
was made, but was withdrawn before election was held as it was felt that

75
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‘the expense of road construction was not equitably distributed. No

d i impr t purposes. About $10,-
Is have been issued for road improvemen )
8813(080 ;sv:xpended annually for brld%es. Eeyliral steel (;Eigizlfaﬁlf;;g
. ; ; ’
from 30 to 240 feet in length have been UI“ '.;{crosAbout o e
t nd Cottonwood Creek and Deep Fork. b
t%)lziilesl?i];sahlave the large eight horse graders and several lgf themli'??ge
a smaller one for four horses. There are a few of the King split-log

drags in use.

ty lies i thern part of the State. Red
Love County lies in the extreme sou a !
River ggrm the g)uthern boundary.1 lelmostt a.lllngfwte};eée;:zu;gt1261511112951
laid by rocks of Cretaceous age, only the extre e 1
' tone outcrops from sou
the Redbeds area. The Goodland limesto . et
: furnish an abundance of macada
to northeast across the county and will [ macada
i ich i i t part of the area. The Trinity
material which is available from the great p e Trinity
i thwest of the Goodland limesto
sand: outerops in broad belts to the nor jand limestone
i j i the roads are very sandy. :
and in this portion of the county ls arc v ndy.  There ave
i halt in the county but nothing is known T &
3133(1)3} Sf(;)rf ;ﬂosfd1 material. The surface of the county is level to rolling.
;I‘he drainage is south into Red River.

The roads have prac'tically all been relocated on sectlonalégga.;ailﬁ

of tHe-m worked to some extent and avbOut‘ one-teqth are %{) () o oo
r. No permanently improved roads have been built. A § ’t ) ond
‘3,:;.1(-; f:)r 1'}())ad purposes was voted liu’{) fgiled Ofn fz;zc;(iugg ())ci(f) aé Oe(fze;; al

i ion. Thirty steel bridges o )

ileexfe(tj}tl ﬁvzhf)egf (i)t;?ﬂ A ]arge number of culvertg have bTeen 1;1}?:&11;:;18,
avboit equally of wood and corrugated s?eel. \’Vashu.ltgton1 ow1;ndpqu
a road grader but the others are provided only with plows g

SCOOPS.

lat i > y lahoma. The sur-
IcClain County lies south of the center of Ok _ _
face ﬂgzisl(ﬁ;]ong en?t{irely to the Redbeds. Those foi} the eatstern E:{tagi
‘ ian i ile those of the western part.
the State are Pennsylvanian in age, whi ) ¢
i d shales and there is no ma
Permian. The rocks are all sandstones an . ] 5 R 1
al 1 face is rolling to hilly in the
cadam material in the county. _The sur oang Lo billy in the
m e d generally level in the western. “The drainag
:xiiis}?griﬁghg Cana.dgran River which forms the northeastern boun-

dary of the county.

The roads are all ractically on section lines. Very little work is
perfofllilleed on the roadspeach year, only enough belqg done lt)o .lf:ep rlt,ﬁggé
assable.  About four miles of sand-clay roads have been bui e
Eteel bridges and several smaller brldgqs of wood have been buld. 1111:)
bond issues have been made foi rc;a(ll 1mpr0\tlﬁm.e;11tlé£t1ilggos:fs ::ad Oim”-

interest seems to be taken in the ) '
ar:\:gli?;ftt.e i\rfl'gzief)f the townships have drag scoops, graders and p{owf
ﬁnd the county has a complete road outfit consisting of graders, % owWS
and scoops that are used in" working the county convicts on the roads.
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McCurtain County is the extreme southeastern county of the state.

The greater portion of the county is in the Quachita Mountain region
and the topography is extremely. rough and the country is very sparsely
settled. The southern portion is in the Cretaceous areg and is more
level. The drainage is to the south and js principally through. Little

River and its tributaries, Glover Creek, Lukfata Creek and Mountain
TFork River.

The northern portion of the county, the Ouachita Mountain area,
is entirely too hilly for the roads to be laid out upon section lines and
in this same region the Ppopulation is so sparse that practically no work
is done on the roads. The roads are in reality only winding lanes over
the hills and through the thick timber. In the southern portion, or the
Cretaceous area, the roads have been located largely upon section lines
and the most of them are worked to some extent annually. "There are
no bridges or culverts in the northern portion and only small wood cul-
verts and bridges in the southern. No large bridges have heen built.
The townships are not yet equipped with road building machinery. Val-
liant Township being the only one having a road grader. :

Melntosh County is situated in the east-central part of the State.
1t is underlaid by sandstones and shales of Pennsylvanian age. The
surface is generally level in the eastern part but becomes more hilly to-
wards the west. There is no macadam road material in the county.
Much of the soil is a sandy clay which forms fairly satisfactory road-
ways when properly graded. The county is drained to the east through
Canadian River.

The majority of the roads are on section lines and about one-half
are worked to some extent each year. There have been no permanently
improved roads built. Nine large steel bridges have been built since
statehood. 'Tile is the principal material used for culverts, All of the
townships are provided with Decessary tools for road work, including
plows, drag scoops, graders, ete. A few of the townships have rollers
and traction engines,

Major County lies northwest of the center of the State. It is en-
tirely in the Redbeds area and the surface rocks consist of red sand-
stones and shales. 'I'here are belts of sandhills along thé northern
branches of Cimarron River which crosses the central portion of
the country from the northwest to the southeast and along North Fork
of the Canadian River which crosses the southwest portion of the county
in the same direction. The sandhills area northeast on the Cimarron
River is from five to fifteen miles in width. There is no macadam ma-
terial in the county and the sand-clay road will probably be the prevail-
ing type of permanently improved road. The surface of the county is.
level to rolling. '

The roads are practically all on section lines and the majority of
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orked to some extent each year. There have been no per-
::1}11:3211%{; ‘ianroved roads built. Several steel bridges have beex:1 blkl’xlit:_
by the county. One road district was organized and voted bclm : u'
the bonds were not sold, so no improvement has been made. The town
ships are equipped with plows, drag scoops and graders.

Marshall County lies in the extreme south-central part of the State.
Red River forms thé/ southern boundary and Washita River the eastern
boundary. The suriace rocks of the county are those of the Creta(lzgoug
area. 'Irinity sand occurs in the northern portion. The Goodland 1tr}rlle-
stone extends from southwest to northeast past Madill and the o her
Cretaceous formations occur in succession, the Silo sandstone forming
considerable hills in the south portion of the county. The Goodland,
Caddo, and Bennington limestones ate all suitable material for macadam
roads for light traffic and any portion of the county can be reached from
one of these ledges by a reasonable haul. The soil on the limestone is a
rich and fertile black loam which, however{ forms extremely bad ro:}ds, s0
that road improvement is almost imperative over the greater portion of
the county. There are some deposits of asphalt in the Trinity sands
in the vieinity of Madill, but they have not been exploited sufficiently to
show the available amount or their adaptability for roads. The surfacg
of the county is rolling to hilly.

v be tion lines
At present the roads have mostly been re-loeated.upm} sec
and con§iderable work has heen done in the way of grad-mg'them and
rendering them passable. No improved roads have been built and no.
important hridges have been constructed.

1 ounty is situated in northeas.ter'n part of Oklahoma. The
oreat]g'a;)?rtic:m 'ofythe county is in the Mississippian area and the Sf};'; .
?ace rock is Boone chert or Pitkin limestone. The western portion li s
in the Pennsylvanian area and is underlaid by shale and sa.n'dstlo_ne gr
the Vinita formation. The part of the county east of the main ine ot
the Missouri, Kansas and Texas Railway is hilly, “‘/hlle.that west of th ]
railway is level. 'The Boone chert and  Pitkin hmestong f.lIT‘IllSl
abundance of macadam material and since the county lies in 2
portion of the State that has a heavy rainfall, macadam roads SIIOI& fi.lp
time be built for all of the principal highways of the county. The drain-
age is south through Grand River.

ny of the roads in the western portion of the county are on sec-
tion %\i%es:yb?lt in the eastern part such location is not feasible on accoun:
of the hills. Very little progress has been made in road lmprox(rier(xllenr
since statehood. There are probably not over 60 miles of %-ra eb on
worked road in the county. No permanently improved roads h g,ve. ee(1
built. The county has expended about $10,000.00 for steel bri %es a;l]
about $2,500.00 for culverts. Corrugated steel is being ‘used for the
latter. No bond issues have been made but an issue for bridges is being

12—G S8
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itated. Three- i i
:;gs. ree-fourths of thg townships are equipped with road grad-

Murray County lies in t - : )
greater portion of ythe count;1 eissoilxllzllluccﬁzndtlill The. Arbority . The
and the limestones of this mountain system form t
surface rocks., The Arbuckle, Viola, Hunton and S
are all well exposed over considerable areas.

he majority of the
ycamore limestones
Granltg porphyry occurs

About two-thirds of the r d ion i
; 0ads are on section lines. th ei

hhat cgm be so located on account of the hills, N early ’aH ?)Sfe tll)em'g 311
avg deenN worked to some extent and a consider i ve beon

graded. No improved roads have been built and istri

1 ] n '

been organized, or road bonds issued. Tour steef ig?gggssgcgso}?vi
}slz:‘xlzsb e\gilt}tl) g,ll)tvprelz‘l]czlle: have been built and about six smalle oo

utlt. “Lhe townships are equipped wi y
| Morgan Township and the city of Su?phﬂg ha,:;vét;rgé%‘;: #nd drag scoops

Muskogee County is lo ted i ,
The surface rocks aré/ 10w’e1fj aPZ?ui;lylg;e }lort}leastel'n o ot o homa.

stones_ anc} shales. The surface is rolli

River,

thirdlilz i?ﬁl(:;ilty f)f the roads are upon section lines and about one-
boon it Caed tow—:r each year. No bermanently improved roads have
. 111‘11(:11 );—Oft;ia sftegitalii concrete bridges are now being built
ake a o y-ihree bridges of » 20- i
have been built since statehood. 'l‘wo'la%ge tolcl)vf)lriggeioogn? a(ﬁev;htllclle}
_ e county, Man émall i
o oy vt OOoeO been installed by the different towgships. erzr}iglﬁ
are i) X " ‘d0~ has been made for bridges. Most of the townships
e provid . WIth drag scoops and plows and road machines. The .
1;3: & rltln1551ope1's furnish a .team and foreman for the 1o d achines
Prjnc?pqtlmiqsllups where the latter furnigh other labor and i
a Mghways. The county convicts f 11
the rough places where the grader cannot bse u(:;e((l).w ﬁ;eth%;ad

County is rapidly obtainine
ortiny s 10 g) o tZte, lnng ‘one of the best road systems in the new

Noble County lies in' no th
the 1 y tth-central Oklahoma. Tt j i i
u fhiﬁ?e}fls zglza :}I{lﬁé}l{:e rOthsl are principally red sandstmis e;nt:iresl}?alfeg
€ northern portion there i
}edg:s,. the southern continuation of Iiedggsn Wl:fcr}? ;:: HSIZV(;(}%IMI o otone
Inent in Kay County and farther north in Kansas. TheseIIll(i)fxfesI,)l‘ElIzs-

the Arbuckle Mountains -
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are generally too soft for macadam material unless on very light traffic
roads. The surface is hilly in the eastern portion, but becomes more
level to the west. The drainage is to the east through Black Bear and

Red Rock creeks.

Practically all of the roads are upon section lines and probably 90
per cent. of them are worked each year of which a considerable portion
are graded. No permanently improved or hard surfaced roads have
been built. About thirty bridges ranging from 30 to 140 feet in length

"have heen built. Seventy-five arch culverts have been constructed of

stone and concrete. No bond issues for road purposes have been made
and no road improvement districts have been organized. The townships
are well equipped with drag scoops, wheeled scoops and graders.

‘Nowata County is situated in the northeastern part of the State
and borders upon Kansas. The surface rocks are limestone, shales and
sandstones of Pennsylvanian age. The Lenapah and Oolagah limestones
furnish abundance of macadam material and no part of the county is
out of reach of limestone. The surface of the county is level to rolling.
The drainage is to the south through Verdigris River.

The majority of the roads are located upon section lines and are
worked sufficiently to keep them in passable conditions. No permanently
improved roads have been built. Twenty-five small bridges have been
built and three large bridges are in process of construction; one large
toll bridge has been purchased. A $100,000.00 bond issue has been made

- for bridge purposes. The townships have plows, drag scoops and graders.

Okfuskee County lies east of the center of Oklahoma. The sur-
face rocks are sandstones and shales of Pennsylvanian age. The surface
in most parts of the county is rough on account of the ridges and hills
formed by the resistant ledges of sandstone. Little or no macadam ma-
terial is to be found in the county. The county is drained to the south-
east by North Canadian River which forms part of the southern boun-
.dary. : ‘ . -

The roads have been re-located upon section lines wherever the na-
ture of the country is such as to render this feasible. Over a consider-
able portion of the county the surface is too hilly to permit the location
of roads on section lines. without great difficulty. About half of the
roads are worked over each year but very few of them are graded. A
$100,000.00 bond issue has been made for bridge purposes and several
steel bridges have been constructed, five of the larger ones across North

Canadian River and two across Deep Fork River. Several smaller bridges
have been built. The culverts are of concrete or galvanized iron, Most
of the townships have the ordinary road working machinery.,

Oklahoma County is situated in the central part of the State. The
county lies entirely in the Redbeds area and the rocks are all soft red
sandstones and shales. There is no macadam material in.the county.
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age is east through North Forl 1 i T s .'

oh seeton Tinge ou ora ;rtce I?fpg‘aréadmn River. The roads are all
No permanently improved roads have be
been made. Oklahoma County has vote

should be formed. One such distri
houl rmed. istrict has b i
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o Ot the expense of road construction and il ositi
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A large concrete

graders.

Okmulgee County is situated northeast
It lies entirely in the Pennsylvanian area Osfofllglelb C:tp tXrIOf the St'ate-
and tl.le ?ocks consist of sandstones and shales o oy
material in the county. The eastern half of the
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oy ec O,fn(llzg f(:;tr(;?ldlzséggsis. T]hree ls)tecil bridges, two of 110 feei:

! . 1ave been built over Pork Ri
SL\tI;é1;;t]§z§1}lsr:xa.ll)ler steel bridges and a few wooden bridgels)?)?zerlz(l)lleks1]13;,‘1,1(3;1:
poveam ‘ine een built. Corruggted steel is the principal material uged

culverts. Most of the townships have graders, plows and drag seo:)s;s

e :
There is no macadam
unty is level to rolling
y and rugged. Drainage is prin-

roat / treme northern part of th 3t The
greater portion of the county lies in the Pennzylvanian erebgiacfl?. nolrltlli1
non-red Permian areq.
tern part especially in the
"awhuska the rocks are all

s ‘ there are severa
imestone and all of this part of the county is in reach s}elli?llle]sigizsfglf‘

road building purposes.  The surface of the entire county is rat)
1er

rough and hilly (fig. 42). - i i i
li.i\ae.r ond %rri% u?arjes), The drainage is southwest into the Arkansas

Only a small percenta »

. . : ge of the roads have been 1 i
i\lrr(l)es and are oilly_worked sufficiently to keep them in pg(susi:f)ile (z:l;nsleict?mn
No tpe.rma}n_enty improved roads have been built. All road i ( _1(311-

nt in this county has been hindered greatly owing to the fl:é}:nt?]::;
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all the land with the exception of four or five townsites, is the property
of the Osage Indians and has not been taxable. This makes it neces-
sary to raise all the necessary funds for county government and for
roads and bridges by taxes on the personal property of the white citizens.
Eleven steel bridges of 100 feet in length and upwards have been buili
since statehood, four of which are county line bridges built in connec-
tion with Pawnee, Kay and Washington counties. Four of these are
over Arkansas River, two over Hominy Creek and one each over Salf,
Bird, and Candy creeks and Canev River and Sand Creek. A stone-
arch masonry hridge across Clear Creek at Pawhuska (fig. 43) and one
across Quapaw Creek four miles west of Skiatook have been builf. The
two latter bridges are excellent examples of what can be done with Ok-
lahoma sandstone as bridge material. The stone bridges have been built
at an average cost of $29.00 per lineal foot while the steel bridges cost
$25.00 per lineal foot. 'When the long life and freedom from repairs
of the stone bridge is considered, it is evident that the stone bridge is
much cheaper than the steel and in view of the fact that all eastern Ok-
lahoma has inexhaustible supplies of sandstone, it is to be hoped that
many. such bridges will be built in this part of the State. Three of the
townships have road graders, one has a stone crusher and all have plows,
drag scoops and smaller tools. '

Ottawa County is in the extreme northeastern portion of the State.
Missouri forms the eastern and Kansas the northern boundary. The
county lies principally in the Mississippian area and the surface rock is
Boone chert. The northwestern portion lies- in the Pennsylvanian area
and the surface rocks are principally shale. No portion of the county
is so far from the chert areas as to render use of chert for macadam
roads impossible. The surface of the county is hilly in the Mississippian
area and level in the Pennsylvanian or northwest portion. Drainage is
to the south through Grand River which is formed by the junction of
Spring and Neosho rivers near the center of the county.

Most of the roads have been re-located on section lines except in
the hilly portion of the county. All the roads are worked over to some
extent each year. No permanently improved roads have been built;
no road improvement districts have been organized and no bonds have
been issued. About five small bridges and culverts have been built.
Wood, steel and concrete have all been used for bridges and culverts.
All the townships have one or more graders and plows and drag scoops.
Some of them have wheeled scrapers but there are as yet no stone crush-

ers used.

Pawnee County lies northeast of the center of the State. The great-
er portion of the county lies in the Pennsylvanian area south of Arkansas
River. The extreme western portion is in the Redbeds area. In the
eastern part there are several ledges of limestone which furnish abund-
ance of macadam material. The surface is hilly, there being many ridges
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The roads have been re-located upon section lines except in the
rough parts of the county. Only a small portion of the roads are worked
over each year as there is a large road mileage and a good deal of the
county is thinly settled. No permanently improved roads have been
built .except some in the immediate vicinity of coal mines which have
been covered with clinker from the culm heaps. Thirty-seven steel

‘ bridges with spans of from 24 to 100 feet have been built by the county

and .eighty steel bridges with spans up to %0 feet have been built by
the townships. Corrugated steel and stone have been used for culverts.
No road improvement districts have been organized and no bond issues

‘have been made for road purposes. All the townships have plows and -

drag scoops and a few of them have graders.

Pontotoc County lies southeast of the center of the State. - The
southern portion of the county is in the Arbuckle Mountain Uplift and
contains vast quantities of limestone which will furnish an adequate sup-
ply of macadam material. The northern part of the county is under-
‘laid by the Pennsylvanian system of sandstones and shales. There are
some large asphalt deposits in the vicinity of Ada, (see fig. 36) Fita-
hugh and Roff: The surface of the county is generally hilly. The north
part of the county is drained by Canadian River and the southern por-

tion by Boggy Creek and Blue River.

The majority of the roads are located upon section lines except in
those parts of the county where the surface is too hilly to render section-.
line roads advisable. The roads on the section lines are worked over suffi-
ciently to keep them in passable condition; none are worked thoroughly.
Two large steel bridges have been built over Clear Boggy Creek in_the
south part of the county. Wooden bridges have been built over the
principal crossings of the other large streams. Corrugated steel is the
principal material being used for culverts although several have been
built of concrete and of wood. No improved roads have been built
and no bond issues have been made for road purposes. All the town-
ships have plows and drag scoops and two or three have graders which
are little used on account of the stumps still remaining in the newly

located roadways.

Pottawatomie County lies in south-central Oklahoma. The surface
rocks are Pennsylvanian in age and merge into the Redbeds in the west-
ern part of the county. The rocks are all sandstones and shales with one
bed of conglomerate. ,This conglomerate 'is well exposed at Hotulke
southeast of Shawnee where it is quarried for concrete gravel. It would
probably make an excellent macadam material. The surface of the
county is rolling to hilly. The drainage is east through South Canadian

and Little rivers.

The majority of the roads have been located on section lines and
are worked sufficiently each year to render them passable. Several bridges
have been built over the principal stream crossings. No permanently
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improved roads havc neen built and no Funds issued for road purposes.
The townships are provided with plows and drag scoops,

Pushmataha County lies in the southeastern part of the State. All
of the county except the extreme southern portion is in the OQuachita
Mountain region and is extremely rough and hilly. The county is thinly
settled and it will probably be some time before great improvement can
be expected in the road conditions. There is very little macadam ma-
terial in the county. Some of the hills in the north-central portion
are composed of chert that may be used to some extent,
south, principally through Kiamichi and Little rivers.

About one-half of the roads have been re-located on section lines
but the greater part of the county is too hilly to make section line roads
convenient. All the roads have been cleared and worked sufficiently
to keep them in passable condition. No permanently improved roads
have been built and no bonds have been issued. The county has built
nine wooden bridges above 20 feet in length and one steel bridge across
.Big Cedar Creek. The townships have built many small bridges and
culverts of wood. Tt is planned to build several bridges across Kiamichi
River as soon as funds will permit, The townships are provided with
plows and drag scoops and the smaller tools such as shovels, picks ete.
It is impossible to use road graders under present conditions.

Roger Mills County lies in western Oklahoma, and is.bounded on
the west by the Pan Handle of Texas. The surface rocks are Redbeds
and consist of soft sandstones and shales and there is no macadam ma-
terial in the county. There are large areas of sand-hills in the western
part of the county. The surface is generally level. Canadian River
forms the northern boundary of the county and 'Washita River flows
east across the middle portion. ‘

All the roads are upon section lines. Most of them are worked over
each year, but few are worked thoroughly. Between one and two miles
of macadam roads and about one-half mile of sand-clay road have been
built. Several miles of road in the sand-hills region are covered with
hay and straw each season. Several bridges have been built, the larger
ones of steel and the smaller ones of wood. Corrugated steel is prin-
cipally useq for culverts. The townships are provided with graders and
drag scoops. :

Rogers County lies in northeastern Oklahoma. The surface rocks
belong to the Pennsylvanian system and consist of limestones, shales
and sandstones. Several ledges of limestone which outcrop across the
county from north to south will furnish abundance of macadam material
and are accessible from all parts of the county. The surface is rolling
to moderately hilly. Drainage is south through Verdigris River.

Most of the roads have been located on section lines and all are
worked over to some extent each year. No permanently improved roads

Drainage is
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have been built. Several bridges have been constructed, but no report

has been received at this office as to the exact number,

Neminole County lies east of the center of Oklahoma. The surface
rocks are Pennsylvanian in age and consist of sandstones and shales with

one thin ledge of limestone which outcrops near Wewoka and Sasakwa.

This limestone and a bed of gravel at Konawa will furnish some macadam
material for the roads of the county. The surface of the county is
generally hilly. Drainage is east through North Canadian and South
Canadian rivers which respectively form the northern an" southern
boundaries.

No report has been received concerning the present state of the road
conditions. '

Sequoyah County lies in the extreme east-central part of Oklahoma
and is bounded upon the east by the state of Arkansas and on the south
by Arkansas River. The surface rocks of most of the county are Penn-

sylvanian in age and consist of sandstones and shales. The northern

part of the county lies in the Mississippian area and contains inex-
haustible supplies of macadam material from the Pitkin formation. The
surface is hilly. The drainage is south into Arkansas River..

Wherever practicable the roads have been re-located on section lines
and are worked over sufficiently to keep them in passable condition.
No permanently improved roads have been built. Four steel bridges
with spans of from 50 to 120 feet and several short wooden bridges have
been built. Corrugated steel has been used for culverts. Most of the
townships have plows and drag scoops and a fewt of them have road
graders and stump pullers. ‘

Stephens County lies in southern Oklahoma, It is entirely in the
Redbeds area and the exposed rocks are all soft red sandstones and shales.
There is no material for macadam roads in the county. Several deposits
of asphalt have been reported from the eastern part of the county, but
there has not heen enough work done to determine their extent and
availability for road material. The surface is generally level. Drainage
is east through Wild Horse Creek and Washita River and soutli through
Mud and Beaver creeks into Red River.

Most of the roads are upon section lines and about half of them
are worked annually. Two miles of sand-clay roads have been huilt.
A great deal of the soil approximates a sand-clay mixture and the nat-
ural roads are satisfactory when graded. The principal stream crossings
are bridged, the larger bridges being of steel. Wood and corrugated steel
is used for culverts. No road improvement districts have been organized
and no road or bridge bonds have been issued. All the townships have
plows and drag scoops and part of them have graders. One township has
a gasoline engine to draw the grader.
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Swanson County is situated in southwestern Oklahoma. The great-
er portion of the surface is in the Redbeds area and the rocks consist
of soft red sandstones and shales. - The Wichita Mountains extend into.
the northwest corner of the county and there are several peaks of gran-
ite and related rocks occurring over most of the area of the county. A
black granite or diorite has been quarried near Cold Springs and Roose-
velt. The igneous rock will furnish an abundance of macadam material
for the entire county and very little of the area is far removed from an
outcrop of this rock. The surface of the county except the hills of
granite, is generally level. Drainage is into North Fork of Red River
through several small tributaries.

No report upon the road conditions of this county has been re-
ceived but as the county has been recently separated from Kiowa and
Comanche counties, the conditions are practically the same as those
given for the counties mentioned.

Texas County occupies the central part of the “Pan Handle” of Ok-
lahoma. The surface rocks are almost entirely of Tertiary age and con-
sist of clays and sand with some gravel. There is a small area of Red-
beds in the central part of the county and another in the extreme south-
eastern portion. Sand hills occur along the north side of Beaver Creek
in the east-central part of the county. The surface is a level plain into
which Beaver Creek las cut a valley averaging 75 feet deep and two
miles wide. :

Practically all the reads are located upon section lines, b‘ut only a
very small percentage of them are worked to any extent. There is a
very large road mileage and as the county is thinly populated a great
improvement in the present road conditions cannot be expected in the
near future. The rainfall is not heayy and the natural roads are suffi-
cient to' serve the needs of the traffic. - Three steel bridges have been
built. There is little demand for culverts or small bridges. Most of
the townships are equipped with road graders.

Tillman County lies along Red River in southwestern Oklahoma.
The surface rocks consist of red clay shales and a little sandstone of
the Permian series. There is a large area of sa,r.ldhi.lls in the western
part of the county. There is no macadam material in the county and
sand-clay roads will probably be the important type of improved road.
‘The natural roads in the eastern part of the county are fairly satisfac-
tory when graded.

All the roads are upon section lines and about half of them are
worked each year. No improved roads have been built, but it is planned
to begin covering some of the worst of the sand roads with clay: Ten
steel bridges have been built across Deep Red Run and Suttles Creek.
Several wooden bridges have been built across the smaller streams. Wood
is also used for culverts. All the townships are equipped with road

graders.
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Tulsg County lies in northeastern Oklahoma in the area of Penn-
sylvanian rocks. These consist of sandstones, shales and limestones. The
limestones outerop across the county from north to south. They will
furnish an abundance of macadam material when permanent improve-
ment of the roads is begun. Practically all the county can be reached
from one of the ledges of limestone. The surface of the county is gen-
erally level to rolling, hut is broken by hills along the Arkansas River
and in the southwestern part of the county. -

No report on the road conditions of the county has been re-
ceived. Trom personal observation, however, the conditions seem to
be very similar to the other counties in this portion of the State. The
principal stream crossings have been bridged, roads have been mostly
re-located on section lines and are worked sufficiently to keep them passa-
ble. No permanently improved roads have been built to the writer’s
knowledge.

Wagoner County is located in eastern Oklahoma. The northeast
part is in the Mississippian area or Ozark Uplift and the rocks are prin-
cipally limestones of the Boone and Pitkin formations. The greater
portion of the county lies in the Pennsylvanian area and the rocks con-
sist of shales and sandstones with a ledge of limestone near: Coweta
and Broken Arrow in the western part of the county. The surface of
the greater part of the county is level to rolling but there are some high
hills in the northeastern and western parts. Verdigris River flows south
acrogs the county and the Arkansas forms part of the southern boundary.
About three-fourths of the roads have been re-located on section lines
and about one-fourth of the total mileage has been graded. The roads
are worked sufficiently to keep them in passable condition. No per-
manently improved roads have been built and no bonds have been voted
for road improvement or for building bridges. Four steel bridges of
60-foot span have been built over Verdigris River. A great number of
wooden bridges from 24 to 40 feet in length have been built in the
county. Concrete and corrugated steel have been largely used for cul-
verts. The county commissioners have a camp of the county convicts
at work on the roads the greater part of the year. The townships are
all supplied with the ordinary road working tools including graders.

Washington County lies in northeastern Oklahoma and has Kansas
as the northern boundary. The surface rocks are of Pennsylvanian age
and consist of shales and limestones and some sandstones. The Hog-
shooter, Dewey and Avant limestones outcrop over a considerable part
of the county and will furnish an abundant supply of macadaim when
road improvement is begun. The surface of the county is level to rolling
with some hills along the eastern line. Drainage is south through Caney
River. '

Practically all the roads have been re-located upon section lines
and all of them are worked as much as is possible with the labor-tax
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system. No permanently improved roads have been built. The principal
stream crossings have been bridged. The townships have the ordinary
road working tools.

Washita- County lies in west-central Oklahoma. The surface rocks
all belong to the Permian series or Redbeds and are soft sandstones and
shales with some gypsum. There are local occurrences of dolomite and
some of the hills in the western part of the county are .capped with
Cretaceous limestone. The dolomite and limestone will furnish some
macadam material but the majority of the roads as the other counties
in the western part of the state will probably be a sand-clay mixture.
The surface of the county is a plain into which streamns have cut rather
deep channels. The principal drainage is into Washita River which
flows sontheast across the county.

Practically all the roads are ubon section lines and the majority
of them are satisfactory when properly graded. Only a small percentage

~of them, however, are kept in proper condition. No permanently im-

proved roads have been built. The State convicts were at work in the
county during the winter of 1910-11 ax}q placed the prm'c1pal road run-
ning east and west in fairly good condition. Several bridges have been
built since statehood, the larger ones being of steel over Washita River.
Concrete has been used for culverts. - Most of the townships have road
graders and other ordinary road working tools.

Woods Counly lies in morthwestern Oklahoma and is bounded on
the north by Kansas. The county lies entirely in the Redbeds area apd
the rocks consist of soft sandstones and shales. Some of the hills in
the northwest part of the county are capped by Clretaceous limestone.
An area of sand-hills from 5 to 10 miles in width occurs along the north
side of Cimarron River which forms the southwestern boundary of
the county and along South Fork of Arkansas River which flows througn
the northeastern portion. The surface of the county is gemerally level
‘to rolling. :

All the roads are ui)on section lines and approximately one-fourth
of them are worked over annually. Twenty-five miles of sand-clay roads
have been built. There are no hard surfaced roads. The principal
stream crossings have been bridged with steel bridges, one across Salt
Fork at Alva being 175 feet in span with a concrete floor and steel tubes
filled with concrete for a substructure. Corrugated steel has been prin-.
cipally used for culverts but is reported to give poor satisfaction. All
the townships have drag and wheeled scrapers and some of them have
Fresno scrapers. There are two elevating graders and seven or eight
ordinary road graders in the county. :

Woodward County lies just to the southwest of Woods County which

has just been noticed. The county lies in the Permian or Redbeds area
but over half the surface is of sand-hills in two belts extending: from
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northeast to southwest across the county. There is a smal] area of
. Tertiary rocks in the southwest corner and Cretaceous limestone caps

some of the hills in the central part. Dolomite occurs in some of the
hills in the northeastern portion. The Cretaceous limestone and dolo-
mite will furnish macadam material but so much of the county is sandy
it seems probable that sand-clay will be the principal improved road.
The surface of the county is rough in the northeastern portion and level
to rolling in the southern parts. Drainage is southeast through Cimar-
ron River which forms the northeastern boundary and through North
Fork of Canadian River which flows southeast across the county.

Pra.cticaj]y all the roads are upon section lines and the most of them

are worked to some extent. The large area of sand-hills in the county’
makes the road problem a very difficult one. About 10 miles of sand
road has been covered with clay which is reported to have been “cut up”
very badly during the dry summer of 1910. It seems probable that this
is due to a poor mixing of the sand and clay as the dry season gave very
little opportunity for the mixing and puddling ‘which are necessary for
the construction of this type of road. The city of Woodward is reported
to have donated $2,000.00 for improvement of sand roads northeast of
the city. Several steel bridges from 30 to 200 feet in length have been
built since 1907. Corrugated steel has been the principal material used
for culverts but concrete is beginning to be used and is giving satis-

faction. The townships are equipped with plows and drag scoops and
some of them have graders. ' :

101}
OKLAHOMA GEOLOGICAL SURVEY. 19L

PUBLICATIONS OF THE OKLAHOMA GEOLOGICAL SURVEY,.

The following reports have been issued by the Oklahoma Geological
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of Ol]jzht(?ulla, by Chas. N. Gould, L, L. Hutchison and Gaylord Nelson,
1908, pp. 84. Postage 3 cents. ' :
i imi ' Asphalt, Asphal-
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