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FOREWORD

Geology is the science of the earth and is an organized body of
knowledge about the globe on which we live. The various rock and
shale stratum that we see at the surface of the earth are all part
of this organized body of knowledge. These outcrops have been named
and classified according to age by geologists. While these classi-
fications serve many useful purposes, they are not particularly
adaptable to the specific needs of those involved in highway design,
engineering, and development. This publication is an attempt,
therefore, to provide a classification system specifically designed
and devoted to the needs of highway department personnel and indi-
viduals associated with the highway industry. It contains the
engineering geologic classifications developed by the Research and
Development Division of the Oklahoma Highway Department, in coopera-

tion with the Bureau of Public Roads,
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PURPOSE AND SCOPE

The purpose of this publication is to provide a document which
will serve as a comprehensive reference'for Highway Department personnel
concerned with engineering classifications of geologic materials fouﬁd
in the State of Oklahoma. The classification system described herein
will assist personnel in the development of plans, designs, engiﬁeering,

construction, and maintenance of our highways.

It is intended that this classification instrument be presented in
such a manner that personnel with little or no understanding of geology
may detgrmine and identify the geologic materials in their respective
area and operations. To simplify the classification procedure, geologic
materials have been grouped into ''geologic units', rather than being
handled in the more sophisticated classification of ages, formations,
and members. Each unit represents a specific area or locale within a
county and identifies and describes the various geologic materials
found therein together with the engineering characteristics encountered.
Illustrations of certain geologic features (such as landslides, seepage,
backslope instability, and terrace deposits) identified with each
"geologic unit" are also provided. The different types and series of
soils associated with geologic materials are described and illustrated

together with the so0il engineering characteristics.

The data presented herein represents an initial effort to provide
a geologic and related soil classification reference for highway
engineering. There is room for improvement and subsequent publications
will include suggestions and relative field experiences. For instance,

it is obvious that the boundaries of a ''geologic unit'" do not necessarily
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divide the engineering requirements. One geologic unit may need further
division to best describe the engineering aspects while several geologic
units within a county may be essentially the same from an engineering
standpoint. It is hoped that those using this classification system
will find essential information for immediate utilization and that

they will record their experience associated with the various_geologic

units for future publication.
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CHAPTER I

GENERAL GEOLOGIC INFORMATION

AND

PROCEDURES
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GENERAL GEOLOGIC INFORMATION

L I A A B T I I A S B R A A
The information in Chapter One is intended to familiarize one *

*

with the general concepts of geology and its application to engi- *
*

neering. It is vital that this chapter be fully understood before *
*

proceeding to use the information contained in the rest of the *
*

publication. *
L I R B K BN B R R R R K RN R R R K IR R A R B R B R NN R R 3

For this publication, geologic materials are defined as masses
and layers of rock, shale, and certain deposits of gravel, sands,
silts, clays, and/or mixtures of these. Most of the geologic materials
that occur at the surface are mantled with soil from a few inches

thick up to as much as seven feet thick.

The geologic materials occur as two major types: (1) consolidated

and (2) unconsolidated.

Consolidated Geologic Materials

Consolidated geologic materials are the various types of rocks
such as limestone, sandstone, shale, chert, novaculite, gypsum, con-
glomerate, granite, etc. There may be soft sandstones and shales
that are not in the true sense rocks, but they are classified here

as such because they occur as a geologic bed or lens.

A geologic bed is one certain type of geologic material (rock)

divided from other geologic materials, above and below, by a well-



defined divisional plane called a bedding plane. See figure 1, page 4.

A geologic lens is one certain type of geologic material (rock),
which can be easily divided from surrounding materials, but it does
not have a flat~like bedding plane. It generally occurs as a body
of material, which is thick in the approximate center and thins toward

the edges. See figure 1, page 4.

Geologic Mass--Some rocks, such as granite, occur as rock masses.

See figure 1, page 4.

Unconsolidated Geologic Materials

Unconsolidated geologic materials are the materials that have
been deposited by streams, wind, and gravity. The individual grains

are very loosely bound together.

Terrace deposits are deposits consisting of sand, silt, clay,
gravel, or mixtures of these. These materials were deposited by
streams or wind and may be found adjacent to most streams. Figure 2,

page 6, shows some types of Terrace deposits.

Alluvium is the materials that have been, and are presently
being, deposited by streams. Alluvium consists of sand, silt, clay,

gravel, or mixtures of these. See figure 2, page 6.
Wind deposits are sand dunes, etc.

Colluvium is deposits of material occuring on slopes that have
moved down, due to gravity. The deposit may consist of mixtures of

sand, silt, clay, and gravel, to boulders. See figure 3, page 7.



Now that it is understood which portion of the earth materials
are studied by geology and what these materials are; it can be seen

how they are classified and grouped.

Classification

As a beginning toward an engineering classification of geologic
materials, the present geologic classification and mapping are used
with some slight changes. For the purposes of this publication, the
geologic unit consists of one or more geologic materials. The outcrop
(refer to figure 1, page 4) of this unit is outlined geographically
on a map. In other words, it is one or more geologic materials that
can be called a single unit, and this single unit is somewhat different
from other units. The geologic units generally are named after some
town, person, or location; for example, the McAlester Unit was named

after the town of McAlester.

The dutcrop portion of these geologic units of consolidated and
unconsolidated types of material are shown on county geologic unit
maps. Here again, it should be made clear that since the geologic
units are divided according to a geologic classification, it is not
intended that these units are divided completely according to what
may be necessary to highway engineering. From available information
at this time, it is obvious that in many cases certain engineering
conditions are directly linked to a particular geologic unit. These

conditions are listed within the information of each geologic unit.

It is possible to determine the type of geologic material that

is completely covered by soil by using the following criteria:



Soil Series--Certain soil series occur over certain geologic

Darnell occurs over sandstone; Parsons occurs

materials. Examples:
The chart on page 100 shows the relationship of the known

over shale.
For identification of

soil series to geologic materials by counties.

soil series, refer to page 94.

Vegetation--Certain types of vegetation occur on certain types

Oak trees grow well on sandstone. Generally,

of geologic materials.

the change from sandstone to shale is evidenced by a change in vege-

tation from trees to grass. Persimmon sprouts and trees grow well
on limestones and some shales. Generally, prairie-land areas occur
over shales and some limestones. Plum thickets are generally associ-

ated with sand dunes and terrace deposits.
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Explanation for figure 1 on page 5.



Explanation for figure 1:

Outcrop--These are the areas shown on the surface portion of
the block diagram. The term outcrop for the purpose of this report
is defined as the coming out at the surface of the earth of any
consolidated geologic material. It is the portion of a geologic
unit, bed, lens, or mass of rock that is exposed at the surface
which may or may not be covered with soil and/or a thin cover of

unconsolidated geologic materials.

Thickness--This is the measured distance taken at a right

angle to the surface of the bedding plane.

Dip of the Beds--Dip is defined as the angle at which a bed

is inclined from the horizontal. The beds in this diagram are
dipping west at approximately 5 degrees, or 460 feet per mile, or

a 9 per cent slope. A bed that outcrops here at a surface eleva-
tion of 1000 feet would be approximately 460 feet below the surface

one mile west providing the surface elevation is 1000 feet.

Geologic Lens--This is a certain type of consolidated geologic

material which can be easily divided from surrounding materials,
but does not have a flat-like bedding plane. It generally occurs
as a body of material which is thick in the approximate center and

thins toward the edges.

Geologic Mass--Granite and a few other rocks similar to granite

occur as masses and may be found in most any shape. This type of

rock does not have a flat-like bedding plane.



CROSS SECTIONS SHOWING TERRACE DEPOSITS

STREAM

Terrace deposits that are adjacent to the stream that deposited

them, _
ABANDONED

STREAM
CHANNEL

Terrace deposits that are some distance from the stream that
deposited them, but generally can be recognized as being a deposit
of that stream.

An upland terrace deposit that was deposited by a stream that is
not presently in the same area.

terrace peposiT [ water LIMESTONE

] AcLuvium SANDSTONE [] sHaLe

Figure 2



The outcrop of geologic materials is generally completely overlaid
by soil. Also, the unconsolidated geologic materials (wherever they
occur ) are laying upon outcrops of the consolidated materials, as shown

in figure 3.

If most outcrops are covered, the question arises, '"How does one
know a particular geologic unit outcrop is present where it is shown?"
The following block diagram shows a few conditions that expose the

geologic materials along their outcrops.
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Figure 3

This block diagram shows the following:

1. Areas where erosion has removed the soil and exposed the
geologic materials.
a. Sheet erosion over sloping flat areas.
b. Gullies and streams cutting through the soil into
the geologic materials.

2. Areas with little or no soil development.

3. Rock ledges outcropping on hillsides.

4, Man-made cuts, quarries, pits, etc.



METHODS FOR DETERMINING ENGINEERING CHARACTERISTICS
OF GEOLOGIC MATERIALS

Characteristics Determined from Field Observations and Construction

Certain qualities, such as: hardness, texture, and position of
geologic materials can be directly correlated with highway engineering.
Research Scientists have made field studies on the qualities of geo-
logic materials, compiled information from highway department records,
noted construction practices, and obtained information from other
reliable sources. From these sources of information, estimates of
material suitability, seeéage characteristics, rippability, landslide
characteristics, and backslope instability were made on geologic
materials. This information is listed on charts in Chapter II, begin-

ning on page 46.

Much information was not obtained during the study period by the
Research Division due to the lack of sufficient precipitation to cause
seepage, no construction, limited time, and/or lack of sufficient

evidence.

One main purpose of this publication is to aid persons in iden-
tifying geologic materials and their qualities that affect highway
engineering, so they can collect and correlate their own experiences

with the geologic information.
Landslides

A landslide is a downward and outward movement of materials
consisting of rock, soil, man-made fills, or combinations of these

materials.



Known landslides are listed according to the geologic unit it
occurs within, and reference to the type of landslide is made.

10, and 11, show some types

Figures 4, 5, 6, and 7, pages 9,
of conditions involving landslides. It is intended that these

illustrations will aid personnel in recognizing landslides and to

recognize situations that may cause landslides.

AFTER SLIDING

BEFORE SLIDING

ORIGINAL GROUND LINE

Y
Y
ITTR T
ARy
i SRRETRRNIIRRAN

X
N

TR

R
NN,

R RRILRITIRR
A AR T Ry,
RN

LIMESTONE

SANDSTONE

This figure shows a condition where bedded rock dipping toward the

roadway slipped, after the road cut removed support. In this

condition sandstone was laying on shale or clay; and the moisture

percolated through the sandstone and collected at the contact,

allowing slippage after the support was removed. Generally, most

any type of bedded material will slip if the dip is steep, support

is lost, and if it is underlaid by a material that becomes slick

when moisture is present. Each individual condition generally is

different and requires a study of the factors involved.
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BEFORE SLIDING AFTER SLIDING

ORIGINAL GROUND LINE

COLLUVIUM SANDSTONE SHALE

Figure 5

Figure 5 illustrates the most common type of landslide in Oklahoma.
The deposit of colluvium is generally an unconsolidated mass of

sand, silt, clay, and gravel to boulders. When this mass of material
lays upon shale, if enough moisture collects at the contact between
the materials, slippage may occur; also, loss of lateral support

at some point along the slope allows slippage. Generally, both of
these factors are involved. Loss of lateral support was caused by
the road cut and when the material moved down upon the roadway,

this additional weight moved the road.
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BEFORE SLIDING

SLIDING BEGINS

SLIDE PLANE

CONTINUATION OF SLIDING

SANDSTONE

o] ALLUVIUM

SLIDE PLANE SHALE

Figure 6

Figure 6 shows a condition where a stream has eroded the toe of
a slope of colluvium and created a landslide, which eventually
migrated uphill involving the roadway.

SLIDING BEGINS CONTINUATION OF SLIDING

PROPERTY LINE

SLIDE PLANE

SANDSTONE SHALE

Figure 7

This figure shows where a road cut has caused the material to
slide, and the sliding has migrated uphill involving personal
property.
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CROSS SECTIONS OF SEEPAGE CONDITIONS

—

M

TYPE | SANDSTONE LENSES IN SHALE TYPE 6 SOFT PORTION OF SANDSTONE
SEEPING OVER HARDER PORTION

TRAPPED WATER [IN SANDSTONE

TYPE 2 SANDSTONE LENS BENEATH SHALE TYPE 7
LENS WITHIN SHALE

FRACTURED LIMESTONE OVER SHALE

TYPE 3 SANDSTONE LENS OVER SHALE TYPE 8

— |
TYPE 4 SANDSTONE LENS PORTION OF TYPE 9 TERRACE DEPOSIT OVER SHALE
WATER TRAPPED

TYPE 5 SANDSTONE BED OVER SHALE TYPE 10 BLOCKY AND FRACTURED SHALE

SANDSTONE
Tt T PRECIPITATION
SHALE
<O POINT OF DISCHARGE [::]
LIMESTONE
< — DIRECTION OF FLOW

TERRACE DEPOSIT

Figure 8
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Characteristics of Shales Determined From Laboratory Testing

The shales from Division One were laboratory tested for sieve
analysis (per cent passing the numbers 10, 40, 60, and 200), plas-
ticity index, liquid 1limit, volumetric change, field moisture

equivalent, shrinkage 1limit, and shrinkage ratio.

From these test results the estimated Suitability for Subgrade,
Oklahoma Subgrade Index Number, AASHO Classification with Group Index
Number, Potential Vertical Rise, Per Cent of Asphalt for Stabilization,
and Per Cent Cement for Stabilization were determined by use of charts.
See charts 1 through 7, pages 13 through 19. Engineering characteristic

charts for these shales begin on page 56, Chapter II.

STATE OF OKLAHOMA
DEPARTMENT OF HIGHWAYS

RESEARCH AND DEVELOPMENT DIVISION

ESTIMATED SUITABILITY OF MATERIALS

SUBGRADE GOOD FAIR POOR

0Ss1 6 or less 7-16 17 or more

Chart 1
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“% Poss m. 200

Index Number

1%
or less 20 25 o 30 35 40 48 ° 50
e R ——
\ 4 - 2
OKLAHOMA SUBGRADE INDEX R Sy LT — —
NUMBERS CHART o ] T —— |
-\\§
Piocticity Index (P1) 8|
¥
O\
10+ 104
P S —
To Use This Chort -\\?\‘\‘\huz\\
{. Determine the percent of the soil passing the number 8 =
200 sieve and the L.L. and Pi of the soit. ‘\2\220\_\\ Te— ]
2 On the L.L chart, find the % poss no. 200 along the §252\< \\
bottom of the chart and move vertically up to the 6
L L. {sloping) line. }&%\ S ]
3 From the intersection of thess lines, mave horizontalt \ 8
9?;:. ‘:'\’n !.o"d.ﬂumino index ;wmbcr. y " 4 34 32> zo\‘
4 Follow a simitor procedure {reoding down ond right) NN
Gnd Gutarrmina The mden mumper fiom. e 'BL'chart 4 35\\ N [~ T~ T
S. The sum of the index numbers dastermined in steps h 40 ] 22
384 is the Okichomo Subgrade Index number (O.S.1). N \ \ '\2‘ \
N N B—
3
\ N 26.
28
\ ~
\ \ \30 \
\\4 32
20 . 34 N
P
19 ‘% \“ \\
* 3
8
L %, \
40
7 \ 42
N .
16 20 & <
95, Lo 46
It 2%,
80, \\ %o 48
" 85,
\
3 70 75 9% \
~ — \
2 — s 1 \\ 85\\\
65
" 60 ~— T~ 75 Qow
— | T
10 [—=155% s b~ 73
\
9 o — Ep————
o r—4s—L 0 | a5 50 a——
~ T 45— =
é 8 40+ 40¢ ]
3
z
i a0
3
£ 6 Liquid Limit {(L.L.)
® 3”\ 35\
4
—~1
—
s 20 25\\ — -
\.\ 40
Y S— 5 — = 3
\
— 10\.\ a—— — 20\
| e S ———
]
i S S ——10—_1
R R
o ] o]
k] 70 65 60 55 S0 45 40 35
or more or less

% Poss no. 200

Chart 2




CLASSIFICATION OF SOILS AND SCIL-AGGREGATE MIXTURES.

(WITH SUGGESTZD SUBGROUPS)

1
o . GRANULAR MATERIALS ILT-CL TE
General Classification (35% or less passing No. 200) (Morg than %gv pagggALsNo.ZOO
A-1 A-3 A-2 A=k | A=5 A-6 A=7
Group Classification
-1- -1- -2- e oo o A=T7-5
A-l-a A-1-b A=2-l A-2-5 A-2-6 A-2-7 A-7-6
Sieve Analysis:
Percent passing:
No. 10 50 Max, - - —_— - - - -— - — -
No. 200 15 Max.| 25 Max. | 10 Max, | 35 Max. | 35 Max, | 35 Max.| 35 Max|36 Min| 36 Minf 36 Min.|36 Min.
Characteristics of fraction
Passing No. 40:
Liquid Limit - - 40 Max, 41 Min, 40 Max, |41 Min.}40 Maxd 41 Min] 4O Max.{4l Min2
Plasticity Index 6 Max, NP 10 Max. | 10 Max., | 11 Min, |11 Min.|10 Maxd 10 Max 1} Min.[11 Min.
Group Index 0 0 4 Max, 8 Max4 12 Max] 16 Max. 20 Max.
Usual Types of Significant] Stone Fragments Fine Silty or clayey Silty Clayey
Constituent Materials Sand and Gravel Sand Gravel and Sand Soils Soils

General Rating as Subgrade

Excellent to Good

Fair to Poor

1l Heproduced from AASHO Designation: M 145-49, Highway Materials, Part I, 7th Edition, AASHO, 1955

2 Plasticity Index of A-7-5 subgroup is equal to ar less than LL minus 30.

is greater than LL minus 30,

NCTE:

Chart 3

Plasticity Index of A-7=-6 subgroup

If a description of the classification groups is desired, reference is made to footnote No. 1 above,

ST
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AASHO DETERMINATION OF GROUP INDEX

To use this chart:

1. Determine the per cent of the soil passing the No. 200 sieve
and the L.L. and P.I. of the soil.
2, L.L. Chart: Read % passing 200 along bottom of chart and move
vertically up to sloping line of L.L.
3, From intersection of the vertical and L.L. lines move left
horizontally and read index number.
4, Follow a similar procedure reading down and to the right and
determine the index number from the P.I. chart.
5. The sum of the index numbers determined in steps 3 & 4 is the
(AASHO Group Index Number).
Percent Passing No. 200
12 15 55
orless 20 25 30 35 40 45 50 or more
10 off less O
B ~—~——1 _____j
N ~J T
\\sé NN\ -
9 N \% \m\\
%Q\ L.L. AN .
8 \5\\ \\\ PL. \\x\ o
\ <
7 ) ~\ 60 30 \\ 4 \
\\\or more or more \ L
6 2 A \\2\2\6\\
or less \\\ \\
5
. NN
NN
8
3 \
) N
|
0)
75 70 65 60 55 50 45 40 35
or more or less

Percent Passing No. 200

Chart 4



Potential Vertical Rise Inches

5.0 = T
4.0
300 ‘
y.
/
/
/
/
2.0
/,
4
4
4
Vv
pd
yd
1.0 p
» g
0
20 30 40 50

Potential Vertical Rise of Dry Material In A 3 Foot Layer Under One Psi Load

Calculated From Soil Swell Pressure Slide Rule. Developed by Chester McDowell

Plasticity Index

Chart 5

60

Taken From Graph

Inches
P, I. P, V. R.
19 .15
20 .20
21 .21
22 .24
23 .28
24 .32
25 .36
26 .39
27 .42
28 .49
29 .52
30 .58
31 .63
32 .70
33 .76
34 .83
35 .90
36 .99
37 1.06
38 1.14
39 1.21
40 1.30
41 1.42
42 1.55
43 1.68
44 1.78
45 1.90
46 2,00
47 2.15
48 2.29
49 2.43
50 2.60

L1



(-10)
{100

-t 95

- 90

- 85

- 80

(-200)

60

55

50

45

40

35

30

25

20

15

10

6.5 4=7.0

(P)

6-0 —I—6.5

=5.5

=5.0

4.5

4,0

r3.5

more than 8
v}

P.I.

——""2

k—"

KEY
CHART FOR ESTIMATING
AMOUNT OF MC CUT-BACK ASPHALT REQUIRED

IN SOIL-ASPHALT BASE CONSTRUCTION

Based on the Empirical Formula:
= 1.5 + .005(~-10) + .01(-40) + .06(=-200)
In which
P = Percent by weight of asphalt
to be added on the basis of
dry weight of soil as 100%.
(-10), (-40), (-200) indicate

percentage of soils passing
the respective sieves.

ASPHALT DESIGN SECTION
MATERIALS TESTING LABORATORY
STATE DEPARTMENT OF HIGHWAYS

OKLAHOMA CITY, OKLAHOMA

August 24, 1957

J8A24J57

Chart 6

(TP) (-40)

~4 100

81
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PORTLAND CEMENT ASSOCIATTION
ESTIMATED CEMENT REQUIREMENTS

FOR OKLAHOMA SOILS

Per Cent Pass 200 Sieve

0 5 10 15 20 25 30 35
7 7 6 - - - - -
9 8 8 8 7 7 - -
9 9 8 8 7 7 8 9
9 9 8 8 8 8 8 9
10 10 9 8 8 8 9 9
11 11 10 9 9 9 10 10
SHALES
A-1, A-2, A-3 --Add 2% cement
A-4, A-5, A-6, A-7 ~--Add 1% cement
Texture
c Mc M MF F
8 9 10 11 12
Group Index
0-2 3-5 6-8 9-11 12-14 15-17 18-20
9 10 11 - - - -
9 10 11 11 12 - -
10 11 12 12 13 14 -
11 11 12 13 13 14 16
11 12 13 14 14 15 17

Chart 7
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TABLE OF TERMS

Alluvium--Recent deposits of sands, silts, clays, gravels, or mixtures
of these. These deposits are present along stream beds and flood~
plains. The deposits are classified as unconsolidated geologic

materials.

Bed--A single layer of geologic material that is divided from its
neighbors above and below by a more or less well-defined divisional

plane. This plane is called a bedding plane.
Calcareous--Containing calcium carbonate (lime).

Chert~--This is consolidated rock, generally very hard and brittle, and
occurs in beds distributed with limestones. The grain size is
extremely small and requires a microscope to see them. It is a

cryptocrystalline variety of silica.

Colluvium--These are unconsolidated deposits of material occurring on
slopes or at the foot of escarpments that have been deposited by
gravity. The deposit may consist of mixtures of sand, silt, clay,

and gravel to boulders.

Conglomerate~-Rock that is composed of graVel size materials that are
cemented together by finer sized materials. Generally in beds

or lenses.

Dip Slope~-A slope of the land surface which conforms approximately

to the dip of the underlying rocks.

Dolomite-~A consolidated type of geologic material; generally the color

may be white, cream, or pink. This rock generally occurs in beds
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and is very similar to limestone. Its composition is Ca Mg (COgz)2.
Dolomite will fizz when diluted hydrochloric acid is applied to it

in powdered state.

Escarpment--An extended line of cliffs, bluffs, or a definite break in
a slope due to a rock ledge. An abrupt change in elevation of

land form usually produced by erosion, etc.

Granite--A consolidated geologic material that occurs as a mass. It

will not occur as a bed or lens.

Gypsum~--A consolidated type of geologic material generally occurring
in beds. Gypsum occurs as a pure mineral (Ca 804‘2H20), which
- may be alabaster, selenite, or satin spar. Rock gypsum is the

impure form of these minerals.

Interbedded--Two or more types of geologic materials occurring in alter-
nating beds. The types of material are in approximately equal
proportions for a designated unit; such as, alternating limestones,

sandstones, and shales.

Limestone--A consolidated type of geologic material; generally the
color is gr;y to dark gray. 1In certain areas it may occur as
brown or reddish-brown. Its composition is Ca CO3 (Calcium Car-
bonate), and it will fizz when diluted hydrochloric acid is applied.

This rock is mainly composed of crystals.

Limy-~-A term that indicates that a geologic material contains a certain
amount of lime, but is predominantly another type of material;

such as, a limy sandstone which is predominantly sandstone.
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Mappable Unit--Group of beds or a single bed that can be easily out-
lined on aerial photographs or by ground survey. This unit may

be drawn on a map to show its geographic location.

Massive--This term applies to geologic beds that are thick and consist
of only one type of geologic material. Example: A 10-foot or
more thick bed of sandstone (with no other type of geologic material

within it) would be massive.

Novaculite~-A very dense, everi-textured, light-colored, very fine-grained

rock, similar to chert.

Outlier--Portions of any geologic unit which lie detached, or out from
the main body, separated by erosion from the main unit to which

they belong.

Sandstone--A consolidated type of geologic material that occurs as beds
or lenses. Sandstone consists of sand grains cemented together
forming stone. The various common cementing agents may be calcite
(1ime), silica, or iron oxide. The color may be shades of red,

brown, gray, and maybe green.

Sandy--Indicates a portion being sandy, with the geologic material
being predominantly some other type. Example: Sandy limestone

contains sand grains, but is predominantly limestone.

Shale--A consolidated type of geologic material which occurs in beds
and lenses. Shale generally consists of clay minerals with por-
tions of sands and silts. The color ranges from white to black;

but gray, green, red, and black are very common. When weathered
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at the surface, shales lose their bedded structure and may become
loosely compacted clays. Shales are characterized by being plastic

when wet (due to the plasticity of clay minerals).

Shaly--Indicates that a portion is shale within a geologic material

that is predominantly some other type. Example: Shaly sandstone.

Siliceous--Rock containing an abundance of silica (Si O,). Example:

Cherty or hard sandstones and shales cemented by silica.

Silty--Indicates that a portion is silt within a geologic material that

is predominantly some other type. Example: Silty shale.
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GENERAL GEOLOGY OF DIVISION ONE

Division One is characterized by a complex of geologic events which
give the geologic units great diversity in the type of materials and
engineering characteristics. The northeast part of Division One lies
on the west flank of the Ozark Uplift, a mountain range prominent in
northern Arkansas and southern Missouri. The area is characterized
by an abundance of faults and resistant materials, such as limestone

and chert.

The central and western portions of Division One are characterized
by few faults, gently sloping hills capped by erosional resistant sand-
stone or limestone, and broad valleys generally underlaid by shales and

nonresistant sandstones.

The geologic units in the extreme southeast portion of Division One
are affected by the mountain-building movements of the Ouachita Mountains,
which are prominent in southeastern Oklahoma and southwestern Arkansas.
The units in southeastern Pittsburg County have been highly thrust-
faulted into steeply dipping beds with many cross faults. There, the
resistant limestones, sandstones, and cherts form prominent ridges. The
valleys are normally underlaid by shale and debris from the ridges. The
geologic units in this area have not been thoroughly studied by the
Research and Development Division. As a result, they are not mapped in

this report, and only the general description of the units are given.

It should be remembered that outcrops of the geologic units may
vary in width due to several factors other than the thickness of the
unit. The outcrop pattern is wider when beds dip at low degrees, when
erosional-resistant beds cap long gentle slopes and when there is low

topographic relief.
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DIVISION I

WAGONER

Qas Alluvium Pbj Bluejacket
Qts Terrace Psv Savanna
Bwk Wewoka Pma McAlester
Bcv Calvin Pa Atoka

Bfs Fort Scott Pm  Morrow
Esn Senora Mp Chester-

Ebg “oggy Meramec
Mb loone

OKMULGEE

Qas Alluvium
Qts Terrace
Pnb Nellie RBRly
Ph Hogshooter
Pcf Coffeyville

Qas Alluvium Pma McAlester
Ecb Checkerboard Qts Terrace Phs Hartshorne
Psl Seminole Psn Senora Pa Atoka
Phd Holdenville Bst Stuart Bm Morrow
Pwk Wewoka ¥bg Boggy Mp Chester~
Pwt Wetumka Pbj Bluejacket Meramec
Bcv Calvin Psv Savanna MDc Chattanocoga

Psn Senora

MUSKOGEE o o
M€ INTOSH

Qas Alluvium
Qts Terrace
Psn Senora
Pst Stuart
Fbg Roggy

Pbj Bluejacket
Bsv Savanna
Pma McAlester

Phs Hartshorne
Pa Atoka

Qas
Qts

PITTSBURG Esv

Qas Alluvium

j Bluejacket

Pa Atoka

CHEROKEE

Fa Atoka

Bm Morrow

Mp Chester-
Meramec

Mb  Boone

MDc Chattanooga

Ssc St. Clair

Os Sylvan

ADAIR

Pa Atoka

Pm  Morrow

Mp Chester-
Meramec

Mb Boone

MDc Chattanooga

Ssc St. Clair

0Os Sylvan

SEQUOYAH

HASKELL

Alluvium
Terrace
Boggy

McAlester
Hartshorne
Savanna

Qts Terrace
Qg Gertie sand
Bsn Senora
Pst Stuart
Pt Thurman

Pbj Bluejacket

Phs Hartshorne
Fa Atoka

Qas Alluvium

Qts Terrace

Psv Savanna

Pma McAlester

Phs Hartshorne

Pa Atoka

Pm  Morrow

Mp Chester-
Meramec

Mb Boone

MDc Chattanooga

St. Clair

£, e GEOLOGIC UNITS THAT ARE SURFACE MAPPED
Eav Savamne WITHIN EACH RESPECTIVE COUNTY
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DESCRIPTIONS OF CONSOLIDATED GEOLOGIC MATERIALS

ATOKA UNIT (Ba)

This unit consists of sandstone, siltstone, shale, and a few thin
beds of limestone. The sandstone beds are soft to hard, brown to gray
in color, locally limy, and are from a few inches thick to approximately
20 feet thick with sequences of beds, separated by thin stringers of
shale, up to 115 feet thick. The siltstone beds are generally hard,
brown to gray in color, and usually less than one foot thick. The shales
for the most part are fissile, locally clayey, brown to black in color,
and range in thickness from a few inches to 300 feet or more. Generally
most shale zones will contain thin siltstone, sandstone, and/or lime-

stone beds less than one foot thick.

The Atoka unit ranges in thickness from only a few feet in the
northern portion of Division One to as much as 9,000 feet in Pittsburg

County.

The Atoka unit outcrops in all counties of Division One except
Okmulgee. The topography of this unit is generally hills capped with
sandstones and the slopes and valleys formed in the shales. Where the

unit is mostly shale, prairie areas are present.

BLUEJACKET UNIT (Bbj)

This unit consists of sandstone and shale. The sandstone is soft
to extremely hard, brown to gray in color, and the beds are from a few
inches thick to 20 feet thick, with zones of sandstone, separated by
shale stringers, as much as 150 feet thick. The shales are gray to black,

generally fissile, and in zones up to 300 feet thick. The thick zones
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of shale generally have thin stringers of siltstone, sandstone, and minor

amounts of limestone.

The Bluejacket unit ranges in thickness from approximately 300

feet to 400 feet.

The Bluejacket unit outcrops in Haskell, McIntosh, Muskogee,
Pittsburg, and Wagoner Counties within Division One. Generally the
outcrop of the Bluejacket unit is an east-facing ridge, which trends
in a north-south direction. The sandstone caps the ridge, and the
slope below is formed on the underlying shale. On top of the ridge,
a slightly rolling surface is formed on the gentle westward dip-slope

of the sandstone beds.

BOGGY UNIT (Pbg)

This unit consists of shale, sandstone, siltstone, and a minér
amount of limestone. The sandstone ranges from soft to hard, tan to
gray in color, and in beds with thicknesses of a few inches up to 40
feet. Generally the sandstone beds average approximately 10 feet
thick. Shales are mostly fissile ranging to clay shale, generally
dark colored, and occur in zones up to 350 feet thick. Generally
these shale zones have occasional thin stringers of sandstone, silt-

stone, and minor amounts of limestone.

The Boggy unit ranges in thickness from approximately 250 feet
in the northern portion of the Division up to approximately 2,500 feet

in Pittsburg County.

The topography formed on the outcrop of the Boggy unit is broad,

flat, shale valleys and hills and ridges capped with sandstone.
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BOONE UNIT (Mb)

This unit consists of chert, limestone, and shale with chert
being the predominate material. It is white to buff colored, hafd,
massive bedded in the upper 40 to 170 feet; below this in about
equal amounts 20 to 150 feet of interbedded thin to massive chert

and limestone.

The limestone is hard and usually a dark blue-~gray color. The
lower 10 to 40 feet consists of at least two massive limestone beds

with some green fissile shale.

The thickness of this unit is approximately 100 feet in Wagoner
County and generally thickens to approximately 230 feet in Adair

County.

The Boone unit outcrops in Division One in Adair, Cherokee,
Sequoyah, and Wagoner Counties. The topography is rolling to hilly

with many vertical cliffs and narrow stream valleys.

CALVIN UNIT (Pcv)

This unit consists of sandstone, shale, and a few thin stringers

of siltstone.

The sandstone ranges from medium hard to hard, is generally
buff colored, and occurs in beds a few inches thick to 10 feet thick

and in zones up to approximately 30 feet thick.

The shale is generally gray in color, fissile, and in intervals

up to 190 feet thick in the southern portion of Okmulgee County.
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The Calvin unit outcrops in Division One in Okmulgee and Wagoner
Counties. North of T14N, R13E, only a 10-foot bed of sandstone is
present. It consists of approximately 40 feet of mostly shale in T14N,

and southward it thickens to approximately 440 feet in T12N.

The topography of the outcrop of the Calvin unit is characterized
by rolling ridges, generally facing eastward, capped with sandstone
and valleys underlaid by shale. Normally the lower sandstone bed of
the unit is a pronounced ridge former and overlooks the broad shale

valleys formed by the upper shale bed of the Senora unit.

CANEY UNIT (Mc)

This unit consists of dark blue to black, fissile to flaky, shale.

Locally, it is sandy and the shale is hard and brittle.

In Division One the Caney unit outcrops in only Pittsburg County.
Approximately 50 feet of this unit is exposed at the surface. This
unit is southeast of the Choctaw fault where the geology is very com-

plex, so it is not outlined on the geologic unit map.

CHATTANOOGA UNIT (MDc)

This unit consists of shale and lesser amounts of sandstone and
limestone. The upper 20 feet to 70 feet consists of black fissile
shale. Below the black shale are 3-foot to 20-foot beds of hard white
to black sandstone. Locally in Sequoyah County, this lower portion of
sandstone beds is interbedded with thin limestones and a few cherts.

In Muskogee County approximately 36 feet of the black shale is exposed.
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Outcrops are found in Adair, Cherokee, Muskogee, and Sequoyah
Counties within Division One. The exposures generally are along

slopes of hills capped with the Boone unit.

CHECKERBOARD UNIT (Bcb)

This unit consists of a single bed of limestone. .The limestone
is from bluish-white to dark blue, hard, highly jointed and fractured,

and approximately two feet thick.

The Checkerboard unit is overlaid by the Coffeyville unit. The
Coffeyville unit normally caps ridges, and the Checkerboard unit forms

a slight scarp that juts out on the general slope of the ridge.

Where the rock is bare the pattern of the fractures resembles a
checkerboard, thus giving the unit its name. In Division One this unit

is only present in Okmulgee County.

CHESTER-MERAMEC UNIT (Mp)

This unit consists of limestone, sandstone, siltstone, and shale.
The limestone is gray to blue-gray, hard, in beds generally less than
ten feet thick, and in zones, with thin stringers of shale, up to 35
feet thick. The shale is from gray to black, locally clayey, for the
most part fissile, and in beds a few inches to 100 feet thick. Normally
the top 25 to 60 feet of the Chester-Meramec unit is massive limestones,
with a few thin stringers of shale; below this is approximately 36 to
100 feet of black fissile shale. Below the black shale is a sequence
of limestone beds 25 to 35 feet thick, which are underlaid by approxi-

mately 15 to 20 feet of massive hard siltstone beds. The lower 50 feet
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of this unit consists of interbedded cherty limestones and shales.

The beds in this lower 50 feet are generally less than 5 feet thick.

The Chester-Meramec unit is present in Division One in Adair,
Cherokee, Sequoyah, and Wagoner Counties. This unit underlies the
Morrow unit. Together with the overlying Morrow, the Chester-
Meramec forms conspicuous bluffs along major streams and around
outliers resting on the underlying Boone unit. The thick black
fissile shale forms grass-covered slopes between the overlying and

underlying limestone beds.

CHICKACHOC UNIT (Bwc)

This unit outcrops in Division One only in Pittsburg County. It
is not shown on the geologic unit map, because of the complex nature
of the surface materials southeast of the Choctaw fault. The unit is

mapped on the "Geologic Map of Oklahoma'" by Hugh D. Miser, U.S.G.S., 1954.

The Chickachoc unit consists of shale and sponge-like spiculite

cemented by siliceous limestone.

The Chickachoc unit is predominately shale, which is generally
green and fissile. The total thickness of the unit is approximately
600 feet. The spiculite beds range from 10 feet at the base of the
unit, 20 to 50 feet near the middle, and 30 to 120 feet at the top of

the unit.

COFFEYVILLE UNIT (Bcf)

This unit consists of shale, sandstone, and a few thin beds of

sandy limestone. The shale is predominate in amount, normally silty
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to sandy, locally clayey, gray to brown, and in intervals of 100 feet
or more. The sandstone is soft to moderately hard, buff to brown
color, generally less than 10 feet thick, in sequences up to 35 feet,

and locally hard and limy.

The Coffeyville unit in Division One is only present in Okmulgee

County. It is 450 to 470 feet thick.

The topography is characterized by sandstone-capped escarpments
which dip gently westward and shale valleys which have a large portion

covered with debris from the overlying sandstones.

FORT SCOTT UNIT (Rfs)

This unit consists of limestone with thin beds of shale and silt-
stone less than one foot thick. The limestone is hard, gray, fractured,
and in beds inches thick to 3.5 feet thick. Most of the beds are less

than one foot thick. The total thickness reaches 9 feet locally.

In Division One the Fort Scott unit outcrops in Wagoner County
only. The outcrop of the Fort Scott unit is readily noticable as a
slight scarp overlying the broad flat shale area of the Senora unit.

The surface on top of the scarp is flat to gently rolling.

HARTSHORNE UNIT (Bhs)

This unit consists of sandstone and shale. The sandstone is
gray to brown, mostly in beds less than one foot thick, shaly in
many places, and in sequences up to 100 feet thick. Thin stringers

of shale are present throughout these sequences. The shale is
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normally dark colored; locally the shale is in zones up to 500 feet

thick.

The Hartshorne unit is 170 to 300 feet thick in Pittsburg
County, approximately 100 feet thick in Haskell and Sequoyah Counties,
around 11 feet in McIntosh County, and 3 to 25 feet in Muskogee
County. This unit does not outcrop in the other counties of Division

One.

This unit normally stands out as a prominent ridge above the
underlying shale area of the Atoka unit; locally along the outcrop,

it is only slightly pronounced and is not as obvious.

HOGSHOOTER UNIT (Bh)

This unit consists of a single bed of limestone. At local areas
along its outcrop, only a highly-weathered soft sandstone represents
the unit. The limestone bed is 8 inches to 10 feet thick, blue-gray

to white, and shaly.

The Hogshooter is very poorly exposed. It is present on the
slopes of the escarpments and hills formed by the overlying Nellie
Bly unit. This unit is only present in Okmulgee County of Division

One.

HOLDENVILLE UNIT (Phd)

This unit consists of predominately shale, a lesser amount of
sandstone, and a few thin beds of limestone. The shale is in thick
intervals, usually gray, silty, and sandy. The sandstone is moder-

ately hard to hard, buff to brown, in lenses and beds up to 20 feet
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thick, but generally less than 10 feet thick. The limestone is
red-brown to blue-gray, hard, and in beds a few inches thick to
three feet thick. A limestone bed 3 feet thick can be traced across

sections 24 and 25, T15N, R11E.

The total thickness of the Holdenville unit is from 180 feet

to 280 feet. 1In Division One it is only present in Okmulgee County.

The topography is characterized by escarpments and hills capped

with sandstone. The shale forms slopes and valleys.

JACKFORK UNIT (Bj)

This unit outcrops in Division One only in Pittsburg County. It
is not shown on the geologic unit map, because of the complex nature
of the surface materials southeast of the Choctaw fault. The unit is
mapped on the "Geologic Map of Oklahoma' by Hugh D, Miser, U.S.G.S.,

1954.

The Jackfork consists of mostly sandstone with a lesser amount
of shale and some siltstone. The sandstone is generally hard, gray,
and massive to thick-bedded. Many places the sandstone is thin-bedded.
The shale is siliceous, and at least two of the beds contain boulders

up to 7 feet in diameter encased in themn.

The Jackfork unit is approximately 1,100 feet thick in this
area. The beds dip steeply to the southeast, and the sandstones
form prominent ridges above the shale valleys of the overlying and

underlying geologic units.
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JOHNS VALLEY UNIT (Bjv)

This unit outcrops in Division One only in Pittsburg County.
It is not shown on the geologic unit map, because of the complex
nature of the surface materials southeast of the Choctaw fault. It
is mapped on the "Geologic Map of Oklahoma' by Hugh D. Miser, U.S.G.S.,

1954.

The Johns Valley unit consists of light gray to tan clay shale
and clay, boulders and masses of rock within the shale, a few thin

beds of sandstone, and a minor amount of limestone lens.

This unit forms valleys in this area. The total thickness is

200 to 1,000 feet.,

McALESTER UNIT (Bma)

This unit consists of predominately shale, a few widely spaced
beds of sandstone, and possibly a few very thin limestone beds. The
shale is generally dark colored, mostly silty, locally clayey, and
occurs in thick intervals. The sandstone is moderately hard to hard,
brown to gray, in beds a few inches thick to 10 feet thick, and in
sequences up to 30 feet thick. The limestones are insignificant in

this unit.

The thickness of the McAlester unit is approximately 200 to 400
feet in Muskogee County, 275 to 600 feet in McIntosh County, 500 to
700 feet in Sequoyah, 700 to 2,000 feet in Haskell County, and 1,500
to 2,800 feet in Pittsburg County. The unit thins rapidly northward
in Wagoner County from about 200 feet at the south end to less than

50 feet at its northern boundary. The McAlester unit does not out-
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crop in the remaining counties of Division One.

The topography of this unit is characterized by broad flat shale
areas interrupted by occasional fairly prominent ridges capped by the

widely~spaced sandstone beds or sequences of beds.

MORROW UNIT (Bm)

This unit consists predominantly of limestone, a lesser amount
of shale, and a few beds of sandstone and siltstone. The limestone
is brown to gray or black, hard, locally fractured, a few inches thick
to approximately 25 feet thick, and in sequences as thick as 50 feet.
The sandstone is moderately hard to hard, thin-bedded to massive,
occasionally in zones up to 30 feet thick, and has a conglomerate that
marks the base of this unit. The siltstone is hard, in beds less than
one foot thick, and is very minor in this unit. The shale is black,
brown, or greenish-gray, fissile, and occurs mostly in the upper 50

to 200 feet of the Morrow unit.

The thickness of the Morrow unit is 60 to 120 feet in Wagoner
County, 120 to 220 feet in Muskogee County, 70 to 200 feet in Cherokee
County, approximately 190 feet in Sequoyah County, and 200 to 300 feet
in Adair County. This unit does not outcrop in the remaining counties

of Division One.

The upper 50 to 225 feet of the Morrow unit consists of interbedded
shale and limestone. The limestone beds are normally less than 5 feet
thick and the shale beds are normally greater than 5 feet thick. The
lower 60 to 100 feet of the unit is predominately thick-bedded lime-

stone.
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The upper portion of the Morrow unit typically forms grass and
tree covered slopes below the cliff-forming ledges of the overlying
sandstone beds of the Atoka unit. Thevlower portion of the Morrow
unit, together with the underlying Chester-Meramec unit, forms

prominent cliffs.

NELLIE BLY UNIT (Bnb)

This unit consists of sandstone and shale. The lower 50 to 80
feet consists of sandy shale with a minor amount of very thin lenses
of sandstone. Above this shale is a zone of soft to moderately hard
sandstone and sandy to extremely sandy shale, which is about 120 feet

thick.

The lower beds of the Nellie Bly unit outcrop only in north-
western Okmulgee County in Division One. The upper beds outcrop in
Creek County. The Nellie Bly unit forms a steep, generally eastward

facing escarpment.

SAVANNA UNIT (Psv)

This unit consists predominately of shale, a lesser amount of

sandstone, and a few thin beds of limestone and siltstone.

The shale is gray to black, fissile, locally clayey, and in
intervals up to approximately 400 feet thick. The sandstone is
moderately hard to hard, buff to gray, in beds a few inches to 10
feet thick and averaging 5 feet in thickness, in sequences up to
120 feet thick but normally averaging 25 feet thick. The beds of
limestone and siltstone are less than one foot thick and are minor

in this unit.
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The thickness of the Savanna unit is approximately 50 feet in
the north part of Wagoner County to 165 feet in the south part, 165
to 260 feet in Muskogee County, 150 to 300 feet in McIntosh County,
estimated to be approximately 150 feet in Sequoyah County, 100 to
200 feet in the north part to 450 to 1,400 feet in the southern part
of Haskell County, and 500 to 1,325 feet in Pittsburg County. This

unit does not outcrop in the remaining counties of Division One.

The topography of this unit is characterized by prominent ridges

capped by the sandstones with shale valleys.

SEMINOLE UNIT (Psl)

This unit consists of sandy shale, with a minor amount of clay
shale; sandstone, with a minor amount of sandstone conglomerate con--
taining chert fragments; and a very minor amount of sandy limestone
beds, generally less than one foot thick. The lower 10 to 60 feet is
predominately sandstone, which is soft to moderately hard and massive.
Above this lower sandstone, the unit consists of interbedded shale

and sandstone.

In Division One the Seminole unit outcrops in northwestern
Okmulgee County. The total thickness of the unit is from 100 to

200 feet.
The topography is characterized by sandstone-capped ridges and
shale valleys.
SENORA UNIT (Bsn)

This unit consists of sandstone, shale, limestone, and siltstone.

The sandstone is moderately hard to extremely hard, reddish-brown to
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gray, and thin to massive bedded. The shale is normally gray and is

present in thick intervals.

The Senora unit is divided into a lower sandy zone and an upper

shaly zone.

The Senora unit outcrops in a broad pattern across eastern
Okmulgee County and western Wagoner, Muskogee, McIntosh, and Pittsburg
Counties. The lower 100 to 200 feet of the Senora unit outcrops in
Pittsburg County and it is almost entirely sandstone. In southwestern
McIntosh County, the lower 500 feet outcrops and consists of predomi-
nantly sandstone which is interbedded with sandy shale; the upper 50
to 100 feet is mostly shale. Northwestern McIntosh and western
Muskogee Counties share the outcrop area with Okmulgee County. In
this area the general thickness is about 800 feet, thinning northward
to about 140 feet in northern Wagoner County. The upper 180 to 220
feet is mostly shale, and the lower portion is sandstone and sandy

to silty shale.

In northeastern Okmulgee County near Bald Hill, a limestone inter-
bedded with a black shale is present. The limestone is generally less

than 10 feet thick and it lenses into shale southward.

The lower sandstone beds of the Senora unit form an escarpment
generally facing eastward, overlooking the underlying geologic units.
Westward from the face of the escarpment the sandstones cap the hills
and ridges, and the shale exposures form the valleys and broad flat

areas.
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SPRINGER UNIT (Bwc)

In Division One, this unit outcrops in southeastern Pittsburg
County only. It is not shown on the geologic unit map, because of the
complex nature of the surface materials southeast of the Choctaw fault.
The Springer unit is mapped on the "Geologic Map of Oklahoma', by

Hugh D. Miser, U.S.G.S., 1954,

The Springer unit is almost entirely a dark-gray fissile shale.
There are a few 6-inch to 4-foot beds of tan calcareous siltstone in

the upper portion.

The total thickness of the Springer unit is approximately 2,500
feet thick, and it normally forms the slopes and valleys between
ridges of hard rock. Generally the Springer unit is covered by debris

weathering from the ridges.

ST. CLAIR UNIT (Ssc)

This unit consists entirely of massive bedded, white and pink

to blue-gray hard limestone.

The St. Clair unit is exposed in limited areas in Adair, Cherokee,
and Sequoyah Counties. Approximately 165 feet of limestone was measured
by 0.G.S. in sections 14 and 23, T14N, R23E, and 95 feet i1s exposed at
Marble City. Prospect holes have penetrated an additional 100 feet
without reaching the base in section 14, T13N, R23E. The unit thins
rapidly northwestward to about 23 feet of cherty limestone near
Blackgum in Sequoyah County to approximately 10 feet of cherty lime-

stone at Qualls in Cherokee County.
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STANLEY UNIT (BMs)

In Division One this unit outcrops in Pittsburg County only. It
is not shown on the geologic unit map, because of the complex nature
of the surface materials southeast of the Choctaw fault. The Stanley
unit is mapped on the "Geologic Map of Oklahoma', by Hugh D. Miser,

U.S.G.S., 1954.

The Stanley unit is predominately clay shale, with beds of silt-
stone up to 100 feet thick. This unit is approximately 12,000 feet

thick.

The shale intervals form valleys and the siltstone beds form

ridges.
STUART UNIT (Pst)

This unit consists of gray, tan, and black fissile shale which

contains a few thin lenses of sandstone.

The Stuart unit outcrops in Division One in Muskogee, McIntosh,
and Pittsburg Counties. The approximate thickness of the unit is 25
feet in Muskogee County, 75 feet to 310 feet in McIntosh County, and

275 feet in Pittsburg County.

The outcrop of the Stuart unit normally forms broad valleys
and the steep slopes underlying the pronounced east-facing Senora

escarpment.
SYLVAN UNIT (Os)

This unit consists of limestone, sandstone, shale, and dolomite.

In Division One this unit outcrops in Adair, Cherokee, and Muskogee

Counties.
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Normally in Adair and Cherokee Counties, the upper 10 to 35 feet
is a dark-green, fissile shale with few stringers of brown dolomitic
sandstone. Below this shale is approximately 40 feet of light-gray
to pink, hard, massive bedded, locally dolomitic limestone. Below
this limestone is 75 to 100 feet of shale with a few thin beds of
sandstone and limestone. The lower 70 to 100 feet is made up predomi-
nantly of massive bedded, soft, white to gray sandstone with minor

amounts of shale and limestone.

The outcrop of the Sylvan unit forms the steep walls of cliffs

capped by the Boone unit and the valley floors beneath the cliffs.

THURMAN UNIT (PRt)

This unit is dominantly sandstone with some shale in the upper
portion. The sandstone is brown to tan, medium hard to hard, massive

bedded, in sequences up to 50 feet, and conglomeritic at the base.

The Thurman unit is 290 to 335 feet thick. The unit caps a
prominent eastward-facing escarpment and also caps a few outlying
hills east of the scarp. In Division One this unit outcrops in

Pittsburg County only.

WAPANUCKA UNIT (Bwc)

In Division One this unit outcrops in southeastern Pittsburg
County only. It is not shown on the geologic unit map, because of
the complex nature of the surface rocks southeast of the Choctaw
fault. The Wapanucka unit is mapped on the "Geologic Map of Oklahoma"

by Hugh D. Miser, U.S.G.S., 1954.
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The Wapanucka consists of limestone, shale, sandstone, and minor
amounts of chert. The limestone is hard, massive bedded, blue-gray,
and locally grades to sandstone. The shale is gray, clayey, calcareous,
and thick bedded. The sandstone is generally hard and calcareous. A
black, hard, 2-10 foot thick bed of chert is present at the top of the

unit.

The unit is principally a ridge former. Locally there are out-
crops barely exposed in low areas. The total thickness is from 270

to 720 feet.

WETUMKA UNIT (Bwt)

This unit consists principally of greenish-gray to gray, silty

shale with a few local lenses of soft, silty sandstone.

In Division One this unit outcrops in Okmulgee County only. The
total thickness is 100 feet at the southern boundary, thinning to 60
feet in section 21, T12N, R12E; northward it thickens to 180 feet in
the southern part of T14N. It pinches out northward in section 7,

T15N, RI14E.
The topography is typically characterized by a gently-rolling
prairie.
WEWOKA UNIT (Bwk)

This unit consists predominantly of shale with many lensing

sandstone beds and one zone of shaly siltstone.

The shale is generally gray to black, clayey to silty, and in

intervals up to 150 feet thick. The sandstone is generally moderately
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hard, massive bedded, normally in beds less than 10 feet thick, and
in sequences up to 120 feet. The shaly siltstone is about 60 feet

thick and soft.

In Division One the Wewoka unit outcrops ih Okmulgee and
Wagoner Counties only. The total thickness in Okmulgee County is
600 feet in the southern part and thins to 400 feet at the northern
boundary. Approximately the lower 200 feet is exposed in southwest

Wagoner County.

WOODFORD-PINETOP UNIT (MDw)

In Division One this unit outcrops in southeastern Pittsburg
County only. It is not shown on the geologic unit map, because of
the complex nature of the surface rocks southeast of the Choctaw
fault. The Woodford-Pinetop is mapped on the "Geologic Map of

Oklahoma', by Hugh D, Miser, U.S.G.S., 1954.

This unit consists predominantly of chert which contains a few
beds and lenses of shale and limestone. The upper 60 feet is thin
interbedded chert and shale. The lower approximate 50 feet is

massive chert with a few lenses of limestone.
The total thickness of the Woodford-Pinetop unit is approxi-
mately 110 feet. It normally forms a conspicuous ridge.
DESCRIPTIONS OF UNCONSOLIDATED GEOLOGIC MATERIALS
ALLUVIUM (Qas)

These are deposits of sand, silt, clay, gravel, and/or combina-

tions of materials. Alluvium is found along the flood plains (bottom
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land) of streams and is normally present at places along all streams.
The geologic unit maps outline many deposits, but all of these deposits

are not shown. Refer to figure 2, page 6.

GERTIE SAND DEPOSITS (Qg)

These materials consist of sand, gravel, clay, and/or mixtures
of these. Throughout its extent, the maximum thickness is estimated

at 50 feet.

These deposits rest on the consolidated geologic materials in the
form of an upland terrace across the central part of Pittsburg County
in Division One. It is thought that some ancient river deposited
these materials and has since cut itself down to a lower elevation

and migrated to another area, possibly the Canadian River.

TERRACE DEPOSITS (Qts)

These materials consist of sand, silt, clay, gravel, and/or
mixtures of these. Terrace materials occur adjacent to or near streams
at higher elevations than the flood plain (bottom land). Refer to
figure 2, page 6. Like alluvium, these deposits are not all shown

on the geologic unit maps.

The engineering properties of the unconsolidated materials are
normally the same as the "C" horizon of the overlying soil. Refer
to Chapter III, Soils. Most Terrace and Gertie Sand deposits will

have seepage where the underlying geologic material is less pervious.



ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS
DETERMINED BY
FIELD OBSERVATION AND CONSTRUCTION EXPERIENCE

APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
ATQKA UNIT (Pa)
Adair 250 feet south, | Locally, sandstone bedd Seepage was Locally, sandstone Slumps of colluvium
thins northward | appear suitable for noted coming beds do not appear over shale were
rip-rap from colluvium {rippable noted
over shale
Cherokee 20 - 150 feet Marginal for use as —_——— Marginal -_———
rip-rap
Haskell 300 feet Sandstone beds locally ———— Sandstone beds -———- N
appear suitable for locally do not o
rip-rap appear rippable
McIntosh 150 feet ———- ———- Rippable -————
Muskogee 600 feet Sandstone beds locally -———— Locally the sand- Some slumping of
' appear suitable for stones appear colluvium and
rip-rap and marginal non-rippable weathered shale
for base admix is present
Pittsburg {2000-9000 feet " - " "
Sequoyah 250 feet Hard, gray sandstone Seepage from Most sandstone beds "
appears suitable for thin-bedded appear non-rippable
base admix sandstone was
noted
Wagoner 30 - 140 feet Sandstone marginal ———— Marginal "

for rip-rap




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
1
BLUEJACKET UNIT (Pbj)
Haskell 400 feet Locally sandstone Sandstone over The hard sandstone Colluvium over shale
appears suitable as shale may have does not appear slopes may slide
McIntosh 300 feet admix for all coarse seepage rippable
aggregates
Muskogee 310 feet Locally appears " " "
Pittsburg | 345 feet suitable for base
Wagoner 300 feet admix and rip-rap
BOGGY UNIT (Pbg)
Haskell North to south [Locally, sandstone may {Seepage was Locally, sandstone Backslope failure
700 -1800 feet |be suitable for rip-rapjnoted coming does not appear in shale was noted
from shale rippable on SH 9
N
McIntosh North - south " ——— " Backslope failures N
250 - 1300 feet in shale during
construction on
US 69 Eufaula By-
pass
Muskogee | 500 feet Locally, sandstone _——— " ————
appears suitable for
rip-rap & possibly
base admix
Pittsburg § 2500 feet " Underdrains " Backslope failures
were put in in shale and col-
shale on US 69 luvial slumps were
near Canadian, noted in many areas
Oklahoma
Wagoner 250 feet " ———— " ———-




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY™ SEEPAGE RIPPABILITY BACKSLOPE FAILURES
|
BOONE UNIT (Mb)
Adair 230 feet The chert and lime- Numerous Does not appear -
Cherokee | " " stone appears suitable | springs were rippable except
Sequoyah 110 feet for coarse admixes noted at the where beds are
Wagoner | 80 -~ 100 feet except for P.C. base of the 1 foot or less
concrete Boone unit
CALVIN UNIT (Pcv)
Okmulgee North =~ south Locally may be suitable ———— Locally may not be Backslope failures
10 -~ 440 feet for rip-rap rippable in shale were noted
center Sec. 9, TI11N,
Wagoner 10 feet R13E and SE%SE4YNEY%
Sec. 7, T1IN, R13E %
CANEY UNIT (Mc)
Pittsburg { 50 feet ———— ———— Appears rippable ———-
CHATTANOOGA UNIT (MDc)
Adair 40 - 90 feet -———- —~——- Sandstone may not be ————
Cherokee " " rippable; shale
Muskogee 36 feet should be rippable
Sequoyah 70 feet
CHECKERBOARD UNIT (Pcb)
Okmulgee 2 feet May serve as a very Fractured lime-| Locally may not be ————

local source for rip-
rap

stone often
seeps over
shale

rippable; generally
it appears rippable




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
CHESTER-MERAMEC UNIT (Mp)

Adair 150 - 245 feet |Limestone appears ———— Beds of limestone, ———

Cherokee " " " suitable for all coarse siltstone, and sand-

Wagoner " " " aggregates, where the stone that are 1

Sequoyah 110 feet beds are of suitable foot or thicker do
thickness not appear rippable

CHICKACHOC UNIT (Pwc)

Pittsburg | 600 feet Rip-rap ———— Does not appear ————

rippable
COFFEYVILLE UNIT (Pcf)

Okmulgee 450 - 470 feet |Where sandstone is soft|Seepage condi- Appears rippable Backslope failure of
may be suitable for tions may be colluvium in SW4SWi4 n
subbase present SW4SWy4 Sec. 9, T15N €

R11E
FORT SCOTT UNIT (Pfs)
Wagoner 2 - 9 feet Locally may be suit- | = =~-=-- Where limestone beds -

able for rip-rap

are 1 foot or
thicker, they do not
appear rippable




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLLOPE FAILURES
HARTSHORNE UNIT (Phs)

Haskell 100 feet Marginal for rip-rap ———— Marginal ————
McIntosh 11 feet —-———- ————— Appears rippable ————
Muskogee 3 - 25 feet ———— _———- " i ————
Pittsburg { 170 - 300 feet —-———— ———— Locally, sandstone —_———-

beds may not be

rippable
Sequoyah 100 feet ———— ———— " -————

Ul
HOGSHOOTER UNIT (Ph) ©
Okmulgee 8 inches - ] @ —e--- ————— Where limestone bed ———
10 feet is 1 foot or thicker
may not be rippable
HOLDENVILLE UNIT (Phd)
Okmulgee 180 to 280feet |Beds of hard sandstone -———- Beds of hard sand- -————
may be suitable for stone may not be
rip-rap rippable
JACKFORK UNIT (Pj)

Pittsburg |1100 feet Sandstone appears ———— Sandstone does not ————

suitable for rip-rap
and possible for base
admix

appear rippable




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
.. COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
JOHNS VALLEY UNIT (Pjv)
Pittsburg | 200-1000 feet ——— ——— Appears rippable ————
McALESTER UNIT (Pma)
Haskell 700-2000 feet Thicker beds of sand- ————— Beds of hard sand- Colluvial slump
stone may be suitable stone 1 foot or over shale was
for rip-rap thicker do not noted
appear rippable
McIntosh 275-600 feet ———— ———— Appears rippable ———
Muskogee | 200-400 feet ———- ———— Beds of hard sand- —-———-
stone 1 foot or
thicker do not
appear rippable v
Pittsburg | 1500-2800 feet ——— ——— " Backslope failures
in shale~-SH 31,
SE% Sec. 2, T5N,
R15E; also, SWi
SWH4SE% Sec. 6,
T3N, R15E
Sequoyah 500-700 feet Locally the hard sand- ———— The hard sandstone ————
stone appears suitable beds do not appear
for rip-rap rippable ‘
Wagoner - 200 feet at the ———— ———— Rippable ————

- south border;
- thins rapidly
. northward




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
MORROW UNIT (Pm)
Adair 200~300 feet The limestone beds ——— Limestone and sand- ————
Cherokee 70-200 feet generally appear suit- stone beds do not
Muskogee 120-220 feet able for coarse appear rippable
Sequoyah 190 feet aggregate materials
Wagoner 60-120 feet
NELLIE BLY (Pnb)

Oknmulgee 170-200 feet Soft beds of sandstone ———— Rippable ————

may be suitable for

subbase ' w

N
SAVANNA UNIT (Psv)
Haskell North 100-200 | Locally, sandstone may ———— Locally, sandstone -———
South 450-1400 }be suitable for rip-rap does not appear
rippable

McIntosh 150-300 feet _———— ———— Rippable -—--
Muskogee 165-260 feet -——— ———— " ———-
Pittsburg | 500-1325 feet Locally, sandstone may -———— Locally, sandstone ————

be suitable for rip-rap may not be rippable
Sequoyah 150 feet ———— Seepage was Rippable Backslope failure

present in
fissile shale
in at least one
area

in first cut west
of Muldrow on US 64;

backslope is shale

and thin sandstone

beds dipping toward

the roadway



APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES
I
SAVANNA UNIT, CONTD
Wagoner North South ———— ———— Rippable -———
50 - 165 ft.
SEMINOLE UNIT (Psl)
Okmulgee 100 - 200 feet |Where sandstone beds ————— Rippable ————
are soft, they may be
suitable for subbase
SENORA UNIT (Psn)
McIntosh 500 feet Hard sandstone beds ———— Hard sandstone does Colluvial landslide
Muskogee 175-225 feet appear suitable for not appear rippable is present along
Okmulgee 650 feet rip-rap; limestones the road in Sec. 27,
Pittsburg} 100-200 feet appear suitable for T11N, RI14E w
: w
Wagoner - 140 feet coarse aggregate ad-
mixes
SPRINGER UNIT (Pwc)
Pittsburg| 2500 feet ———— -——— Siltstone beds one -———
foot or thicker may
not be rippable
ST. CLAIR UNIT (Ssc)
Adair Up to 165 feet |Limestone appears ———— Limestone does not -———-
Cherokee 10 feet suitable for base appear rippable
Sequoyah 23-95 feet ex- }Jadmix and rip-rap

posed




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY . SEEPAGE RIPPABILITY . BACKSLOPE FAILURES
STANLEY UNIT (PMs)
Pittsburg | 12,000 feet Siltstone may be ——— Siltstone does not -———
suitable for base admix appear rippable
and rip-rap
STUART UNIT (Pst)
McIntosh 75-310 feet ———— ——— Rippable ———
Muskogee 25 feet
Pittsburg | 275 feet
W
SYLVAN UNIT (Os) N
Adair 200-250 feet Limestone bed may be -——=- Limestone beds do -———-
Cherokee suitable for all coarse not appear rippable
aggregates
Muskogee Only shale ——— ———— ———— -———-
exposed-~no
thickness
determined
THURMAN UNIT (Pt)
Pittsburg | 290-335 feet Marginal for rip-rap ———— Marginal —————




APPROXIMATE APPARENT MATERIAL APPARENT APPARENT LANDSLIDES OR
COUNTY THICKNESS SUITABILITY SEEPAGE RIPPABILITY BACKSLOPE FAILURES

WAPANUCKA UNIT (Pwc)

Pittsburg | 270-720 feet Limestone appears ———— Limestone, sandstone, ————
suitable for all coarse and chert do not
aggregates appear rippable

WETUMKA UNIT (Pwt)

Okmulgee 60-180 feet ———- —~——— Rippable ———

WEWOKA UNIT (Pwk)

Okmulgee 400-600 feet Hard sandstone bed may ———— Hard sandstone beds ———-
Wagoner 200 feet be suitable for rip-rap may not be rippable
WOODFORD-PINETOP UNIT (MDw)
Pittsburg | 110 feet Chert and limestone ————— Chert and limestone ~——
beds may be suitable beds do not appear
for base admix and rippable

rip~-rap

oS
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HIGHWAY ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS

SOIL CONSTANTS SUITABILITY
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SIEVE 5 z
UNIT ANALYSIS > Qo
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(e} <Q z 4 z Z {dlalc iwn © > a ™ o lUlieja
ATOKA
Adair 7 A-4(6) 100 85 77 67 |29 7 - - - - - No 12 X
Cherokee 14 A-7-6(7) 100 85 80 71 {41 {16 |39 15 {1.91 46 - No 14 |X
Haskell 8 | A-4(8) 100 | 86 | 82 75 {20 | 6 | - - - - - No | 12 [|x
(Cl-sh) McIntosh 23 A-7-5(19) 92 88 86 82 |62 |27 |42 20 [1.76 39 .42 No 17
Muskogee 11 A—4(8) 100 99 98 96 37 8 |33 19 j1.78 25 - No 12 X
Pittsburg 16 | A-7-6(12) |100 | 98 | 98 96 |46 |18 |42 |15 |1.89 | 50 - No | 15 X
Sequayah 10 | A-4(8) 99 96 | 94 89 [33 | 8 30 |15 |1.91 |29 - No | 12 X
Wagoner 15 A-7-6(11) | 100 99 99 96 42 |17 |35 16 1.88 37 - No 15 X
BLUBJACKET
Haskell 11 | A-4(8) 100 99 | 98 9 |35 | 9 | - - - - - No | 12 X
Wagoner 4 | A-4(6) 100 98 98 65 {24 1 - - - - - No 12 (X
BOGGY
Haskell 17 | A-7-6(13) {100 |100 [100 99 [47 |19 P38 |19 [1.82 |34 .15 | No | 15
" 14 | A-6(10) 100 {100 {100 99 140 {15 B9 |17 |1.89 |43 - No | 13 X
McIntosh 11 | A-4(8) 99 95 |93 87 37 |10 B2 |16 [1.86 |31 - No | 12 X
Muskogee 8 A-4(8) 100 100 99 97 |27 6 P24 19 [1.87 10 - No 12 X
" 8 | A-4(8) 100 |100 | 98 94 l28 | 6 7 |18 l1.88 |18 - No | 12 X
Pittsburg 9 | A-4(8) 100 99 |98 90 |31 | 8 |- - - - - No |12 X
" 14 A-6(10) 100 99 98 g6 40 (15 B5 15 1.92 38 - No 13 X
(Cl-sh) " 19 | A-7-5(15) | 96 94 |91 88 |53 (22 B9 (23 [1.64 |26 24 { No | 15
Wagoner 9 | A-4(8) 100 99 98 93 |31 7 - - - - - No 12 X

(Cl-sh) Clay-shale




57

HIGHWAY ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS

SOIL CONSTANTS SUITABILITY
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BOONE
Adair 10 A-4(8) 100 98 93 80 {31 9 30 |15 1.87 | 28 - No 12 X
(Clay) " 40 | A-7-5(20) {100 |100 | 99 98 |114/67 | 70 {24 | 1.56 |72 | 5.00 | No | 17 X
CANEY
Pittsburg 23 A-7-6(20) {100 99 98 97 {58 129 52 (15 1.90 { 70 +52 No 18 X
CALVIN
Okmulgee 15 A-7-6(11) 98 97 96 92 143 |15 18 |16 1.86 | 34 - No 15 X
CHATTANOOGA
Adair 0 | A-4(8) 100 83 | 75 66 |NP |NP -] - - - - No | 12 |X
Cherokee o] A-1-b(0) 100 24 19 11 |NP |NP - - - - - No 10 (X
Sequoyah 8 A-4(8) 100 99 98 95 126 6 26 |15 1.88 | 20 - No 12 X
CHESTER-~MERAMEC
Adair 9 A-4(8) 100 100 {100 98 |28 9 - - - - - No 12 X
" 14 A-7-5(10) {100 88 83 74 l44 |14 35 |18 1.79 | 31 - No 14 X
Cherokee 1 A-2-4(0) 100 52 41 24 (33 6 - - - - - 4.0 9 |X
" 10 A-6(5) 100 79 70 59 138 |12 33 |18 1.78 | 27 - 7.0] 12 |X
" 14 A-7-6(9) 100 87 80 69 |42 115 38 |15 1.87 { 42 - No 15 X
Muskogee 8 A-4(8) 100 100 7100 98 J30 6 27 117 1.84 |19 - No 12 X
Sequoyah 9 A-4(8) 100 99 97 92 |33 7 30 |17 1.87 |25 - No 12 X
" 13 A-5(7) 100 91 83 68 |43 |10 41 |23 1.67 | 34 - No 12 X
(Clay) " 27 A-7-5(20) {100 100 99 98 67 (35 44 {12 2.02 |65 .90 No 17 X
Wagoner 19 A-~7-5(15) }100 91 85 74 {54 }20 43 |15 1.82 |51 +20 No 15 X
COFFEYVILLE
Okmulgee 17 A-7-6(13) 97 95 94 90 45 |19 38 |17 1.84 |39 .15 No 15 X
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HIGHWAY ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS

SOIL. CONSTANTS SUITABILITY
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FORT SCQOTT
Wagoner 5 A-4(6) 100 81 74 67 {25 3 - - - - - No 12 X
HARTSHORNE
Haskell 14 A-7-6(10) |100 99 99 98 141 (15 32 115 1.87 | 32 - No 15 X
McIntosh 13 A-6(9) 95 90 88 82 |39 |13 32 |22 1.70 | 17 - No 13 X
Pittsburg 11 A-4(8) 100 100 99 98 (36 (10 35 24 1.65 | 19 - No 12 X
Sequayah 8 | A-4(8) 100 97 | 95 80 [27 | 6 |24 |17 | 1.85 |14 - No | 12 X
HOLDENVILLE
Okmulgee 7 A-4(8) 100 100 100 95 126 3 - - - - - No 12 X
JOHNSVALLEY
Pittsburg 22 A-7-5(19) (100 100 99 98 |[59 [27 45 (15 1.85 | 56 .42 No 17 X
MCALESTER
Haskell 8 A-4(8) 100 99 99 98 |28 7 - - - - - No 12 X
" 10 | A-4(8) 100 98 |97 93 34 | 9 - | - - - - No | 12 X
" 11 A-4(8) 100 99 96 92 |34 {10 30 (18 1.87 | 22 - No 12 X
McIntosh 10 A-4(8) 91 87 86 80 |32 9 27 117 1.89 | 20 - No 12 X
" 11 A-6(8) 93 89 87 86 |35 |11 28 |20 1.78 | 16 - No 13 X
n 12 A-6(9) 97 94 92 87 |35 (13 33 (13 1.59 | 31 - No 13 X
Muskogee 10 A-4(8) 100 98 97 94 |35 8 31 [19 1.81 | 22 - No 12 X
Pittsburg 9 A-4(8) 100 99 99 94 |30 8 - - - - - No 12 X
Sequoyah 8 A-4(8) 100 93 91 88 |29 6 27 |16 1.89 {21 - No 12 X
" 9 A-4(8) 95 89 86 81 |30 7 27 |16 1.90 | 22 - No 12 X
(Clay) " 17 A-7-6(13) |100 96 95 86 K7 |20 36 [16 1.92 |40 .20 No 15 X
Wagoner 12 A-4(8) 99 08 96 87 |38 |10 29 |16 1.84 |23 - No 12 X
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HIGHWAY ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS

SOIL CONSTANTS SUITABILITY
GEOLOGIC Lo
SIEVE 6 4
UNIT ANALYSIS 9 o
(%o PASSING) E = % ty
z w N o)
NAME w 9 - <
| @ J o
g ] < o 2
= It} < < 18]
=) 219 = )
& z Sl @ |<| E i s
o xlw|Z2| 2% 5| 8&
- w @ = O
= Elao =) - o ) >
< E |w W = -
O Z1Zlale|e 2|2 |2z
COUNTY ok olal2|8l2| S |u|E |T|Y
: 9 c | 18| R |>5 b a |21 2 3| & 3| ¥ o |
= < sldlaelolol<idlg 2 2|k | <V ogo
. | o S| AW | I Q| ©Q 9 | ¢ Oig|0
) <O Zz r4 z r4 a | |[» v) > a o o Ulwid
MORROW
Adair 13 | A-7-5(10) |100 |100 |100 | 97 |44 |12 | 34 |15 | 1.92 | 36 - | N |14} |x
Cherokee 7 | A-6(2) 100 | 61 |53 | 43 [36 |12 | 34 |14 | 1.92 | 37 - | 5.5] 11| |x
Muskogee 9 | A-4(8) 100 |100 |99 | 95 |31 | 7 | 27 |17 | 1.87 |18 - | N |12 | |x
SAVANNA
Haskell 8 | A-4(8) 100 100 {100 | 99 |27 | 6 | - | - - - - | No | 12 |x
" 11 | A-4(8) 100 { 97 | 95 | 93 |36 [10 | - | - - - - | No |12 | |x
" 17 | A-7-6(13) |100 |100 (100 | 99 |48 |19 |36 {17 | 1.87 |35 | .15 | No | 15 X
McIntosh 6 | A-4(5) 79 | 67 |64 | 59 |26 | 6 | - | - - - - | 6.0f 11 |x
" 11 | A-6(8) 94 | 89 |87 | 86 [35 [11 |31 |19 | 1.82] 22 - | No |13 |x
Muskogee |18 | A-7-6(14) [100 | 98 |97 | 93 [43 {23 |35 [11 | 2.05|49 | .28 | No | 15 X
Sequoyah |14 | A-7-5(10) |100 | 94 |89 | 82 |43 [13 | 35 |23 | 1.74 | 21 - | N |14 |x
" 15 | A-6(11) [100 | 99 | 99 | 93 [40 |18 |34 |18 | 1.79 |29 - | N 13 ix
Wagoner 13 | A-6(9) 100 | 99 {99 | 96 [39 [13 |30 {17 | 1.86 | 24 - | N |13 |x
SENORA
McIntosh |16 | A-7-6(12) | 98 | 97 |95 | 89 |44 [17 |33 |16 | 1.89 |33 - | v |15 |x
Muskogee |11 | A-4(8) 100 {100 {98 | 93 |38 | 8 |35 |22 | 1.70| 21 - | N |12 |x
Okmulgee |15 | A-7-6(11) {100 [100 |99 | 99 [43 |15 |25 |15 | 1.88 | 46 - | N |15 |x
Pittsburg |17 | A-7-6(13) [100 |100 |98 | 95 |47 {18 |38 [18 | 1.81 | 37 - | N |15 X
Wagoner 11 | A-4(8) 100 | 99 |99 | 92 |37 [ 9 | - | - -1 - - | N |12 ix
SEMINOLE
Okmulgee 0 | A-4(3) 100 (100 ppoo | 52 |NP NP | - | - - - - | 6.0 11 |x
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HIGHWAY ENGINEERING CHARACTERISTICS OF GEOLOGIC UNITS

SOIL CONSTANTS SUITABILITY
GEOLOGIC W
SIEVE T =z
UNIT ANALYSIS 9 o
(%o PASSING) - = K W
L
NAME z 9 N 2
3 o J o
g W - a O
= < 23]
2 91 9O s )
& z gl e %] E v Y
o) X | w |2 > z x
E o - - I B
< = |w L = -
O 22|al8 |6 |2 |2 |9 5
COUNTY L VIioc |2 & T L
o} O lalg |3 || X e | >
- b 2 < © N[ D a | = = o 0 Q| i
" < - . s logl<«< | d @ [ _ - < U Olx(o
) < o | Q S| Q2 |5|2lw x| ol o o o oiZlo
o <0 z 4 z z a & |0 %) > a > | & jolikia
SPRINGER
Pittsburg |15 | A-7-6(12) |100 |100 | 99 | 98 |44 |17 | 36 |18 | 1.85| 34 - N |15} X
STANLEY
Pittsburg |11 | A-4(8) 99 | 97 {95 | 86 |33 |10 | 32 |16 | 1.85 | 25 - I No |12 | |X
STUART
McIntosh |15 | A-7-6(11) | 98 | 97 | 97 | 96 143 |16 | 34 |16 | 1.84 | 32 - | N 15 ] |x
Muskogee |19 | A-7-6(15) | 99 | 96 | 93 85 49 |23 | 40 [13 | 2,00 53 .28 | No | 16 X
Pittsburg |14 | A-7-6(10) | 100 [100 |100 | 97 |41 [14 | 34 [15 | 1.87| 36 - I No [ 15] |X
SYLVAN
Cherokee 6 | A-2-3(0) {100 | 60 |52 | 35 |nP NP | - | - - - - | a.5{ 11 {x
" 13 A-6(9) 100 97 94 87 (40 |13 34 |17 1.81 | 31 - No 13 X
THURMAN
Pittsburg | 10 | A-4(8) 99 | 97 | 96 90 {32 | 9 | 29 {14 | 1.91] 28 - I v |12] {x
" 18 A-7-5(14) 100 100 |100 99 |50 | 20 42 (16 1.84 | 47 <20 No 14 X
WETUMKA
Okmulgee | 12 | A=6(9) 98 | 97 | 94 | 90 {37 |13 | 16 |14 | 1.87{ 30 - | Nno | 13 |x
WEWOKA
Okmulgee |15 | A-7-6(11) |100 | 99 | 98 | 97 |44 |16 | 19 |15 | 1.85] 35 - | No | 15| {x
Wagoner 12 | A-6(9) 100 99 98 95 {36 |12 | 31 |14 1.92]| 33 - No 13 X
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IDEALIZED CROSS SECTION
ADAIR COUNTY
NO.I

w T\
TieN \

TI7N \ Cross Section|llustrates
Shoded Area

TI6N
Ti5N
South o _
Elevation
(feen R24E R25E R26E R27E
IGOOﬂ
1400
odolsNa|
- A AR I
- T U U O

1000+

800

N 2 79 QT

R SRR REILNY
e

SIS 05 0 SR BRI

Geologic Units Not Determined

Beds range indip from I°up to approximately 50° (90 ft/mile to approximately 6000 ft/mile)
Generolly the dipistess than 10°{460ft/mile)

GEOLOGIC UNIT SYMBOL
Atoka Pa ) | 2 Miles Sandstone
P . I J
m
Morrow Approximate Scale Shale
Chester - Meramec Mp
Boone Mb um Limestane
st.Clair Ssc =

Chert

- direction
% Foult-Arrows show

of movement

19



South

— Southeast

Elevation
{ feet)

1600

1400

1200

IDEALIZED CROSS SECTION

ADAIR CO
NO.2

UNTY

TION

TI8N

TI7TN

Shaded Area

\ Cross Sectionlllustrates

TIEN

TISN

Ti4N

\

R24E R25E

e
7l SHABHaE
ARZERERENET |

R26E R27E

North — Northwest

ey ai SR 09 VB0
EEERSEE SERTR B 2 2R i)
R e AT b= Ry ats
1000~ I N Vet
SELREEER a::q;VoV\o'%-a'-VAE ORREET ,,svpbqs*’é]fé’su.\;@ghi S
PR O =S 5 (St YA NS
800+ B et e
600 MDc
400
" Geologic Units Not Determined
200 4 Vs
Geologic Units Not Determined W
. od7
o 8

GEOLOGIC UNIT
Atoka
Morrow
Chester - Meramec
Boone

Chatanooga

SYMBOL
Po
Pm
Mp
Mb
MDc

Beds range indip from Idegree up to approx. i 2degrees (90 ft./mile to [ lOOft./mile
Generally the dipisless than 2degrees (185ft. /mile)

(o]

2 3

I

I T

4 S5Miles
]

Approximate Scale

-

Sondstone

Shale

Limestone

Chert

Fault~-Arrows show direction
of movement

29



North

Cross Section|llustrates

Shaded Area

NO.3

ADAIR COUNTY

R24E R25E R26E R27E

TI9N
TI8N
TI7N
TI6N
TISN

Ti4N.

IDEALIZED CROSS SECTION

South
Elevation
(feet)

1600-1

63

o
[e:

20
B

T
Trrorro

e e e B e S

Fault~-Arrows show direction

Limestone
Chert
of movement

Sandstone
Shale

e e e e e e T A s S S S S

==

EVLIIX

o o e e e S

e e S e e s e e S S S e B e e e B e S

R e e e e e e e e e e
e e e S e S Sy o S S e S e i e e e e

Ssc

5Miles

o o o o o 2 Ve S Vo A e O e S e . B e

2

1

R

T O T O N O Do e S DT o T

NRAIZTTD

SSE

A REETEARIERE
SSRTRHEE Mb

apf gt
s

S S e e B e e e

T gy

Approximate Scale

b

- yszae A UR R RA TR

s e e s e it et e

Beds range indipfrom |degree to 35degrees(approx.90tt./miteto 3700ft. /mile)

Generally the dipis less than 4 degrees({a pprax.350ft./mile)

T

f sesssatain
f A

SYMBOL
Pa
Pm
Mp
Mb
MDc
Ssc

Boone
St.Clair

Chester - Meramec

Morrow
Chatanooga

GEOLOGIC UNIT
Atoka

1400
1200+
1000



Southeast

Elevation
(feet)

R T S O R AR o2 Y

IDEALIZED CROSS SECTION
ADAIR COUNTY
NO.4

o T\
ol T T\

TI7N \ Cross Section |llustrates
Shaded Area

TI6N

TISN

TI4N

R24E R25E R26E R27E

Northwest

Uit RysasoRREEssna

600
400
Geologic Units Not Determined Geologic Units Not Determined
200
(o]
Generally the dip ofthe beds is less than 5 degrees (460 ft./mile)
GEOLOGIC UNIT SYMBOL Sandstane
— 0.5 |Mile
Morrow Pm I ] Shaie
Approximate Scale

Limestone

Chert

% Fault-Arrows show direction

of movement

14



IDEALIZED CROSS SECTION
ADAIR COUNTY
NO.5

TION

TISN

TITN Cross Section lilustrates
Shaded Area

TIEN

TISN

Southeast TIaN \ Northwest

Elevatian R24E R25E R26E R27E

(feet)

SN s iR
S i ‘ S

LI Al 1 VA,
SN ; NS Tt i

i

ot

S . Chatanooga unit s ey
) : P s
Boone Unit *Z I e\ — % L IARE)

2R OR R BRI

Geologic Units Not Determined

Generally the dip of the beds is less than 5 degrees{opprox. 460 ft. /mile)

GEOLOGIC UNIT SYMBOL 0 | 2 3 4 5Miles Sandstone
Chester ~ Meromec Mp - I I I —1 ]
Approximate Scale Shale
Limestone




GEOLOGIC UNITS

OF

CHEROKEE COUNTY

Oklahoma Department of Highways

Prepared by the

Information taken from

"Geologic Map of Oklahoma"

by Hugh D.Miser and others U.S.G.S.,1954
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Northwest

Geologic Units Not Determined

IDEALIZED CROSS SECTION
CHEROKEE COUNTY

TION
}-‘ TI8N
TI7IN
Cross Sectioniilustrates
TIEN Shaded Area Southeast
RI9E R2OE Elevation
TISN (feet)
1400
Ti4N
R2IE R22E R23E
1200
1000
“SERTETY 800
R e e A
sanzsvares M0 sesan
) s ~600
Geologic Units Nat Determined Gealogic Units Not Determined Geologic Units Not Determined

GEOLOGIC UNIT
Atoka
Morrow
Chester- Meramec

Boone
St.Clair

Beds range in dip from approximately [degree to 20 degrees{90ft/mile to 1920 ft/mile)

Sandstone

Shale

Limestone

SYMBOL
(] 1 2 3 4 5Miles
Pa [ I I 1 [ 1
Pm Approximate Scale
Mp =
Mb =
Ssc

Fault-Arrows showdirection
of movement

99



IDEALIZED CROSS SECTION
CHEROKEE COUNTY
NO.2

TI9N

TI8N

TI7TN

Cross Section itlustrates
Shaded Area

TIEN

RI9E R20E

TISN

Ti4N Southeost
Elevation
(feet)

R2IE R22E R23E

Northwest
r 1200

O

ISR I= S AR E

b a3 5250 MD pezsdnesnsl

TS RISNIZR SSRGDE R
220009 &

Geologic Units Not Determined

—10C

801

600

Geologic Units Not Determined

GEOLOGIC UNIT SYMBOL Sondstone
] | 2 3 4 SMiles
Atoko Pa [ ] I 1 L J
Morrow Pm Approximate Scale Shale
Chester - Meramec Mp
Limestone
Boone Mb

% Fault-Arrows show direction

of movement

L9



Northwest

Geologic Units Not Determined

IDEALIZED CROSS SECTION
CHEROKEE COUNTY
NO.3

TION

TI8N

Shaded Area

? Tizn  Cross Sectioniliustrates

TIEN

RI9E R20E
TI5N

TI4N

R2IE R22E R23E

= - o . Lo HH s
) A N AT NS R AT NN e ST SrEs ™
A A T R R S S D B O D et s .

Geotogic Units Not Determined

Geologic Units Not Determined

Southeast
Elevation
(feet)
- 1200
11000
: Mb:%‘eoo
L0220 l 600
400
I-200
-0

GEOLOGIC UNIT
Atoka
Morrow
Chester - Meramec
Boone
Chatanooga
Sylvan

Generally the beds dip at!degree or less. )
Locally near faults the beds dipup ta approx. 15degrees{I400ft/mile)

SYMBoL [o] | 2 3 4 SMiles
Pa { I 1 | | ]

Pm Approximate Scale

Mp

Mb
MDc

Os

Sandstone

Shale

Limestone

Chert

= Fauit-Arrows show direction

of movement

89



IDEALIZED CROSS SECTION
CHEROKEE COUNTY

RIGN
RISN
5 RITN
Cross Section lllustrates
RIGN Shaded Areo
RISE R20E
RISN
RI4N
Northwest Southeast
R2IE R22E R23E Elevation
(feet)
1100
Sressui-1000

69

A GE PSS Ao S

XS ATD

<55 Boone Unit &}

Sezstvmomaayrsnit- 900

ZDXE PR BB OZRRR NI I
(SE

E_B_g_one Gnit»;vh ool £Boone Unit

Chatonooga Unit - N\ : —

Chatanooga Unit

hutunooqu Unit

‘Sylvan Unit

Geologic Units Not Determined 500

Beds are essentially horizontal

Sondstone

(o] | 2 3 4 5Miles
[ I ] | I 1
Approximate Scale Shale




R2IE
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Qas
GEOLOGIC UNITS OF ) N\ Wy
HASKELL COUNTY T
r as
Prepared by the Oklahoma N\ N )
Deportment of Highways , o
information taken from the . , Tomaha
"Geologic Map of Haskell County Oklahoma, . R2
by Malcolm C. Oakes, QGS. and \ e Qas
M.M. Knechtel, U.S.G.S., 1948. _
R Qas
o] | 2 3 4 5 Miles \\
I [ [ 1
RISE W
Q'S . _ RISE
7 Qas O Qts
\S Pma
‘#E 2 Stigler
—==X ey A
Pbg Pmo 9 3 N
g O Pma SE
P ‘A% Pm 82 \)
W “ﬁ!\ 0
P =2 P:, > -
P = | T i ) Qas | Alluvium
7, Pbg Qts | Terrace deposits
{ g Pbg | Boggy units
N
2] Bluejacket unit
Psv | Savanno unit
Pma | Mc Alester unit
; Phs Hartshorne unit
T Pa | Atoka unit
=
N -:EHE-FbuH

D—Down



North

fault

Sandstones & Shaoles

IDEALIZED CROSS SECTION
HASKELL COUNTY
NO. |

TION

T9N

Cross Section llfustrates
Shaded Area

RIQE R20ER2IER22E

Sandstanes 8 Shales

South
Elevation
(feet)

1500

Beds dip approximately from1°(90feet/mile)to approximately 12°(11i5 feet/mile)

GEOLOGIC UNIT SYMBOL
Boggy Pbg
Bluejacket Rbj
Sovanna . Rsv
McAlester Rma

o] | 2 3 4 5Miles
f I I I | ]

Approximate Scale

sz

Terrace

Sandstone

Shale

Fault-Arrows show direction
of movement

(072



IDEALIZED CROSS SECTION
HASKELL COUNTY

NO.2
N-NW TN S-SE
9/\ Elevation
RIBE TION TION (feet)
ToN ToN 2000
{ R23E Cross Sectian itlustrates
T8N ! T8N Shaded Areo

7N

N r 1500
RI9E R20E R2IE R22E

1000

500

Atoka
Sandstones 8 Shales

Beds range indip from opproximatety 2°(i8Ofeet /mile) up tooppraximately 25° (2450 feet/mile)
Generally the dip is less than 10°(930feet/mile)

GEOLOGIC UNIT SYMBOL 0 \ 2 3 a % Miles
L 1 I ] 1 1 Sandstone
Bogoy Pbg -
Bluejacket Pbj Approximate Scale

Savanno Psv E:I Shale
McAlester Pmo

Atoka Pa

1L



North

Arkansas
//R/var

faulit

IDEALIZED CROSS SECTION
HASKELL COUNTY

TIN
RIBE TION, TION
TON T9N
T BNl— ?BZSE Cross Section lustrates
Shaded Area
T7N T7N

RI9E R20ER2IER22E

South

Elevation
(feet)

Son Bois Mountoin 2000

GEOLOGIC UNIT SYMBOL

Boggy
Bluejacket
Savanng
Mc Alester
Hartshorne
Atoka

Rbg
Pb j
Rsv
Pma
Rhs
Ra

Bedsrongeindipfrom approximately 90feet/mile up to 3,700feet/mile (I°upto 35°)
Generally the dipisiess than 930 feet/mile (10°)

(¢} { 2 3 4 SMiles
I I I I I {

Approximate Scale

Terrace

Sandstone

Shale

cL
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77

Qts

Qts

Hanna

20—
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50UTH

1 P |
Loy Qas

y Q05 et 4 \ﬁ

Qas RIGE

‘Tex,ar’ma J i
Qts RISE
o Qoas @\\ﬁ@
"7t GEOLOGIC UNITS
OF

Mc INTOSH COUNTY

Prepared by the Oklahoma Department of Highways

Information taken from the"Geologic Map of Oklahoma"
prepared by Hugh D. Miser and others,U.S.G.S.,1954

SCALE

0 | 2 3 4 5 IOMILES
— —

1 1 1 1 1

Alluvium

® o o o

e o o d
> Qrso

b o\ o
* o o o

Terrace Deposit

Senora Unit

-
et

Stuart Unit

Bluejacket Unit

i

Savanna Unit

McAlester Unit

Phs

Hartshorne Unit

e

Atoka Unit
U-uUp

D-Down
Fault



IDEALIZED CROSS SECTION
McINTOSH COUNTY
NO. |

RI4ERISE RIGE RI7E RISE

Ti2N

TIN Cross Section |llustrates

RI3N Shaded Area
TION
West I~ East
Elevatian TON
(feet)

T8N

Beds dip westward approximately 50 to 90 feet /mile

dst
0 i 2 3 4 5Miles Sandstone

I I [ ]

Approximate Scale Shales

-
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IDEALIZED CROSS SECTION
McINTOSH COUNTY
NO.2

RI4E RISE RISE RITE RISE

TI2N
THN Cross Section lilustrates
RI3E Shaded Area
West TioN East
Elevation
TON
(feet)

T8NL-_/ 1000
- 800
600
400
rZOO

(o]

Beds dip westward approximately 50 /90 feet/ mile

Sandstone

[o] | 2 3 4 S5Miles
[ I I 1 I ]

Approximate Scale ’ Shale

172



IDEALIZED CROSS SECTION
McINTOSH COUNTY
NO.3

RI4E RIS5E RI6E RI7E RIBE

Cross Section lilustrates
RI3E Shaded Area
TION
L/
South TN ) North
Elevation T8N < il

(feet)

South Warner fault

800-{ Eufaula Lake North Warner fault

Atoka Unit

Mostly Shale
2004

o)
GEOLOGIC UNIT SYMBOL
0 1 2 Miles Sandstone
Boggy Pbg L I ]
Bluejacket Pbj Approximate Scale Shale
Savanna Psv
Mc Alester Pma = Fault-Arrows show direction
of movement
Hortshorne rhs

Atoka Pa
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IDEALIZED CROSS SECTION
McINTOSH COUNTY
NO.4

RI4E RISE RISE RI7TE RISE

Ti2N
TUN Cross Section lllustrates
RI3E Shaded Areo
TION
TON )‘/
West T8N and East
Elevation
(feet)

Sandstones & Shales
Atoka Unit 200

Beds generaily dip west from a few feet /mile up to90feet /mile

Sandstone

[+] | 2 3 4 S5Miles
I 1 [ I I ]

Approximate Scale Shale
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GEOLOGIG UNITS
Qas Aljuvium OF
N
Qts Terrace Deposits MUSKOGEE COU NTY X
Prepared by the Oklahoma Depariment of Highways
N Senora Unit s ,
Information taken from "Geologic Map of Oklahoma" by Hugh D.Miser and others, 1954 U.S.G.S
7 "Geologic Map of the Muskogee —Porum District "by C.W.Wilson and others,0.G.S. 1937
Bst | Stuart Unit "Geologic Map of the Tenkiller Ferry Area" by George G,Huffman and others,0.6.S.1958
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IDEALIZED CROSS SECTION
MUSKOGEE COUNTY

RI5E

TIEN RleFﬂZE RIBE o iof R20E
TISN —

TI14N

West Northwest
TI3N
Cross Section Niustrates
TI12N \RZIE Shaded Area

East Southeast
Elevation
(feet)

1000

-800

Conodian River
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IDEALIZED CROSS SECTION
MUSKOGEE COUNTY
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IDEALIZED CROSS SECTION
MUSKOGEE COUNTY

NO.4
. RISE
TN rise RI7E RISE RI9E R20E
TI5N r
TI4N
Cross Sectionlllustrotes NORTH
SOUTH TI3N Shaded Areo
TI2N R2IE Elevation
(feet)
THN V +~ 1000
Atoka g :
unit :
I
[

800

Geologic units not determined

Geologic units not determined L 200

Beds dip from approximotely 1° (90ft./ mile) up to 14°(I1300ft./mile)

Sandstone 0 | 2 3 4 S Miles
[ 1 ] ] I ]

Shale Approximate Scale

=5 Limestone

/ Fault-Arrows show direction
/ of movement

08



RIIE

fPhd

Phd

i

2%

7

Qas | Alluvium

Qts Terrace deposits

N . :
\\&b\\ Nellie Bly unit
E‘ Hogshooter unit
% Coffeyville unit
i Checkerboard unit

\ \ Seminole unit

Phd Holdenville unit

Wewoko unit

H‘)ﬂ Wetumka unit

v Calvinunit

N\ Senora unit

RI4E

RI2E RI3E 5
|
N
75
B, § \
Phd T
15
N
RISE
wilt
1 T
‘ 14
E N
75
Qts &6*'
Qas
I“Ld" —.
” Qts
Qas Qts T
13
@ N
Qas \ 1
) \ RISE
2q_,—/—\gx . i
as
\ A —
R 755 g
T
nl/' Ry \ %
,‘; Qas
1[_'1 — % RI4E
fé s : GEOLOGIC UNITS
OF

~

|
<

| |
_A_/
Z N
I

PLV

ey F %&\\\

2=4

WA —T

Scale
4 5 Miles

0]
 E—

OKMULGEE COUNTY

Prepared by the
Oklahoma Department of Highways

Information taken fromthe

"Geologic Map of Okmulgee County Oklahoma"

by Malcolm C.Oakes and others,0.G.S.1961
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