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CH/VPTER I. INTRODUCTION 

Sedimentary structures are depositional 

features peculiar to the larger rock units of 

sediments rather than to the individual part

icles. These features are best observed in the 

field v/here their natural relationships can be 

studied. 

Structural features of sedimentary origin 

include stratification, cross-laraination, uncon

formity, ripple mark, wave iiark, soft-rook de

formation, concretion, cone-in-cone, and many 

other minor structures. The importance of some 

of these features is in the information they 

Cive conoerning conditions of deposition. The 

knowledge of original positions may permit 

determination of tilting or overturning of 

strata and thus p;ive the key to the solution 

of coKQ>lex structui»e3,l 

The Ogalalla group is tixe name applied to^ 

all deposits of Pliocene age in the Llano 

Estacado region. In Lubbock County it applies -

to the lower and middle Pliocene beds since 

^ \i. H. Twenhofel, Principles of Sediment. 
ation, (New York, 1939), p. 494, 



the upper Pliocene beds are not present. The 

flat-lying Ogalalla group is overlain by a 

"Caprock" of Pleistocene Age, and is underlain 

by beds of Cretaceous and Triassic rocks. 

Purpose of Study 

The purpose of this paper is to present 

the results of tiie field investigation, to 

describe the sedimentary structures, to explain 

the origin of structures, and to give the type 

of materials associated v/ith the sedimentary 

structures of the Ogalalla group in Lubbock 

County, Texaa, 

Description of the Region 

Lubbock Coxmty is located in the southern 

portion of the High Plains, generally referred 

to as the Llano Estacado. The latter is a 

rather high tableland which is separated from 

the Panhandle High Plains to the north by the 

valley of the Canadian River. This tableland 

is bounded on the west, southwest, and south 

by an escarpment which borders the valley of 

the Pecos River, The east roargin of the Llano 

Estacado la a weathering escarpment which is 

drained by the headwaters of the Red, Brazos, 



and Colorado Rivers. 

Climate 
«MM**MMaaM*MMaMai 

The climate of Lubbock County is consider

ed semi-arid with a moan annual precipitation 

of approximately 19-| inches. The majority of 

the precipitation occurs as rain in the spring 

and fall months, and as snow and sleet in the 

winter. The maximum temperature range is be

tween approximately -4 degrees Fahrenheit in the 

winter to about 110 degrees Fahrenheit in the 

summer. 

Geology 

Lubbock Cotoaty occupies part of a wide

spread sheet of continental deposits derived 

mainly from the eastern ranges of the Rocky 

Mountains. Most of this great alluvial sheet 

accumulated to its present level during the 

early and middle stages of the Pliocene, By 

late Pliocene time, stream deposition within 

the Llano Estacado region had ceased or become 

greatly restricted. An extensive caliche bed, 

the "capx^)ck", was formed in late Pliocene 

time. It was deposited near the surface under 

arid conditions. 



Parts of the plains* surface v/ero again 

elevated by aggradation during Pleistocene 

time. 

In Lubbock County, the surface is part of 

a nearly flat, level tableland surrounded by 

more rolling eroded plains of lower elevation. 

This upland surface v/as formed by denudation, 

and a "caprock" escarpment forms the boimdary 

between the two. 

The smooth surface of Lubbock Coiuity is " 

broken by three rather common physiographic 

features: (1) stream valleys of the headwaters 

of the Brazos River, shallow except near the 

edge of tl:ie escarpment where they form deep, 

narrow canyons; (2) undrained depressions 

known as "alkali lakes," "dry lakes," and 

buffalo "wallows"; (3) sand hills and ridges 

which rise slightly above the p,eneral level. 

The main agent of gradation is the wind; 

secondary agents are grotmd water and running 

water. Winds having velocities sufficient to 

transport silt and sand are frequent and at 

timea they shift great quantities of the sur

face soil. It is very difficult to estimate 



the extent of gradational vjork of ground water. 

The chief drainage system is composed of the , 

Yellow House River and the North Pork of the 

Double Mountain Pork of the Brazos River, They 

merge near the city of Lubbock and continue 

southeast through the county. The stream is 

intermittent and is very small in respect to 

the canyon ?/hioh it occupies. The amoimt of 

erosion at the present time is difficult to 

estimate, but the size of the canyon suggests a 

great amount of erosional Y/ork since Pleistocene 

time. 

There is very little information available 

on the subsurface geology of Lubbock Coimty, 

but a great deal of knowledge should be gained 

in the near future from the extensive oil 

activity that is under way at the present time. 

In a general discussion of ttie High Plains 

re::;ion, E, H. Sellards2 states that: the 

Genozoio deposits show no great structural de

formation; the Cretaceous and Triassic deposits 

are likewise only slifjtitly deformed; and the 

2 ];. H. Sellards. The neology of Texas. 
Volume II, (Austin, 1931+}, P« 99. 



late Paleozoic formations have been deformed to 

the extent of producing, at some localities, 

structural features important in the accumula

tion of oil and r̂ ias. 

Geologic History 

Very little is known of the early Paleozoic 

history of the Llano Estacado region, but diiring 

the Permian the re.ilon was a large basin of —-~ 

marine deposition. Tills basin was partly fill

ed with sediments such as shales, sandstones, 

limestones, evaporites, and a basal layer of 

salt. The total thickness of sediments In the 

basin is about 4,000 feet. Those deposits, 

the Permian Red Beds, were downfolded into a 

broad shallow trough, the axis of which extends 

in a north-south direction. Following the 

folding, the region was uplifted and a consid

erable amount of the Permian rocks were removed 

by stream erosion producing the Wichita 

Paleoplain,3 Triassic stream deposits overly 

erosional surfaces and probably came from the 

^ E. H, Sellards, W. S, Adl:ins, F, B, 
Plummer, l̂ha Geology of Texas. Volî me I, 
(Austin, ITOiJ), p.^mi, 



west. They consist of thin layers of roddish-

brown, greenish-brov/n, maroon, and yellowish 

shales together with grey sandstones and 

conglomerates. Tliis area, again submerged 

during Cretaceous time, was the site of de

position of large amoioits of calcareous sedi

ments. The Cenozoic deposits are all of con

tinental origin, and comprise various materials 

such as lacustrine, fluvial, and eolian sedi

ments . 

The Llano Pstacado is now a high plateau 

or mesa, sloping gently eastward and separated 

from the lower siâ rounding plains by escarp

ments or "breaks." The valleys or canyons " ^ 

in this area are the result of Post-Pliocene 

stream erosion. 

Location and Extent of Field V/ork 

The field v/ork for this paper was centered 

in the southeast part of Lubbock County, Texas, 

where the Double Mountain Fork of the Brazos 

River has cut a canyon throuf̂ h Pliocene beds, " 

The walls of the canyon make an excellent area 

for the study of the flat-lying Ogalalla group. 
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The field work included the measurement 

of several sections of the Ogalalla in the 

canyon of the Double Motmtain Pork of the 

Brazos River, and the search for sedimentary 

structures in the group. 

The layers in the sections were measured " 

with a hand level when it was impossible to use 

a ruler or tape measure. These sections are 

listed on pages 10 to 17, 

Stratigrapt^y 

The stu?face deposits in Lubbock Coimty 

are Pleistocene and Recent in age, 'fhe sedi

ments represent various environments such as: 

(1) lacustrine deposits, (2) valley flat de

posits, and (3) eolian material. The "caprock" 

consists of caliche-like materials and vary 

from 6 to 30 feet in thickness. 

The Ogalalla group is the name applied to 

all deposits of Pliocene age in this area. Its 

relation to the overlying "caprock" and the 

underlying rocks of Comanchean and Triassic 

age is largely determined by the amount of 

erosion that took place prior to the deposition 

of the Ogalalla, Except in isolated areas, the 



Fi qU re 1 

LUBBOCK COUNTY, TEXAS 
Sho Vs// ^5 Lociyi i o n of the ' 3ect ion 
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v5ca/e / 1 inch = 4-^ miles ® = Loc4^/o/7 of Secflo, 
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Cretaceous has been removed. 

The Ogalalla group is divided into two 

distinctly different lithologic units. The 

lower unit, referred to by some authors as 

the Couch_foir;iation. is a thick, massive, 

homogeneous mixture of pinkish grey sandstone 

with calcium carbonate as the cementing mater

ial. The upper unit of the Ogalalla group, 

known as the Bridwell, Is a heterogeneous, 

interlensinp mixture of light tan to reddish 

brown sands and sandy clays, and thin stringers 

of white to li£5ht tan caliche. The Ogalalla 

group varies in thickness from approximately 

50 to 150 feet. The followinp detailed sections 

were measured from outcrops in the canyon of 

the Double Mountain Pork of the Brazos River 

in the southeastern part of the coimty. The 

exact location of the detailed sections are 

shown on figure I, The zones are numbered 

from the bottom of the Ogalalla group to the 

top. 

Section I is about five miles north

east of Slaton where a paved farm road descends 

tiie esceirpment on the southwest side of the 



11 

canyon, 

ZONE 

14 

13 

12 

11 

10 

9 

DESCRIPTION 

Lower caliche bed. 

Very light buff, medium 
grained sand with the upper 
part grading into the 
lower caliche bed. 

THICKNESS 

6« 

fif 

Reddish brown or maroon shale 
with caliche nodules present,14' 

Brownish-red, medium to fine 
grained sand, 6" 

Brown sliale with light tan, 
medium grained sand also 
present. Fossil mud cracks 
are found here. 

Light tan, medium grained 
sand with small amount of 
brown shale present. 

5» 

2'8" 

8 

7 

6 

5 

4 

3 

Reddish brown shale. 

Light brown, medium to fine 
grained sand with dark 
brown shale. 

Dark maroon shale. 

Light buff, medium grained 
sand. 

Reddish brown shale 

Light buff, medium grained 

6» 

5»6" 

2»8" 

11»6" 

2" 

sand with flakes of brownish 
tan clay, 11' 

Pinkish grey, v/ell-sorted, 
medium grained sand with 
fragments and nodules of 
caliche. 71»8" 
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(Section I continued) 

ZONE DESCRIPTION THICKNESS 

1 Basal conglomerate with 
mud balls J to 1 inch in 
diameter, 2' 

TOTAL THICKNESS 143»8" 

Section II is on the northeast side of the 

escarpment in approximately the same locality 

as Section I, 

ZONE DESCRIPTION THICKNESS 

13 Lower Caliche bed, 6»6" 

12 Very light to whito fine 
grained sand, 1»6" 

11 Reddish brown sandy shale 
with lenses of gravel, 7» 

10 Gravel with pebbles ranging 
up to 2" in diameter, 2» 

9 Light tan, medium grained 
sand with small amount of 
brown shale, 3» 

8 Reddish brown slriale. 6» 

7 Li.ht brown, fine grained 

sand with dark brown sliale, 5'6" 

6 Dark maroon shale. 2'8" 

5 Light biif f, medium grained 
sand, 11«6" 

4 Reddish brown shale, 4" 
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(Section II continued) 

ZONE DESCRIPTION THICKNESS 

3 Light buff, medium to fine 
grained sand v/ith some clay. 10' 

2 Pinkish grey, well-sorted 
medium grained sand with 
fragments and nodules of 
caliche. 68' 

1 Basal conglomerate of the 
Ogalalla, 3« 

TOTAL THICKNESS 127«0" 

Section III is immediately west of the 

first dara on the north escarpment of the canyoni 

This is called the Buffalo Lakes Area, 

ZONE DESCRIPTION THICKNESS 

14 Lower caliche bed. 9' 

13 Very light buff, fine 
grained sand grading into 
the lower caliche bed. 1' 

12 Ligiit maroon shale, 1'6" 

11 Pinkish buff, mediupi grained 

sand, 4'4" 

10 Brownish red shale. 2*9" 

9 Tannish brown shale, 7» 

8 Reddiah brown shale, 2'9" 

7 Light brown, medium to 
fine grained sand, 6' 
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(Section III continued) 

ZONE DESCRIPTION THICKNESS 

6 Reddish brown shale, 6" 

5 Tan, medium grained sand, 2' 

4 Dark reddish brown shale, 2'6" 

3 Light pinkish grey, medium 

grained sand, 2" 

2 Dark reddish brown shale, 2' 

1 Pinkish grey, well-sorted 
mediura grained sand with 
caliche nodules, 23»6" 

TOTAL THICKl̂ ESS 65'0" 

Section IV is immediately south of the 

second dam in the Buffalo Lakes Area, 

ZONE DESCRIPTION THICK1TF3S 

21 Lower caliche bed, 7' 

20 Reddish brown clayey sand 
with small caliche nodules, 
the upper part grading into 
the lower caliche bed, 8' 

19 Light tan, medium to fine 
grained sand with small 
amount of clay; small cal
iche nodules in the upper 
part, 3' 

18 Reddish brown fine grained 
sand, 2' 
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(Section IV continued) 

ZONE DESCRIPTION THICKNESS 

17 Reddish brown, fine grained 
sand with some shale and 
with caliche stringers. 2' 

16 Reddish brown, fine grained 
sand and shale, 1' 

15 Light tan, medium grained 
sand ?/ith very small shale 
content, 2' 

14 Light buff, medium grained 
sand, 5' 

13 Reddish brown shale, 4' 

12 Light buff, medium grained 
sand with a few clay balls 
and caliche nodules, 5' 

11 Light brown shale with very 
little sand content. 4'6" 

10 Reddish brown shale, 3' 

9 Light brown, medium to 
fine grained sand, some 
shale, 1»6" 

8 Lighter brown, medium to 
fine grained sand, 1' 

7 Light buff, medium grained 
sand, 2' 

6 Heddiah brown shale with 
some sand. 4'8" 

5 Light tan cross-laminated 
medium grained sand, 3'4" 

4 Light buff, medium to fine 
grained sand, 2'6" 
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(Section IV continued) 

ZONE 

2 

1 

DESCRIPTION 

Cross-laminated buff, 
medium grained sand. 

Light pinkish buff, fine 
grained sand. 

Basal conglomerate of the 
Ogalalla. 

THICKNESS 

2» 

2» 

2'6" 

TOTAL THICKNESS 68»0" 

Section V is between the Buffalo Lakes 

Area and the Slaton area on the south escarp

ment of the canyon on Johnson's Ranch, In 

this area the Ogalalla unoonformably over

lies Cretaceous limestone, 

ZONE DESCRIPTION THICKNESS 

13 Lower caliche bed, 8' 

12 Light pinkish buff sandy 
shale that prades into the 
caliche, 1'6" 

11 Brownish-red sliale with 

caliche nodules. 8'3" 

10 Brown sandy shale, 5' 

9 Light tan, medium grained 

sand, 3' 

8 Reddish-brown shale, 6'6" 

7 Light tan, fine grained sand. 5»6" 
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(Section V continued) 

ZONE DESCRIPTION THICillESS 

6 Reddish-brown shale 7' 

5 Light brown, medium to 
fine sand and shale with 

fossil mud cracks, 4' 

4 Dark reddish brown shale, 2' 

3 Light buff, medium grained 
sand, 3' 

2 Light buff, medium grained 
sand with small shale 
flakes, 6' 

1 Very light buff, medium 
grained, well-sorted sand 
that drys to a pinkish buff 
sand v/ith caliche nodules 
throughout, 44' 3 " 

TOTAL THICKITESS 104'0" 

Economic Resources 

The only natural resource of any import

ance in the Ogalalla group of Lubbock County 

is pround v/ater, ^-^^""^ 

The major part of Lubbock County is suit

able for agriciiltural purposes. Since rainfall 

is often not sufficient for crops, water for 

irrigation is a very important item. The 

Ogalalla is therefore of great value to the 
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farmers, because a large percentage of the 

ground water is derived from this group. 



CHAPTER II. SEDIMENTARY STRUCTURES 

Stratification 

Bedding or stratification is the most com

mon structural feature of sedimentary rocks. 

At that, it is so common that when anyone 

speaks of "stratified rocks," we imiaodiately 

think of "sedimentary rocks." Bedding or 

stratification is expressed by rock units 

having lithologic unity within a general tab

ular or lens form. It arises from variations 

in texture, particle size, and composition; 

from halting of deposition; and from changes 

occurring in sediments during a halt in deposit

ion, 

Twenhofel^ states ttiat the "probable 

causes of stratification are changes of 

weather, clianges of climate, clianges of com

petency of currents not closely related to 

Y/eather, rise of sea-levol, growth of organ

isms, and the settling of susi)ended sediments." 

He also states that units of stratification 

usually range from 5 to 50 cm, in thickness; 

although some may range up to several meters 

4 Twenhofel, op,cit.. p. 498 
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in thickness. Also, according to him, a unit 

that separates more or less readily from units 

above and below it should be termed a "stratum," 

and if the stratification planes are 1 cm, or 

less apart it should be called a "lamina." 

A formation is a mappable rock unit, and 

is, according to Pettijohn^, the largest 

stratification unit. A formation may be com

posed of lesser units, "members," and "sedi

mentation units," which in turn may show the 

smallest recognizable units called "lamina

tions • " 

T. G. Payne^ has defined stratification 

units within more definite limits. His class

ification is as follows: 

F'issile . . less than 2 mm. in thickness, 

Shaly , . , 2 to 10 mm, in thickness. 

Flaggy • . 10 to 100 mm. in thickness. 

Massive . , more than 100 rmi. in thickness. 

P. J. PettiJohn, Sedimentary Rocks, (New 
York, 1949), p, 121, 

^ T. G, Payne, "Stratigraphical Analysis 
Environmental Reconstruction," A. A, P, G. 
Bulletin. Volume 26, (1942), p. 1696 to 1770, 
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G. H. Otto*'' defines a "sedimentation 

unit" as "that thickness of sediment which was 

deposited under essentially constant physical 

conditions," 

Current Bedding 

Current bedding is usually the result of 

running water. The laminations are usually due 

to alternating coarse and fine materials, alter

nating light and dark materials, or a change in 

the type of material that is deposited. The 

laminations are usually fine grained, and less 

tlian 1 mm, in thickness. Current bedding is 

subdivided into four types which are: (1) 

regular or parallel, (2) inclined, (3) torrent

ial, and (4) i»olling. Rolling current bedding 

is the only typo or sub-division of current 

bedding that was not found In the Ogalalla 

group. 

Regular or Parallel Bedding 

In regular or parallel bedding the layers 

are deposited horizontally and parailed to 

•7 G, H, Otto, "The Sedimentation Uhit and 
Its Use in Field San?>ling," Journal of Geology. 
Volume 46, (1938), p, 569-582. 
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each other, and tliey may be repeated with or 

without a change of lithology. 

Fig, 2. Regular or Parallel Bedding 

In the Bridwell formation there is a very 

definite and repeated alternation of lithology 

from sand to shale. This alternation may have 

resulted from weather changes which could have 

produced floods, and tlie floods in turn may 

have broû ĥt many sediments to the site of 

deposition producins thick and widespread 

deposits of sand. Times between floods pro

duced thin deposits of smaller dimension part

icles such as occur in shale. This accounts 

for the many layers of shale that occur in the 

bridwell formation. 

Inclined Bedding 

Inclined bedding usually occurs in sandy 

or granular deposits. Some of the various 

types of inclined bedding are simple inclined 

bedding, diagonal bedding, and cross bedding. 

Some types of inclined and cross bedding as 



listed by Pettijolm^ are: "(1) continuous 

inclined-bedding, vdilch usu<:.lly occurs in deltas 

and alluvial cones, (2) continuous ijiclined-

bedding strata, v;here the inclined bedding is 

set off froii rdj lilar bods by continuous horiz

ontal strata, (3) lentlci-'.lar incllie-bedding, 

which can only be followed for a short di5;tance 

because tlie "diagonal," "convex," and "concave" 

bedding we(li:es out between other sinilar Tinits." 

Pig. 3. Continuous I:iclinocl-r odding 

Pig. 4. Continuous Incline-Bedded Strata 

Fig. 5. Lenticular Incline-lie'Id ing 

cou-'-ar.d-fill structuros occur in tlie 

8 Pettijohn, op.cit.. p. Ib2. 
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Ogalalla group. According to some authors they 

are classified as a type of inclined bedding, 

but in this paper they are discussed later as 

an independent type of structiu^e. 

The other type of inclined bedding that 

occurs in the Ogalalla is cross bedding. In 

section rv, a 2 foot layer of cross-lamina ted 

sand was found. The laminations dip toward the 

west at an angle of 30 degrees, and are bounded 

by horizontal beds above and below. Above are 

2'6" of liglit buff sand and below 2« of light 

buff sand. 

Torrential Bedding 

Torrential bedding is another primary type 

of current bedding. Pettijoiin^ describes it 

as "ttie bedding which characterizes the coarsest 

fluvial gravels and conglomerates. Such bedding 

is marked by horizontal strata of large pebbles 

and cobbles, Tlie bedding units are thick, ill 

stratified, and markedly imbricated locally," 

^ Pettijohn, op.cit.. p. 132, 
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• ' .* •/• • • • 

•^!^v<>;•;P^;•r?.•.•bV.•.'^••V^•••••^=:••• ;<?:/.-

Fig. 6, Torrential Bedding 

On the east side of the canyon near 

Slaton, a layer of coarse ip?avel and conglomer

ate ranges in thiolmess from 2 to 4 feet. Some 

of the pebbles in this gravel attain a diameter 

of four inches. Materials of organic origin 

such as mollusca shells of Comanchean age and 

petrified wood of Triassic age are also present. 

The size and imbricated position of the materiail 

is indicative of a high velocity stream, which 

has resulted In torrential bedding, list ending 

seven feet above the conglomerate, beds of 

gravel are interlensed in the reddish brown 

sandy shale layer. The lenses are local and 

also may be the result of torrential oedding. 

Scour and Pill 
MWIM^MMMa* 

Under c e r t a i n l o c a l cond i t ions the erosive 

pov/er of streams becomes g rea t enough to scour 
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shallow depressions in the loose, unconsolidated 

bottom sediments or to erode solid rock over 

which the water is flowing. Some excavations, 

produced in this manner, are asymmetrical pits 

and troughs, When excavation ceases and de

position starts, the depression Is then often 

baokfilled with more coarsely textured material 

than is found in the sub-stratum,^^ 

Scoiu*<»and-fill structures occur at various 

horizons in the Ogalalla group. In section IV, 

Buffalo Lakes area, a cross-laminated sand 

layer, 3'4" thick, occurs about 9 feet above the 

basal conglomerate. The cross-laminations are 

probably a result of scour-and-flll, because 

the inclined laKiinations are of a coarser 

texture tlian tiie material above and below them. 

Fig, 7, Scour and Fill 

^^ Robert R, Shrock, Seq̂ uence in Layered 
Rocks, (New York, 1948), p, 230, 
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In section II of the Slaton area, channel 

gravel beds near the middle of the Bridwell 

formation show evidence of scour and fill. 

The contact between the gravel and the 

underlying sand is an undulating surface. The 

sand was scoured out by stream erosion and this 

was followed by backfilling of the gravel. 

Unconformity 

Twenhofel-̂ -̂  states that, "an unconformity -— 

represents a break in the geologic sequence and 

is a surface of erosion or nondeposition sep

arating two groups of strata," If the stratum 

below an unconformity is not parallel to the 

stratum above the unconformity. It is a non- ^—• 

conformity; and if the strata above and below 

an unconformity are parallel, it Is a discon

formity. In general, a nonconformity indicates -

deformation followed by subaerial erosion, A 

disconformity represents a break of at least ""^ 

formation value in the geologic sequence, A 

break of less value would be termed a "diastem," 

•̂ ^ V/, H. Twenhofel, Treatise on Sedimenta* 
tlon* (Baltimore, 1932), p, (!)S5, 
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Uncon. 

F i g . 8 . llonconforitiable Unconfor. l i ty 

Uncon. 

Fin* 9« blnconfornable Unconfon ilty 

Two dlsti.i;;ul3liable unconformities are 

associated with the 0;salalla, and both are of 

tlie disGonforiilty t;f;;e. fliese unconforM.lties 

ser)arate the Ogalalla fro. i the overlying 

PleiatocenG and tho underlying Cretaceous or 

Triassic, depondinc on ULG locality, both of 

these are conl-f lontal uiicoiifori.iities. A 

conti;jental uncoyjforMiby is deflicd as an 

erosional breal: caused by a continental agont 

after deuosltl ;n of terrestrial materials. 

'±hQ agent of de;.:)osition may be eoliau, glacial, 

or aqv.Gous. In the case cited, tbo a,:;ent of 
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deposition was aqueous. 

Mud Cracks 

Kud Cracks are special features of primary 

origin appearing on bedding planes. They do not 

fit tlie classification of any particular primary 

group. Mud cracks result from the loss of 

contained water in sediments exposed to the air. 

The cracks join to form an irregular, checkered, 

polygonal pattern. They are preserved by desic

cation, lithification, and covering, \ftien 

the cracks are filled and lithified they consti

tute mud crack casts. 

oo 
Cross-section Top View 

Pig, 10, Mud Cracks 

Mr. J , B a r r e n , i n a paper on mud c racks , 

has shown tha t "they form one of the su res t 

i n d i c a t i o n s of the c o n t i n e n t a l o r i g i n of 

a r g i l l a c e o u s d e p o s i t s . "-^^ 

12 J . B a r r e n , "Relat ive Geological Import
ance of Cont inen ta l , L i t t o r a l , and I»torine Sedi
menta t ion , " Joux^al of Geology. Volume 14 (1906) 
p . 524«568. 

file:///ftien
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Poasil mud cracks were found in zone 10 

of section I, about five miles east of Slaton 

on the west escarpment of the canyon. They 

occur in a shale lens and have been filled with 

sand from the younger layer, thus giving the 

appearance of very small irregular clastic 

dikes. 

Armored Mud Balls and Simla Flake a 

Armored mud balls are sub-spherical balls 

of clay that are coated or armored with gravel, 

H. S, Bell states that, "mud balls are formed 

by title molding and abrading of chunks of clay 

n^ich fall from banks or are torn from the 

bottom of a stream or other body of water. 

Armoring is explained by Twenhofel and V/ent-

worth as the accretion of pebbles, etc., to the 

mud balls through pressure,"^^ 

l^d balls have been found ranging in size 

from a fraction of an inch up to about 20 inches 

in diameter, but usually they are from 2 to 4 

^^ H. S. Bell, "Arraored Mud Balls — Tiieir 
Origin, Properties, and Role in Sedimentation," 
Journal of Geology. Volume 48, (1940), p. 1-31, 
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inches In diameter. I t has been determined by 

B e l l that the v e l o c i t y with which a mud b a l l 

w i l l move i n a stream, without d i s i n t e g r a t i n g , 

i s i n v e r s e l y proport ional to the diameter of tlie 

b a l l , 

SIZE VELOCITY OF STREAJ.I 
(diameter in inches) ( f e e t per second) 

2 32 

4 16 

8 8 

12 ^- 5 

Mud balls, though comparatively rare in 

the sediments, are important as they furnish a 

means of estiiaating the maximum velocity of 

ancient strearas. 

Pig. 11, Armored Mud Ball 

Shale flakes are flattened fragments, 

somewhat rounded to sub-angular in outline. 

These structia?es are much more common than 
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mud b a l l s , but l i k e mud b a l l s , they record 

contemporaneous channeling and erosion of s l ia los , 
:''•'•'•'•'.'::•:.'.•: . ; : • : : : .•.'.'.:-..•.•.'.•.;: • • V ' . ' : ' : - ' - ^ ^ ; ' ' ' V ^ A U ' - v ^ ' ^ v ^ 
.'::'!•.•'.'•'•'• •.'.•"•'.'. f : • *:V.;\;?.v\*V.-^'r-.-V'.V',': V; -' r:'.^•••>/••.-•"':*••;"'.•••-•';•.'•/'-' 

L * ' • * • • ' - . ' • • * • ' . * • * * • ' ' 1 1 • • " . ' • • • * . ' • ' "•'. • • • ' " * . ' ! •' . **- •" '* • • / - " ' • ' - ' .'I • ' . ' • " ; • ' • " • * ' • ' r " .**'l 
% " . ' ' - • , • " - • ' " ^ " • • • • " • * . - • * . ' . " - • • • , • • • ' • - . . ' • • • : / J * . T ; : .*,• r , * • • • ' • • "i 

Fig. 12. Shale Flakes 

Mud balls are found in most of the strata 

in the lower half of the Bridwell formation, 

ranging in size from approximately one iialf 

inch to 10 Inches in diameter. This indicates 

a velocity of between 5 and 8 feet per second 

for the stream that tî ansported them, because 

they would have been destroyed in a stream of 

higher velocity. Mud balls also occur in the 

basal conglomerate below the Couch formation. 

These range in size from a fraction of an inch 

to 2 inches in diameter, thus indicating that 

the stream which transported them was no more 

than 32 feet per second in velocity. The 

armored materials on the mud balls range in 

size from sand to small gravel, depending on 

the size of the mud ball. The armoring was 

acquired by the pressure of the mud ball's 

weight as it was rolled along the bottom of 

the stream. 
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The shale flakes, in the Ogalalla, range 

from a fraction of an inch to four inches in 

diameter and occur in the same localities as the 

mud balls. 

Nodulea 

Nodules are not a common type of con

cretionary growth. They are irregular, tuber

ous bodies of a mineral matter which is dif

ferent from the inclosing host rock. The 

surface is commonly warty or knobby, and the 

mass is usually elongated parallel to the bed

ding. The most coiiimon, chert and flint nodules, 

are typically found in limestone or chalk, Itony 

of these nodules seem to be irregular replacements 

of the host rock by silica. 

Caliche nodules are fotmd throughout the 

massive pinkish buff sandstone of the Couch 

formation. 

v̂ >;:: ;/^7.y^:^:.^^^•;:•:".::-V;:•;•:v:;.^^^:v:^;>i^;;^ 

'1'' ^^*% -I *-*• • •'•• * * *'\'7* "•"**. ••ri*» *. ' * *'.' •.-• •*.••'• ***- #• • 'r 1"» .* ••'. ••'. .'•••'•••f 

Fig* 13, Nodules 
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These nodules are rounded to sub-rounded in 

shape and have an irregular or knobby surface. 

They range in size from a very minute particle 

to three-quarters of an inch in diameter. There 

is no definite pattern of dispersal within the 

formation. Similar nodules are also found in 

several of the sandstone strata of the Bridwell 

fonaation. The origin of the nodules is unknown, 

but it is supposed tliat they were deposited by 

the circulation of ground water v/hich carried 

the mineral matter in solution. 



CHAPTER III. CONCLUSIONS 

The Ogalalla group is coii5)osed of conti

nental deposits which were derived iiainly from 

the eastern ranges of the Rocky Mountains during 

early and middle Pliocene time. 

The Couch formation is composed of compact, 

well-sorted pinkish-grey sand wliich v/as appar

ently sorted and redeposited by action of the 

wind. This is suggested by the massive character, 

lack of bedding, and the close sorting, rounding, 

and the pitted surfaces of the sand grains. 

Sediments in the Bridwell formation consist 

of unconsolidated sand, clay, and channel gravel, 

and probably represent channel and flood plain 

deposits of broad aggrading stream valleys. 

Apparently the stream flow was in the same general 

direction as the present drainage, but the 

velocity was variable from time to time, 

SediiiBntary*structures are important because 

of the infoimation they give concerning condi

tions of deposition and the original position of 

beds. 

The only post-Ogalalla diastropic movement ^ 

is a very slight up tilting of the area tov/ard 
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the southeast. This occurred during Pleistocene 

time. The nearly horizontal position of the beds 

shows that they have been little disturbed since 

the time of deposition. This is also suggested 

by scour and fill, unconformity, and mud cracks 

which are in the same relative positions they 

occuppied when formed. Had the beds been tilted 

or overturned, these structural features would be 

in an inverted position or at some angle to the 

horizontal. 

Armored mud balls range up to approximately 

two inches in diameter in the basal conglomerate 

of the Ogalalla group. Their occurrence indicates 

a stream velocity of less than 32 feet per second, 

because mud balls of two inches in diameter could 

not be moved by a stream of liigher velocity 

without destroying them. 

Armored mud balls up to ten inches In 

diameter were found in various parts of the 

Bridwell formation. Tills indicates transportation 

by a stream with a maximum velocity of six feet 

per second. 
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