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CHAPTER 1 

Introduction 

Purpose: 

The purpose of the study is to determine 

the origin and the environmental conditions 

of the sediments of the Ogalalla formation, 

Curry and Quay Counties, New Mexico, The 

investigation includes a detailed sediment study 

and a compilation of the results from which 

conclusions were derived. 

Location and Setting of Area; 

The area is a portion of the northern 

boundry of the Liano Estacado in southern 

W.uay and northern Curry Counties, New Jtiexico, 

The LLano Estacado is a stripped plain, gently 

sloping eastward and in New Mexico has a roll

ing surface. The boundary of the Estacado is 

marked by a north facing, steep east-west 

trending erosional escarpment, called the 

"breaks". The escarpment is approximately 

300-400 feet high, steep and irregular in 

outling. Vertical cliffs 75-100 feet high 

with steep talus slopes at the base are not 



m places where the resistant "Cap 

Rock" has been eroded the escarpment is deeply 

trenched by canyons. 

To the north of the escarpment is the 

Canadian River Valley. The valley has a fairly 

smooth floor carved in rocks of Triassic age. 

The drainage of the valley is to the north 

north east and most of the streams are inter

mittent. 

The climate of the area is semi-arid with 

a mean annual precipitation of approximately 

25 inches. 

The annual temperature range is from a 

low of approximately -5 degrees Fahrenheit in 

the winter to a maximum of 105 degrees 

Fahrenheit in the summer. 

Acknowledgments: 

The writer is grateful to Dr. Raymond 

Sidwell for suggestions on research procedure 

and for criticism of the manuscript. 

The writer is further indebted to the 

Geology Department of Texas TechnolOî ical 

College for the use of laboratory facilities 
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Geological literature was used freely, 

and some of the ideas in the paper were 
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CHAPTER 11 

Method and Procedure 

Collection of Samples: 

Samples of the Ogalalla formation were 

oollected in four different locations along 

the LLano Estacado Escarpment in Curry and 

Quay Counties, New Mexico. Samples in the 

area known as Section A were collected one 

mile west of Ragland, New Mexico; Section B, 

10 miles east and 4 miles north of Ragland 

Section C, 12 miles north of Grady, New 

iidexico where state highway 39 descends the 

escarpment; Section D, 8 miles north of 

Broadview, New Mexico. 

The samples represent a generalized section 

of their respective localities and do not 

represent all local variations in the formation. 

Laboratory Procedure: 

In the laboratory 25 grams of each sample 

were processed for carbonate content, clay 

content, texture and mineral composition. 

Carbonates were digested in dilute hydro

chloric acid and percentage representing diff

erence in weight of original material and 



1 esxuue aiier acid treatment were recorded. 

Clay materials were deflocculated by 

boiling in water to which approximately 

5 grams of sodium bicarbonate had been added. 

The suspended materials were removed by 

decanting. 

Sand sizes were separated into grade 

sizes by use of Tyler Standard -»ieves. The 

weight of each grain size was recorded. 

Heavy minerals from 1/8 to 1/4 and 1/16 

to 1/8 mm, sizes were removed by the brorao-

fori method. 

Heavy minerals were seperated into 

magnetic and non-magnetic groups by use of 

the electro-magnet. 

"̂ he identification and general character

istics of the minerals as to frequency of 

occurrence, degree of abrasional wear, sphericity 

of the quartz, inclusions, alteration products 

and important optical properties were determin

ed by the use of the binocular and polarizing 

microscopes. 

The percentages of the calcareous material, 

clays, and each grade size larger than 1/32 

mm, were determined and recorded by graphs. 



Characteristics of the sediments, 

including texture, mineral content, alteration, 

inclusions, and abrasional wear were utilized 

to determine the origin and depositional 

environments of the Ogalalla sediments* 



CHAPTER III 

Stratigraphy 

The rocks exposed in the LLano Escarpment 

range in age from Triassic at the base to 

Recent at the top. The oldest exposed rocks 

form the Redonda member of the ^hinle formation 

of the Upper Triassic, It consists of varigated 

sands, clays and fresh water limestone all of 

continental origin. 

The Jurassic system includes, sands, silts, 

clays and shales of continental origin. 

The Wingate and Morrison formations comprise 

the strata of the Jurassic system. The Wingate 

consists of loosely consolidated, crossbedded 

sandstone and evenly bedded very fine grained 

sands* 

The Morrison formation consists of yellow 

and purple shales, sands and clays. 

The Cretaceous system of this area includes 

the Tucumcari, ̂ esa Rica, Pajarito members of 

the Purjatorie formation, possibly the Dakota 

formation and the ^raneros shale. 

The Tucumcari member of the Purgatorie 

cormation unconformably overlies the Morrison 



8 

formation and consists of black and grey shales, 

and yellow sandstone. 

The Mesa Rica member consists of cross-

bedded medium grained, buff colored sandstone. 

The Pajarito member consists of grey shales 

and sands overlain by a highly fossiliferous 

layer. 

"̂ he coarse grained quartz sand and siliceous 

conglomerate overlying the fossiliferous 

zone of the Pajarito shale are possibly of 

Dakota age. 

The Graneros shale overlies the Dakota(?) 

sandstone and consists of yellowish sandy 

shale. 

Unconformably overlying the above mentioned 

formations are the Tertiary deposits, consisting 

of clays, sands, caliche and conglomerates. 

The deposits are Pliocene in age and are termed 

the Ogalalla formation. 

Due to post depositional erosion of the 

Mesozoic rocks the Ogalalla formation rests 

unconformably on rocks of Triassic, Jurassic 

and Cretaceous age. In the vicinity of Ragland 

the Ogalalla rests on Triassic rocks. In the 

vicinity of the Bonita Fault zone, the 

Ogalalla rests on rocks of the Cretaceous age, 

to the north of the fault zone, on rocks of 



iriassic age south of the fault zone. This 

phenomena may be explained by the fact that 

the faulting was post Cretaceous and pre-

Ogalalla. Younger rocks are preserved on 

the down thrown side of the fault zone. 

In the localities, north of Grady and north 

of ^roadvlew, the Ogalalla rests on Cretaceous 

rocks. 

In the late Tertiary the uplift of the 

present day -"ocky Mountains occured. Eastern 

^ew Mexico, an area east of the mountainous 

zone, was a site for deposition of large 

quantities of clastic material. These materials 

constitute the Ogalalla formation. 

The Ogalalla formation consists of a 

heterogeneous interlensing mixture of light 

tan to reddish brown sands, sandy clays, thin 

stringers of caliche and conglomerates. The 

conglomerates at or near the base of the 

formation are local deposits. 

The following detail sections were taken 

along the LLano •'̂ scarpment. 

Section A 

Location: One mile east of Ragland, New Mexico 

Zone Lithology Thickness 

6 Buff colored fine grained sand and 6* 
clay, containing caliche pebbles. 
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5 Tan fine grained sands and clays 8' 
containing olay balls, and caliche 
stringer. 

4 Light red sands and clays. 8' 

3 Reddish brown sands 12* 

2 Grey sand and clays with 3'6" 
disseminated stream pebbles, 

1 Conglomeritic zone, containing 12' 
sands, pebbles and cobbles. 

Total 43«6" 

Section B 

Location: ten miles east and four miles 
north of -̂ agland. 

Zone Lithology Thickness 

6 Grey sands and clays with disseminated 15' 
caliche pebbles, 

5 Unconsolidated pebbly conglomerate 1'6" 
in fine grained sandy matrix. 

4 Red-grey unconsolidated sand and 6* 
olay containing caliche pebbles 

3 Qrey sand and clays 4' 

2 Stream gravel conglomerate, sandy 3' 
matrix* 

1 Tan calcareous sand and clays* 15' 

Total 44'6" 

Section C 

Location: 12 miles north of Grady, New Mexico 

Zone Lithology Thickness 

3 Brownish red sand and clays 6' 
containing caliche pebbles 
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2 Buff colored fine grained sands 7' 
and clays with caliche pebbles, 

1 Red calcareous sand 23' 

Total 36' 

Section D 

Location: 8 miles north of Broadview, New Mexico 

2one Lithology Thickness 

3 ^rownish red sand and clays containing 15' 
caliche pebbles, 

2 ^ed sand containing patches of white 15' 
sands and caliche stringers, 

1 Tan colored fine grained sand and clays 3* 

-̂ otal 33' 
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CHAPTER IV 

Characteristics of the Sediments 

The sediments of the Ogalalla formation 

include both clastic and non-clastic material. 

'̂he clastic sediments include, cobbles, 

pebbles, sands and clays. The cobbles are 

present in local areas as a basal conglomerate* 

They were probably derived from an igneous 

and metamorphic terrane, The cobbles are 

composed of well rounded fragments of igneous 

and metamorphic rocks, poorly sorted and inter-

lensed with coarse sands and gravel, 

The pebbles are present in the basal cong

lomerate and occur within the formation as 

thin conglomeritic zones. The pebbly conglo-

uerates within the formation show imbricate 

structures and graded bedding. 

The sands of the Ogalalla formation are 

composed chiefly of quartz. The quartz grains 

are well rounded and well sorted. The mean 

grade size is 1/4 to 1/8 mm* 

Caliche is the only non-clastic sediment 

worthy of mention. It occurs as thin stringers 
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throughout the formation and as disaemin-ted 

pebbles, ^he stringers vary from 2 to 4 inches 

in thickness and from a few to several hundred 

feet in length, 

Abrasional Wear: 

All particles show some degree of 

abrasional wear which was recorded as 

rounded, subrounded, subangular and angular. 

It is well developed on quartz, leucoxene, 

magnetite, tourmaline and less well developed 

on zircon. Approximately 36 percent of the 

quartz grains are subangular, 55 percent 

subrounded and 9 percent rounded. 

The degree of abrasional wear of 

tourmaline is higher in the 1/8 to 1/4 mm, 

grade size. Approximately 70 percent of the 

grains are subrounded, 10 percent angular and 

20 percent rounded. 

Leucoxene shows maximum abrasion in the 

1/8 to 1/4 mm. grade size, with approximately 

80 percent of the grains subrounded, 15 per

cent rounded and 5 percent angular* 

Sphericity of Quartz: 

Sphericity is defined as the ratio of 

the surface area of a particle to the area 

of a sphere of equal volume* 
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The sphericity of the quartz varies 

but little throughout the formation, average 

of .77* ĥe 1/4 to 1/2 mm. grade size has 

a higher sphericity than the other grade sizes* 

Inclusions in Minerals: 

Inclusion were noted in quartz, tourmaline 

and zircon, T̂ e inclusions were of the following 

types: rounded and platy opaque particles, 

and cavities which were gas or air bubbles* 

idlest of the inclusions in quartz consist 

of rounded, black opaque substances; a few 

platy opaque particles, and rarely a reddish 

brown mineral. Cavities and small opaque 

inclusions were noted in zircon. Inclusions 

in tourmaline are limited to a few minute 

opaque particles, 

ĥe inclusions and other characteristics 

of these minerals indicate that they were 

derived from metamorphic rock. 

Alteration of Minerals: 

Ilmenite has been altered to leucoxene. 

Supporting evidence is indicated by a coating 

of leucoxene on some of the ilmenite grains 

and by weakly magnetic property* 
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CHAPTER V 

Heavy Minerals 

Occurence of Minerals: 

The abundance of heavy minerals in 

decreasing order are: magnetite, zircon, 

ilmenite, epidote, leucoxene, rutile, hematite, 

garnet, tourmaline and hornblende. 

The heavy minerals are generally con-

centratec in the 1/8 to 1/16 mm. grade size. 

Description of Heavy Minerals: 

Magnetite: 

Magnetite is the most abundant heavy 

mineral, making up approximately 35 per

cent of the heavy mineral suite. The grains 

are subrounded to rounded, and are concentrated 

in the medial portion of the formation. In 

reflected light the grains exhibit metallic 

to submetallic luster and have a smooth or 

pitted surface* 

Zircon: 

Zircon is second in abundance to magnetite 

and constitutes up to 3C percent of the heavy 

mineral suite. It occurs as clear and mauve. 
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subrounded to rounded grains, some of which are 

pitted and striated, '̂he grains attain a 

high degree of rounding in the medial portion 

of the formation. Inclusions in zircon are 

rare, but when found they occur as dark opaque 

particles, 

Ilmenite: 

Ilmenite constitutes 10 percent of the 

heavy mineral suite. It occurs as subangular 

to rounded grains, often with a coating of 

leucoxene* Ilmenite has a metallic luster 

and is brownish to purplish black in reflected 

light, 

Epidote: 

Epidote is greenish yellow and the grains 

are rounded to subrounded with frosted or 

smooth surface* Occurrence of epidote is 

uniform throughout the formation. The mineral 

is weakly magnetic and comprises 7 percent 

of the heavy mineral suite, 

Leucoxene: 

Leucoxene constitutes 6 percent of the 

heavy mineral suite. The majority of the 

grains are subrounded to rounded, with smooth 

surfaces* Color is light brown to white with 

a porcelain like luster in reflected light* 
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•̂ ome of the grains are weakly magnetic, indicat

ing partial alteration of ilmenite. T^e occur

rence of leucoxene varies little throughout the 

formation, being slightly less in the medial 

portion of the formation. 

Rutile: 

Rutile occurs as subrounded to angular 

brownish red grains. It is v'veakly magnetic 

and comprises 4 percent of the heavy mineral 

suite • 

Hematite: 

Hematite constitutes approximately 

2 percent of the heavy mineral suite. It 

occurs as powdery aggregates and as coating 

on quartz grains. Hematite is red to black 

in reflected light* 

Garnet: 

Garnet occurs as pink subrounded grains. 

It is weakly magnetic and comprises 2 per

cent of the heavy minerals. 

Tourmaline: 

Tourmaline is found as subrounded and 

rounded grains and as elongated prisms with 

rounded terminations. The grains vary from 

brown to blue green and are weakly magnetic. 

Inclusions are rare, consisting of gas bubbles 
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and dark opaque particles. 

Tourmaline comprises 2 percent of the heavy 

minerals. 

Hornblende: 

Hornblende is the least abundant of the 

heavy minerals. It is blue-green, weakly 

magnetic and occurs as angular and platy 

grains. 
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CHAPTER VI 

Sedimentary Structures 

Three sedimentary structures observed 

in the Ogalalla formation are clay balls, 

cross-lamination and imbricate structures* 

The clay balls are spherical in outline 

and are marked by concentric structure. They 

are composed of loosely consolidated light 

brown to grey clay, sand and gravel. 

The clay balls are present in the basal 

and upper medial parts of the formation. 

Those in the basal portion of the formation 

were probably formed by rolling of fragments of 

mud dislodged from the stream bank during 

deposition of the sediments. T̂ ^̂ se in the 

medial portion of the formation were probably 

formed by rounding or rolling of hexagonal 

mud plates formed between sun cracks developed 

along the mud flats of the streams during 

periods of exposure to the atmosphere* 

Cross-Lamination: 

Cross-lamination is well developed in 

the conglomeritic zones of the formation. The 

top set laminae are absent and the bottom set 
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laminae are porrly developed or absent* 

Foreset ^aminae are well developed, truncated 

at the top, and are tangent to the under

lying layers. The thickness of the laminae 

varies from a few inches to several feet, 

depending on the size of the conglomeritic 

material, 

Imbricate Structure: 

Imbricate structure is developed in some 

of the local conglomerates within the formation 

''•he pebbles are relatively flat, closely spaced 

and dip gently to the west and north west. 

Significance of Sedimentary Structures: 

The presence of cross-lamination, clay-

balls, and imbricate structure indicates 

that the formation was deposited by streams 

flowing in an eastward direction. 
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CHAPTER VII 

Origin and Condition of Î eposition 

of the Ogalalla^ i'ormation 

History of Environment: 

During late Cretaceous and early Eocene 

times the ^̂ ocky Mountain region was uplifted. 

The intense folding, faulting and vulcanisra 

left the region topographically higher than 

the adjacent areas. Conditions were favorable 

for rapid erosion of the high lands and 

deposition of resulting sediments in intermontane 

basins and as flood-plain and alluvial fan 

deposits on flanking areas. 

The Great Plains Region to the east of 

the mountainous region was fairly level 

throughout the Tertiary and was the scene of 

wide spread deposits of continental sediments. 

These sediments were carried out of the mount

ains and deposited as flood plain and alluvial 

fans by streams. Sediments of each ^enozoic 

epoch are represented on the Great Plains, 

However conditions of deposition vary locally 

in both time and place and some areas were 

undergoing erosion. Since sediments of early 
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Tertiary age are not present in the area 

studied it was probably undergoing erosion during 

early Tertiary times. 

By Miocene time the highlands had been 

worn down and the basins filled with sediments 

and the ureat Plains had become a smooth, feature

less plain. 

In late Tertiary and early Quaternary 

times the "̂'ocky Mountains were rejuvenated, 

resulting in uplift of the ^reat Plains with 

slight tilting to the east. Again the Great 

Plains became a site of deposition of large 

quantities of continental sediments. An area 

extending from the Edwards Plateau, in ^exas, 

northward into Nebraska and eastward from the 

Rocky Mountains to approximately the east 

boundary of the Texas Panhandle was covered 

by a mantle of detrital material, termed the 

Ogalalla formation, 

Faoies of Deposition: 

The Ogalalla formation was probably 

deposited in a piedmont environment. 

The piedmont environment is that portion 

of a stream's course where the steep gradient 

of the highlands pass into the gentle gradients 

of the bordering lowlands. 
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The quantity of sediments carried by the 

streams varies with several conditions such as; 

amount and distribution of rainfall, gradient, 

and available load. The latter is in part 

determined by the character of the parent rocks. 

Great quantity of sediments is favored cy much 

rainfall, steep slope, weak rocks, and glaciers 

at the head of the streams with much freezing 

and thawing in the highlands. 

The streams from the highlands, entering 

the bordering lowlands, tend to have great 

velocities and competencies. The total load 

depends on the size of the streams. As the 

streams enter the bordering lowlands there is 

an abrupt lowering of the velocities of the 

streams, thus lowering the competency of the 

streams, resulting in deposition of large amount 

of their loads. As the stream continues across 

the lowlands the velocities of the streams 

continue to decrease due to seepage and 

evaporation. Hence, large a mounts of coarse 

materials are deposited close to the highlands 

with deposition of finer elastics in the fring

ing areas of the piedmont. 

The streams have a shallow channel and are 

constantly being dammed and filled by deposition. 
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These channels are frequently abandoned 

and new channels established with a return of 

rain fall and new stream vigor. 

The deposits of the piedmont are more or 

less composed of porous material and as the 

streams f]ow across them much water is lost 

by absorption, ^his loss in volume causes 

increased amounts in deposition. Some of the 

water may reappear at the lower ends of the 

piedmont deposits. 

Piedmont deposits consist of material 

ranging in size from clay to boulders. The 

deposits are characterized by interlensing units, 

cut and fill structure, cross-lamination, 

poor sorting and stratification. Lenses 

persist for but short distances and decrease 

in textural size and thickness away from the 

source of the sediments, 

^ fluviatile origin of the Ogalalla 

formation is evidenced by: (1) interlensing 

of units, (2) cross-lamination, (3) sorting and 

poor stratification, (4) texture and (5) cut 

and fill structures. 

The sedimentary units of the Ogalalla 

formation are lenses. The lenses vary in 

thickness from a few inches to several feet 

and in length from a few to several hundred 
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feet. The lenses are composed of sands, clays 

and gravel ,in variable admixtures. The lenses 

in the basel portion of the formation are of 

short lateral extent and composed of coarse 

material of varing thickness, T̂ e lenses of 

the medial and upper portions of the formation 

tend to be composed of finer material, thicker 

and of greater length than the lenses of the 

basal portion, ^ crude stratification is 

developed in the lenses, but stratification of 

the formation as a whole is absent -ir poorly 

developed, 

Source of Sediments: 

The sediments of the Ogalalla formation 

were probably originally derived from the 

Sangre de ^risto '̂ iountains, -̂ ôurce of materials 

are reworked sediments from older fornations. 

The heavy mineral suite indicates thct 

the sediments were derived /rom various sources. 

Some are igneous others are metamorphic and 

still others are reworked pre-existing sediments 

The iron minerals noted in the Ogalalla 

formation are: ilmenite, magnetite, hematite ^ 

and leucoxene, Ilmenite and magnetite were 

probably released from parent rocK as little 

changed particles. Hematite and leucoxene 
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are probably products of deonposition and 

alteration. Some of the hematite was prooably 

formed by decomposition of magnetite. Leucoxene 

is probably an alteration proauct of ilmenite. 

The iron minerals show considerable 

abrasional wear indicating a source of re-

woricea sediments. 

The clays are probably the end products 

of mechanical and chemical decomposition of the 

relatively unstable constituents of the igneous 

parent rocks. T^ey were transported and de

posited with the other sediments. 

Caliche occurs in many places in the 

formation, -Essentially, the caliche is made 

of clastic material of silt and 3 .nd sizes, 

bonded in calcium carbonate cement. Calcium 

carbonates, with minor amounts of other salts, 

were probably carried into the depositional area 

along with clastic materials. In arid and 

serai-arid climates there is a tendency 

daring wet seasons for these salts to be carri

ed downward to a zone of concentration near 

the water table. In times of dryness these 

salts may be carried back toward the surface 

as the ground water is drawn upward by 

capillary action, T^ig might result in a 

concentration of calcium carbonate at or near 
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the surface. The carbonates would then form 

the bindiug material in caliche stringers 

similar to those noted in the Ogalalla formation. 

The Caliche pebbles n)ted in the form-

tion may be fragments derived from rev,Driving 

of a Ct^liche layer. A layer of caliche may 

have been formed at the surface during periods 

of dryness, ^hen the caliche layer was 

reworked forming a fragmental caliche zone. 

^he resulting, fragments were incorporated in 

the underlying sediments and in sediments iayed down 

over the zone. 

'•^ Metamorphic origin of the quartz is 

suggested by an undulatory extinction of the 

grains and by platy inclusions. 

^ source of reworked sediments is 

suggested by: (1) abrasional wear of stable 

heavy minerals, (2^ absence of relatively 

unstable minerals, and (3) metamorchic quartz, 

Conclusion: 

Evidetices presented by the analysis of 

the sediments of the Ogalalla formation 

indicate that the sediments were deposited 

in a piedmont environment, have had a fairly 

long erosional history and were derived in 

part from igneous and metamorphic parent rocks 

and from pre-existing sediments. 

TEXAS TECHNOLOGICAL COLLEGE 
LUBBOCK, TEXAS 
LIBRARY 
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CHAPTER VIII 

Comparison of The Ogalalla î ormation 

in Different l-ocalities 

The Ogalalla formation of this study is 

similar lithologically to the Ogalalla or 

its equivalent of other areas but differs 

somewhat in texture and thickness. 

The Ogalalla formation of "allace Co., 

Kansas, as defined by M. K. Ellas, consists 

of buff to pinkish colored, unsorted sands 

and gravel, usually mixed in various proportions 

with fine dust. In some areas fine unctuous 

clays of light green and reddish brown colors 

constitute important beds in the lower part 

of the formation. In the middle and upper 

parts, lenses of white and pinkish limestone 

occur. 

The Ogalalla of Kansas is defined as 

a group, consisting of four formations, 

2/ Elias, M. K,, University of Kansas Bulletin 

Volume 32. Number 7 (1931.) 
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a^Laming a total thickness of 3C0-500 feet. 

From youngest to oldest the formations have 

been described as: Kimball formation; 25-50 

feet thick, consisting of silt, clay and fine 

sand, partly cemented with caliche. 

Sidney travel: 20 feet thick, consisting of 

crystalline sand and gravel ranging in texture 

from fine and medium river sands to pebbles 

and cobbles as much as 4 to 6 inches in 

diameter, ^sh Hollow formation: consists of 

layers of gravel and sand, silt and fine 

sandy clays with beds of volcanic ash, all 

more or less indurated into hard caliche beds 

at fairly regular intervals, attaining a 

thickness of 250-265 feet, 

Valentine formation: consists of uncon

solidated, fine grey sands, 175-225 feet 

thick, which constitute the lowest and oldest 

part of the Ogalalla, 

In Texas the equivalent of the Ogalalla 

formation is the Panhandle formation. The 

Panhandle formation includes all deposits 

31 

Z/ Lugn, A. L , , C l a s s i f i c a t i o n of T e r t i a r y 

System in Nebraska, (£>ul let in G . S . A , , 

V o l . 5 0 , No. 8 , Aug. 1 9 3 9 . ) 
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younger than Mesozoic and older than Recent 

deposits of the "̂ taked Plains of Texas 

The Panhandle formation consists of sand, 

clay, arkosic grit, gravel and conglomerate. 

The sand is grey, coarse to medium grained, 

and in some places contains lentils of clay and 

gravel. 

The clay is brown or buff, poorly bedded 

and grades into sandy clays and sand. 

The conglomerate occurs as a basal bed. 

The materiel consists of rounded and subrounded 

pebbles, cobbles, and in some places of boulders 

derived in part from underlying beds and in 

part from distant sources. The pebbles are 

composed of igneous, metamorphic and sediment

ary rocks. 
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Summary 

The Ogalalla formation, in eastern 

New Mexico, consists of hetrogeneous inter

lensing sands, sandy clays, conglomerates 

and caliche. The sediments are dominantly 

clastic and the mean size grade for sands is 

1/8 to 1/4 mm, T̂ e clays occur chiefly in the 

upper portion of the formation. Carbonates 

are concentrated in the upper medial and basal 

portions of the formation. 

The heavy minerals in decreasing order 

of abundance are magnetite, zircon, ilmenite, 

epidote, leucoxene, rutile, hematite, garnet, 

tourmaline and hornblende. 

All the minerals show some abrasional 

wear. It is well developed on quartz, leucoxene, 

magnetite, tourmaline and less well developed 

on zircon. Approximately 36 percent of the 

quartz grains are subangular, 55 percent 

subrounded, and 9 percent rounded. 

Inclusions were noted in quartz, zircon 

and tourmaline. The inclusions noted in 
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Huai ua were^round black opaque particles, 

platy opaque particles, and occasional 

reddish brown material. Inclusions in 

Z-ircon and tourmaline were rare, but when noted, 

they were black opaque particles and gas or 

liquid bubbles, 

Leucoxene was the only alteration product 

noted. It was probably altered from ilmenite. 

Some of the grains of ilmenite are coated with 

leucoxene, and other particles are weakly 

magnetic. 

Sedimentary structures observed in the 

formation are clay balls, cross-lamination, 

and imbricate structures. The clay balls 

are spherical in shape and contain inclusions 

of sand and gravel. Cross-lamination is devel

oped in the conglomerates. The laminae are 

inclined in an east or south easterly direction. 

The imbricate structure is present in some of 

the conglomerates. The pebbles are relatively 

flat and have a gentle dip in a west or north

westerly direction. 

The origin and environmental conditions 

of the sediments of the Ogalalla formation 

are indicated by abrasional wear, alteration, 

texture, and inclusions in the minerals. 
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Fluviatile deposition of the Ogalalla 

formation is suggested by interlensing units, 

cross-lamination, poor sorting and absence 

or presence of poorly developed stratification. 

A source of reworked sediments is suggested 

by abrasional wear of heavy minerals, absence 

of unstable minerals, and quartz fragments 

which show strain shadov/s. 
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