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CHAPTER I 

INTRODUCTION 

This study of Cretaceous sediments. Quay County, New 

Mexico, was undertaken) 1, to obtain information on the e]%-

vironment of deposition; 2* to ascertain the location and 

type of source rook) 3, to study the sediments for character* 

is ties concerxiing the transporting agents) 4. to determine 

the erosional and weatherijog processes in post Cretaceous 

time* 

The geologic study was confined to Cretaceous out* 

crops south of the Canadian River in the vicinity of Tucum-

cari, Quay County, New Mexico* Tucumcari, the principal 

city in Quay County, ia located on U* S* Highway nuBa)er 66, 

about 100 mil<̂ a west of Amarillo, Texas, and l8l miles 

east of Albuquerque, New Mexico* 

There are three physiographic diviaiona in ^uay 

CountyI the High Plains, an escarpment, and the Canadian 

River valley* The High Plains area is nearly flat and in̂ -

eludes the southern one third of the county. The surface 

is broken by narrow valleys of the Brazos River drainage 

system, and shallow intermittent lakea* 

The escarpment, with a general east -^ west trend 
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and a height of 200 fe^t| separates the plains area frcna the 

Oanadian River wallasr* xt contains outcrops raiiging in age 

from tlie Triaasie to the FUiatoeene* 

The Canadian River valley, with an average width of 

about 40 miles eonsiata of flood plains on which stand speo* 

ial eroaional features | llonadnocka# Theae are riMaoanta of an 

extenaion of U;e High Plalna and stand about juO fe^t above 

Uie pl&UiB* The £2ona4noeks are flat topp^ and ̂ axped l^ 

reaiatant Cretameoua aandatonea* Some are ten square sailea 

in extent* 

The climate of Quay County l̂s aemi^arid with a mean 

annual teisperr.ture range betvten IC degrees Falt̂ renheit in 

«lanuary to 110 4^grmB Fahrenheit in July^ The r^an annual 

precipitation ia about 16 inches* Most of the precipitation 

is a&a^iated wiUi thunderstorms in the summer months* 

The first report on the geology of this area was in 

lB*j2 by Julea Marcou, who described the exposurea on TUOUB» 

cari aiiountain#̂  He aaaigned all the aedimenta above the Tri« 

aasio on Tucumcari Montain to the Jarasj:̂ ic« A few years 

latery in 18881 R« T* Hill viaited the area and conTirmed 

Marttoa*s interpretation* His findingsi as well as Marcou* a, 

were based on the invertebrate faonal content of the shalea« 

Tha outervpa on Tucumcari Mountain and Mesa Redox^la 

t.MM'm^i'^0m "••• WHW• aw•W*W»*M»i*r*l*WWWW»W****»*l*»W<NlwWiMiWW»iWMpiiX^tWtii , lnW,,»i VH 

a . ( l e j i r ^ t J - j i r ^ * -I«uaearx iiouauta-. is^ukHtU, 



were described in 1905 by T. W. Stanton,^ The same year the 

geology of the area was published by C. R. Keyes, 

Extensive geological exploration in the state has 

been done by the Bureau of Mines, State of New Mexico, 

2 T* W» Stanton, **The Morrison Formation and its Re« 
lations with the Comanche Series and the Dakota Formation", 
Ji^ur. of Gaol** XIII, (1905), 3^1-359. 



ChAPTLR I I 

?HOCi:,DuiiE 

The field work involved tî e collection of smplea 

from sedimentation units of tî e Cretaceous and the descrip* 

tion of the general and specific characteristics such as 

color, beddiz^, contacts, partings, resistivity and tl̂ ick* 

ness. The samirles were collected from four localities; 

1* in a canyon 11 miles east of the town of Ragland) 2. 

in a road cut on New Mexico state iiighway number 156 one 

mile west of the town of Ima) 3« in the west facing es

carpment of Mesa Redonda about two miles north of the town 

of Quay on New Mexico state Idghway number 18 and about 

three miles ea;>t of the highway) 4, in a road cut on a 

private road six miles south of the town of Montoya* The 

samples were stored in labeled paper bags for laboratory 

analysis* 

In the laboratory, 25 grams of material from each 

sample were utilised for detailed study. The procedure was 

as followsI 

1* The aggregates were broken down into sand siaes* 

Two blocks of soft wood î ere used to prevent 

breaking of the detrital graina* 

6 



y 

2« The carbonates were digested in cold, dilute 

hydrochloric acid* 

3« The insoluble residues were washed, filtered, 

dried, weighed, and the carbonate content deter* 

mined, 

4, Particles of clay and silt sizes, less than 1/32 

millimeter in diameter, were deflocculated by 

boiling in borax solution. The suspended part

icles were decanted. 

5» The residue was filtered, dried, weighed, and the 

silt content noted* 

6. Particles of sand si^e were separated into size 

grades with Tyler standard sieves. £ach size grade 

was weighed, and converted into percentage of the 

total sample* 

7* Heavy minerals were removed from grade sizes 1/4 -

1/8 and 1/8 - 1/16 millimeter by bromoform method. 

8. Heavy minerals were separated into magnetic and 

non^^magnetic grpups by the use of a bar magnet. 

The binocular microscope was used to identify minerals, 

to detemiine the degree of abrasional wear, aiui to study the 

sphericity of quartz and other mineral grains. In thin 

section study, the polarisixxg microscope was utilized to 

determine the type of cement, to study grain contacts and 

to identify minerala* 



CHAPTi-R III 

DESCRIPTION OF OUTCROPS 

The sequence of rock exposures in Quay County, from 

the base upward, are Triassic, Jurassic, Cretaceous, and 

Tertiary* The Triassic sediments are represented by tlie 

Chinle formation, which is subdivided into two members, a 

lower shale and an upper sandstone, Redonda member. The low* 

er shale has a wide distribution and consists of variegated 

sandy clay, interbedded with thin sandstones. In the upper 

part of the member is a thin argillaceous, fresh water lime

stone* The upper member, Redonda, is primarily a resistant, 

buff colored, massive bedded sandstone. The Triassic de

posits are nonmsurine, probably of alluvial origin. 

Sediments of Jurassic age consist of two formations t 

a basal sandstoxie, Wingate (equivalent to li;ntrada)3 and an 

upper shale and sandstone, Morrison, The Wingate (t) is a 

yellowiahf white, fine grained, poorly atratified, friable 

sandstone, probably of eolean origin* In some areas the 

basal Wingate (?) is conglomeratic, and intercalated with 

3 Robert L* Bates, **0il and Gas Investigations Pre
liminary Map 62*>, U*S*G*p* (1946), Sheet 2 of 2. 
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red arenaoeoua ahale and fine grained sandstone. Locally, 

a medial thin bedded, black to gray limestone separates the 

Wingate (?) and Morrison formations. 

The Morrison formation rests conformably on the 

Wingate (?) and consists chl̂ riy of shales with interbedded 

sandstones* The sediments attain a mtucimum thickness of 

about 250 feet* The shales are sandy, varicolored, (gray, 

red, purple, and green) and partly indurated* The sand

stones occur in lenses, usually less than four feet thick, 

and are medium grained and quartsose. 

Overlying the Jurassic sediments, unconformably, is 

the Purgatoire formation or group* This formation includes 

representatives of both lower and upper Cretaceous, and 

consists of four members which| from the base upward, are 

the Tucumcari shale, the Mesa Rica sandstone, the Pajarito 

ahale, and the Graneros shale*^ 

The Tucumcari member consists of on upper and lower 

ahale separated by a medial sandstone* The lower shale is 

gray to black, sandy, fossiliferous, poorly laminated, and 

about 14 feet thick* The medial aandstone is buff, fine 

grainedf friable, discontinuous, and about two feet thick. 

The upper shale is gray, poorly laminated, about 14 feet 

thick, and contains argillaceous limestone nodules* 

The Mesa Rica member is a yellow to buff, medium to 

^ lUflf 8ht;et 2 of 2* 
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coarse grained, cross bedded, massive ĉ andstone 64 feet 

thick. The basal portion is coinmonly conglomeratic. 

The Pajarito shale member, 4;: feet thick, is gray, 

sandy, poorly laminated, and fossilirerous with lenses of 

soft, brown to buff, fine grained sandstone. According 

to Bates it is of Washita age,5 

The Graneros shale occurs only along the Bonita 

fault zone in the southeastern part of the area. It is 

gray to black, fissile, fossiliferous, contains lenses of 

dark gray limestones, and is about 265 feet thick. 

Overlying the Graneros is a gray to black, thin 

bedded, resistant, siliceous limestone that weathers to a 

greenish blue. The thickness is a].proximately 30 feet. 

According to Bates it is possibly equivalent to the Green

horn member of the Graneros shale,^ 

The Tertiary sediments, Ogallala formation, are ex

posed in the north facing escarpment at the northern edge 

of the High Plains. The materials are nonmarine, probably 

fluvial, and consist of slightly calcareous, fine grained, 

buff to brown sandstones, and roundstone quartzite con

glomerates with a silty clay matrix. The pebules and 

boulders in the conglomerate range from one inch to two 

feet in diameter, and are cemented in the clay matrix with 

' Ibid, Sheet 2 of 2. 

^ Ibid, Sheet 2 of 2* 
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fresh water lime, caliche, and silica. 

Specific description of the measured sections of 

Cretaceous sediments follows. The section, in a canyon 

11 oiiles east of the town of Ragland, New Mexico, consists 

of the following units. 

Unit 

13 Sandstone 

12* Sandstone 

11, Sandstone 

10, Shale 

jl̂ egoyiptipfi yi:iickneifff 

Ogallala 

Light buff, fine grained, 

flaggy, with iron oxide ce

ment) a thin clay layer about 

five fe^t from the top, iron con

cretions aggregated near the top; 

medium bedded. 11* 

Light gray, medium to fine 

grained, solution î its, iron 

oxide cement, cross bedded. 8* 

Light gray, medium to fine 

grained, shaly partings, iron 

oxide cement) upper layer one 

foot thick, lighter gray, fine 

grained, limy, friable, moder

ately cemented, massive bedded. 3* 

Gray to black, nodular, silty, 

nonfosailiferous, poorly bedded. 4* 
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Unit 
JtMli2fi£ Lithology 

9* Sandstone 

8* 

5. 

4, 

Shale 

Saxidstone 

6, Sandstone 

Beipcy;̂ pt̂ i9h yhickne^a 

Light gray, fined grained, silty, 

almost siltstone; upper part con

tains iron oxide, basal layer 

about six inches of clay; 

massive bedded. 2' 

Light gray, sandy, slightly 

calcareous, thin to massive 

bedded, 9' 

Brown to yellow gray, med

ium grained, moderately in

durated, layers of iron oxide, 

thin clay partings, cross 

bedded. 

Yellow, fine grained, clay 

partings, thin conglomerate 

layers, some lime and quartz 

pebbles, quartz well rounded; 

sand lenses from one to 20 

inches thick; slightly calcar

eous, medium resistant, no 

bedding. 

Covered interval (no sample) 

Sandstone Yellow to brown, medium grained, 

scaly weathering, compacted) 

6» 

6.5' 

10 • 
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Unit 
£M1]2£C Lithology 

Shale 

2* Nodules 

1* Shale 

Description yhicKng^g 

conglomerate at the base with 

well rounded quartz pebbles 

about one inch in diameter, 

grade upward into thin, sand

stone layers; high iron oxide 

content, slightly calcareous, 

thin bedded. 

Yellow, sandy, gypsum abund

ant, poorly laminated, silty 

partings, thin bedded. 

Gray, limy, geode - like. 

Black to dark gray, silty; a 

five foot layer of irregular-

shaped fossiliferous lime nod

ules, thin bedded. 

Morrison 

4* 

14 • 

2* 

14' 

Total 93.5' 

Section in a road cut on New Mexico State highway 

number 156 one mile west of the town of Ima is as followsi 

Ogallala 

13. Sandatone Yellow to white, fine grained, 

conglomeratic, lime pebbles; 

grades up into caliche; massive 

bedded* 5* 
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Unit 
JiMAibfil Lithology 

12* 

11, 

10, 

8, 

7. 

6, 

Sandstone 

Sandstone 

Sandstone 

Shale 

Yellow to white, fine grained, 

iron concretions, iron oxide 

cement; two thin layers of gray 

shale, gypsum abundant; med

ium to thin bedded. 

Gray, fine grained, silty, 

iron oxide cement, shale part

ings, thin bedded. 

Gray to yellow, medium grained, 

iron oxide cement, clay part

ings, thin bedded. 

Blue to black, silty, poorly 

laminated, sand partings, thin 

bedded. 

Shale 

6> 

4» 

6« 

6« 

Sandstone Buff to brown, fine grained, 

dense, fossiliferous in lower 

part, Uî per part massive bedded. 15' 

Covered interval (no sample) î 

Shale 

Gray to brown, sandy, poorly 

laminated, sand partings, sand 

fine grained, grains sub rounded 

and frosted, massive bedded, 5*5' 

Black, silty, calcareous, poor

ly laminated, massive bedded. 12* 
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Unit 
»Wlfr<̂ ff Lithology Description Thic^?^^ 

4, Shale Gray to green, silty, poorly 

laminated, clay partings, thin 

bedded. 10* 

3* Covered interval (no sample) 7' 

2. Shale Light gray, silty, slightly 

calcareous, poorly laminated; 

clay partings; thin bedded, 6* 

1, Covered interval (no sample) 12* 

Morrison 

Total 99.5' 

Section in the west facing escarpment of Mesa 

Redonda about two oiiles north of the town of Quay on New 

Mexico State Highway number 18 and about three siiles east 

of the highway is as followst 

Ogallala 

6, Limestone Gray to white, chalky, nod

ular; pebbly layers; weathers 

mottled, thin to medium bedded. 10' 

$• Sandstone Yellow, fine to medium grained, 

with rounded pebbles, medium 

bedded. 18* 

4, Sandstone Yellow to buff, fixie grained; 

ahale lenses; medium bedded. 8* 

3, Shale Yellow, sandy; sand is fine 
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Unit 
Number Lithology 

Shale 

Shale 

Total 

Description Tfit,c)u^§§ 

grained; poorly laminated, sand 

partings, thin bedded, 13' 

Yellow to brown, sandy, slijhtly 

calcareous, poorly laminated, 

limy p<.rtings, thin bedded, 15' 

Black to blue, silty, calcar

eous, fossiliferous at the 

base, thin bedded, 22' 

Morrison 

86' 

27 

Section in a cut along a private road about six 

miles south of the town of Montoya consists oft 

Ogallala 

Sandstone Buff, medium grained, cherty, 

calcareous, fossil wood abun

dant, massive bedded, 9* 

Sandstone Light buff, fine grained, silty, 

medium bedded. 12' 

26, 

25 • 

24< 

Shale 

Sandstone 

23 Shale 

Dark gray to blue, well laminated, 

massive bedded, 10* 

Buff to brown, medium grained, 

iron oxide cement, thin bedded. 3* 

Gray to blue, sandy, poorly 

laminated, siassive bedded, 3* 
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Unit 
Mffiksx Lithology 

22, Sandstone 

21, Shale 

20. Sandstone 

19* Shale 

18. Sandstone 

17, Sandstone 

16, Shale 

1^, Sandstone 

14. Shale 

pe§cyjn?U9ft thiĉ tf̂ ffg 

Brown to gray, fine grained, 

friable, shaly, massive bedded. 3* 

Gray, Sandy; clay partings, 

thin bedded. 4* 

Buff to brown, medium to fine 

grained, calcareous, poorly in

durated, medium bedded. 3' 

Dark gray, sandy, poorly lam

inated, limy partings, thin 

bedded. 

Brown speckled, fine to med

ium grained, moderately indur

ated, iron oxide cement, med

ium bedded. 

Buff, fine grained, poorly 

indurated, calcareous, medium 

bedded. 

Gray, calcareous, poorly lam

inated, massive bedded. 

Light brown, medium grained, 

iron oxide cement, iron stain, 

hard, medium bedded. 

Black, sandy, well laminated, 

massive bedded. 

S5 

1' 

1' 
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Unit 

13* Sandstone 

12* Shale 

11, Sandstone 

10, Shale 

9* Sandstone 

8, Sandstone 

7, Sandstone 

6* Sandstone 

5* Shale 

Brown to buff, fine to medium 

grained, iron oxide cement, well 

indurated, thin bedded. 1*5' 

Gray to black, calcareous, 

well laminated, sandy partin^^s, 

thin bedded, 2.5' 

Yellowish cream color, med

ium to fine grained, iron 

oxide cement, massive bedded. 8* 

Yellow, sandy, poorly laminated, 

massive bedded. 3' 

White, fine grained, limy, 

poorly indurated, massive 

bedded. 6' 

Reddish brown, medium grained, 

iron oxide cement, iron con

cretions at the top, moderately 

indurated, thin bedded. 5' 

White, fine grained, moderately 

indurated, massive bedded. ^.3' 

Yellow to buff, medium to fine 

grained, iron oxide cement, 

resistant, cross bedded. 11' 

Greenish, brownish in spots. 
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Unit 
UmbSI • ^Ul*9loa Description Thickness 

sandy, finely laminated, con

tains limy lenses, massive 

bedded. 26' 

4, Covered interval (no sample) 20' 

3* Shale Black to gray, silty, thin

ly laminated, clay partings, 

thin bedded. 12* 

2, Covered interval (no sample) 22' 

1* Shale Yellow, sandy, fossiliferous, 

poorly laminated, mas;;ive 

bedded. >.5' 

Morrison 

Total 194' 



GJAi-TiiR IV 

CHARiiCXhRI^TIGS Oi' THJS CRLTACiiOJu i,̂ Dlî iJTS 

The exposures of Cretaceous roc^s in the canyon 11 

miles east of the town of Ragland, Î ew Mexico, are used 

as a type section in this paper. (See measured section, 

page 11), The sediments are uncojoformable between the 

Jurassic sandstones and overlying Tertiary deposits. The 

sandstones of Cretaceous age are cliff forming. A few 

local terraces have developed at the shale - sandstone con

tacts. These sediments, partly covered, support a sparse 

vegetation consisting of native grasses, salt cedar, and a 

few evergreens. The outcrops ĥ .ve been modeled by wind 

erosion, fluting, water erosion, solution, and pot hole 

scouring. These sediments ŵ r̂e analyzed for texture, 

mineral content, abrasional wear, sphericity, and binding 

materials* The charact<;)X'istlcs oi two types of sediments, 

fine grained and coarse grained, are Uw^scrihed. 

The basal sediments are shales and siltstones, with 

74 percent in the silt sizes and 26 percent in the sand 

aizea* Particles of sand si2.es uie coiicentrated in the 

1/4 - 1/8 and 1/8 - I/16 millimeter grade sizes with eight 

and 14 percent respectiVv^ly, About four percent of the 

20 
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material conaists of gypsum aggregates. 

Quartz, the dominant mineral, constitutes 94 per

cent of the sand sizes. Gypsum, second in abundance, 

occurs as ailiceous aggregates. The heavy minerals consti

tute less than one percent of the total. Zircon and tour

maline are most abundant, with smaller amounts of magnetite, 

iron oxide, and garnet. 

Three terms, rounded, sub angular, and angular, 

were suggested by Rittenhouse to describe abrasional wear,7 

Quartz and tourmaline, from grade sizes 1/4 - 1/8 and 1/6 -

1/16 millimeter, were used to determine the degree of round-* 

ness. About 30 percent of the grains are angular, 50 per

cent sub angular and 20 percent rounded* The grains in the 

grade size 1/4 - 1/8 millimeter show a higher degree of 

abrasional wear than those in the 1/8 - 1/16 millimeter 

range* 

According to Krumbein and Pettijohn sphericity refers 

to the form of a grain and is independent of roundness,8 

The sphericity scale used by Krumbein and Pettijohn (high, 

medium, and low) depends upon how closely the shape of a 

mineral grain approaches a sphere. Sphericity exercises an 

important control on the texture of the rock, 

^ G* Rittenhouse, *«Grain Roundness - A Valuable Geo
logic Tool**, A.A,P.G> Bull.. XXX, (1946), U92-1197. 

S W* C, Krumbein and F. J. PettiJohn. A Manual of Sed-
Ĵ mentarv Petrography, (New York, 1938) p. 28^. 
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The aphericity scale for quartz is medium for smaller 

grade siaes and high for larger grains. Tourmaline could not 

be uaed but ilmenite, one of the iron oxides, is character* 

ized by medium sphericity. The chief cementing material in 

the shales is calcium carbonate with a small amount of silica 

and iron oxide* The silica cement was determined to be chief

ly opaline material by the use of the petrographic micro

scope* The iron oxide, chiefly lisionite, occurs as a coat

ing on the sand grains and imparts a yellow color to the 

grains* 

The sandstones are characterized by a fairly uniform 

texture with about SB percent of the grains in the following 

grade size distributions 1/2 - 1/4 millimeter 37 percent, 

1/4 * 1/8 millimeter 38 percent, 1/8 - 1/16 millimeter 

13 percent. The silt content of the sand is less than 

four percent. 

Quartz, a dominant mineral in the sandstones, makea 

up about 9^ percent of the sediment* The heavy minerals coa^ 

prize about four percent of the sand sizes. In order of de

creasing abundance they includei tourmaline, iron oxide, 

leucoxene, magnetite, zircon, ilmenite, garnet, and rutile. 

Two minerals, quartz and tourmaline, in the 1/4 -

1/8 millimeter axid 1/8 • 1/16 millimeter grade sizes were 

used to determine the degree of roundness. The quartz shows 

a fairly high degree of abrasional wear with 17 percent 
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angular, 41 percent sub angular, and 42 percent rounded. 

Moat of the quartz graina are frosted and pitted. Abrasion

al wear of tourmaline is similar to quarts with 20 percent 

angular graina, 40 percent sub angular, and 40 percent 

rounded* The degree of roundness of the sands increases 

with the increase in size* 

Sphericity of the quartz ranges from fliedium to high 

with about 65 percent of the graina classified as medium 

and 35 percent as high* About 40 percent of the ilmenite 

ia characterized by high aphericity, about 40 percent by 

medium aphericity and 20 percent by low sphericity* 

Most of the sandstones are resistant and firmly 

cemented* The binding material is dominantly iron oxide 

with lesser amounts of calcium carbonate and silica* The 

iron oxide, chiefly limonite, imparts a yellow to buff 

color to the sandstone. The carbonate cement consists of 

calcite and dolomite. The calcite occurs as mosaic parti-

clea and as small graina in the binding material, Xt alao 

appaars on the outer margina of ahells and replaced particlea. 

The dolomite, a secondary mineral, occurs as elongated 

crystalline masses and as a replacement material in the 

interior of replaced ahella* The silica is chiefly opal 

and occura aa overgrowths on the margins of the quartz 

graina* 

Theae sediments are typical of thoae in the other 
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measured sections* Howeverf a few variations were noted. 

In the section near Ima, 30 miles west of the type section, 

the silt content was 69 percent in contrast to 74 percent 

in the type section. The calcium carbonate content of thia 

section waa increased by the thick fossiliferous sandstone 

member. The iron oxide content of the sands is much higher 

than in the type section. 

In the section on the west facing escarpment of 

Mesa Redonda, about 11 milea north of the type section, the 

ailt content decreaaea from 74 percent in the type section 

to 63 percent* Except for a decrease in zircon the heavy 

mineral content is similar to that in the type section. 

This measured section ia 86 feet thick, which is several , 

feet less than the other section* 

The measured section in a cut along a private road 

about six miles south of the town of Montoya, about 40 milea 

northwest of the type section, is characterized by clay 

content in the shales, about 59 percent of the sediment, by 

high gypsum content, by the abundance of iron oxide, by a 

trace of hornblende and siicâ  and by the absence of garnet. 

The thickness of this section, 194 feet is more than twice 

the thickness of the type aection, 93»5 feet. 
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Two Miles West of Ima 
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West Facing Escarpment of Mesa Redonda 

Heavy Mineral Content of Sandstones 
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Cut Along Private Road i>ix Miles South of Montoya 
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CHAPTilR V 

GHHi!>RAL DESCRIPTION OF THIH SHCTlOiilS 

The thin sections of argillaceous sediments were 

prepared from gray to blacky fairly well indurated calcar- c 

ecus shaly materials* The argillaceous materials consist 

of detrital quartsi grains of secondary silica, and a few 

heavy minerals suspended in a silty clay matrix. The 

detrital quartSy about five percent of the deposit, con

sist of sub rounded to angular grains with serrated margins 

due to solution and overgrowths. Most of the grains con

tain inclusions of microlitic material^ often with chain 

arrangement, gas bubbles, and a few acicular minerals. 

Grains of secondary silica, chiefly opal and chalcedony, 

are sub angular and contain inclusions of chalcedony. 

The matrix consists primarily of gray to brownish clays and 

silt sixes composed of quartz, calcite and secondary silica. 

Specimena of sandstones for preparation of thin 

sections were selected from well cemented, dense beds. The 

sands consist of rounded to sub angular detrital quartz, 

silica, feldspar, and a few heavy minerals in a binding 

material consisting of one or more of the followingt clay 

Buitrix, silica, iron oxide, and calcite. The detrital 
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quarts, the chief constituent, contains overgrowths and 

inclusions similar to those in the shales. The secondary 

silica occurs as a cement, as overgrowths, and as irregular 

grains of opaline material. The feldspars, chiefly ortho-

clase, are partly altered to kaolinite. 

Overgrowths on the detrital quarts project into ad-

Joining material and are usually separated from the original 

graina by a chain of opaque inclusions* The chief effects of 

overgrowths is to increase the angularity of the grains and 

to decrease the porosity of the sands* 

The binding materials, in order of abundance, are 

clay matrix, silica, iron oxide, and calcite. The silica, 

chiefly opal, is secondary and contains calcite and chal

cedony inclusions* The iron oxide cement consist of 

nearly circular aggregates with an irregular distribution* 

The iron oxide is probably derived from original grains of 

hematite or suMinetite. The secondary origin for some of the 

silica is suggested byt 1* calcite inclusions in the opal

ine materials, 2* projection of overgrowths into adjoining 

material, 3* separation of overgrowths from the original 

grain by opaque inclusions, 4* concavo-convex contacts be

tween secondary and hoat materiala* 



CHAFTi^R VI 

OESCRIPTIOK Or MiRKKiuLS 

MM&£leJlf the dominant mineral, makes up about 90 to 

96 percent of the deposits Most of the grains are well 

rounded and with few exceptions are partly coated with 

iron oxide* In thin sections some graina show secondary 

overgrowths and strain shadows* Liquid and gas inclusions 

are numerous* Quarta is distinguished by its low specific 

gravityy non magnetic property, and uniaxial positive 

property* 

fourmalinjii ia represented by pink, greenish brown, 

yellow browni dark brown, indigo blue, and, rarely, black 

varieties* It occurs as elongate j^riamatic euhedra and aa 

well rounded grains* A few of the grains contain liquid and 

gaa bubi>le inoluaiona* Tourmaline, comprising about 23 

percent of the heavy minerals, is characterised by weak 

magnetiami no cleavage, prismatic grains, and uniaxial 

negative figure* 

Leucoxene occurs as white, yellow, brown sub rounded 

to sub angular graina* The surface of some grains is pitted 

or matted* Particlea, eapecially those with an unaltered 

core of ilmenite, are slightly magnetic* Under reflected 
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light the luster is dull to waxy* Leucoxene grains show 

varied stages of alteration from ilmenite and make up about 

17 percent of the heavy minerals. 

Hematite^ the chief cement in the sandstones, occurs 

as a powdery aggregate and as a coating on the quartz graina. 

The grains are red to reddish brown with an earthy luster. 

About 17 percent of the heavy minerals are hematite. 

îrcoft occurs as elongate, elliptical grains and 

as prisms* Some of the grains ::>^T9 pitted but crystal facets 

are usually distinguished* A few grains contain inclusions 

of gas bubbles and mineral particles, chiefly iron oxide. 

Zircon is characterized by high index of refraction, 

crystal form, and non magnetic property* About 16 percent 

of the heavy minerals are zircon* 

^^netite occurs oiostly as angular to subangular 

grains, although a few crystalline aggregates are present* 

It has a metallic luster and is bluish black under reflected 

light* The surface material on some of the grains has 

altered to hesiatite* Magnetite is distinguished from 

ilmenite by its strong magnetism* It constitutes about 

12 percent of the heavy minerals* 

IlF[\1>flJitt occurs as rounded to subrounded graina, 

some of which are partially altered to leucoxene. The 

mineral ia characterized by a purplish black color under 

reflected light, a metallic luster, and a pitted surface* 



37 

It is moderately magnetic and is distinguished by its 

purplish color and orthorombic crystals* Ilmenite con

stitutes about seven percent of the heavy minerals. 

Limonite occurs as subrounded particles, usually 

with solution i-its, and as a powdery aggregate. It is 

yellow brown to brownish black in reflected light and has 

an earthy to metallic luster. It is distinguished by its 

yellowish brown color, earthy luster, and amorphous charac

ter* Limonite constitutes about six percent of the heavy 

mineral suite* 

fiaynet occurs as angular grains with conchoidal 

fracture* It is yellow to amber and has a vitreous luster 

in reflected light* It is recognized uy its high relief, 

color, and conchoidal fracture. Garnet constitutes less 

than two percent of the mineral suite* 

ftutile occurs as irregular elongate particles. It 

is reddish brown, nearly opaque, and the luster is vitreous* 

The mineral is characterized by very high relief and extreme 

birefringence* Rutile is a rare mineral in the Cretaceous 

sediments* 

DoloBiite occurs as elongated crystalline masses 

bordered by clay matrix, and as the interior material of 

replaced shells* It is colorless and is distinguished from 

calcite by its lack of twinning and rhombohedral habit* 

polomite alao occurs in the sediments as cement* 
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Monazite, muscovite, epidote, and glauconite rarely 

occur in the Cretaceous sediments, therefore, they were not 

studied for definite characteristics. 



CURRY CO 

l^alO MILES STRUCTURES OF AREA 
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ChAPTLR VII 

STRUCTURE OF TH^ ARKA 

The structural data of Quay County, restricted to 

an area of 1080 square miles in the north central portion 

of the county, is included in "Oil and Gas Preliminary 

Map 62". The structures are contoured on the top of the 

Chinle formation, which, according to Bates, is the lowest 

exposed datum giving accurate information on the size and 

trend of the folds.9 The maximum convergence between the 

top of the Chinle and basal Cretaceous is about 350 feet. 

The main structurad feature, a northeast-southwest 

trending down warp with a closure of abour 800 feot, 

occupies the north central part of the area, and contains 

three distinct circular basins. The closure of the second

ary basins, from north to south, is 300, 200, and 100 

feet respectively* 

An eastward, moderately plunging nose (110 feet per 

mile) enters the primary structure from the west. Parallel

ing the nose both to the north and south, minor asynactrical, 

east - west trending, depressions dish westward at about 50 

9 Robert L* Bates, ••Oil and Gas Investigations Pre
liminary Map 62", U*S.G.S.|. (1946), Sheet 2 of 2* 
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feet per mile* A more or less modified, eastward plunging, 

nose enters the primary basin from the southwest* 

Extending south - southwest from this primary 

structural basin, a downward flexure containing a aecondary 

baain has a cloaure of less than 100 feet* The trend of 

this depression pcurallels the main structure and dishes 

southward less than 30 feet per mile* 

In the west central part of the area, about one siile 

east of the town of Ima, a structural, north - south trending 

high attains the highest elevation (5200 feet) of the struc

tural features and plunges northward at about ^0 feet per 

mile* Since the high disappears to the south under hori

zontal strata of the plains physiographic province the size 

and trend is not definitely established. 

Two broad uplifts, one in the east central and the 

second in the southeastern part of the area, plunge north

west at about 30 feet per mile* The uplift in the east 

central part of the area is asymmetrical: the dip is about 

100 feet per mile to the northwest but less than 20 feet 

per mile to the southeast. According to Bates this fold 

reflects a buried Pre-Cambrian ridge rather than a flexure 

caused by lateral compression.^0 j^^ uplift in the south

eastern part of the area, almost symmetrical, is flanked 

on the southeast by the Bonita normal fault. From the 

10 jjj^^ Sheet 2 of 2* 
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crest of the fold to the fault plane the beds dip south* 

east about 200 feet per mile 

The Bonita normal fault, with a northeast - south

west trend, intersects the escarpment in the southeastern 

part of the area. The block to tixe northwest has a down* 

ward displacement of about 200 feet and the dip of the 

fault scarp is about 88 degrees.^ Rocks younger than 

those of Triassic age have been removed from the up thrown 

block^ whereas rocks of Cretaceous age are exposed in the 

downthrown block* Since the rocks of Cretaceous age are 

cut by the fault, the time of faulting is dated as post 

Cretaceous* 

^ U4A* 9 8heet 2 of 2* 



CHAPTER VIII 

GEOLOGIC EISTOEX OF THE AKKA 

Sedimentation in Quay County, Kew Mexico, was influ

enced by the following positive areast Ancestral Rockies, 

Transcontinental Arch, Marathon Range, Manhattan Geanticline, 

and the Rocky Mountain uplift.12 The Ancestral Rocky Moun

tains, consisting of the Colorado Range, San Luis, Raci-

miento, Pedernal, and the ranges of ?/est Texas, came into 

existence in early Fennsylvanian time and continued as a 

positive area until early Jurassic time* 

The Transcontinental Arch, which according to Sardl^ 

extended from southwestern Rew Mexico and eastern Arizona 

northeastward to the Canadian Shield in northern Wisconsin, 

was a Pre-Pennaylvanian positive area*13 in early Penixsylvan-

ian time the area was peneplained; again elevated in the 

middle Pexuuiylvanian and remained a positive area until late 

Permian time* 

The Marathon Range, a prominent positive area frcm 

early Fennsylvanian time to the close of the Permian̂ , was a 

^^ A* J* £ardly* "Paleotectonic and Paleogeologic 
Maps of Central and Western llorth America", AiAtPtfft ?HUi3irT 
XXXIII, (1949), 655-682* 

13 Ibii*, pp. 655-682* 
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source for sediments in the Permian Basin area*!^ In late 

Permian time this range was peneplained and completely cover

ed with sediments. 

The Manhattan Geanticline, in Central Nevada, was a 

positive area from late Mississippian until early Cretaceoua 

time* During Permian time the geanticline shifted slightly 

westward and separated the Utah Trough from the volcanic belt 

on the west* 

The Rocky Mountains came into existence at the close 

of Cretaceous time as a reault of the Laramide Revolution. 

Xt haa been an important source area for sediments since the 

time of uplift* 

Paralleling the Rio Grande Valley a shallow geo-

syncline, known as the Central Kew Mexico Baain, was a de

positing area throughout Penns:^lvanian time*^5 The thick

ness of the sediments indicates that the total subsidence 

of the geoayncline was approximately 2500 feet. 

The Permian Basin of West Texas, inundated in early 

Permian time, represents an envioronment that favored the 

formation of red beda and evaporites* The area in east 

central Mew Mexico was marginal to tl̂ iis subsidence* At tho 

Oloae of the Permian the basin was blotted out and during 

Mesoaoic it was a part of the nuclear area of Central Rorth 

^ ^ U K U M PP^ 655-602* 

^^ Utilai PP« 655->6a2* 
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America* 

The data relating to the geologic events prior to 

Tris^aio time in the area adjoining Quay County is fragment

ary* The hiatus separating the Permian and Triassic sedi

ments suggests a long period of erosion. The Triassic 

aediments, chiefly elastics, probably accumulated on flood 

plains and deltas.l^ sediments in the upper Triassic, 

rex^reaented by the Redonda member of the Chinle formation, 

consist of calcareous and fine grained elastics subî esting 

local lacustrine environment.. According to Bates the 

close of the Triassic was marked by oro{:?ny producing <rentle 

folda*^7 The positive area in south central Colorado was 

probably the source area for the Triassic sediments* 

Tlie Jurassic deposits represent three environments 

of deposition, eolian, lacustrine and fluvial. The uniform 

texture, the degree of abrasional wear, and the type of 

bedding suggest that at least part of the basal sands, 

Wingate formation, are eolian. The lacustrine environment 

is represented by the thinly lazainated, dark colored, 

medial limestone. The sediments of the Morrison formation, 

laminated shales, thin sandstone lenses, and thin nodular 

limestone, are chiefly of fluvial origin. The limestone 

liay represent freah water lacustrine deposits. 

^6 Ernest Dobrovolny, C. H. Summerson, and Robert L. 
Bates, **0il and Gas Investigations Preliminary Map 62", 
y^a.G.fl** (1946), Sheat 2 of 2. 

^7 Robert L* Batea, OP* cit.y Sheet 2 of 2. 
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In middle lower Cretaceous time seas advcuiced from 

the south and submerged the forelands including the area in 

Quay County. Tî e presence of continental sediments of equi

valent age a short distance to the west and northwest sug

gests that the sediments represent marginal conditions*1Q 

The Graneros shale along the Bonita normal fault indicates 

that this part of Kew i:e:dLco v/as well within the area of 

upper Cretaceous inarine deposition. Upper Cretaceous 

sediments, except in tĵ e Boxdta fault zone, were destroyed 

by post Cretaceous erosion. 

Uplift of the R >cky fountain Geanticline suggests 

widespread orogeny at the close of tlie Cretaceous. Accord

ing to Bates the sediments of eastern Hew Mexico were only 

slightly disturbed by this orogeny.19 However, the south

east regional dip or the lucsozoic rocks in eastern Rew 

Mexico is probably a result of the uplift. The Rocky 

Mountains were the chief source area for the elastics in 

the Ogallala formation. Pliocene age. 

The presence of Tertiary sediments in the upper part 

of the escarpment bordering the Canadian River Valley, and 

in the cap rock of some of the monadnocks, suggests that 

the area east of tliC Rocky Mountains was covered with 

Tertiary sediments. Apparently the Canadian River drainage 

system was initiated in late Tertiary time* Ti.e river has 

^^ IMd*, Sheet 2 of 2, 
^9 Ibid** Sheet 2 of 2* 
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dissected Tertiary, Cretaceous, Jurassic, and upper Triassic 

sediments* 



f: ^ :. 

C'-.û TER U 

ERVIRONMENT OF DEPOSITION 

Cretaceous sediments of Quay County, I.e.; lioxico, 

Purgatoire formation of middle lower Cretaceous at,G, were 

deposited in a shallow transgresslve sea extending north

ward over central ^ d A-esteri* lox^z into Rew Mexico. The 

deposits represent an oscillating shelf environment which is 

^comparable to existing conditions on the shelf off the 

'eastern coast of the United States. 

!- P In Quay County the area of deposition was a shallow 

north<*south depression, approximately 7> miles wide, border

ed by lands of low relief. Most of the sediments were de

rived from two sources; 1* reworking of pre-existing sedi

ments by waves and currents; 2* transportation and depo

sition of continental materials, especially by streams* 

The oscillating shelf environment is suggested by 

criteria such as cyclic deposition, type of deposits, decree 

of abrasional wear, mineral content, sedimentary structuxids, 

and fossils* Cyclic deposition is represented by ultur-

nating shales and sandstones. The sequenuce of sediments 

upward from the base includes dark colored shales, buff 

sandstones, gray shales, and brown to buff sandstones* 

AS 



49 

The shales probably represent a condition of quiescence 

caused by the subsidence of the shelf or by restriction of 

the forces, such as waves and currents, acting on a part of 

the shelf. 

The saxidstones on the oscilli.ting shelf include the 

pure quartz and tie quartz iron c;:lde tyres. T.e lov; silt 

content, four to s:::: percent of the sediment, sû ^̂ 'cstc that 

the sands \wro deposited in tarbulent areas. he.;cr:cii;g 

was responsible for destruction ^/f 01̂ ,;̂ . ic sediiî ent:: and 

unstable minerals, roiioval of finer ; articles, and the 

Concentration of larger £,rains. I)iaĉ :J:c-r:aities ut the 

baiiC of some of the sandstone iiecibers ure iai;gestivc of 

regressive phases of naxTlne deiosition. 

The high amount of abrasional v;'3:.r, roiuiding, 

frosting, and pitting, of the quarts and of the stable min

erals in the sandstones suggest that conditions w re favor

able for extensive reworking. T^e sand £,rains are sub 

rounded, consist or stable riinorals and are roderatel; v/ell 

sorted. These characteristics are suijgestive of winnowing 

and reworking at the time of deposition. 

The sedimentary structures, cross bedding ripple 

marks, and mud cracl.s, are characteristic of a shallcv; 

shelf environment.20 xhe r.iUd cracks are formed in silts 

due to withdrawal of water and desiccation* 

20 L. c. Oapplas* W* C* Kpumbein. and L* L* Sloss* 
HTectonio Control of Llthologic Association*, AfAtftQt m l t 
XXXII, (1948), 1924.1947* 

TEXAS TECHNOLOGICAL COLLEGE 
.U6B0CK, T ^ 
TBRARY 
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The fossils, consisting chiefly of oyster shells, 

suggest shallow marine conditions* 



The Cretaceous sediments of Quay County, Rew Mexico, 

are chiefly middle lower Cretaceous age, Purgatoire formation, 

however, the Graneros ahale of the upper Cretaceous is pr^^ 

sent along the Bonita fault zone* The Purgatoire formation 

consists of alternating gray to black shales with white to 

buff to brown aandatones* The cementing materiala in the 

ahalea are calcium carbonate and silica with email amounta 

Of iron oxide I in the sandstones the cements are chiefly 

iron oxide with minor amounts of calcium carbonate and silica* 

The mineral content ia predominantly quarta with minor 

amounts of tourmaline, magnetite, leucoxene, hematite, 

ilmenite, limonite, aircon« garnet, and rutile* The sand-» 

atonea are thin and wideapread* The size frequency of the 

graina ia chiefly in the 1/2 - 1/4 millimeter, 1/4 - 1/8 

adUimater, and the 1/6 - 1/16 millimeter grade size with the 

higheat concentration in the 1/4 - 1/8 millimeter grade size* 

The high degree of abraaional wear of the quarta, the absence 

of unstable minerals, the small amount of fine materials, 

and the scarcity of fossila in the sandstones are suggestive 

of extensive reworking* Tî e degree of abrasional wear, cyclic 

depoaition, foaaila, and sedimentary structures auggest that 

tha aediaianta were depoaited on an oscillating ahelf en-

rirouMBt* 
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