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A B S T R A C T 

Petrographic studies of limestones, in the Lower Cretaceous 

Zone of Orbitolina, near the southwestern margin ef the Diablo 

Platform, Trans-Peces Texas indicate that the limestones were de

posited in marginal marine environments. Deposition occurred en 

beaches, on barrier islands and bars, in lageens, and in shallow off

shore environments ef the Mexican Sea which invaded f rem the 

southwest. 

The relatively thicker section in the Quitman Mountains shews 

that this area was southwest ef the stable Diablo Platform. The great

er thickness probably indicates proximity to the rapidly subsiding 

Mexican Geesyncline. 

The present study did net reveal proof ef the relationship of 

the Mesezoic Diablo Platform te the Paleozoic Diablo Platform. 

vi 



I N T R O D U C T I O N 

The Zone of Orbitolina occurs in several formations, all ef 

which are ef Middle Trinity age, in the Trans-Pecee Texas area 

(See Figure 1, page 2). This zone is not a biostratigraphic "range 

zone" based on the range of a single species, but is an interval ef 

occurrence ef the feraminifer genus Orbitolina. The zone can be 

easily recognized in all areas where sections were studied and it 

probably represents a reck sequence ef approximate centemf>era-

neous deposition. For these reasons it was chosen for the present 

study - - that ef attempting te locate the margin of the Mesezoic 

Diablo Platform by detailed lithostratigraphic and biostratigraphic 

analyses. It is hoped that the margin ef the Mesezoic Platform may 

indicate the approximate margin of the Paleozoic Diablo Platform. 

This thesis deals more specifically with the petrography of 

the limestones of this zone and their potential use as indicators of 

sedimentary environments and processes. Inasmuch as rate ef sub

sidence and rate of deposition are recorded in accumulated sediments; 

significant anomalies may provide clues te the location ef the afore

mentioned platform margin. 

LOCATION 

Field study for this thesis was conducted in Hudspeth, 

Presidio, and Brewster Counties, Texas (See Figure 2, page 3) dur-
1 
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Ing July and August, 1960. Sections in the Indie Mountains, Solitario 

Uplift, Shafter area, Pinte Canyon, Mayfield Canyon (southern 

Quitman Mountains), and Devil Ridge; were measured, sampled, and 

described. These sections are widely separated and seme are remote 

from well-maintained roads, but they can be reached easily in a feur-

wheel drive vehicle. 

The Indie Meuntaine may be reached from Van Hern by turning 

south from U. S. Highway 80 between the Chuck Wagen Cafe and the 

Western Ledge and proceeding south on the main read. The read 

cresses the Southern Pacific Railroad 8 9 miles south of Van Hern and 

forks 0. 5 miles farther south. The lefthand ro^d passes between the 

Eagle Mountains and Van Hern Mountains and continues toward the Indio 

Mountains. At 13. 8 miles from Van Horn there is a road junction, the 

southwest fork leads down the Green River Valley. Approximately 7. 0 

miles farther, the road cresses the bed of Green River ftnd continues 

3. 1 milee to the gate entering the Moody Bennett Indio and Adobe 

Ranches. The Indie Mountain section ia in the south wall of the canyon 

approximately 2. 5 miles from the gate. The base ef the Bluff 

Formation is at the first limestone bed in the slope to the left of the 

road. The Bluff Formation continues through the last Orbitolina bear

ing limestone and ends at the base of the first massive sandstone ef the 

Cox Formation. 

The Selitario section is in the weet wall of the Soliterio Uplift. 

In&smuch as access te the area involves travel over many poerly main-



tained and unmarked ranch roads, future visiters are advised to con

sult with any ef the several eervice stations in Marfa fer detailed 

directions. 

The Shafter section may be reached by traveling south from 

Marfa on U. S. Highway 67 approximately 3. 0 miles southwest of 

Shafter thence turning right through a gate leading to the Livingston 

Ranch. The section is approximately 2. 0 miles west ef the gate and 

may be reached by following the well-marked ranch read. The sec

tion begins approximately 1. 0 mile north of the read and extends te 

the base of the escarpment approximately 2. 0 miles south of the x*oad. 

Measuring was started at the first bed below the lowest occurrence ef 

Orbitolina and continued te the first bed above the uppermost 

Orbitolina bearing bed. The section is considerably complicated be

cause ef faulting, but it is believed that a complete sequence was ob

tained without repetition or emission. 

The Pinto Canyon section may be reached by proceeding south

west from Marfa en the Marfa-Ruidosa road for approximately 45. 0 

miles te Pinto Canyon. The section may be examined at various places 

In the canyon but the section recorded here is at the base ef the canyon 

wall on the left side ef the road near the point where the read leaves the 

canyon. Measurements were started in the creek bed below the read 

and continued te the canyon rim. The first bed of the Bluff Formation 

is considered to be the first limestone bed above the thick sequence of 

Yucca Conglomerate. The Bluff section ends above the uppermost 



occurrence of Orbitolina or when the Cex Sandstone is reached. In 

this location no Cex Sandstone was found, but comparison of this sec

tion with other sections in the canyon indicates that little or none of 

the Upper Bluff Formation is missing. 

The locality at which the Orbitolina bearing section was mea

sured in the Quitman Mountains may be reached by traveling south 

from Sierra Blanca on the Sierra Blanca-Indian Hot Springs read to 

Indian Hot Springs. The section is 5. 0 miles southeast ef Indian Hot 

Springs near the Rio Grande River at the base of the Mayfield Canyon 

wall. The first occurrence of Orbitolina is near the middle ef the 

•lope. 

The Devil Ridge section was measured approximately 4. 5 miles 

south ef Sierra Blanca. This section can be reached easily by a paved 

read which extends nearly te the base of Yucca Mesa where the Bluff 

Formation is exposed. 

UMESTONE TERMINOLOGY 

Limestone terminology used in this thesis fellows the classi

fication proposed by Folk (1959). According to Folk, the constituents 

of which limestones are composed may be divided into three major 

categories: (1) micrecrystalline calcite ooze forming grains 1-4 mi

crons in diameter, (2) sparry calcite that forms coarser and clearer 

grains, and (3) allochemical constituents include all materials that 

have formed by chemical or biochemical precipitation within the basin 



of deposition but which are organized into discrete aggregated bodies 

and for the most part have undergone some transportation. Micro-

crystalline calcite ooze usually results from direct chemical precipi

tation in areas of only slight agitation — the so-called "low-energy" 

environments. Limestones that consist of 100% micrecrystalline cal

cite are called "micrites". Several beds ef micrite are found within 

the Zone ef Orbitolina. These often contain numerous miliolids, 

retaliids, Textularia, and other feraminifers. 

Sparry calcite is usually present as interstitial and fracture 

fillings and frequently is the cement in clastic liri estenes. It can be 

distinguished from micrite by its larger grain size, clarity, and 

morphology. Spar can result from direct chemical precipitation or 

from recrystallization of finer carbonate grains. 

Important allochemical constituents are usually of four types: 

(1) fossils or fossil fragments, (2) oolites, (3) faecal pellets, and 

(4) intraclasts. In most instances the allochems are transported con

stituents that form within the area of deposition. 

The eleven basic types of limestone according te Folk s classi

fication (1959) are composed of sparry calcite, microcrystalline ooze, 

and allochemical components that may be present in any proportion in 

a given reck. Therefore, a limestone is classified according to the 

relative proportion ef the three end members present within it (See 

Table 1, page 8). The reck name incorporates the names of the domi

nant orthechemical and allochemical constituents. For example: bio-
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micrite contains abundant foesils in a micrite matrix, and intrasparite 

contains intraclastic particles cemented by sparry calcite. 



G E O L O G I C S E T T I N G A N D H I S T O R Y 

The thesis area is in the southeast extension of the Basin and 

Range Province and owes most of its present relief te Late Tertiary 

block faulting. DeFord (1958, p. 72) calls the chain of northwest 

trending folds that extend from near La Mula, Chihuahua to the Devil 

Ridge area of Trans-Peces Texas the Chihuahua tectonic belt. This 

belt includes the Sierra Grande, Sierra de Ventana, Sierra de los 

Fresnos, and Sierra Pilares ef Chihuahua, Mexico, and the Indio 

Mountains, Eagle Mountains, and Devil Ridge in Texas. This belt is 

composed ef northwest trending folds and faults with overthrusting te 

the northeast. 

The pre-Wolf camp Paleozoic history is not well-known because 

there are few exposures. However, outcrops in the Sierra Diablo indi

cate that the pre-Welfcamp rocks ef the Diablo platform were broadly 

folded and faulted. After folding and faulting, the area was deeply 

eroded. This is indicated by the fact that the Wolfcamp overlaps the 

Precambrian (King 1942, p. 718). 

Following pre-Wolf camp deformation, the Trans-Pecos Texas 

area was made up ef various provinces which received contrasting sedi

ments. These areas are the basins, platforms, and shelves. The plat-

forms were positive nuclear areas that rose as narrow elongated masses 

between the basins (King 1942, p. 721). The shelves were, for the most 

part, sloping surfaces along the edge of the basins. 
10 
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structural relief on the Permian horizons can be attributed, in 

part, to the formation ef reefs and banks which projected above the 

surrounding basins. Some of the structure is also due to differences 

In rates of subsidence, compaction, and isostatic adjustment (King 1942, 

p. 642). 

The Wolfcamp, or its equivalents, represents the first Permian 

deposits in West Texas. King (1942, p. 549) states that the Wolfcamp, 

which he describes as Permian (?), but which is now generally consid

ered to be lowermost Permian, was deposited over most ef the prov

inces in West Texas. The platform and shelf facies are thin limestones 

whereas the basin facies is shale. Rocks ef Wolfcamp age are separated 

from the overlying Leonard series by an unconformity. 

In Leonard time a sea extended southward from Arizona into 

Sonera and was separated from the sea in West Texas by a land area - -

the Diablo Platform. This Texas sea extended eouth into Coahuila and 

thence southeast te the Gulf of Mexico. R. E. King (1934) reported a 

thick sequence ef Permian recks near Las Delecias in southwestern 

Coahuila. Paleontologic evidence indicates that the lower one-half ef 

this sequence is ef Leonard age •nd the upper one-half ef Guadftlupe age. 

Lithic compoeitlon Indicates that these rocks are largely of volcanic 

origin and were deposited nearer the open sea than these in the 

Delaware Basin. 

Leonard deposition occurred ever most basin, shelf and plat

form areas. The facies change considerably from southeast to north-
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west. Huffington (1943, p. 995) states that the Briggs Limestone in 

the northern Quitman Mountains was deposited in lagoons bordering 

the Diablo Platform. A patch reef observed in Pinto Canyon indicates 

that during at least part of Leonard time a sea existed to the south of 

the Diablo Platform in what may have been the shallow Marfa Basin. 

The concept of a Marfa Basin may itself be fallacious. It is probable 

that this area did not have an actual basin configuration but was a 

more extensive Mexican Sea that encroached upon the southwestern 

flank of the Diablo Platform during Wolfcamp, Leonard, and possibly 

Guadalupe time. 

The top ef the Leonard in most places is marked by an un

conformity. The overlying recks of Guadalupe age are much more 

diverse than those ef Wolfcamp and Leonard age. - Sharp facies changes 

can be observed as sediments are traced from the basins to the shelves 

and onto the platforms. For example, the Delaware Mountain group 

changes from sand in the baain te reef limestone in reef, to limestone, 

sandstone, and evaperites in the back reef. 

During early Guadalupe time most ef the platform and shelf 

areas were emergent and therefore did not receive marine sediments 

During middle and upper Guadalupe time the lower Guadalupe sea spread 

from the basin areas onto the shelves and depoeited extensive reef ar i 

back reef sediments. 

The close of Guadalupe time was marked by the cessation of 

free circulation ef marine water from the south into the basin areas. 
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This restriction resulted from both a gentle drop in sea level and from 

limestone deposition in the Hovey Channel. Circulation was probably 

not stopped completely but was restricted so that extensive Ochoa 

evaperites were deposited in the basins. During this period of evapo-

rite deposition, normal marine environments may have existed south

west of the Diablo Plfttform. The marine Rustler Formation indicates 

that normal marine conditions existed temporarily in the basins. The 

Ochoa epoch probably ended with bread gentle warping and final filling 

ef the basins by sediments of the non-marine Dewey Lake and Pierce 

Canyon formations. 

The succession of Triassic and Jurassic events is net well-

recorded in the Trans-Pecos Texas area. Upper Triassic marine 

sediments are present in Sonera and Zacatecas, Mexico, but were de

posited by seas invading from both sides ef the continent with no appar

ent connection. However, at various times during Jurassic and 

Cretaceous, the seas were connected. The Malone Formation in the 

Malone Mountains was deposited in shallow coastal water te the south 

of the Diablo Platform in Upper Juresoic time, while the platform was 

eubaerially exposed and undergoing erosion. 

The lowermost Cretaceous Formation in Trans-Peces Texas, 

the Torcer, was deposited in a near shore environment by a sea in

vading from the south. The Torcer crops out only in the northern 

Quitman Mountains and in the Malone Mountains. Huffington (1943, 

p. 997) cites rapid lateral changes in litholegy as well as a mixing of 
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freeh-wnter and marine faunas as evidence fer a marginal environ

ment. 

The Lower Cretaceous Las Vigas Formation, consisting ef 

interbedded siltstenes, sandetonee, and shales, crops out in the 

southern Quitman Mountains and in northern Chihuahua, Mexico. It 

probably represents deposition in a trough bordering the Diablo 

Platform on the southwest. The Las Vigas is overlain by the 

Cuchillo Formation. The writer extends the Cuchillo upward to the 

first occurrence of Orbitolina. 

The Torcer and Lae Vigas formations probably indicate the 

beginning of the Lower Cretaceous advance of the sea from the south

west. This advance waa apparent throughout the remainder ef 

Lower Cretaceous time and was responsible fer the deposition of the 

successive Comanchean sediments. 

Various environments of both marine and continental deposi

tion existed along the southwestern border of the Diablo Platform dur

ing Lower Cretaceous time. These environments are due principally 

to the shore line configuration and to differences in rates ef subsi

dence. More rapid subsidence is evident to the southwest of the Diablo 

Platform in the Mexican GeosyncUne. Sediments indicate that any 

trough-like configuration that might have existed was obliterated be

fore deposition ef sediments containing Qrbitolina. The variation in 

the thickness of the Orbitolina bearing unite are thus due to mere 

rapid subsidence in the offshore areas than in the platform areas. 
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Therefore, by the beginning of Orbitolina time, the Mexican 

Geesyncline as it existed in the thesis area was not a trough per se 

but a differentially subsiding shelf area. These conditions appear to 

have pereiated throughout the remainder ef Comanchean time. Gee-

synclinnl conditions probnbly reappeared at the beginning ef the 

Gulf inn Epoch. 

Two distinct possibilities regarding the process by which the 

sea advanced before or during the deposition of Orbitolina bearing 

beds may be proposed. One possibility involves a rapid advance ef 

the sea, perhaps as the result ef world-wide climatic changes. 

Orbitolina bearing beds were then deposited in shallow marginal 

environments as the sea retreated slowly. The overlying Cex 

Sandstone may have been depoeited in a near shore environment 

during the retreat (personal communication. Dr. J. P. Brand, 

April, 1961). The other method ef advance can be attributed to slow 

transgression and deposition because of subsidence of the land area. 

This explanation dees not necessitate any substantial rise in sea 

level. 

The Cox Sandstone overliee the Orbitolina bearing beds in 

areas near the platform and possibly interfingers with it in the 

Quitman Mountains. The Cox-Orbiteline relationship may record 

minor fluctuations of sea level during the general retreat ef the sea. 

The sediments deposited as a result of either ef the afore

mentioned processes would be nearly identical because the deposition 
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occurred in ehallow marginal water. The difference in sediment 

thickness at the various locelitiee resulted from differential subsi

dence. 

Twiss (1959, p. 139) states that the recks of the Gulfian Epoch 

in the area ef the Van Hern Mountains record a transition from marine 

environments to deltaic and fluvial environments. Farther eouth, 

typical marine sediments of Gulfian age are present. Volcanic debris 

in the upper portion of the Gulfian Series may indicate the beginning 

ef Laramide tectonism which followed or accompanied the retreat of 

the sea. 

Laramide tectonism is responsible for the intense folding and 

thrusting that characterizes Cretaceous rocks of the Trans-Pecos-

Chihuahu^ area. The folding is more intense toward the center of 

the Mexican Geesyncline and decreases toward the platform. The 

folds are asymmetrical with the steep flanks toward the platform and 

the more gentle limbs toward the Mexican Geesyncline. Extensive 

thrusting toward the north and northeast accompanied the folding. 

It, too, is mere intense in the geesyncline. 

In the Van Horn Mountains and Wylie Mountains the folds trend 

generally north (Twiss 1959, p. 139). Farther west in the Indio, 

Quitman, and Eagle Mountains and in Devil Ridge, the folding is some

what more intense and the axes trend generally northwest. As would 

be expected, the thrusting is at approximately 90^ to the trend of the 

folde. Here thrusting is te the northeast or east. One major thrust. 
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the Squaw Peak thrust in the Indio Mountains, has been reported by 

DeFord (1958, p. 72) to be displaced toward the southwest. However, 

stretigraphic relations which determine the direction are in diepute. 

Therefore, no positive answer can be given. 

Early phasee of the Laramide Revolution ended marine deposi

tion in the Trans-Peces area. Since that time there have been no 

incursions of the sea into the area. 

The areas uplifted by Laramide tectonism were eubaerially 

exposed and eroded during Early Tertiary time. This history is re

corded by a basal conglomerate ef Tertiary age that occurs sporadi

cally over the thesis area. 

There was also extensive Tertiary vulcanism in the area. 

Widespread tuffs, trachytes, rhyolites, ignimbrites, and andesites 

reportedly occur. Twiss (1959, p. 146) has reported Oligocene verte

brate remains in tuffs south ef the Van Hern Mountains. He therefore 

dates the vulcanism as Oligocene. Age relationships of igneous rocks 

intrusive into the younger volcanic rocks have not been determined. 

The present topography of the area is due principally te Basin 

and Range block faulting that occurred in Miocene time. These normal 

faults generally parallel structural trends developed by Laramide 

tectonism. The faulting has resulted in the formation of extensive 

bajadas from the erosion ef the upthrown blocks. They tend to fill 

the bolsons with coarse gravels along the sides and finer material in 

the center. 
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Four sets of river terraces exist. These probably record the 

glacial and interglacial stages of the Pleistocene Epoch. Their incep

tion was in Nebraskan time when the Rio Grande River started to in

trench itself into older basin fill. They may be an expression ef the 

glacial stages in West Texas (personal communication. Dr. J. P. Brand, 

April, 1981). 



S T R A T I G R A P H Y 

GENERAL 

A generalized Lower Cretaceous correlation chart (See 

Figure 1, page 2) shows that the Zone ef Orbitolina occurs within 

several formations in the Trans-Pecos area. All of these forma

tions are ef Middle Trinity age and are correlative with the Glen 

Rose Formation of Central Texas. 

The sediments within the zone consist ef limestone, sand

stone, and shale that were deposited under marine conditions. 

Limestone and sandstone are present in about equal proportions in 

the areas nearest the platform. The limiestone fraction becomes 

greater toward the Mexican Geesyncline whereas shale is a minor 

constituent. 

In all localities except the Solitario Uplift, the sedimentary 

sequence is cyclic. Although cycles are present in the Shafter sec

tion, they are net numerous. Studies of the Shafter section indicate 

that it is more closely related to the Solitario section than to sections 

at the other localities. These cycles are manifest by alternating 

limestone, sandstone, and shale. They possibly ewe their origin to 

climatic variations which changed the nature and cm^ount ef n^aterial 

being eupplied. 

The upper and lower formation boundaries are conformable in 

all locations where they have been observed. In the Indio Mountains, 
19 
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Devil Ridge, Pinte Canyon, Van Hern Mountains, and Northern 

Quitman Mountains the Bluff Formation conformably overlies the 

Yucca Formation. The Yucca possesses some compositional vari

ations because of different environmente ef deposition that existed 

•long the edge of the Diablo Platform. This contact is marked in 

most localities by a change from conglomerate and sandstone in the 

Yucca Formation to limestone, sandstone, and shale in the Bluff 

Formation. In all localities the Cox Sandstone lies conformably on the 

uppermost limestone ef the Bluff Formation. The Cox is a regressive 

sequence and consists principally of sandstone with limestone and shale 

interbeds. 

In the Shafter area, Orbitolina occurs in all but the basal unit 

of the Presidio Formation and all but the uppermost unit of the Shafter 

Formation. In this area, both the upper and lower boundaries are 

conformable. Here, the Zone of Orbitolina is probably correlative 

with the Bluff Formation of the aforementioned areas. 

In the Southern Quitman Mountains, the Orbitolina bearing 

Glen Rose Formation conformably overlies the Cuchillo Formation. 

The Cuchillo may be in p^rt equivalent te the Yucca. It is litholo-

gically similar to the type Yucca in the Sierra Blanca area and occurs 

in the same stratigraphic position. In the Southern Quitmans, the 

Glen Rose, which is Orbitolina bearing, extends te the base ef the 

Finlay Limestone and is confermably overlain by this formation 

(Scott 1940, p. 973). 
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In the Solitario Uplift, the Orbitolina bearing beds are within 

the Glen Rose Formation (Scott 1940, p. 973). This formation con

formably overlies a conglomerate that has been correlated with the 

Cuchillo. The upper boundary was drawn at the last occurrence of 

Orbitolina and is conformable, but an oxidized iron zone is present. 

This unit is almost exclusively limestone with only a few thin sand

stone and shale beds. 

Abundant fossils were found throughout the Zone of Orbitolina. 

Macrefossile were found principally in shale, sh&ly limestone, and 

nodular limestone units. They include: 

Exegyra quitmanensis 
Trigenia 
Porecystis 
Nerinea 
rhynchonellid brachiepeds 
Neithea 
Toucasia 
Turritella 
Tylogtema 
Reeptiax 
Anatina 
Menopleura 
Lunatia 
rudistids 

Most of the identifications were made by Brand in the field. 

No attempt has been made by the writer to attach specific names to 

the fossils. 

Thin sections of the limestone units reveal an abundant micro-

fauna. 
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Microfossils include: 

Orbitolina 
Quinqueloculina 
Triloculina 
Textularia 
retaliids 
Ceskinolinoides 
ostraceds 

Numerous fragments ef bryozoa, echinoids, pelecypods, 

gastropods, and algal tubes were also observed in thin sections. 

The shales and limestones are presently being more thor

oughly examined for microfossils by Mr. Jamie Thomerson. He has 

stated (personal communication, April, 1961) that 17 species ef fera

minifers and 31 species of ostraceds are present in the unit. 

Studies of Orbitolina in North America by Douglass (1960) have 

revealed that 8 species are present in the Lower Cretaceous units in 

Arizona, Texas, and New Mexico. In all probability most of these 

species occur within the zone presently being studied, but statistical 

studies of the occurrence of Orbitolina by Mr. Jimmie C Toney are 

not yet completed, 

INDIO MOUNTAINS 

In the Indie Mountains the Bluff Formation consists of approxi

mately 828 feet of interbedded limestone, sandstone, and shale. The 

limestones are generally medium gray (N5)^ and are easily distin-

^ National Research Council Rock Color Chart 
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guished from other formations in the area. Thin section studies 

reveal oosparlte and intrasparite in the lower and middle units and 

micrite and biomicrite near the top. The oolites are generally well-

formed and usually consist of one or rr.ore calcite rings encircling a 

quartz, fossil fragment, or intraclastic nucleus. The majority of the 

intraclasts are particles of micritic limestone. These intraclastic 

limestones commonly contain 10-25% quartz grains in the matrix and 

may also contain fragments of fossils When fossil fragments exceed 

intraclasts the limestone becomes a biosparite. 

Micrite and biomicrite are often found in nodular limestones 

containing shale interbeds. The micrite usually does not contain impu

rities, but occasional very fine quartz grains are present. The bio

micrite frequently contains a wide variety ef well-preserved micro

fossils and very fine grained quartz. The biomicrites usually contain 

abundant Orbitolina. 

The sandstones vary in color from shades of brown to shades 

of gray. The quarts grains are angular te rounded and usually well 

sorted and well indurated Limonite and magnetite may be observed in 

hand speciments. Limonite stain often gives the weathered surface a 

reddish orange color. Some of the sandstones are cress-bedded and 

have ripple marks on the bedding surfaces. 

The shales are variously colored from shades of gray to shades 

of brown. They occur principally m thick units which weather te pro

duce rubble covered slopes and as interbeds in the limestone and sand-
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stone units. They often contain abundant fossils. 

Orbitolina occurs only in limestone units and usually in the 

micritic limestones. However, it was found in two intrasparite units 

near the base of the Bluff Formation. The only other occurrence is in 

the upper 125 feet of section where it is abundant in biomicrites. These 

two occurrences are in units representing two distinct depositional en

vironments. The Orbitolina in the biomicrite are well-preserved where

as those In intrasparite are broken and abraded. It is assumed that the 

biomicrite is the Orbitolina life environment and that they were washed 

into the high energy intrasparite environment. 

Distinct cycles of deposition are evident in the Bluff Formation 

in the Indio Mountains. Sequences of intrasparite and oolitic limestone 

alternating with sandstones and some shales are present in the lower 

two-thirds ef the formation. These are succeeded by units ef micrite, 

shale, and siltstene in the upper one-third. The cycles are probably 

indicative ef changes in climate or some other factor which changed 

the nature of the material being supplied. 

PINTO CANYON 

'̂ *** Ô '̂ ^̂ ô̂ "̂* bearing beds in Pinto Canyon consist ef 650/ 

feet of limestone, sandstone, and shale. Limestone is the most abun

dant lithic tjrpe and consists of several types. It is usually light gray 

to medium gray, well indurated and is sometime nodular. Micrite, 

biomicrite, biosparite, intramicrite, and oosparlte are present and 
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all but the basal unit contain Orbitolina. Impurities include limonite 

stain and disseminated angular quartz grains. The limestones alter

nate in cyclic sequences with the sandstones and shales. 

The sandstones, comprising approximately 20% of the forma

tion, are various shades of brown and reddish brown and are fine te 

medium grained. Few impurities except limonite and magnetite are 

found. 

The vari-colored shales are less abundant than sandstones and 

are usually found in rubble covered slopes and as interbeds in the lime

stone units. 

Orbitolina occurs in several limestone types but are usually 

fragmented inall but the micrites and biomicrites. They were prob

ably transported into the high energy environments. 

SHAFTER 

The Zone of Qrbitolina in the Shafter district is approximately 

1004 feet thick and consists predominantly of limestone with interbedded 

shales and sandstones. The shale and sandstone constitutes approxi

mately 7% and 6% respectively of the section that was measured. 

Thin section studies show that biomicrite is the dominant lime

stone type with oosparlte, biosparite. and intrasparite present in lesser 

amounts. The limestones are various shades of gray, well indurated, 

and contoin some limonite and angular quartz grains as impurities. 

The single oolitic unit in the section (Unit Sh-8) contains abun-
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dant quarts which, along with sparry calcite and fossil fragments, 

form the nuclei of most of the oolites. This oolitic unit is the only 

limestone in the section which dees not contain Orbitolina. 

The sandstones are predominantly light gray or grayish brown, 

fine grained, and well indurated. Seme are cress-bedded and probably 

are ancient beach and bar deposits. They often form lew ledges in the 

area. 

Shale, in various shades of brown te gray, occurs only in the 

upper one-third of the section. 

Depositional cycles, somewhat similar te those observed in the 

ether two sections, are also observed at Shafter. They are fewer in 

number, but probably result from the same causes. The small amount 

of sandstone probably indicates that the Shafter area was farther from 

• source area than either the Indio Mountains or Pinto Canyon. Strati-

graphic relations in the Wolfcamp and Leonard of the Chinati Mountain 

area indicate that the Shafter Cretaceoue section mmy have been de

posited south of the Permian Hovey Channel (personal communication. 

Dr. J. P. Brand, April, 1961) Therefore, the Shafter section appears 

te be mere closely related te the Selitario section than to either the 

Indio or Pinto Canyon. 

DEVIL RIDGE 

Smith (1940, p. 610) reported that the Devil Ridge section con

sists of 1100 to 1400 feet of Bluff Formation at Yucca Mesa. However, 
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only the upper 672 feet were measured and sampled for this project. 

This measured portion consists principally of medium to dark gray 

biomicritic limestone which contains profuse Orbitolina, miliolids, 

and Textularia. Some oosparlte and intrasparite are present, but 

they constitute a small fraction of the total thickness. 

Smith (1940, p. 810) reported that brown to gray sandstones 

occur in the lower portion of the formation, but none of any signi

ficance were encountered in the upper portion. 

Shale, which occurs as distinct beds and as interbeds within 

limestone units, comprises approximately 10% of the measured sec

tion. The shales are usually shades of gray and are poorly exposed 

in gentle slopes. 

The various characteristics ef the upper limestone units indi

cate that they were deposited, fer the most part, in relatively quiet 

shallow water. However, the oosparlte and intrasparite are indica

tive of at least mild agitation. The sandstones in the lower units were 

probably deposited in a near shore environment. 

SOLITARIO UPLIFT 

The 1470 foot section measured in the Solitario Uplift consists 

principally of limestone. Shale and sandstone are subordinate con

stituents. The limestones vary from shades of gray to shades of 

purple specks of red brown limonitic limestone are common. Sparry 

allochemical limestones are predominant in the lower one-half of the 
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section, but are sporadic in the upper one-half. They consist of 

intrasparite and biosparite in approximately equal proportions. The 

intraclastic particles appear to be fragments of micrite and bioroicrite. 

The intraclasts are usually rounded and deformed. This is caused by 

transportation of the particles before complete lithification rather than 

by abrasion. The biosparites are composed of fragments ef macro-

fossils and complete tests of microfossils surrounded by a sparry cal

cite matrix. Intraclasts are also present in this type ef rock, but are 

not as abundant as fossils. Quartz fragments, limonite stain, and thin 

stringers of fine quartz sand are often present in the units. 

Micritic limestones occur throughout the section, but are more 

abundant in the middle and upper units. They consist principally of 

biomicrite with some beds of pure micrite and intramicrite. Fera

minifers, ostraceds, and algal tubes are the most abundant fossils. 

The first Orbitolina occurs slightly below the middle of the sec

tion in an intramicrite. They are present in profusion throughout the 

upper one-half of the formation. As in the other measured sections, 

Orbitolina is found in all limestone types but is much more profuse in 

bioroicrite. 

The vari-colored shales, comprising about 6% of the total sec

tion, occur principally in the lower one-half of the formation as inter

beds in limestone units and as distinct shale beds. 

Sediments in the Solitario Uplift do net exhibit the cycles of 

sandstone and linjestone deposition that were apparent in the Indio 
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Mountains, Pinte Canyon, and Southern Quitman Mountains It is 

probable that proximity te a source of sand is a controlling factor 

This together with the great thickness ef shallow water carbonate de

posits may indicate that this part of the thesis area was a submerged 

bank somewhat like the present day Bahama Banks. The term "banks" 

as used in this thesis refers te the broad, shallow "shelf lagoon" of 

the type that is reported by Newell and Rigby (1957, p. 26) in the 

Bahama Banks. They report that calcareous oozes in the lagoons 

contain a Feraminifera fauna that includes among ethers, retaliids 

and miliolids. 

SOUTHERN QUITMAN MOUNTAINS 

The section in the Quitman Mountains was measured in 

Mayfield Canyon approximately 5. 0 miles southeast ef Indian Hot 

Springs. It consists of 2334 feet of limestone, sandstone, and shale. 

The limestones are of many typee and include micrite, bio

micrite, biosparite, and intrasparite. Biomicrite is the most abun

dant The limestones are interbedded with thin sandstone and shale 

in the lower part ef the formation. In the upper portion the limestones 

and sanxjstones increase in thickness and the shale is less abundant. 

The limestones are dark to light gray and contain some fine quartz 

grains. Microfossils are abundant in all except the lower units 

The sandstones are various shades of brown and gray, well 

indurated, and contain few impurities except limonite and magnetite. 



30 

The shales are commonly light to dark gray and contain thin 

limestone interbeds. They become less numerous in upper units ef 

the formation. 

Orbitolina first occurs about one-fourth ef the way up the 

section. From that point upward it is abundant in most of the limie

stone units. However, they are more numerous in the biomicrite. 

All of the units in the formation appear to be the result of 

deposition in shallow marginal water. The greatly increased thick

ness ef this section as compared to the ether measured sections can 

be accounted for by relatively more subsidence in this area. 

LOCAUTIES OUTSIDE THE THESIS AREA 

Brand and DeFord (1958, p. 373) proposed the name "Yearweed" 

for the lowermost Cretaceous formation in the Kent Quadrangle. In that 

area the Yearwoed consists ef up to 160 feet of limestone and a sporadi

cally distributed basal conglomerate. The limestone portion is sparsely 

fossilifereus; only sporadic chara eogonia, poorly preserved gastropods, 

and some algal growths have been found in it. In the southern part of 

the Kent Quadrangle the Yearwood dis conform ably overlies the Permian 

Rustler Formation and is overlain dis conformably by the Cox Sandstone 

Twiss (1959, p. 26) reported the presence of the Yearwood 

Formation in the northern one-half of the Van Horn Mountains and stated 

that it occupies the same stratigraphic position as it does in the Kent 

area. In the southern Van Horn Mountains the Bluff Formation under-
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lies the Cox Sandstone. Here, as in the Indio Mountains, the upper 

150 feet of the Bluff contains profuse Orbitolina. The Bluff and 

Yearwood formations probably interfinger in the west-central portion 

cl the Van Hern Mountains where, unfortunately. Tertiary faulting has 

concealed the outcrops. 

Brand and DeFord (1958) have concluded from^ lithic, faunal, 

and stratigraphic relationships that the Yearwood was deposited in a 

restricted platform environment which was partially isolated frorr the 

open sea. On the ether hand, the Bluff Formation was deposited under 

normal marine conditions. 

North of Sierra Blanca in the Finlay Mountains the Orbitolina 

bearing Campagrande Formation occupies the stratigraphic position 

below the Cox Sandstone. The Campagrande Formation is probably 

correlative with the Bluff and Yearwood formations. 

The upper 160 feet ef the Bluff Formation in the Indio Mountains 

indicates a departure from the conditions of sedimentation that existed 

before its deposition The distinct cyclic character of the sedin-ents 

in the lower 560 feet probably reflects proximity to a source of clastic 

sediments, whereas the monotonous micritic, Orbitolina bearing lime

stones of the upper 160 feet probably indicate that the provenance was 

inundated. Inundation of the provenance is also responsible for the 

deposition of the Yearweed and Campagrande formations in brackish 

water en the platform. The Diablo Platform was not completely covered 

by marine water but, by this time, had been reduced to low relief and 
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brackish lagoons and embajrments existed over much of the platform 

area. 



M I N E R A L O G Y 

Approximately 60% ef the Zone of Orbitolina is composed ef 

calcium carbonate. However, this percentage varies from 40% in 

the Indie Mountains te 90% in the Solitario Uplift. The remaining 

units are principally shale and sandstone. 

Few minerals other than calcite occur within the limestone 

units. Quartz and limonite are the most abundant impurities ob

served in thin section but insoluble residues and heavy mineral 

analyses by Mr. John R. Sutcliffe indicate that clay and various 

heavy minerals are also present. The heavy minerals are present 

in such small quantity that they were net observed in thin section 

studies. 

CALCITE 

The calcite in the Zone of Orbitolina occurs in a variety of 

forms. Orthochems comprise approximately 65% of the total cal

cite and allochems the remaining 35%. Orthochemical constituents 

consist ef approximately 60% spar and 40% microcrystalline ooze 

Intraclasts, oolites, and fossils constitute the demjinant allochems. 

Micritic Calcite 

Grains of micritic calcite have an average size of 2. 5 - 3. 0 

microns. The grains are usually angular and closely packed. 
33 
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Micrite encountered in the sections often contains profuse well-

preserved microfossils. The principal occurrence of Orbitolina is in 

micritic limestone beds that represent lew energy environments. 

Micrite is said by Folk (1959, p. 12) to represent the low energy 

environments because it is believed that it would be winnowed away 

under severe agitation. 

Sparry Calcite 

Sparry calcite occurs principally as cement in the intra-

sparites, oosparites, and biosparites. It also occurs as fracture 

fillings in various types of limestones. Most of the spar observed in 

the thin section studies originated in situ as a direct chemical pre

cipitate. However, a small percentage of the sparry calcite is prob

ably a result of the recrystallization of micrite. 

Distinguishing characteristics of spar include grain size, 

which usually ranges from 10 te 15 microns, and clarity. It is there

fore coarser and clearer than microcrystalline ooze. 

Spar-cemented limestones are the Type I limestones of Folk s 

classification (1959, p. 12). They are abundant within the Zone of 

Orbitolina. The occurrence ef spar cement in limestones containing 

profuse fossil fragments, intraclasts, and oolites might be indicative 

of shallow agitated waters. Further evidence of high energy environ

ments is the occurrence ef the aforementioned above and below sand-
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stone units end the high quartz sand content. Therefore, their origin 

must be in an environment of rather competent transporting media 

Carbonate Components 

Intraclasts 

Intraclasts are limestone particles which have been trans

ported from adjacent depositional areas and redepesited to form a new 

sediment. The erosion usually takes place before complete lithifica

tion se that the particles often show plastic deformation. Angular 

fragments, demonstrably derived fremi elder beds, are not included 

in this category. 

The intraclasts in the Zone of Orbitolina are composed of both 

micritic and sparry calcite. Micrite is the most abundant. They are 

usually cemented by spar, but in rare instances they may be found in 

a micritic matrix. Conditions favorable for the deposition of clastic 

sediments are usually unfavorable for the deposition ef micrite, con

sequently intraclastic rocks are usually intrasparites rather than 

intramicrites. 

The intraclasts that were observed in thin sections range in 

size from .09 te 1.5 mm; the average size is approximately 0. 5 mm. 

They are usually well rounded and have well defined borders. They 

often contain abundant microfossils and ether materials deposited in 

the original sediment. Fossils and matrix material is infrequently 
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abraded along the edge of the intraclast. This indicates that the matrix 

was as hard as the material contained within it. 

Intraclasts formed from the various "sparites* are not as nu

merous as the micritic ones. When they exist, they reflect the compo

sition of the typical sparites and often contain intraclasts within them

selves. 

The intraclastic rocks in the Zone of Orbitolina occur at var

ious places. In the Indio Mountains they appear to be more abundant 

in the lower two-thirds of the formation, whereas in the Solitario 

Uplift their principal occurrence is in the upper one-third of the form

ation. They are occasionally found in cyclic sequences with sandstone 

and shale. 

Intraclasts contained in a micritic matrix are probably the 

result of intermittent storms "tearing up" the normally quiet deposi

tional surface. The erosienal fragments thus produced are probably 

not transported very far. Therefore, they may represent environments 

of alternate agitation and quiescence. 

Oolites 

Oolites found in the Zone of Orbitolina consist ef one or more 

radial or concentric calcite layers around a nucleus. Nuclei in most 

instances consist of quartz grains, fossil fragments or limestone frag

ments. Quartz grains are the most abundant. The oolites have an aver 

age size of approximately 0, 3 mm but may range from 0. 18 to 0. 58 mm 
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They are found in varioue states ef formation and preservation and are 

sometimes found in intraclasts. Thin section study reveals that the 

oolites are always found in a sparry calcite matrix. 

Allochemicnl particles of an oolitic nature occur at various 

places in the measured sections. They are more profuse in the Indio 

Mountain section where they occur in sufficient numbers in four reck 

units fer the units to be called oosparites. They are also present as 

oosparites in one bed in Pinto Canyon and one at Shafter. Scattered 

oolites are found in all measured sections - - usually in intrasparites. 

Oolites are often found in close association with sandstones and 

in the Indio Mountains they occur in cyclic sequences with them. It is 

generally considered that they should be regarded as clastic sediments 

and therefore should be found in agitated waters. Their close asso

ciation with eandstones and intraclastic limestones seems te substan

tiate this conclusion. Oolites are believed to be formed in most in

stances in shallow coastal or lagoenal waters that are agitated. The 

well-formed oolites probably originated in tidal channels whereas the 

ones possessing only one ring probably formed en beaches. 

Fossils and Fossil Fragments 

Fossi ls and fossil fragments are abundant throughout the mea

sured sections. They consist ef both microfossils and macrefossils 

that may be complete or fragmented and occur in either micritic or 

sparry matrix. Fossils which occur in spar usually show the effect ef 
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agitation and are broken and abraded whereas those found in micrite 

are usually complete. Microfossils are more numerous in the micritic 

recks and are often present in sufficient numbers to warrant calling the 

rock biomicrite. Seme biosparites are present and commonly consist 

of intraclasts and fossil fragments cemented by sparry calcite. 

Feraminifera. - Various types c: feraminifers were found in the anal

ysis of limestone thin sections. These include Orbitolina. miliolids, 

retaliids, and Textularia. They occur in all types ef limestone but as 

previously stated, are more abundant in biomicrites. No effort was made 

to determine the specific names ef the fossils but no doubt several 

species are present. 

Orbitolina occurs in many of the units and is often accompanied 

by Textularia and miliolids. Some ef the units are composed almost 

exclusively ef Orbitolina and roicrecrystalline calcite ooze. In these 

instances Orbitolina may comprise as much as 40-50% of the reck. 

Occasionally they occur in intrasparite, biosparite, and even oosparlte. 

However, when found in these "high energy" reck types, the Orbitolina 

are usually broken and abraded. This leads to the conclusion that they 

did not live in these environments but were introduced to them by some 

transporting agent in the same manner as the intraclasts. 

Miliolids have the same mode of occurrence as do the 

Orbitolina. in fact tiicy are often found together. Two genera of milio

lids were identified in thin section although others no doubt exist. These 
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two are Quinqueloculina and Triloculina. 

The miliolids have a very thin-walled test that is fragile but 

they are usually found intact in the micritic limestones. This seems to 

indicate that they have not been transported but have lived In the low 

energy environment of calcareous ooze deposition. Bandy and Arnal 

(1957, p. 2040) in their studies ef recent miliolids have found that they 

usually live in shallow somewhat brackish waters. This leads to the 

conclusion that miliolids and Orbitolina when found in a biomicrite are 

indicative ef shallow, protected waters. 

Textularia and retaliids are present in many of the units and 

probably are represented by several species. They are often found 

along with miliolids and Orbitolina and probably have the same mode of 

occurrence. 

Gastropods and Pelecypods. - Numerous fragments of both gastropods 

and pelecypods are found in thin sections taken from all parts of the 

Zone of Orbitolina. In some instances complete shells of small pelecy

pods are found but these are not identifiable in thin section However, 

Menopleura was identified from one unit in the Indie Mountains. 

Gastropod fragmients are present in many slides but no specific 

identification could be made. They are identified as gastropods from 

their wall structure and from the cross-section ef their shells. 

Shell breccia, composed of broken pelecypod and gastropod 

shells, is often the principal constituent of biosparites. These occur in 
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all of the sections and are often found in cyclic sequences with sand

stones and intrasparites. 

Algae. - The algae found within the Zone of Orbitolina generally con

sists ef algal tube fragments and lacy perforated fragments. They are 

usually cemented by sparry calcite and occur with other fossils. They 

often occur in intrasparites and biosparites and may be found at var

ious intervals throughout the formation. Because of the peer preeer-

v^tion and fragmented nature of the alg^e no epecific identification 

could be made. Algae probably occurs in more units than does any 

ether single fossil encountered. 

Miscellaneous fossil fragments. - Porocystie^ bryezoans, echinoid 

fragments, and brachieped fragments were found but were much less 

numerous than the aforementioned fossils. Of the four, echinoids are 

the most abundant and are usually detected by the occurrence of spines. 

The spines often have a distinctive radial or scalloped shape in cross-

section. They occur in various rock types and at several horizons in 

the section. 

Porecystis and brachiepeds were identifiable in thin section 

largely because their presence in the rock units was detected en the 

outcrop when the sections were measured. There are few diagnostic 

features that can be seen in thin section that facilitate positive identi

fication of the two. 

Bryezoans were observed in some thin sections but no attempt 
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was made to establish specific identifications. They occur princi

pally in the Intrasparites and biosparites and can be found at various 

horizons throughout the measured intervals. 

Pellets. - These small spherical to ovoid bodies are considered in 

this section en fossils because it iB thought that they are probably 

faecal pellets of invertebrates. Their average size is approximately 

0. 06 mm. They are distinguishable from oolites and intraclasts be

cause of their lack of internal structure, their good sorting, and uni

form shape. 

Pellets are found infrequently in all the sections. However, 

when present they are in a micritic matrix and may appear as small 

clumps ef micrite with indistinct borders. 

At present environmental relationships of faecal pellets are 

incompletely known. This is due principally to controversy as te 

their origin and may be resolved when they are subjected te more in

tensive study. 

Recrystallization 

Recrystallization is not always easily demonstrable, even 

when the sediments are studied in thin section. Two types of re

crystallization were noted in the thin sections from the Zone of 

Orbitolina. In one instance the delicate fibrous shell structure of 

pelecypods and some gastropods recrystallizes from the original 
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aragonite to coarse equigranular calcite. This is probably a function 

ef time. This is encountered in several slides where the fossils re

tain their original shape but loose their characteristic internal struc

ture. 

The other type of recrystallization occurs when the micrite 

inverts to sparry calcite. This is not always easily recognizable since 

rocks of this type often appear to be intrasparites when the recrystalli

zation is incomplete. As previously stated, intrasparites should be 

considered as clastic sediments. Because they are clastic, the detri-

tal particles must be able to support themselves without the help of 

cement. In the case of partially recryetallized limestones the par

ticles that appear to be intraclasts may not be abundant enough to 

support themselves. This rock type is usually identifiable because it 

appears as intraclasts "floating" in a sparry calcite matrix. 



S E D I M E N T A R Y E N V I R O N M E N T S 

GENERAL 

Several criteria are useful in the determination of the pos

sible environments of deposition of a given limestone unit. Optimum 

effectiveness of the criteria requires that a limestone be studied 

both in thin section and with respect te its field relationships. The 

criteria are by no means singularly infallable and prove te be more 

reliable when used in comblnntiens. 

The criteria used in this thesis are: 

1. Texture ef matrix (or cement), 

2. Inorganic constituents: 
a. Intraclasts 
b. Oolites 
c. Non-carbonate cempenents, 

3. Faunal constituents, 

4. Sequence of beds and sedimentary structures. 

TEXTURE OF MATRIX 

The texture ef the matrix or cement can usually be observed 

adequately only when the limestone is studied in thin section or pol

ished section. Texture is particularly useful in determining whether 

the environment was one of high or low wave and current energy. 

The microcryetalline calcite ooze is said by Folk (1959, p. 26) 

to be indicative of lew energy or calm water conditions. It is intui-
43 
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tively evident that these conditions could exist in either deep water 

that is unaffected by wave and current action, in shallow protected 

waters as would be found in marginal lagoons, or shelf lagoons on 

banks such as the present day Bahamas. It can therefore be seen that 

micrite does net indicate depth of water unless it is viewed along with 

other evidence that might be present. 

Sparry calcite is normally found as cement, interstitial fill

ings and fracture fillings and therefore is never a major reck former. 

The principal occurrence of spar ia the Zone of Orbitolina is as cement 

in intraclastic limestones. Because intraclastic and clastic particles 

are often associated with spar, spar is considered to be formed in 

high energy environments - - those characterized by strong wave and 

current activity. The abundance of these environments makes spar a 

non-diagnootic feature of the sediments unless it is considered along 

with the other constituent materials of the reck. Calcareous sands 

seaward from the present Florida Reef tract (Ginsburg, 1956) will 

probably be cemented by spar as will the sands ef the Bahamas. In 

both these instances the final rock product will be identical to known 

ancient sediments. 

INORGANIC CONSTITUENTS 

General 

The inorganic constituents ef a rock are the clastic and intra-
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clastic carbonate particles, quartz sands, silts, and cloys that com

prise the bulk ef many limestones. They may be helpful in the deter

mination of source areas, energy level, and general depositional con

ditions. 

Intraclasts 

Thin sections made from reck units from the Zone ef 

Orbitolina show that intraclastic limestones occur throughout the zone. 

The carbonate intraclastic particles were derived mainly from within 

the "baein of deposition" before complete lithification rather than from 

ancient lithified limestones. It is probable that intraclasts are the re

sult ef bottom sediments having been "tern up" by storms and redepes

ited near the source of initial supply. 

Most intraclasts in the Zone of Orbitolina are composed of mi

critic calcite. In some instances micrite was net completely winnowed 

from the interstices between the intraclasts. The resultant rock is one 

composed of intraclasts cemented with both micrite and spar. This 

rock type probably results from storm activity followed by periods of 

quiescence that allowed the micrite to accumulate. These conditions 

could conceivably exist in several environments but would be more 

common in areas where water depth was greater than normal wave base 

and thus effected only by periodic storms and in mud or tidal flats 

effected by storms or high tides. 

Intrasparites consisting exclusively of intraclasts cemented by 
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spar are probably formed in numerous environments that are sub

jected to constant wave and current activity. 

Oolites 

Work by Illing (1954) on the Bahama Banks indicates that well 

formed oolites in that area are found in tidal channels and other areas 

effected by strong currents. Superficial oolites, these consisting ef 

only one calcite or aragonite ring encircling a nucleus, are forming en 

beaches in the face ef strong wave attack. 

OoUtes are probably form^ed by physico-chemical processes 

in areas where shallow marine water is warmed, stirred up, and super

saturated with calcium carbonate. Two conditions are necessary for the 

formation ef either type: (I) the water must be shallow and warm so 

supersaturation is possible and (2) the nuclei must be rotated by currents 

to allow deposition ef calcium carbonate in concentric rings. 

Oolites of both types are found in the Bluff Formation in the 

Indio Mountains. The well formed oolites probably originated in channels 

between barrier islands where the marine water was warmed and stirred 

up by turbulence. The superficial oolites were probably formed by 

waters washing back and forth over barrier islands and sandy beaches. 

Well formed oolites are also present in the Pinte Chnyen section. In 

this area they owe their origin to processes similar to those responsible 

for the Indie Mountain oolites. 



Non-carbonate Components 

The non-carbonate components indicate that transporting 

agents were active in the depositional environment. The grain size 

is indicative ef the competency ef the media but may also be con

trolled by the grain size and amount of material available for t rans

port. Therefore it is impossible te definitely establish environmental 

conditions without first observing the other characterist ics ef the reck. 

FAUNAL CONSTITUENTS 

Faunal constituents observed in thin sections from the Zone of 

Orbitolina include both fragmented and complete shells. Fragmented 

shell a re found in the high energy limestones — the intraspari tes , 

biospari tes, and oosparites. Fragmentation is due, in most instances, 

to strong wave and current activity. This conclusion is substantiated 

by the fact that sparry calcite is usually present as the cementing 

mater ia l . In some instances small complete pelecypods and fera

minifers also occur in these limestones. The fragmented shells are 

non-diagnostic features of the sediments because of the innumerable 

environments in which they could originate. 

Complete tests of feraminifers often occur in micri t ic l ime

stones. In these beds the benthonic forms may be good environmental 

indicators as it is considered that they probably lived and died in the 

environment without undergoing transportation. 
47 
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Several units in the Zone ef Orbitolina consist of miliolids, 

Orbitolina, and other feraminifers in a micrite matrix. Bandy and 

Arnal (1957, p. 2040) report, in their study of the recent fera

minifers en the West Coast of Central America, that approximately 90% 

of the miliolids occur in water 30 feet deep or less . Their occurrence 

in quiet water as indicated by the micrite together with their depth range 

ef from 0-30 feet would seem te indicate that the depositional environ

ment was lagoenal. Another possibility would be deposition en the 

interior of a shallow bank where wave and current energy was slight. 

However the sequence of beds above and below these units seems te 

detract from the bank theory in all but the Shafter and Solitario areas. 

In these two areas the near absence of sandstone and shale and the 

presence of quiet shallow water limestones may indicate a bank environ

ment. 

SEQUENCE OF BEDS AND SEDIMENTARY STRUCTURES 

The sequence of beds and their contained sedimentary structures 

often furnish important clues to the depositional history of a formation. 

These features require detailed field study with respect to both vertical 

and lateral relationships of the beds. 

The units within the Zone of Orbitolina possess certain dis

tinctive features. The cycles of superficial oosparlte and sandstone in 

the Indio Mountains represent beach environments. Seme of these 

beaches were probably formed on the seaward side of barrier islands. 
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The quartz sands are often cross-bedded and have ripple marks on 

the bedding surfaces. One sandstone unit in the Indio Mountains has 

root casts that are indicative of subaerial exposure and plant growth. 

Intraclastic limestones often found above or below the sandstones were 

formed in high energy environments — probably seaward from the 

beaches. Micrites and biomicrites that occur in the sequence were 

deposited in the quiet shallow waters ef lagoons formed behind the 

barrier Islands and bars. The environments mentioned above did not 

remain stationary but shifted back and forth te produce the observed 

cycles. 

The cyclic nature ef the sediments is probably the result of 

several processes. These processes Include: (1) climatic changes, 

(2) changes in drainage patterns on the land, (3) tectonic activity, 

(4) fluctuations of sea level, and (5) changes in the coast line config

uration due to changes in the pattern off-shore currents or fluctuations 

in the supply of clastic material. It is probable that climatic changes 

result in changes in drainage patterns and this in turn alters sediment 

supply at various points along the shore line. Therefore the cycles are 

due to many factors all ef which result in effectively moving the shore 

line back and forth across a relatively short geographic distance. 

" - • - ^ • - . , ^ ( ' . •••* y . I r - , ^ 



C O N C L U S I O N S 

The sequence of beds comprising the Zone of Orbitolina in the 

Indio Mountains, Pinto Canyon, Devil Ridge, and southern Quitman 

Mountains were deposited in shallow marginal marine environments 

southwest of the emergent Diablo Platform. These environments 

include beaches, shallow off-shore c»)nditions, barrier islands, and 

lagoons. Lagoon development began in shallow marginal water and 

later spread to the broad flat land area of the Diablo Platform as the 

sea encroached upon the platform. In this manner both marginal 

lagoons and shelf lagoons were formed. Shelf lagoons are indicated 

by the predominantly micritic limestones in the upper portions of the 

aforementioned sections. The Yearwood Formation (Brand and DeFord, 

1958) of the Kent area and the Van Hern Mountains, considered to be 

correlative with the Orbitolina bearing beds, was probably deposited in 

a brackish water lagoon or embayment which was bordered on the 

north by the broad flat Diablo Platform and on the south, southeast, 

and southwest by a complex set of barriers. If Brand and DeFord, 

and Twiss (1959) are correct in their correlation of the Yearwood with 

the Bluff, then the Diablo Platform must have been covered by normal 

marine water south of a line extencdhg from the middle of the Van Horn 

Mountains to the Fort Stockton Syncline. 

Stratigraphic sections at Shafter and in the Solitario Uplift 

indicate that these two areas were shallow submerged banks during 
50 
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roost of Orbitolina time. The banks or shelf lagoons were probably 

formed in shallow water en the submerged Coahuila Platform. The 

near absence of clastic sediments in these two areas may indicate that 

they were "cut-off" from a source ef supply. Perhaps the clastic 

materials were trapped by a Cretaceous counterpart ef the Permian 

Hovey Channel. If this was a negative feature during Lower Cretaceous 

time, it was probably located te the northwest of the two areas and 

separated the Diablo Platform te the northwest from the Coahuila 

Platform to the southeast. 

The difference in thickness of the Orbitolina bearing beds at the 

various localities is probably the result of differential subsidence and 

does not reflect significant pre-existing configuration. The area of 

greatest subsidence was located to the south or southwest toward the 

Mexican Geesyncline. 

Two possibilities can be proposed regarding the method by 

which the sea entered the area. The sea may have advanced rapidly, 

deposition of the Orbitolina bearing beds occurring during subsidence 

and slow regression. The other possibility necessitates a slew trans

gression of the sea during which subsidence and deposition occurred. 

In either instance the Cox Formation was probably deposited as a near 

shore facies during the retreat of the sea. It overlies the Bluff 

Formation near the platform and possibly interfingers with Orbitolina 

bearing beds in the Quitman Mountains. The interfingering relation

ship of the Cex and Bluff may indicate minor fluctuations of sea level 
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during the regressive phase. 

Proof of either of the possibilities is difficult because sediments 

produced by both methods of advance would probably be identical Dis

continuous exposures, except along sedimentary strike, preclude detailed 

analyses of primary structures which might substantiate onlap or offlap 

relationships. 

The location of the "hinge" area between the actively subsiding 

Mexican Geesyncline and the more stable Coahuila and Diablo Platforms 

cannot be determined accurately in all areas of Trans-Pecos Texas 

Evidence indicatoe, however, that the hinge line follows a northwest-

southeast line between the Indio and Quitman Mountains. Its location 

with respect to the other areas can only be inferred (See Figure 3, 

page 53). 

The relation ef the Mesezoic Diablo Platform te the Paleozoic 

Diablo Platform cannot be definitely determined from evidence in the 

thesis area. No criteria to prove any connection between the two are 

revealed by a study of the Zone of Orbitolina. Relief comparable te 

that existing to the east of the Diablo Platformj in Permian time was not 

found in the zone. It is possible that the area of relatively greater sub

sidence in the Quitman Mountains corresponds roughly with the area of 

greater subsidence that existed during Permian time. This may be sub-

stsntiftted te some extent by the theory that stable areas tend to remain 

stable and that areas of subsidence tend to subside throughout long inter

vals of geologic time. This somewhat tenuous evidence would indicate 
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that the platforms possibly occupy corresponding geographic conditions. 

It is suggested that the key to the problem might lie in detailed 

study of the Las Vigas and Cuchillo formations in the Quitman Mountains. 

Cursory examinations ef the two formations indicate that they may repre

sent a geosynclinal sequence. 



L I S T O F R E F E R E N C E S 

Adkins, W. S., 1933, The Mesosoic Systems of Texas in The geology 
ef Texas: Univ. Texas Bull. 3232, p. 239-518. 

Amsbury, David L. , 1967, Geology of the Pinto Canyon Area, Presidio 
County, Texas: Doctor ef Philosophy Dissertation, The 
University of Texas, Austin, 202 p. 

Bandy, Orville L. , and Arnal, Robert E . , 1957, Distribution of recent 
Foraminlfera off west coast of Central America: Am. Assoc. 
Petroleum Geologists BuU.. v. 41, p. 2037-2053. 

Brand, J. P», and DeFord, R. K., 1958, Comanchean stratigraphy of 
Kent Quadrangle, Trans-Pecos Texas: Am. Assoc. Petroleum 
Geologists Bull. , v. 42, p. 371-386. 

Brunson, W. E . , 1954, Type sections of Cox and Finlay Formations, 
Hudspeth County, Trans-Pecos Texas: Master ef Science Thesis, 
The University of Texas, Austin, 110 p. 

Burrows, R. H., 1910, Geology of Northern Mexico: Boletin de la 
Seciedad Geolegica Mexicana, tomo VII, p. 85-103. 

DeFord, R. K., 1946, Grain size in carbonate rock: Am. Assoc. 
Petroleum Geologists Bull., v. 30, p. 1921-1928. 

, 1958, Cretaceous platform and geesyncline, Culberson 
and Hudspeth Counties, Trans-Peces Texas: Permian Basin 
Section Sec. Econ. Paleontologists and Mineralogists, Guidebook 
1958 Field Trip, April 10-12, 1958, Van Horn, Texas, 90 p. 

Douglass, R. C , I960, The Feraminiferal Genus Orbitolina in North 
America: U. S. Geel. Survey Prof. Paper n. 333. 

Folk, Robert L. , 1959, Practical petrographic classification ef lime
stones: Am. Assoc. Petroleum Geologists Bull., v. 43, p. 1-38. 

Ginsburg, Robert N. , 1956, Environmental relationships of grain size 
and constituent particles in some South Florida carbonate sedi
ments: Am. Assoc. Petroleum Geologists Bull., v. 40, 
p. 2384-2427. 

Huffington, R. M., 1943, Geology of the Northern Quitman Mountains, 
Trans-Peces Texas, Geel. Sec. America Bull., v. 54. 
p. 987-1046. 

55 



56 

Illing, Leslie V., 1954, Bahaman calcareous sands: Am. Assoc. 
Petroleum Geologists Bull., v. 38, p. 1-95. 

King, P. B . , 1942, Permian of West Texas and southeastern New 
Mexico: Am. Assoc. Petroleum Geologists Bull., v. 26, 
p. 535-763. 

King, R. E . , 1934, The Permian of southwestern Coahuila, Mexico: 
American Jour. Sci. , 4th Ser., v. 27, p. 103-104. 

McKee, Edwin D. , and Weir, Gordon W., 1953, Terminology for 
stratification and cross-stratification in sedimentary rocks: 
Geol. Sec. America Bull., v. 64, p. 381-390, 

Newell, Norman D. , and Rigby, J. Keith, 1957, Geological studies 
on the Great Bahama Bank: Sec. ef Econ. Paleontologists and 
Mineralogists Special Publication no. 5, p. 15-72. 

Rix, C. C. , 1953, Geology of Chinati Peak Quadrangle, Trans-Pecos 
Texas: Doctor of Philosophy Dissertation, The University of 
Texas, Austin, 188 p. 

Scott, Gayle, 1940, Cephalopeds from the Cretaceous Trinity Group 
of the South-Central United States: Univ. Texas Bull. 3945, 
p. 969-1106. 

Smith, J, F., Jr . , 1940, Stratigraphy and structure ef the Devil Ridge 
area, Texas: Geol. Sec. America Bull., v. 51, p. 597-638. 

Twiss, Page C. , 1959, Geology of the Van Horn Mountains, Trans-
Pecos Texas: I>octer of Philosophy Dissertation, The University 
of Texas, Austin, 234 p. 



I N T R O D U C T I O N T O A P P E N D I C E S I A N D I I 

Appendix I contains the field descriptions ef six stratigrapiic 

sections of the Zone of Orbitolina. Terms regarding bedding are those 

proposed by McKee and Weir (1953), whereas carbonate grain size 

terminology was taken from DeFord (1946). Field descriptions were 

made with the aid ef a 14X hand lens. 

Appendix II contains thin section descriptions of representative 

limestone units taken from the Zone of Orbitolina. Percentage estimates 

were made visually with the petrographic microscope. Thin sections 

are numbered according to their bed number and section abbreviation; 

thin section I-1 comes from bed number 1 in the Indie Mountains. 

Abbreviations fer section localities are listed below: 

I Indie Mountains 
Sol Solitario Uplift 
Sh Shafter 
PC Pinto Canyon 
MC Mayfield Canyon (southern Quitman Mountains) 
DR Devil Ridge. 

Rock name symbols are taken from Folk's classification (See 

Table I , page 8). 
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APPENDIX I 

Section In Indie Mountains 

Cox Sandstone 

Bluff Formation Thickness Cumulative 
Ft. Thickness 

55. Limestone, medium gray (N5) with pin point 
limonite specks weathers to various shades ef 
gray and brown, very thin-bedded to thick-
bedded, micrograined, sparsely fossi l i fer
eus. 

T. S. 1-55 41 .0 823.0 

54. Limestone, medium gray (N5), weathers 
light gray (N6), very thin-bedded, with 
nodular limestone and shale interbeds, micro-
grained. Qrbitolina profuse in lower five feet. 
Upper portion contains sporadic Orbitolina, 
Trigonia, and Porecyst is . Upper two feet con
tain numerous small Menopleura. 

T. S. 1-54 18.9 782.0 

53. Limestone, medium gray (N5) to olive gray 
(5YR4/1), weathers gray (5Y7/2), thick-
bedded with nodular limestone and shale inter
beds, micrograined, hard. Profuse 
Orbitolina throughout. 

T. S. 1-53 9.9 763. 1 

52. Limestone, brownish gray (5YR4/1), 
weathers pale yellowish brown (10YR6/2), 
thin-bedded, paurograined, with light gray 
limestone and light gray shale interbeds. Lime
stone beds traversed with limonite filled frac 
tures. Fragments ef foss i ls throughout. 

T. S. 1-52 10.2 753.2 

51. Limestone as in unit 50 except for 
sporadic limonite stain. 7.9 743.0 

50. Limestone, medium gray (N5), thick-bedded, 
hard, with nodular limestone and shale inter
beds. T. S. 1-60 6.2 735. 1 
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Thickness Cumulative 

Ft. Thickness 
49. Shale, light gray (N7), thinly laminated, and 

thin, medium gray (N4) micrograined lime
stone interbeds. 6. 1 728.9 

48. Limestone, medium gray (N5), thin-bedded, 
cryptograined, with medium gray (N5) shale 
interbeds. 2.0 722.8 

47. Shale, light gray (N7), variegated in lower 
one foot. 10.0 720. 8 

46. Quartzite, dark greenish gray (5GY4/1), fine 
to medium grained. 23. 1 710.8 

45. Shale and very thin-bedded sandstone. 
Covered in slope. 54.2 687. 7 

44. Siltstene, dark greenish gray (5GY4/1), 
weathers to various shades of brown, thin-
bedded. 1.5 633.5 

43. Covered. 14.0 632.0 

42. Sandstone as in unit 38. 4.5 618.0 

41. Shale - covered. 6.4 613.5 

40. Limestone, medium gray (N5) with limonite 
streaks, thin-bedded, with thinly laminated 
shale interbeds. The limestones are 
fossilifereus, fauna includes: Trigonia, 
Menopleura, Exegyra, and Nerinea. 4. 0 607. 1 

39. Covered. 3.0 603.1 

38. Quartzite, light olive gray (5Y6/I), with 
limonite specks, thin-bedded, fine to 
medium grained. l.O 600.1 

37. Covered in draw. Rubble consists ef thin 
limestone and shale. 12.7 599. 1 

36. Limestone, medium gray (N6) weathers 
light gray (N7), very thin-bedded, nodular 
limestone and shale interbeds. 

T. S. 1-36 6.0 586.4 
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35. 

34. 

33. 

32. 

31. 

30. 

29. 

28. 

Shale and sandy limestone, profuse 
Ciiarophytes. 

Thickness 
Ft. 

7.0 

Sandstone, pale red (10R6/2) to white, 
weathers brownish yellow (10YR5/4) with 
dark gray to black surface stains, very 
thickly cross-bedded. Current ripple 
marks on seme bedding surfaces. Quartz 
grains angular te rounded, fine te medium 
grained. Limonite grains throughout. 52.7 

Shale, moderate yellowish brown (10YR5/4), 
thinly laminated. 10. 0 

Limestone, medium gray (N6), thick-bedded, 
micrograined and hard in upper one-half, 
soft and argillaceous below. Contains 
scattered fragments of foss i l s . 2. 0 

Shale, moderate yellowish brown (10YR5/4), 
thinly laminated, slightly silty. 7 .0 

Sandstone, grayish red (5R4/2), weathers 
light brown (5YR5/6), thin-bedded, 
calcareous and ferrugineous cement. Quartz 
grains fine to medium, rounded te subangular, 
mostly frosted. 3. 0 

Limestone, medium gray (N5), thick-bedded, 
micregmined with sporadic megagrained 
calcite crystals . Lower one-half foot is 
shaly and nodular. Entire unit fossi l ifereus, 
fauna includes: Toucasia, Exogyra, caprinids, 
and a profusion of rhynchonellid brachiepeds. 

T. S. 1-29 10.0 

Limestone, medium gray (N5), thin-bedded, 
micrograined, contains fragments of 
pelecypods. 1.5 

27. Shale, medium gray (N5) with medium gray, 
lenticular limestone interbeds. 18.5 

Cumulative 
Thickness 

580.4 

573.4 

520.7 

510.7 

508.7 

501.7 

498.7 

488.7 

487.2 
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Thickness Cumulative 
Ft. Thickness 

26. Sandstone, grayish orange-pink (5 YR 8/4), thick 
bedded, thickly cress-bedded in middle portion, 
hard. Quartz grains mostly medium, angular 
to subangular. Basal seven feet contain 
3 in. diameter filled root casts . Siliceous 
cement. 72.0 468.7 

25. Limestone, olive gray (5Y4/1), weathers te 
various shades of brown, thin-bedded, micro-
grained, slightly argillaceous. Fossilifereus; 
fauna includes: Nerinea, Turritella, and 
Anatinia. 1.0 396.7 

24. Shale as In unit 22. 8.0 395.7 

23. Sandstone, pale yellowish brown (lOYR6/2), 
thickly cress-bedded, flaggy. Quartz grains 
fine te medium with minor silt size particles. 
Most grains angular and non-frosted. This is 
probably a tidal current channel. 4.0 387.7 

22. Shale, sandy, medium gray (N5), thinly 
laminated. Quartz grains frosted. 6.4 383.7 

21. Liroeetone, sandy oolitic, medium light gray 
(N6), with white, finely crystalline calcite 
specks, very thick-bedded. Ooliths sporadic, 
1/I6th in. diameter. Quartz grains fine te 
medium, rounded to subangular, frosted. 
Fragments ef fossils throughout. 

T. S. 1-21 7.0 377.3 

20. Sandstone, medium light gray (N6), very 
thick-bedded. Quartz grains fine to medium, 
rounded to subangular, frosted. 5.2 370.3 

19. Limestone, sandy, oolitic, pale yellowish 
brown (10YR6/2), very thickly cross-bedded, 
with very thinly cress-bedded sandstone 
s t r ingers . Ooliths numerous, up to l/16th in. 
diameter. Limestone Intraclasts common. 
Quartz grains a re fine to medium, rounded, 
mostly frosted. Reophax present. 

T. S. 1-19 5.0 365. I 
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Thickness Cumulative 
Ft. Thickness 

18. Sandstone, calcareous, medium gray (N5), 
weathers pale yellowish brown (10YR6/2), 
very thin-bedded, friable. Quartz grains 
fine to medium, mainly angular and sub-
angular. Smekey quartz, magnetite, and 
limonite grains throughout. 18.5 360. 1 

17. Limestone, arenaceous, oolitic, medium 
dark gray (N4), with stringers ef moderate 
brown coarse grained quartz sandstone. 
Entire unit contains fragments of fossils. 

T. S. 1-17 5.0 341.6 

16. Sandstone, medium light gray (N6), thin te 
thick-bedded, friable. Quartz grains are 
fine to medium, angular to subrounded. 
Smekey quartz grains as in unit 14. 5.5 336. 6 

15. Limestone, oolitic as in unit 13. 1.5 331. 1 

14. Sandstone, medium gray (N5), thick-bedded, 
hard, with profuse euhedral te rounded 
smekey quartz grains. The clear quartz 
grains are fine te medium, angular and 
subangular, a few are frosted. Smekey 
quartz grains are pitted. 4.0 329.6 

13. Limestone, oolitic, medium dark gray (N4), 
weathers moderate brown. Matrix limestone 
is micrograined. Ooliths are up to l/16th in. 
diameter. Limestone intraclasts common. 
Fragments of fossils throughout unit. 

T. S. 1-13 5.5 325.6 

12. Sandstone, argillaceous, light olive-gray 
(5Y5/2), friable. Fragments ef fossils 
throughout. 1.5 320.5 

11. Sandstone, pale red (10R6/2), weathers to 
various shades ef gray, very thinly cress-
bedded, hard. Quartz grains are fine te 
coarse, angular te subangular, seme are 
frosted. Limonite and magnetite grains 
abundant. 10.1 319.0 
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Thickness Cumulative 
Ft. Thickness 

10. Limestone, oolitic, medium gray (N4). 
weathers moderate brown (5YR4/4), very 
thickly cress-bedded. At intervals ef 
approximately one foot are 1 in. - 2 in. 
thick sandy limestone stringers. The eoliths 
are l/32nd to 1/16th in. diameter. Lime
stone intraclasts throu^^out unit. Entire 
unit crowded with fossil fragments. A single 
well-preserved Nerinea was found. 

T. S. I-IO 31. 1 308.9 

9. Sandstone, calcareous, light brown (5YR6/4). 
with dark brown (5YR4/4) streaks, very 
thickly cress-bedded, friable te well 
indurated Interfingering with the sand
stone beds are thin, medium te dark gray 
sandy limestone stringers. Quartz grains 
angular to rounded, mostly frosted. Frag
ments of fossils abundant in limestone 
stringers. 47.3 277.8 

8. Limestone, medium to dark gray with dark 
brown streaks, very thickly bedded at base, 
with thinly cress-bedded sandy limestone 
above. Quartz grains fine te nedium, 
rounded to subangular, frosted. Entire 
unit crowded with fragments of Exogyra. 11. 3 230. 5 

7. Sandstone, calcareous, grayish orange-pink 
(5YR7/2) to Ught brown (5YR6/4), very 
thickly cross-bedded. Quartz grains fine 
to coarse, rounded te subangular, mostly 
frosted. Fragments ef fossils throughout. 5.5 219.2 

6. Sandstone, grayish orange-pink (5YR7/2), 
thinly cress-bedded, friable te moderately 
well indurated. Quartz grains fine te med
ium, rounded to subangular. Limonite and 
magnetite grains abundant. 1.4 213.7 
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Thickness Cumulative 
Ft. Thickness 

5. Limestone, coquinoid, arenaceous, brownish 
gray (5YR4/1) to pale red-purple (5RP6/2), 
weathers to various shades of brownish gray, 
very thickly-bedded. Surface weathering has 
accentuated the angular to subangular, medium 
te coarse quartz grains. Fossi l i ferous, fauna 
includes: Trigonia and Exogyra quitmanensis 
as well as fragments ef ether unidentified 
foss i l s . 

T. S. 1-5 22. I 212.3 

4. Limestone, brownish gray (5YR4/1), weathers 
moderate brown (5YR4/^ very thick-bedded, 
arenaceous and slightly cress-bedded in upper 
five feet. The basal 2 1/2 feet is nodular and 
argillaceous, most of unit is paurograined with 
prominent linrjestene intraclasts. Fragments 
of foss i l s throughout unit; identifiable forms 
from medial 5 feet. Fauna includes: Orbitolina, 
Nerinea, and Tylostama. 

T. S. 1-4 17. 1 190.2 

3. Covered in gentle slope. Surface rubble con
tains shale and very thin-bedded sandstone. 63. 4 173. 1 

2. Sandstone, grayish pink (5R8/2) with moderate 
red (5R5/4) specks, very thickly cross-bedded, 
mass ive . Quartz grains fine to medium, 
angular te subangular, some are frosted. 92 .4 109. 7 

1. Limestone, brownish gray (5YR4/I), weathers 
dark yellowish brown (10YR4/2), thick-bedded 
with nodular interbeds in upper three-fourths 
of unit, sporadic limonite specks throughout. 
Fossi l i ferous, fauna includes: Trigonia aff. 
T. taffi, Nerinea, Neithea, and Exogyra. 
A single broken specimen ef Orbitolina seen 
in thin section. 

T. S. I - l 17.3 

Total Bluff Formation 823. 0 

Yucca Formation 



Solitario Section 

Pest OrbitoUna beds 

Orbitolina Zone Thickness Cumulative 
Ft. Thickness 

64. Limestone, light gray (N7) te medium gray (N5), 
weathers te various shades of gray, nodular, 
micrograined, with two medium gray hard 
thick-bedded limestone units which form 
prominent cliffs. Nodular portion mostly 
rubble covered. At top of unit is a 2 in. 
to 6 in. iron enriched interval which is 
indicative of dis conformity. This unit is 
the highest occurrence ef Orbitolina. 75. 0 1475. 7 

63. Limestone, grayish orange-pink (5YR7/2) to 
moderate reddish brown (10R4/6), weathers 
to various shades ef reddish brown, thick-
bedded, micrograined. In upper one-half ef 
unit are ferruginous chert replaced 
rudistids. Miliolids throughout. 

T. S. Sol.-63 la. 0 1400.7 

62. Mostly covered en gentle slope. Rubble con
tains nodular argillaceous limestone and hard 
pale red-purple (5RP6/2), thin-bedded, hard 
limestone. Orbitolina throughout. 118.0 1387.7 

61. Limestone, pale yellowish brown (10YR6/2), 
weathers light gray (N7), very thick-bedded, 
with occasional interbeds of micrograined 
nodular limestone. Orbitolina abundant 
throughout unit. 

T. S. Sol. 61 19 0 1369. 7 

60. Limestone, medium gray (N5), weathers light 
gray (N7), thin-bedded with nodular limestone 
and shale interbeds. The thick limestones 
contain profuse Orbitolina. 14.8 1250. 7 

65 
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59. Limestone, pale yellowish brown (10YR6/2) in 
lower one-half, pale red-purple (5RP6/2) in 
upper half, weathers various shades ef 
yellowish brown, thick-bedded, micrograined. 
In middle of unit is one-feet thick nodular 
limestone and shale interval. Thick-bedded 
portions contain profuse miliolids. 
Upper surface contains macrofessil 
fragments. 12.0 1235.9 

58. Mostly covered on gentle slope. Surface 
rubble indicates an alternation ef thick-
bedded, medium gray (N5) limestone and 
nodular argillaceous limestone. Orbitolina 
present in surface rubble. 107.9 1223.9 

57. Limestone, light gray (N7), weathers pale 
yellowish brown (10YR6/2), very thick-
bedded, cliff-form ing, micrograined. 
Miliolids throughout. 16.0 1116.0 

56. Limestone, yellowish gray (5Y8/I), thick-
bedded with one-foot thick interbeds ef 
nodular limestone and shale. Sporadic 
Orbitolina throughout. 22.8 1100.0 

55. Limestone, moderate yellowish brown (10YR5/4), 
weathers te shades of yellowish brown, very 
thick-bedded, paurograined. Surface is 
marked by etched ferruginous chert. 12. 0 1081. 3 

54. Limestone, medium gray (N5), weathers 
light gray (N7), very thick-bedded, micro-
grained with small i/64th in. calcite 
crystals. Orbitolina abundant in upper 
4 in. Exogyra and rudistid fragments 
throughout. 4.0 1069. 3 

53. Limestone, moderate orange pink (10R7/4). 
weathers yellowish brown, thick-bedded, 
megagrained, with limonite streaks and 
specks. 4.5 1065.3 
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52. Limestone, medium gray (N5) te light olive 
brown (6Y5/6), thick-bedded, mesograined. 
In middle of unit is approximately I ft. ef 
shale. Limestone i s crowded with frag
ments of foss i l s . 15. 1 

51. Limestone, light gray (N7), weathers 
yellowish brown, very thick-bedded, 
mesograined. Upper two ft. marked by 
numerous silicified Orbitolina and rudistids. 11.0 

50. Limeetonp, light gray (N7) to pale red purple 
(5RP6/2), \>^rj thick-bedded, micrograined 
in lower 5 feet; mesograined in upper portion. 
Basal 3 feet contains Orbitolina and miliolids, 
upper portion miliolids only. 

T. S. So l . -50 24 ,0 

Cuii ulative 
Thickness 

1060.8 

1045.7 

1034.7 

49. Limestone, light olive gray (5Y6/I) , very 
thick-bedded, micrograined. Orbitolina 
abundant in lower one-foot and upper one-
foot. 13.0 1010.7 

48. l imes tone , medium gray (N5) to light 
gray (N7), weathers dark gray (N3), very 
thick-bedded, micrograined. Contains 
numerous Orbitolina. 

47. Limestone, pale red purple (5RP6/2), 
weathers various shades of yellow and brown, 
thick-bedded, micrograined. Crowded with 
Orbitolina. 

9. 1 997. 7 

5 .0 988.6 

46. Limestone, yellowish gray (5Y7/2) to light 
gray (N7), nodular, mjicrograined, with 
medium gray (N5) shale interbeds. Orbitolina 
abundant in both limestone and shale. 6.0 983.6 

45. Limestone, medium gray (N5) te light gray (N7), 
very thin-bedded te nodular, micrograined. 
argil laceous, with thin medium gray (N5) shale 
interbeds. Entire unit crowded with Orbitolina. 
Salenia abundant in shale interbeds. 22. 7 977.6 
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44. Limestone, medium gray (N5), thick-
bedded with nodular interbeds. At base 
i s two-foot interval of shale and nodular 
l imestone. Orbitolina throughout. 

T. S. So l . -44 12.0 954 9 

43. Umestone , yellowish gray (5Y7/2), thick-
bedded, hard, micrograined. Crowded with 
Orbitolina. 2 .0 942.9 

42. Limestone, pale red purple (5RP6/2), weathers 
moderate yellowish brown (10YR5/4). very 
thin-to thin-bedded, micrograined. Miliolids 
throughout. 

T. S. Sol . -42 7.5 940.9 

41. Limestone, light gray (N7) to moderate 
yellowish brown (10YR5/4), thin-to 
thick-bedded, microcrystalline, slightly 
argillaceous, with nodular limestone and 
shale interbeds. The lower 8 feet contains 
profuse Orbitolina; the upper 10 feet is a cliff-
forming limestone which contains Toucasia and 
caprinids. 

T. S. So l . -41 51.9 933.4 

40. Limestone, medium gray (N5) to light gray (N7). 
thin-bedded, microcrystall ine, contains 
nodular units in thin interbeds. slightly 
limonitic and argil laceous, contains thin shale 
interbeds. Orbitolina contained in nodules 
2 inches from top ô  unit. 27 .9 881 5 

39. Limestone, yellowish gray (5Y7/2), very 
thick-bedded, micrecrystal l ine. contains 
lin nite streaks, etched lerruginous chert 
on weathered surfaces. Within unit are 
several 3 inch bands f silicified coquin nd 
material, unit contains Orbitolina and 
miliol ids. 10.0 853.6 
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38. Limestone, medium gray (N7), nodular, 
microcrystall ine, slightly argillaceous. 
Profuse Orbitolina and miliolids. 

T. S. Sol . -38 8 .0 843.6 

37. Limestone, yellowish gray (5Y7/2), very 
thick-bedded, micrograined. Contains 
sporadic Orbitolina in upper 2 feet. 

T. S. Sol . -37 6.0 835.6 

36. Limestone, dark yellowish brown (10YR4/2), 
weathers light gray (N7), thin-bedded with 
nodular interbeds, contains thin shale inter
beds. slightly argillaceous, micrograined. 
2 inch units near center are fossil ifereus. 34. 4 829. 6 

35. Limestone, medium light gray (N6), weathers 
moderate yellowish brown (10YR5/4), thick-
bedded to nodular, micrograined, slightly 
oolitic in thick-bedded units, fossil ifereus 
except nodular units. 32.2 795.2 

34. Limestone, light gray (N7) to pale red purple 
(5RP6/2), weathers l i ^ t gray te moderate 
yellowish brown (10YR5/4), thick-bedded te 
nodular, micrograined, thick-bedded l ime
stone slightly oolitic, nodular beds are 
fossil iferous, nodular portion has thin shale 
interbeds. 9 ,9 763,0 

33. Limestone, grayish orange pink (5YR7/2), 
weathers to various shades of gray and 
yellowish brown, very thick-bedded, oolitic 
with micrograined matrix. 

T. S. SoL-33 7 5 753 1 

32. Limestone, medium gray (N5) to medium 
light gray (N6), thin-bedded with nodular 
interbeds, micrograined, slightly argillaceous. 
Unit i s crowded with Orbitolina. 

T. S. So l . -32 7 .0 745.6 
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31. Limeetone, light gray (N7), weathers light 
yeUowieh brown (10YR6/2), thick-bedded to 
nodular, micrograined, fossilifereus. 
Orbitolina were collected from surface 
^loat. 20.6 738 6 

30. Limestone, yellowish gray (5Y8/1) te light 
gray (N7). nodular, upper 10 feet contains 
shale and thin-bedded argillaceous lime
stone, middle unit is a 2 foot hard gray 
limestone, micrograined. 27.7 718.0 

29. This unit consists of two parts both ef which 
are essentially the same thickness. 
Upper unit: 
Limestone, medium gray (N5) te pale 
yellowish brown (10YR6/2), very thick-
bedded, micrograined, contains limonite 
streaks and specks, calcite stringers 
common. Sandy in basal 2 feet. 
Lower unit: 
Lim.estone, medium gray (N5), thick-bedded, 
paurograined. sandy, quartz grains are fine 
to medium, angular to subangular. 

T. S. Sol. -29 42. 1 790.3 

28. Limestone, light gray (N7), thin-bedded with 
nodular interbeds, micrograined. sparsely 
fossilifereus. First occurrence of Orbitolina 
is in the middle of this unit. 8.5 648.2 

27. Limestone, pale red purple (5RP6/2), thick-
bedded to very thick-bedded, micrograined, 
contains stringers of calcite. sparsely 
fossiliferous. 20.9 639. 7 

26. Limestone, pale red (10R6/2) te medium gray 
(N6), very thick-to thick-bedded, micrograined, 
contains fossil fragments and coquinoid layers 
near tops of beds. 

T. S. Sol.-26 9.9 618.8 
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25. Limestone, medium light gray (N6) te dark 
gray (N3), weathers moderate yellowish 
brown (10YR5/4), thicit-bedded, micro-
grained to paurograined. contains 1. 5 feet 
coquinoid layer above which is a light 
gray (N7), fossi l i fereus limestone with 
thin shale interbeds. Contains Anatina. 18. 5 608. 9 

24. Limestone, medium gray (N5) te pale 
yellowish brown (10YR6/2), nodular, 
micrograined, nodules crowded with 
foss i l s . Unit contains large Exegyra and 
Neithea in a bed near the middle, also 
Trigonia and unidentifiable pelecypod casts 
are present. 5 6 590.4 

23. Limestone, pale red (10R6/2) te medium 
gray (N5), thick-bedded, micrograined, 
unit consists ef three subequal l imestones 
separated by 3 inch nodular limestone 
intervals. Contains Neithea and Exegyra. 

T. S Sol . -23 6.0 584.0 

22. Limestone, pale red purple (5RP6/2) to 
moderate brown (5YR4/4), weathers various 
shades of yellowish brown, very thick-bedded, 
mesograined, contains algal fragments, 
oolites and Exogyra fragments. 

T. S Sol . -22 8.6 578.8 

21. Limestone, light gray (N6), very thick-
bedded, micrograined, contains numerous 
medium grained quartz grains. Uppermost 
l imestone unit is light gray (N6) and meso
grained, with sporadic quartz grains. At 
base is a pale red purple (5RP6/2) sandstone, 
quartz grains are fine te medium grained and 
contains sporadic limonite grftins. 

T. S. So l . -21 11.0 570.2 

20. Limestone, sandy, pale yellowish brown 
(10YR6/2), thick-bedded. 2 .5 559.2 
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19. Limestone, light brownish gray (SYR6/I), 
weathers to shades of yellowish brown, very 
thick-bedded, micrograined with pauro
grained spots. 

T. S. Sol.-19 8.0 556.7 

18. Limestone, light gray (N7) to medium 
Ught gray (N6), very thick-bedded, micro-
grained, algal, contains miliolids. The 
basal 8 feet extends into channels in the 
underlying unit but is Uthically similar. 

T. S. Sol.-18 36.5 548.7 

17. Limestone, medium light gray (N6), weathers 
to Ught gray (N7) and shades of yellowish 
brown, very thick-bedded, micrograined. 
The lower 3 feet contains Exogyra, the 
remainder contains miliolids. The upper 
surface is channeled te a depth of I. 5 feet, 
possibly a disconformity. 

T. S. Sol.-17 9.5 512.2 

16. This unit grades from a 1 foot moderate 
yellowish brown (10YR5/4), medium grained 
sandstone at the base te a cross-bedded sandy 
limestone near the middle and te a medium 
light gray (N6) limestone with sporadic quartz 
grains near the top. Upper portion contains 
Exegyra. 

T. S. Sol.-16 13.5 502.7 

15. Covered en slope, probably consists of thin 
shale and sandstone layers. 16.2 489.2 

14. Limestone, light brownish gray (5YRe/l) to 
pale red purple (5RP6/2), very thick-bedded, 
micrograined, with thin calcite stringers. 
There are burrow filUngs In the uppermost 
beds. 

T. S. Sol.-14 13.7 473.0 

13. Limestone, pale red purple (5RP6/2) te medium 
light gray (N8), very thick-bedded, micro-
grained te paurograined, contains narrow (1/2 
inch) white calcite stringers. Upper bed 
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contains Exegyra and rudistids. 
T. S. Sol.-13 

12. Limestone, medium light gray (N6), weathers 
to shades ef yellow brown, micrograined to 
paurograined, very thick-bedded, several 
white calcite stringers This is the lower
most of several massive beds below the first 
occurrence of Orbitolina. Sparsely fossil
iferous but contains several Exogyra 
quitmanensis in middle portion. 

T. S. Sol. -12 

40.0 

Cumulative 
Thickness 

459.3 

5.8 419 3 

11. This unit is rather homogeneous but poerly 
exposed. At base is 1 feet thick medium 
gray (N5) limestone that contains fossil frag
ments in the upper portion. Approximately 
4 feet above the base is a moderate yellowish 
brown (10YR5/d) shale. Following the shale 
is 6 feet ef medium gray (N5), mesograined 
limestone in the middle portion of which is 
2 feet of flaggy sandstone. The limestone 
contains Exogyra quitmanensis and Trigenia 
Above is approximately 35 feet of light gray 
(N7) to medium gray (N5) limestone which con
tains a profusi n o " Exogyra and Trigonia. 
Above is 6-8 feet of purplish, very thick-bedded, 
limestone with Umonite stringers and coquina at 
top. Above is 40 feet ef thick-bedded limestone 
which weathers into nodular masses. This unit 
contains Trigonia, Exegyra, Neithea. and small 
brachiopods. Above is 3 leet of purplish gray 
(5P4/2), thick-bedded limestone with small 
pelecypod casts and Exogyra fragments. A 
nodular limestone with sandy streaks extends te 
the base of the overlying limestone. 118. 5 

10. Shale and thin fossilifereus limestone. Con
tains Trigonia, Exogyra quitmanensis, etc. 4 0 

9. Limestone, n edium gray (N5), weathers pale 
brown (5YR5/2), thin-bedded, sandy with thin 
calcareous and sandy shale interbeds 5. 0 

413.5 

295 0 

291.0 
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8. Limestone, medium gray (N5), thin-
bedded, microcrystalUne, white calcite 
stringers. 2.0 286.0 

7. Rhyolite sill . 21.9 284.0 

6. Covered - probably shale. 29.0 262.1 

5. Limestone, thick-bedded, with thin shale 
interbeds. Three limestone sub-units as 
follows: 

Sa. Basal Umestone unit. 
Limestone, pale purple (5P6/2) with 
light gray (N7) streaks, weathers dark 
yellowish brown (10YR4/2), very 
thickly-bedded, megagrained. 

5b. Linrjestene, grayish orange pink (5YR7/2), 
mesograined, scattered quartz grains. 
Contains Exogyra quitmanensis, gastro
pods and pelecypods near the top. 

5c. Limestone, Ught brownish gray (5YR6/1) 
te brownish gray (5YR4/1), contains red 
limonite spots, micrograined te pauro
grained. Irregular Umonite stringers 
on upper surface may be channel 
fillings. 42.7 233.1 

4. Shale, sandy, moderate yellowish brown (10YR5/4) 
with medium dark gray (N4) limestones and 
moderate yellowish brown (10YR5/4) 
•rgiUaceous Umestone stringers. Unit erodes 
easily and gives rise to distinct subsequent 
valley. 83.2 190.4 

3. Limestone, Ught olive gray (6Y6/1) with streaks 
of hard dark gray (N3) limestone. Both Ught and 
dark portions are crowded with fossil fragments. 
At top of unit is a thin-bedded medium dark 
gray (N4) paurograined Umestone with 
numerous Gryphaea in upper surface. Unit 
has thin interbeds of nodular limestone and 
shale. 22.0 107.2 
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2. Shale, moderate yeUow (5Y7/6) te pale 
eUve <10Y6/2), slightly sandy and thin to 
thick-bedded, medium gray (N5) lime
stones in interbeds. The Umestone is 
micrograined and unfosslliferous except 
for fragments en the surface. 23.4 85.2 

I. Limestone, medium dark gray (N4), with 
Ught to moderate brown streaks, weathers 
Ught gray (N7) to medium gray (N5), pauro
grained. Scattered nodules of ferruginous 
chert en weathered surface. Sparsely 
fossiliferous except fer debris on top sur
face. Near middle ef unit is sandy Ume
stone. 61.8 

Total Glen Rose Formation 1475. 7 

CuchiUo Formation 

Pinto Canyon Section 

Cox Sandstone 

Bluff Formation 

14. Limestone, light gray (N7) to medium gray 
(N5)* very thick-bedded with nodular inter
beds, micrograined. At base is light gray 
(N7) shale, unit has thin shale interbeds at 
various points. Orbitolina occurs through
out the unit except in the upper 6 feet, also 
contains Exegyra and small gastropods. 

T. S. PC-14 102.0 671.5 

13. Sandstone, pale red purple (5RP6/2) to 
various shades ef yellowish brown, thin-
bedded with 2 feet nodular Umestone 
7 feet above the base. 53.5 569.5 
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12. This unit is mostly covered en slope. 
Rubble indicates light gray (N7) 
nodular limestone, thin medium gray (N5) 
shale and thinly laminated, dark reddish 
brown (10R3/4) sandstone. 60.5 516.0 

11. Limestone, medium gray (N6) te dark gray 
(N8), weathers yellowish gray (5Y7/2), 
very thick-bedded with 6 inch thick nodular 
Umestone interbeds, micrograined. 
Lower one-half of unit contains a profusion 
^̂  Qrbitolina. Upper limestone is less 
nodular and contains Exogyra and chert. 
Uppermost Umestone contains a profusion 
of milieUds. 

T. S. PC- l l 53.0 455.5 

10. Limestone, light gray (N7), nodular, con
tains Orbitolina. 

T. S. PC-IO 91.0 402.5 

9. Sandstone, grayish orange (10YR7/4) with 
red and yellow streaks, weathers moderate 
yellowish brown (10YR5/4) with dark gray 
specks, very thick-bedded, massive x-beds, 
contains Ught gray (N7) limestone interbeds. 
At top of sandstone is a 1 inch iron enriched 
zone. 36.5 311.5 

8. Limestone, lig^t gray (N7) to medium gray 
(N5), thin-bedded, nodular interbeds. Con
tains Orbitolina. 

T. S. PC-8 76.0 275.0 

7. Shale, medium gray (N5) weathers light 
gray (N7), flinty. In middle of unit is 
argillaceous limestone bed the same color 
as the shale. It contains Orbitolina, 
Lunatia, etc. 

T. S. PC-7 30.5 199.0 
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6. Limestone, medium gray (N5) to Ught 
oUve gray (5Y6/1), weathers medium 
gray to various shades of yellowish bro.vn 
and reddish brown, thin-bedded, mjicrograined, 
contains miliolids. 20.5 168.5 

5. Limestone, light gray (N7) with medium 
gray (N5) spots, weathers various shades 
of yellowish brown, very tiiick-bedded, 
sUghtly eeUtic, some quartz grains, 
unfossiliferous except for miUolids. 

T. S. PC-5 27.0 148.0 

4. Sandstone, pale yellowish brown (10YR6/2), 
weathers to various shades of yellowish 
brown, very thick-bedded, x-bedded, con
tains lenUcular calcareous sandstone 
interbeds. 48.0 121.0 

3. Shale, medium gray (N5) to moderate 
yellowish brown (10YR5/4), thinly 
laminated, brittle, thin sandy and 
argillaceous limestone Interbeds. The 
limestones are light gray (N7) to moderate 
yellowish brown (10YR5/4). Upper two-
thirds is argillaceous Umestone with large 
Trigonia. 53.0 73.0 

2. Limestone, medium gray (N5), weathers 
olive gray (5Y4/1), very thick-bedded with 
thin (up to 6 inches) nodular limestone inter
beds. Unit coneists of 4 distinct beds. Lower 
3 beds contain Exogyra fragments. Upper bed 
crowded with Exogyra quitmanensis, Trigonia, 
small Neithea and possibly rhynchenelUd 
brachiopods. 

T. S. PC-2 12.0 20.0 

1. Limestone, medium gray (N5) to moderate 
yellowish brown (10YB5/4) with red brown 
limonite streaks, thin-bedded, medium gray 



78 

calcareous shale interbeds. Sparsely 
fos«iliferous except for shell fragments. 

Total Bluff Formation 671. 6 

Yucca Formation 

ThicKness 
Ft. 

8.0 

Cumulative 
Thickness 

Shafter Section 

Post Qrbitolina beds 

Orbitolina Zone 

29. Jbimestone, Ught gray (N7) and Ught yellow
ish gray (5Y7/2), weathers yellowish gray 
(6Y8/1), thick-bedded but contains nodular 
interbeds, micrograined, shale interbeds. 
Contains QrbitoUna in lower 15 feet. Upper 
30 feet predominantly shale but unexposed 
en rubble covered slope. 

T. S. Sh.-29 75.0 1051.3 

28. Sandstone, grayish orange (10YR7/4), very 
thick-bedded, x-bedded, fine te njedium 
grained, some limonite grains. This unit 
pinches te the east and is interpreted as a 
channel sand. 15.7 976.3 

27. Covered in terrace and stream valley. 34.0 960.6 

26. Limestone, medium gray (N5) to moderate 
yellowish brown (10YR5/4), nodular with 
thin shale and 1/2 inch sandstone interbeds. 

T. S. Sh.-26 40.0 926.6 

25. Shale in covered slope. 5.0 886.6 

24. Sandstone, moderate reddish brown (10R5/4), 
thin-bedded, flaggy. 2,0 881.6 

23. Shale, covered in slope. 15.0 879.6 
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22. Limestone, medium gray (N5) te medium 
Ught grey (N6), nodular, micrograined. 
thin shaly limestone interbeds. Crowded 
with Orbitolina. 48.0 864.6 

— • — - • 1 1 K_ 

21. Limestone, light gray (N7) with thin 
4 inch beds of moderate yellowish brown 
(10YR5/4) nodular Umestone, thin light 
gray shale interbeds. The shale forms 
gulleys in the otherwise poorly exposed 
dip slope. Thin Orbitolina bed in basal 
one-fourth of unit. 

T. S. Sh.-21 113.0 816.6 

20. Limestone-
Basal portion consists of three 2 
foot beds ef medium gray (N5) and 
moderate yellowish brown (10YR5/4) 
limestone. The basal limestone is 
crowded with miliolids. The upper one 
has sections of gastropods on the 
weathered surface. Above is section 
of Ught gray (N7), argillaceous 
limestone. 35.0 703.6 

19. Limestone, medium gray (N5), very thick-
bedded, micrograined, interbedded with 
light gray shale and nodular argillaceous 
limestones. 20.5 668.8 

18. Limestone, medium gray (N5) with yellow
ish brown (10YR6/2) streaks and white specks 
which are miUolids, very thick-bedded with 
Ught to medium gray nodular interbeds. 17. 0 648.1 

17. Limestone, medium gray (N6), weathers 
pale yeUewlsh brown (10YR6/2), very thick-
bedded, micrograined. Unit consists of 
series of 2-5 foot thick beds. RudisUds and 
Toucasia at top ef first massive bed. Upper 
one-half of unit is approximately 50% nodular 
limestone. 65.0 631.1 
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16. Limestone, light gray (N7), medium gray 
(N6), and pale yellowish brown (10YR6/2), 
very thick-bedded in middle portion, nodular 
above and below, micrograined, argillaceous 
in nodular portions. Orbitolina throughout 
the unit. 

T. S. Sh.-16 71.0 566. 1 

15. Limestone, moderate yellowish brown 
(10YR5/4) te medium gray (N5), weathers 
yellowish brown, very thick-bedded, micro-
grained. Ferruginous chert etched out near 
surface. Entire unit contains Orbitolina, 
Exogyra, etc. 10.0 495.1 

14. Limestone, medium gray (N5) te dark gray 
(N3) with moderate yellowish brown (10YR5/4) 
spots and streaks, weathers moderate 
yellowish brown, thick-bedded with nodular 
interbeds, micrograined, slightly 
argiUnceous. Entire unit is crowded with 
Orbitolina. Sporadic Exogyra, Loriola, 
and Porocystie. 

T. S. Sh.-14 41.5 485. 1 

13. Sandstone, grayish orange (10YR7/4), 
weathers pale brown (5YR5/2) to moderate 
brown (5YR4/4), thick-bedded, cross-
bedded, fine to medium grained, angular te 
subangular. 31.5 443.6 

12. Limestone, medium gray (N5) with pale red 
purple (5RP6/2) spots, thick-bedded, micro-
grained, abundant Orbitolina and miliolids. 
This is basal bed of Orbitolina unit. Above is 
light gray (N7) to medium gray (N5), nodular, 
micrograined Umestone with Orbitolina. 

T. S. Sh. -12&12b 30.0 412.1 

11. Limestone, medium gray (N5) te medium 
dark gray (N4), weathers light gray (N7) to 
moderate yellowish brown (10YR5/4), thick-
bedded, beds in ridges separated by nodular 
intervals approximately 6 feet thick, micro-
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grained with sporadic calcite stringers. 
Thin shale beds occur within nodular units. 
All thick-bedded units contain profuse fossil 
fragments. 85.0 382.1 

10. SiU. 12.2 297.1 

9. Limestone and sandy Umestone, medium 
gray (N5) to medium light gray (N6), 
very thick-bedded, several 4 foot thick 
calcareous sandstone beds at base. Mid
way in unit is an ooUtic Umestone. At top 
is a sUghtly sandy thick-bedded Umestone 
with ferruginous chert etched out in relief 
on surface. 

T. S. Sh.-9 92.0 284.9 

8. Sandstone, pale yellowish brown (10YR6/2), 
very thick-bedded, cross-bedded, fine to 
medium grained, angular te subangular, 
limonite cement. Contact with overlying 
sandy, ooUtic limestone gradatienal. 14.2 192.9 

7. At base is 1 1/2 feet of calcareous shale. 
Above is 4 feet of nodular to thin-bedded 
Umestone which is an Exe^ra and Neithea 
reef. Above is an alternation of light gray 
(N7) to medium gray (N5) nodular limestone 
and shale. Included is a 1 foot thick 
Orbitolina limestone unit mostly covered by 
slump from overlying sandstone and Umestone. 

T. S. Sh.-7 57.0 178.7 

6. Umestone, Ught yellowish gray (5Y7/2) te 
moderate yellowish brown (10YR6/4), 
weathers medium gray (N5), micrograined. 
Contains sandy cross-bedded Umestone 
interbeds near the top. Limestone contains 
a profusion of fossil fragments. Forms dip 
slope of cuesta. 13.8 121.7 
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Thickness Cumulative 
Ft. Thickness 

5. Limestone, light gray (N7) to dark gray 
(N3), thin-bedded and nodular Umestone 
with thin shale interbeds. Mostly covered 
on escarpment slope. Rubble contains 
fragments ef .fcxogyra. 

T. S. Sh.-5 30.0 107.9 

4. Sandstone, pale yellowish brown (5YR6/2), 
weathers moderate brown (5YR3/4), thin-
bedded to very thick-bedded, cross-bedded, 
contains calcareous sandstone stringers, 
some ef which contain Orbitolina. 

T. S. Sh,-4 26.0 77.9 

3. Limestone, dark gray (N3), weathers 
moderate yellowish brown (10YR5/4), 
thin-bedded to nodular in lower portion, 
very thick-bedded at top. Entire unit 
crowded with Qrbitolina, sporadic Exogyra 
at top. 

T. S. Sh.-3 14.4 51.9 

2. Limestone, Ught gray (N7) to yellowish gray 
(5Y7/2), thin-to thick-bedded, with nodular 
and shaly interbeds, micrograined. 34.0 37.5 

1. Limestone, medium gray (N5) te dark gray 
(N3), weathers moderate yellowish brown 
(10YR5/4), thick-bedded, slightly sandy. 
Fresh surfaces bear limonite stain. Upper 
1 foot contains Exogyra and Orbitolina. 

T. S. Sh.-1 3.5 

Total thickness of Orbitolina Zone 1051. 3 

Pre-Orbitolina beds 



Mayfield Canyon Section 

Post Orbitolina beds 

Orbitolina Zone 

19. Limestone with QrbitoUna. 

18. Sandstone and shale. 

17. Limestone with Orbitolina. 

16. Sandstone, shale and seme Umestone. 

15. Limestone, medium dark gray (N4) to 
mediuro dark gray with yellowish gray 
(5Y7/2) spots, very thick-bedded te 
nodular with thin shale interbeds. Entire 
unit contains Orbitolina and Arctica. 

T. S. MC-15 

Thickness 
Ft. 

60.0 

350.0 

75.0 

625.7 

Cumulativ( 
Thickness 

2410.6 

2350.6 

2000. 6 

1925.6 

83.0 1299.9 

14. Limestone and shale as in 12, the shales 
are not exposed. There is a 25 feet 
sandstone approximately one-third ef the 
way up from the base. 

13. Sandstone, medium gray (N5), weathers 
dork yellowish brown (10YR4/2), fine 
grained. 

113.0 

2.0 

1219.6 

1103.9 

12. This unit is poorly exposed in a low knoll. 
Rubble is medium gray (N5) te dark gray 
(N3) micrograined Umestone. Single sand
stone bed is exposed. Unit is probably 
underlain by some whale which is nowhere 
exposed. Contains Lunatia and Arctica. 162.0 1101.9 

11. Limestone, dark gray (N3) te mediuro gray 
(N6), weathers dark yellowish brown (10YR4/2), 
thick-bedded with nodular and shaly interbeds. 
Contalnn scattered spots of ferruginous chert. 
Upper portion of unit contains Orbitolina. 

T. S. MC-11 58.0 939.9 
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Thickness Cumulative 
Ft. Thickness 

10. Limestone, medium grey (N5) to dork 
gray (N3). weathers mediumj light gray 
(N6) to moderate yellowish brown (10YR5/4), 
very thick-bedded to thick-bedded. Scattered 
Exogyra. Most units contain QrbitoUna. 

T. S. MC-10 76.0 881.9 

9. Limestone, dark gray (N3) te medium gray 
(N5) and brownish gray (5YR4/1), weathers 
to various shades ef yellowish brown, very 
thick-bedded, micrograined. Above basal 
5 feet is a 4 foot shale that has been 
callchifled. Most beds except upper 10 
feet contain QrbitoUna. 

T. S. MC-9 56.0 805.9 

8. Shale, yellowish gray (5Y7/2), thinly 
laminated with thin nodular pale red 
purple (5RP6/2) limestone. 7.5 749.9 

7. Limestone, dark gray (N3) to yellowish 
gray (6Y7/2), weathers medium gray (N5), 
very thick-bedded, micrograined. Contains 
Orbitolina. 30.4 742.4 

6. Limestone, medium gray (N5) with white 
calcite stringers, weathers moderate 
yellowish brown (10YR5/4). very thick-
bedded, micrograined. Unit consists of 
a basal very thick-bedded Umestone and an 
upper very thick-bedded limestone with a 
medial argillaceous limestone and shale. 
Unit is crowded with Orbitolina. 

T. S. MC-6 37.0 712.0 

5. Shale, siltstene and fine grained sandstone 
poorly exposed on talus covered slope. 37. 0 675. 0 

4. This unit consists ef two sub-equal 
limestones. 

Lower unit: 
Limestone, dark gray (N3), weathers 
medium gray (N6), very thick-bedded. 
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Thickness Cumulative 
Ft. Thickness 

micrograined. Contains ferruginous 
chert on weathered surface, but no 
fossils . 

Upper unit: 
Limestone, pale yeUewish brown (10YR6/2) 
to yellowish gray (5Y7/2), very thick-bedded, 
sUghtly ooUtic. Scattered ferruginous chert 
etchings on surface. Contains scattered 
miliolids. 

T. S. MC-4u 42.0 638.0 

3. Limestone, medium gray (N5) to medium 
dark gray (N4), weathers Ught gray (N7) with 
moderate yeUewish brown (10YR5/4) streaks, 
very thick-bedded except fer nodular in lower 
2 feet. Contains profuse Orbitolina above basal 
5 feet. 

T. S. MC-3 21.0 596.0 

2. Limestone, medium dark gray (N4) to light 
olive gray (5Y5/2), weathers light gray (N7), 
l /4th inch white calcite veins, very thick-
bedded near base becoming nodular and shaly 
in upper portion. Orbitolina restricted te 
several thin beds near base. 43.5 575.0 

1. Limestone, medium gray (N5) to medium dark 
gray (N4), weathers light gray (N7), very 
thick-bedded, micrograined. Contains profuse 
Orbitolina. 

T. S. MC-1 18.2 531.5 

Orbitolina Zone 

Cuchillo Formation (Pre-QrbitoUna) 
79. This unit ia poorly exposed on a rubble covered 

slope. Occaeional exposures and talus indicate 
a cycUc alternation of limestone, sandstone, 
and thin shale interbeds. At base is a very 
thick-bedded Umestone 50 feet thick above 
which are moderate reddish brown (10R4/6) 
sandstones interbedded with very thick-
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Thickness Cumulative 
Ft. Thickness 

bedded, medium gray (N5) to dark gray 
(N3) Umeetones. Limestones are cherty 
and sandy and contain rudistids. Te 
be^e of Orbitolina bed. 149.0 513. c; 

78. Shale and thin sandstones. 18.2 364.3 

77. Limestone, medium gray (N5) to dark 
gray (N3), weathers medium light gray 
(N6) to various shades of yellowish brown, 
thick-bedded. 

T. S. MC-77 3.0 346.1 

76. Shale, medium gray (N5) te dark gray (N3), 
sUghtly silty, thinly laminated, thin silt
stene interbeds. In upper one hmU the 
unit changes te very thick-bedded sandstone. 53. 0 343.1 

75. Limestone, moderate yellowish brown 
(10YR5/4) te dark gray (N3), nodular, 
micrograined, argillaceous. Contains 
medium gray (N5) to light gray (N7) 
shale interbeds. 

T. S. MC-75 6.0 290. 1 

74. Shale, medium gray (N5), with thin medium 
gray limestone interbeds. 55.0 284.1 

73. Limestone, medium^ light gray (N6) with 
moderate yellowish brown (10YR5/4) streaks, 
thick-bedded, irregular beds. Profuse 
fossil fragments. Upper 3 feet nodular. 

T. S. MC-73 7.0 229.1 

72. Sandstone as in unit 69. 10.0 222.1 

71. Shale, mediuro gray (N5), silty. 12.6 212.1 

70. Limestone, sandy in lower portion, fairly 
pure nbove, medium gray (N5) to moderate 
yellowish brown (10YR5/4), thick-bedded. 
Containn reef of Exogyra quitmanensis, 
Trigonia, Neithea, etc. 

T. S. MC-70 3.0 199.5 
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69. 

68. 

67. 

Sandstone, pale yellowish brown (lOYRe/2), 
weathers moderate yellowish brown 
(10YR5/4), medium grained, angular. 
Upper part of unit is a very thick-bedded 
bed that forms a low cliff. Very thick-
bedded portion contains large Exogyra 
quitmanensis. 

Shale, dark gray (N3), silty, thinly 
laminated, grades upward into sandy 
shale. 

Sandstone, grayish orange (10YR7/4), 
weathers moderate yellowish brown 
(10YR5/4), very thick-bedded, quartz 
grains fine to mediuro and angular to 
subangular. 

Shale, dark gray (N3). silty, thinly 
laminated, weathers te irregular fragments 
l /4 th inch in diameter, grades into ever-
lying sandstone. 

Siltstene, dark gray (N3), calcareous, 
thick-bedded, weathers te nodules. 
Several speciments ef Ostrea and Neithea 
present. 

64. Shale and limestone as below. 

63. Shale as below with several thin to thick-
bedded arglUaceous, micrograined 
Umestone. 

Thickness 
Ft. 

66. 

65. 

12.8 

32.5 

16.2 

19.0 

4.0 

37.5 

21 .5 

62. Shale as in 60. Upper 7 feet contains thin 
1/2-6 inch yellowish gray (5Y7/2) argillaceous 
l imestones which are crowded with fossi l frag
ments. 21 .5 

61. Limestone, grayish red purple (5YR4/2), 
weathers moderate yellowish brown (10YR5/4), 
thick-bedded, Exogyra quitmanensis abundant 
in basal 6 inches. 

T. S. MC-61 2 . 0 

Cumulative 
Thickness 

196.5 

183.7 

151.2 

135.0 

116.0 

112.0 

74.5 

53 .0 

31.5 



60. Shale, medium grey (N5), weathers light 
grey (N7), thinly laminated to fissle, 
hard, slightly silty. Sporadically through
out are thin, dark gray (N3) Umestones and 
some roediuro gray (N5) te dark gray (N3), 
thin-bedded to nodular Umestones. The 
thicker Umestones contain fragments ef 
Exogyra quitmanensis, Trigonia, Neithea, 
etc. 

Total Thickness 

Thickness 
Ft. 

88 

Cumulative 
Thickness 

29.5 

2410.6 

Devil Ridge Section 

Cox Sandstone 

Bluff Formation 

18. Limestone, dark gray (N3) to medium gray (N5), 
thick-bedded with nodular interbeds, also 
shale interbeds, micrograined. OrbitoUna 
occurs sporadicaUy near the top. 

T. S. DR-18 157.0 692.9 

17. Limestone, dark gray (N3) te dark yellowish 
brown (10YR4/2), weathers yellowish gray 
(5Y7/2) to moderate yellow brown (10YR5/4), 
thick-bedded with nodular interbeds. 

T. S. DR-17 104.0 

16. Limestone, thick-bedded with nodular and 
shaly interbeds. OrbitoUns sporadic in 
lower one-half, •bundant in upper one-half. 

T. S. DR-16 47.0 

15. Limestone and shale as in 13 and 14. Poorly 
exposed in rubble covered slope. Orbitolina 
sparse. 54.0 

14. Limestone as below but with mere shale. 
OrbitoUnn throughout. 

T. S. DR-14 20.1 

535.9 

431.9 

384.9 

330.9 
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Tr.̂ c.;nct;b Cumulative 
Ft. Thickness 

13. Limestone, medium gray (N5), weuthtrb 
Ught gray (N7) to yellowish gray (5Y7/2), 
thick-bedded to nodular with thin mediuir. 
gray siiale interbeds. Contains QrbitoUna. 

T. S. DR-i3 12.4 310.8 

12. Limestone, miedium gray (N5), weathers 
yellowish gray (5Y7/2), very thick-bedded, 
micrograined, limonite specks are 
sporadic. 27.5 298.4 

l l . Limestone, medium gray (N5) to dark gray 
(N3), weathers yeUowish gray (5Y7/2), very 
thick-bedded, mesograined, sUghtly ooUtic, 
ime to mediuni quartz grains abundant. 

T. S. DR-11 16.5 270.9 

10. Shale in covered slope with medial 3 feet 
medium gray (N5), sandy, oolitic lime
stone. 24. 0 254. 4 

9. Limestone, medium gray (N5) to dark gray 
(N3), weathers yellowish gray (5Y7/2), very 
thick-bedded, mesograined. Approximately 
one-half way up in the unit is a brown sand
stone bed. Orbitolina is confined to 4 feet 
on either side of the sandstone. 

T. S. DR-9 60.0 230.4 

8. Shale and thin nodular and shaly limestone. 
Unit includes two 3 foot oolitic sandstone 
beds. 47.0 170.4 

7. Limestone, dark gray (N3), weathers 
yellowish gray (5Y7/2), very thick-bedded, 
micrograined, Qrbitolina in upper 2 feet. 

T. S. DR-7 17.2 123.4 

6. Shale and dark gray (N3), thin-bedded Ume
stone covered in gentle slope. In middle of 
unit is a dark gray to yellowish gray (5Y7/2), 
hard, fine to medium grained quartzitic 
sandstone 1.5 feet thick. 45.6 106.2 
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5. Limestone, medium gray (N5) to dark 
gray (N3), weathers moderate yellowish 
brown (10YR5/4), sandy, very thick-bedded. 
Unit consists of two 8 feet Umestone beds 
with interbedded 2 foot shale. Limestone 
is eoUUc. 

T. S. DR-5 18.1 60.6 

4. Shale and thin-bedded, dark gray (N3) 
Umestone covered in gentle slope. 17. 1 42. 5 

3. Limestone, medium gray (N6) with Ught 
gray (N7) spots, weathers medium gray to 
moderate yellowish brown (10YR5/4), very 
thick-bedded, slightly ooUtic in upper part. 
Contains Toucasia in profusion in lower 
part. Upper portion contains profuse shell 
iragments. 

T. S. DR-3 12.4 25.4 

2. Limestone, dark gray (N3) with moderate 
yellowish brown (10YR5/4) spots, weathers 
various shades of yellowish brown, ooUtic, 
very thick-bedded, thin shale interbeds. 
The lower one-half is crowded with Exegyra 
quitmanensis, E. cartledgi; the upper and 
Biiddle units with E. cartledgi and 
rudistids. 10.0 13.0 

I. Limestone, dark gray (N3) with moderate 
yellowish brown (10YR5/4) spots, weathers 
medium dark gray (N4) te olive gray (5Y3/2), 
thin-bedded, micrograined with stringers of 
mesograined calcite. 

T. S. DR-1 3.0 

Total measured thickness 
ef Bluff Formation 6P2. 9 

Lower Bluff Formation 



APPENDIX II 

1. Thin section number and rock type (See Appendix Introduction.). 
2. Orthochems, % of rock, micrite (M) %. spar (S) % of orthochems 
3. Allochems, % of rock. 

Intraclasts, % of allochems. 
Feraminifera. Orbitolina (O), milioUds (M), retaliids (R). 

Other foss i l s , ostraceds (Os), echinoids (E). 

4. 
5. 

Textularia (T)., 
gastropods (G). pelecypods (P). Porecystis (Po). bryezoans (B). 
algae (A), % of allochems. 

6. OoUtes (Q), pellets (P). % of allochems. 
7. Quartz. % of rock. 

1. 

1-55 
IIIro:L 

1-54 
IIbp:La 

1-53 
lIb:Lr 

2. I 3. 

95 
99M 
TrS 

80 
90M 
lOS 

20 

4. 

Tr. 

Tr. 

70 
90M 
lOS 

t-52 
nb:La 

70 
BOM 
2 OS 

1-50 
:ip:Ll 

30 Tr. 

30 

B5 
30M 
iOS 

15 

5. 

Tr. 
R 
T 

95 
0 
P 
T 
R 

99 
O 
T 
P 
M 
R 

95 
R 
P 
M 
T 
G 
E 

Tr. 
R 

6. 

Tr. 

5 
P 

-

.. 

100 
P 

Remarks 

Slide contains some limonite, few 
pellets, however, the borders are 
indistinct, feraminifers are very 
small. Reck name: micrite. 

Large pelecypod fragments are 
Menopleura, pellets are small and 
few in number, slide contains seme 
limonite. Reck name: biopelmicrite. 

Profuse Orbitolina, ether Feram
inifera are very small , intraclasts 
are sparry calcite. 

Pelecjrpod shell fragments are abun
dant, most ef the Feraminifera teste 
are complete, few echinoid spines, 
intraclasts are well rounded sparry 
calcite, some limonite stain, pelecy
pod shells have inverted to calcite and 
internal structure i s lost. This unit 
probably accuroulated in a lagoon. 

Contains sparse very fine quartz 
grains, seroe pellets are found in the 
spar, they average 0. 05 mm, spar 
may be intraclastic or recrystalUza-
tion product, pellets are probably 
faecal. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems, % of rock, micr i t e (M) %. spar (S) % of or thochems. 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e ra . Orbitolina (O), miliolids (M). re ta l i ids (R). 

Textu la r ia (T)., Other fossi ls , os t raceds (Os). echinoids (E), 
gas t ropods (G), pelecypods (P), Porecys t i s (Po). bryezoans (B). 
algae (A). % of a l lochems. 

6. Ooli tes (O). pel lets (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 
1-36 
mm 

1-29 

1-21 
Ie:La 

1-19 
Ii:Lr 

M 7 
IO:La 

[-13 
[o:La 

2. 3. 

95 
95M 
5S 

45 
lOOS 

4. 

55 

30 
iOOS 

20 
iOOS 

40 

65 

30 
IOOS 

35 
IOOS 

85 

45 

45 

20 

Tr. 
P 

Tr. 
B 

6. 

5 
P 
A 

Tr. 
P 
A 

5 
P 
B 
A 

Tr , 

Remarks 

Tr. 
P 

T r . 100 
G I O 

30 

10 
O 

15 

80 
O 

70 
O 

25 

20 

Contains a trace of very fine quartz 
grains, some clay. 

Spar is ve ry coarse ly crystalUne, 
one bryezean (?) fragment in sUde, 
trace of pellets. The rock unit is 
partially re crystallized. Rock name: 
dismicrlte. 

Superficial oolites comprise approx
imately 40% of the rock, angular 
quartz grains form most nuclei and 
therefore constitutes approximately 
30% of the rock. 

Quartz grains are angular te sub-
rounded and vary in s ize from 0.1 
to 0.45 mm, intraclasts are sparry 
calcite containing quartz grains and 
eeUtes. The rock may be partially 
recrystalUzed. 

Quartz grains are angular to sub-
rounded, slide contains c r e s s -
section of unidentifiable pelecypod 
shell . 

Quartz grains are angular to sub-
rounded, average 0. 20 mm in s ize , 
superficial oolites average 0. 29 mm 
in s ize , some nuclei have only 
partial growth rings. 
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1. Thin section number and rock type (See Appendix Introduction. ). 
2. Or thochems . % of rock, micr i t e (M) %. spar (S) % of or thochems. 
3. Al lochems, % of rock. 

In t r ac l a s t s , % of a l lochems. 
Fe ramin i f e ra , Orbitolina (O), miliolids (M). re ta l i ids (R). 
Textu la r ia (T)., Other fossi ls , os t raceds (Os), echinoids (E), 
gas t ropods (G), pelecypods (P), Porocys t i s (Po), bryezoans (B), 
algae (A), % of a l lochems. 

6. OoUtes (O), pel lets (P). % of a l lochems. 
7. Quar tz , % of rock. 

4. 
5. 

1. 
I-IO 
Ie:La 

1-9 

1-6 
Ii:Lr 

I-4b 
U-Ln 

[-4a 
U:La 

2. 
25 
IOOS 

30 
IOOS 

3. 
50 

20 

4. 

50 
lOM 
90S 

35 
IOOS 

15 
IOOS 

45 90 

50 80 

70 80 

5. 
I 
B 
T 

100 
A 

6. 

8 
P 

F(?) 
A 

10 
P 
T 
A 

20 
O 
M 
A 

|B<?) 

95 
O 

7. Remarks 

2 
O 

25 I OoUtes average 0. 36 mm and are 
well formed, nuclei consist ef quartz, 
sparry calcite and foss i l fragments, 
spar is exceptionally clear. 

50 Reck consists of approximately 50% 
subrounded quartz grains in a sparry 
calcite matrix, allochemical con
stituents are algal tubes. Reck name: 
calcareous sandstone. 

Quartz grains are contained in both 
intraclasts and matrix, oolites are 
fragmented, algal structures are 
abundant, intraclasts are prinei-
pftUy dark micrite. 

15 Quartz grains are subrounded and 
fractured, 0 . 09 -0 .20 mm, intraclasts 
are rounded particles of micrite 
0 .14-0 .29 mm in s ize . 

15 Quartz grains are angular and con
tained in matrix and intraclasts, 
contains sparse Qrbitolina that are 
not apparent in hand specimen, few 
Orbitolina are recrystalUzed. 
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1. Thin section number and rock type (See Appendix Introduction. ). 
2. Or thochems, % of rock, micr i te (M) %, spar (S) % of or thochems. 
3. Al lochems. % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O), miliolids (M), re ta l i ids (R). 

Textu lar ia (T)., Other fossi ls , os t racods (Os), echinoids (E), 
gas t ropods (G), pelecypods (P), Porocys t i s (Po). bryezoans (B), 
algae (A), % of a l lochems. 

6. Oolites (O), pel lets (P). % of a l lochems. 
7. Quar tz , % of rock. 

I-l 
Ub:La 

1. 

Sol- 65 
IIb:La 

Sol- 63 
IIb:La 

Sol-61 
lb: La 

Sol-50 
ni :La 

55 
TOM 
SOS 

2. 3. 
30 

60 
80M 
2 OS 

75 
80M 
2 OS 

4. 5. 

40 30 

25 

45 
70S 
30M 

60 
55M 
45S 

55 

40 

35 

55 

100 
O 
P 
G 
E ' 
T 
Os 
A 

70 
M 
R 

65 
M 
G 
P 
E 

100 
o 
M 
E 

45 
O 
R 
T 
M 

6, 

P( ) 

Remarks 
Sparry calcite contained in fractures, 
sUde contains approximately 5% 
angular quartz grains 0 . 0 9 - 0 . 1 4 m m , 
sparse Orbitolina, some appear te be 
recrystalUzed with a resultant loss of 
internal structure. Slide taken from 
another area ef the same reck sample 
failed to contain Orbitolina. 

Slide contains profuse miUolids, spar 
occurs principally as fiUings in the 
microfossi ls , reck has granular or 
pellitiferous texture. 

Limonite i s abundant and occurs as 
coatings en foss i l s and intraclasts, 
spar occurs as fillings in foss i l s and 
solution cavi t ies , foss i ls and foss i l 
fragments are profuse. 

Micrite appears to be "clumped" but 
may be indistinct pellets, this gives 
rock a granular texture, OrbitoUna 
is the dominant foss i l present. 

Some Orbitolina appear to be recrys 
talUzed to spar with a resultant loss 
ef internal structure, contains 
undulese calcite cross , intraclasts 
average 0.13 mm in s ize , one 
Ceskinolinoides is present in the 
sUde. 
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1. Thin section number and rock type (See Appendix Introduct ion.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spar (S) % of or thochems 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O), miliolids (M). re ta l i ids (R). 

Textu lar ia (T)., Other foss i ls , os t racods (Os). echinoids (E). 
gas t ropods (G). pelecypods (P), Porocys t i s (Po), bryezoans (B), 
algae (A), % ef a l lochems. 

6. Ooli tes (O), pel le ts (P) . % of a l lochems. 
7. Quar tz , % of rock. 

1. 2. 

Sol-44 50 
IIb:La jdOM 

2 OS 

3. 

50 

Sol-42 
IIb:La 

Sol-41 
nb:La 

80 
70M 
30S 

4. 

20 20 

30 
55M 
45S 

70 40 

Sol-38 
IIb:La 

Sol-37 
inm:L 

60 
85M 
15S 

95 
80M 
2 OS 

40 10 

6, 

100 
o 
T 
P 
E 

8C 
O 
M 
B 
P 

60 
O 
M 
T 
R 

90 
O 
M 
R 
T 

100 
O 
T 
M 
R 

Remarks 

Contains profuse Umonite stained 
Qrbitolina, spar is found as fracture 
fillings and surrounding foss i l s . 

Tr. 

MicriUc matrix appears to be 
granular, limonite stain gives sUde 
faint pink color, some distortion is 
present around intraclasts and foss i ls 

Slide contains profuse Orbitolina, 
intraclastic particles are small and 
composed of micrite, some limonite 
is present. 

Profuse QrbitoUna, some Umonite, 
contains few fragments of Porocystis, 

Appears granular, possibly due te 
pellets, spar is contained in f rac ture 
filUngs, quartz i s sparse and is s i l t 
s ize , sUde has microscopic stylelite 
through it, Orbitolina are fragmented. 
Rock name: micrite . 
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1. Thin section number and rock type (See Appendix Introduct ion.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spar (S) % of or thochems, 
3. Al lochems, % of rock. 
4. In t r ac la s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O), mil iol ids (M). re ta l i ids (R), 

Textu lar ia (T)., Other foss i ls , os t racods (Os). echinoids (E), 
gas t ropods (G), pelecypods (P), Porocys t i s (Po), bryezoans (B). 
algae (A), % of a l lochems. 

6. Ooli tes (O). pel le ts (P) . % of a l lochems. 
7. Quar tz . % of rock. 

1. 2. 3. 4. 5. 8. Remarks 

Sol-33 80 
IIb:La 65M 

35S 

Sol- 32 
IIb:La 

Sol-2 9 
Ii:La 

Sol-26 
mro:L 

Sol-2 3 
HirLr 

95 
95M 
5S 

45 
95S 
5S 

95 
95M 
5S 

55 
55M 
45S 

20 10 

52 

45 

90 
Os 
G 
T 
E 
R 
B 
A 

100 
o 
T 
M 
Os 
P 

99 1 Tr. 
M 
P 
E 

95 
T 
P 
E 

60 40 
G 
P 
£ 

Tr. 
O 

Tr. 

Abundant Ostracods and algal tubes, 
spar is contained in fractures, seme 
limonite stain. 

Foss i l s are sparse and very small , 
sUde is cut through a pelecypod shell. 

Intraclasts a r e small, 0 . 14 -0 .2 mm, 
particles ef micrite, quartz i s fine 
grained and angular to subangular, 
trace ef pyrite. 

Quartz is very fine grained and 
angular. Reck name: micrite. 

Intraclasts are composed ef spar, 
spar also fills many foss i l s , seme 
Uroonite. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spar (S) % of or thochems. 
3. Al lochems. % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e ra . Orbitolina (O). mil iol ids (M), re ta l i ids (R). 

Textu lar ia (T)., Other foss i ls , os t racods (Os). echinoids (E). 
gas t ropods (G), pelecypods (P), Porocys t i s (Po). bryezoans (B). 
algae (A), % of a l lochems. 

6. Ooli tes (O), pel le ts (P), % of a l lochems. 
7. Quar tz . % of rock. 

1. 2. 3. 4. 6, Remarks 
Sol-22 
IU:Lr 

Sol-2l 
lb: La 

Sol-19 
lb: La 

Sol-18 
lb: La 

40 
90S 
lOM 

60 40 

60 
70S 
30M 

40 25 

50 
70S 
30M 

50 40 

30 
IOOS 

70 40 

Sol-17 
[Ib:La 

75 
65M 
35S 

25 10 

60 
Os 
Po 
E 
A 

75 
Os 
Po 
E 
T 
A 

60 
OS 
T 
M 
E 

60 
M 
T 
R 
E 

90 
M 
T 

Tr. 

Intraclasts are well rounded 
particles of micrite, algal structures 
are "hern-shaped, Porocystis i s 
abundant. 

Spar is present as cavity filUngs and 
interstitial fillings, some scattered 
quartz grains, abundant echinoid 
spines and Porocystis . 

Tr. I Quartz i s fine grained and angular, 
spar is coarsely crystalline, 
Ostracods are abundant. 

Microfossils are profuse especially 
miUolids, slide also contains 
Ceskinelineides. This rock is a 
Feraminifera biosparite. 

Reck is very fine grained and con
tains "patches" of spar, probably 
the result of recrystallization. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spar (S) % of or thochems. 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O), mil iol ids (M). re ta l i ids (R), 

Textu lar ia (T)., Other foss i ls , os t racods (Os), echinoids (E). 
gas t ropods (G). pelecypods (P). Porocys t i s (Po). bryezoans (B), 
algae (A), % of a l lochems. 

6. Ooli tes (O), pel le ts (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 2. 3. 5. 6. 7. Remarks 
Sel -16{50 

IOOS 
Tr. 

Sol-14 50 
lb: La 60S 

40M 

50 25 

Sol-13 
Ib:La 

Sol-12 
Ii:La 

Pc-14 
lb: La 

30 
65S 
35M 

20 
90S 
lOM 

70 30 

80 60 

60 
55S 
45 M 

40 

50 
Os 
E 
B 
M 
T 

70 
A 
M 
P 

5 
R 
T 
E 

95 
O 
T 
M 
£ 
P 

B(?) 

50 

25 
Q 

35 
O 

Tr. 

Quartz grains are subangular end 
cemented with spar. SUde also 
contains a trace of branching nlg^l 
structures. 

SUde contains solution cavity fiUed 
with sparry calcite, oolites are not 
well formed and usually shew only 
one growth ring, ostracods are 
nuroerous. 

Algal reroains are profuse, they a r e 
rounded structures that are filled 
with spar, spar also occurs as 
fracture and interstitial fillings. 

Intraclasts are well rounded, dark 
roicrite, eeUtes are net well formed, 
veins ef spar are abundant, sUde 
possibly contains a trace of algal 
tubes. 

Profuse Orbitolina, intraclasts are 
dark micrite. 
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1. Thin section number and rock type (See Appendix Introduction. ). 
2. Or thochems, % of rock, mic r i t e (M) %, spar (S) % of or thochems. 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e ra , Orbitolina (O), miliolids (M), re ta l i ids (R), 

Textu lar ia (T)., Other foss i ls , os t racods (Os), echinoids (E). 
gas t ropods (G), pelecypods (P). Porocys t i s (Po). bryezoans (B). 
algae (A). % of a l lochems. 

6. Ooli tes (O), pel lets (P) . % of a l lochems. 
7. Quar tz . % of rock. 

1. T 

Pc-Ub 
Ib:La 

P c - l l 
IIb:La 

2. 

Pc- lO 
IlbiLa 

60 
55S 
45M 

|85 
|75M 
25S 

60 
90M 
I OS 

3. 

40 

4. 5. 

15 10 

40 

Pc-8 85 
IIb:Ln |90M 

lOS 

15 30 

P c - 7 
IIIm:L 

95 
lOOM 

PC-5 
Io:La 

15 
IOOS 

70 

6. 

O 
A 

Remarks 

100 
M 
R 

90 
O 
M 
T 

95 
O 
P 

70 
O 
T 
P 
A 

Tr. 
E 
R 
T 
A 
M 

Tr. 95 15 
O 

Profuse miUolids, seroe Umonite in 
fractures. 

Micrite has a granular appearance 
due to clumping ef the fine calcite 
grains, sUde contains one specimen 
of Coskinelineides. 

Orbitolina and pelecypod fragments 
are abundant. 

Intraclasts are sparry calcite, pro-
fuse Orbitolina, also Menopleura, 
some Uroonite stain en foss i l s . 

Foss i l s are extreroely small and 
visible only under high magnifica
tion, sUde contains one specimen ef 
CoskineUneides, seme Umonite stain. 
Rock name: m i c r i t e . 

Oolites are well formed and have 
quarts grain nuclei, seroe eeUtes 
are contained in the dark roicrite 
intraclasts, algal structures are 
"tube-Uke. " Oolites average 0. 36 
mm in s i ze . 
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1. Thin section number and rock type (See Appendix Introduction. ). 
2. Or thochems, % of rock, mic r i t e (M) %, spar (S) % of or thochems. 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (Q), miliolids (M). re ta l i ids (R), 

Textu la r ia (T),, Other fossi ls , os t racods (Os). echinoids (E). 
gas t ropods (G), pelecypods (P), Porocys t i s (Po), bryezoans (B). 
algae (A). % of a l lochems. 

6. OoUtes (O). pel lets (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 
P c - 2 
Hi: La 

Sh-29 
IIb:Ln 

2. 
80 
90M 
lOS 

65 
65M 
35S 

15 
4. 

90 

35 40 

Sh-26 70 
IIbp:La|55M 

45S 

30 50 

Sh-21 
IIb:tA 

Sh-16 
IIb:La 

40 
60M 
40S 

60 

30 
70M 
3 OS 

70 5 

5. 
Tr. 
T 
P 

50 
O 
R 
T 
P 
M 
A 

20 
M 
R 
T 
P 

98 
O 
R 
£ 
P 
T 
M 

76 
O 
R 
T 
M 

6. 

10 
P 

Tl 

10 
P 

Remarks 

30 Tr. 

20 
P 

Quartz grains are subrounded and 
average 0.15 mm, pellets may be 
faecal in origin, some Umonite 
stain. 

Microfossils are profuse, slide con
tains Ceskinolinoides, undulese 
calcite cress is also present, algal 
tubes are net abundant. 

PeUets give rock a granular appear
ance, scattered quartz grains are 
angular. 

Orbitolina are abundant, sparry 
calcite occurs in interst ices , algal 
tubes are also present. 

Profuse OrbitoUna^ pellets show no 
internal structure and are probably 
faecal, intraclasts are dark micrite . 
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1. Thin section number and rock type (See Appendix Introduct ion.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spar (S) % of or thochems, 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O). miliolids (M), re ta l i ids (R), 

Textu la r ia (T)., Other fossi ls , os t racods (Os). echinoids (E). 
gas t ropods (G), pelecypods (P). Porocys t i s (Po), bryezoans (B). 
algae (A). % of a l lochems. 

6. Ooli tes (O). pel le ts (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 
Sh-14 
lib: La 

Sh-12 
&l2b 

nb:La 

Sh-9 
Io:La 

2. 

Sh-7 
nb:La 

Sh-5 
lib: La 

Sh-4 
lb: La 

30 
60M 
40S 

90 
95M 
5S 

20 
IOOS 

70 
70M 
SOS 

30 
70M 
30S 

25 
IOOS 

3. 

70 

4. 5. 6, 

10 

77 

25 20 

50 

50 

95 
O 

100 
O 
T 
R 

10 
R 
T 
E 
A 

80 
Q 
P 
A 
R 
M 

100 
P 

100 
o 
p 
A 

Remarks 

90 
O 

Tr.j Sparry calcite occurs as fracture and 
interstitial filUngs, profuse 
Qrbitolina, seme Uroonite. 

Sparry calcite and Uroonite occur as 
fracture filUngs, 12b is the samie as 
12 except it contains pelecypod frag
ments. 

Oolites usually po^^ess only one 
growth ring around a quartz, foss i l 
fragment or sparry calcite nucleus, 
eeUtes average 0. 23 mm in s ize . 

Quartz i s very fine grained, algal 
tubes are abundant, intraclasts are 
particles ef well rounded dark 
micrite. 

Tr. 
O 

25 

20 Quartz is subangular and fine grained. 

Slide contains angular to subrounded 
quartz grains, also seme oolites 
that do not appear to have been formed 
in eitu, pelecypod fragments are 
rounded and abraded. 
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1. Thin section number and rock type (See Appendix Introduct ion.) . 
2. Or thochems, % of rock, mic r i t e (M) %. spa r (S) % of or thochems. 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O), miliolids (M), re ta l i ids (R). 

Textu la r ia (T)., Other foss i ls , os t racods (Os), echinoids (E). 
gas t ropods (G). pelecypods (P). Porocys t i s (Po). bryezoans (B). 
algae (A), % of a l lochems. 

6. Oolites (O). pel lets (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 

Sh-3 
Il:La 

2. 

Sh- l 
IIb:La 

Or-18 
lib: La 

40 
IOOS 

3. 

60 
4. 5. 
60 

50 
55M 
45S 

47 10 

85 
65M 
35S 

15 20 

Dr-17 
IIb:La 

Dr-1« 
IIb:La 

85 
80M 
2 OS 

60 
65M 
35S 

15 

40 

8. 

40 
O 
T 
M 
P 
A 

90 
Q 
T 
M 
P 
R 

80 
B 
O 
P " 
R 
G 
E 

100 
M 
R 

100 
O 
P 
R 
T 

Tr. 

Remarks 

Scattered angular quartz grains, 
intraclasts are dark micrite 
0 .14-0 . 26 roro in s i ze , Orbitolina 
are complete even though the reck 
is intraclastic. 

Profuse Textularia, and miliolids. 
Orbitolina and retaliids are not as 
abundant, sparry calcite occurs 
principaUy as fracture fillings, 
seme limonite stain. 

Bryozoan fragments are abundant, 
seme limonite stain, other foss i ls 
are miner constituents. 

MilieUds are abundant in the sUde, 
seroe Uroonite stain present. 

Slide contains a large unidentifiable 
pelecypod fragment, profuse 
OrbitoUna, limonite surrounds seme 
ef the foss i l s . 
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1. Thin section number and rock type (See Appendix Introduct ion.) . 
2. Or thochems , % of rock, mic r i t e (M) %. spar (S) % of or thochems, 
3. Al lochems. % of rock. 
4. I n t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O). miliolids (M). re ta l i ids (R). 

Textu la r ia (T).. Other fossi ls , os t racods (Os). echinoids (E). 
gas t ropods (G). pelecypods (P). Porocys t i s (Po), bryezoans (B). 
algae (A). % of a l lochems. 

6. Ooli tes (O), pel lets (P), % of a l lochems. 
7. Quar tz . % of rock. 

1. 
Dr-14 
IIb:La 

Dr-13 
lib: La 

D r - l l 
lb: La 

Dr-9 
Ib:La 

Dr-7 
lib: La 

Dr-5 
l ib: La 

2. 
85 
90M 
lOS 

80 
90M 
I OS 

20 
80S 
20M 

20 
80M 
2 OS 

35 
lOOM 

15 
4. 

10 

20 

75 

80 

65 10 

30 
70M 
3 OS 

70 

5. 8 

10 

10 

90 
P 
A 

|B(?) 

100 
o 
A 

85 
B 
M 
E 
A 

100 
O 

90 
O 
P 
A 

90 
Os 
A 

Remarks 

5 
O 

T r . 
Q 

Tr. 

Spar is contained in fractures and 
solution cavities, some Umonite. 

Spar occurs as fracture filUngs, 
®°^® QrbitoUna have recrystalUzed 
to spar with a resultant l e s s ef 
internal structure. 

Quartz grains are smal l and angular, 
oolites are superficial and have 
quartz and fossi l fragment nuclei, 
contains some Porocystis and algal 
tubes. 

Profuse Orbitolina, micrite matrix 
appears to be granular. 

Profuse Orbitolina in a fine grained 
matrix. 

Ostracods and algal growths are 
abundant, ooUtes have foss i l frag
ment and quartz nuclei, they usually 
possess only one growth ring. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems , % of rock, micr i t e (M) %, spar (S) % of or thochems. 
3. Al lochems, % ef rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e ra , Orbitolina (O), miliolids (M). re ta l i ids (R). 

Textu la r ia (T)., Other foss i ls , os t racods (Os). echinoids (E). 
gas t ropods (G). pelecypods (P). Porocys t i s (Po). bryezoans (B). 
algae (A), % of a l lochems. 
Ooli tes (Q), pel lets (P) . % of a l lochems. 
Quar tz . % of rock. 

6. 
7. 

1. 

Dr-3 
Ib:La 

Dr- l 
U:La 

Mc-15 
lib: La 

Mc-11 
nfao:L 

2. 

35 
40M 

3. 

65 

60S 
1! 

40 
90S 
lOM 

80 
90M 
lOS 

4. 

25 

1 
60 55 

1 
i 

15 *m 

5. 

75 
P 

G( ) 

45 
O 
T 
R 
M 
E 
P 
Os 
A 

100 
o 
P 
E 
R 
A 

6. 
-

Tr. 
O 

1 
1 

7. Remarks 

Tr. 

Tr. 

5 

Few fine, angular quartz grains. 
miliolids are present in intraclasts. 
spar occurs as cavity and fracture 
filUngs, some sparry patches have 
the same outline as Orbitolina and 
may be the result ef recrystalUza-
tion. 

SUde contains profuse fossils and 
fossil fragments in a sparry calcite 
matrix, many fossils and voids are 
filled with coarse grained spar, 
quartz grains are small and angular, 
seme roicrite intraclasts shew 
sUght eeUtic growth, intraclasts 
average 0.14 mm in size. 

Quartz grains are 0. 05-0.1 roro. 
sUde contains Ceskinolinoides, 
seroe Uroonite stain gives sUde a 
dark color. 

Micrite with very few sparry calcite 
veins, rock has a granular appear
ance. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems , % of rock, mic r i t e (M) %, spar (S) % of or thochems, 
3. Al lochems, % of rock. 
4. In t r ac l a s t s , % of a l lochems. 
5. Fe ramin i f e r a . Orbitolina (O). miliolids (M), rotal i ids (R), 

Textu la r ia (T)., Other foss i ls , os t racods (Os). echinoids (E). 
gas t ropods (G), pelecypods (P). Porocys t i s (Po). bryezoans (B), 
algae (A), % of a l lochems. 

6. Ooli tes (O), pel le ts (P), % of a l lochems. 
7. Quar tz , % of rock. 

1. 2; 

Mc-10 
lib :La 

Mc-9 
m m : L 

Mc-6 
lib: La 

Mc-3 
[lb: La 

85 
75M 
25S 

99 
lOOM 

3. 

15 

4. 5. 

85 
95M 
5S 

Mc-4u 
U:La 

Tr. 

15 

|40 
IOOS 

60 65 

75 
80M 
2 OS 

25 

Mc-1 |75 
lib:La 65M 

35S 

25 5 

6. 

95 
O 
P 
R 

Tr. 
R 

95 
Q 
B 
P 
T 
R 

35 
T 
M 
E 
A 

100 
O 
P 

T 

90 
O 
M 
T 
P 
R 

7. Remarks 

Tr. 

5 
O 

Profuse Qrbitolina, spar occurs m 
fractures along with Unoenite, 
limonite also surrounds some of the 
foss i l s . 

Extremely fine grained and homoge
neous. Reck name: micrite. 

Spar occurs as fracture and fossi l 
fillings, seme Uroonite is present, 
Orbitolina net abundant. 

Intraclasts are dark micrite and 
average 0.18 roro, they roay have 
one oolitic ring, spar is the cement 
ing material, seroe algal growths. 

All foss i l s except OrbitoUna are 
fragmented, reck has an uneven 
texture because of patches ef spar 
and foss i l s . 

Some particles ef spar have one 
ooUtic growth ring, micrite is in 
clumps which give the reck a 
pelletiferous appearance. 
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1. Thin section number and rock type (See Appendix Introduction.) . 
2. Or thochems, % of rock, micr i t e (M) %. spar (S) % of or thochems. 
3. Al lochems, % of rock. 

In t r ac l a s t s , % of a l lochems. 
Fe ramin i f e r a . Orbitolina (O), miliolids (M), rotal i ids (R). 
Textu la r ia (T)., Other foss i ls , os t racods (Os), echinoids (E). 
gas t ropods (G). pelecypods (P), Porocys t i s (Po). bryezoans (B). 
algae (A). % of a l lochems. 
Oolites (O), pel lets (P). % of a l lochems. 

4. 
5. 

6. 
7. Quar tz , % of rock. 

1. 

Mc-77 
IIIro:L 

Mc-75 
lb: La 

Mc-73 
Hi: La 

Mc-70 
|IU:La 

Mc-61 
Ii:La 

2. I 3. 

99 
IOOS 

55 
55S 
45 M 

75 
90M 
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E 

6 

Tr. 

Remarks 

35 

Tr. 

Contains sparse very fine quartz 
grains, seroe foss i l fragroents and 
algal reroains. Reck name: micrite. 

Quartz is very fine grained, it is 
contained in a micrite and spar 
matrix, intraclasts are micrite, 
seme spar occurs in veins. 

Quartz grains are sparse and very 
fine, seme fossi l fragments are 
unidentifiable. 

20 Quartz grains are angular and range 
in s ize from 0. 09-0 .18 mm. 

Intraclasts are spar, profuse 
Uroonite surrounding intraclasts and 
quartz grains, intraclasts are 
0 .14 -0 .29 mm. 
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Fig. 1 Fig. 2 

Fig. 3 Fig. 4 

Fig. 5 Fig. 6 
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