
A SUBSURFACE STUDY ON THE DEVONIAN 

CABALLOS NOVACULITE OF THE 

TOBOSA BASIN OF WEST TEXAS 

BY 

STEVEN RAY WEBB, B.S. 

A THESIS 

IN 

GEOLOGY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

ArrpntpH 

August, 1975 



' ^'''.'- ̂  ^ ACKNOWLEDGMENTS 
/v ^ 

The writer acknowledges with gratitude his indebtedness to 

Dr. Alonzo D. Jacka for his sincere interest, criticism, and 

suggestions during the investigation. Appreciation is also 

extended to Dr. Fred H. Behnken, Dr. Warren W. Wood, and Dr. 

Necip Guven for their advice and criticism. 

The writer is in debt to Exxon Oil Company for their initial 

suggestion of this problem and supplying cores, cuttings, and thin-

sections. Charles Dellenback, Andy Kauffman, and Dan McGregor 

were particularly helpful in the early stages of investigation 

while the writer was under employment of Exxon in the summer of 

1974. 

Appreciation is due the Department of Geosciences at Texas 

Tech for their support with a teaching assistantship and technical 

service help. 

Finally, I am most in debt to my fiancee Diana for her 

secretarial help, patience, and unselfishness during the progress 

and completion of this thesis. 

n 



^sK^m 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGMENTS i i 

LIST OF FIGURES '. v 

LIST OF ILLUSTRATIONS vi 

CHAPTER 

1. INTRODUCTION 1 

Statement of Problem 1 

Objectives of Study 2 

Methods of Study 2 

Area of Study 3 

Regional Geology and Geologic 
History 6 

Stratigraphy and Terminology of the 

Devon i an 8 

2. LITHOFACIES AND DEPOSITIONAL ENVIRONMENTS 11 

Basin-Wide Relationships 11 

Deep Water - Dark Chert 13 

Shallow Water - Novaculite 14 

Basin Margin - Tripolite 15 

3. roSSlL EVIDENCE 17 

I .luna 17 

Plant Remains 20 

4. PETROGRAPHY 22 

Dark Chert 22 

Novacul ite 26 
Tripol ite 32 

n 1 



[ ) . 4 ^ : i l v :>' S I L I C A 3 7 

6 . P A U A C L N L S I S M G 

SUMMARY AND CONCLUSIONS 4 9 

L I S T OF REFERENCES 52 

APPENDIX OF I L L U S T R A T I O N S 57 

1 V 



W3rm 

L I S ! OF FIGURES 

Page 

1. To bo'.a Basin during Early and Middle 
Devonian 

2. Distribution of control wells 

3. G e n 0 r a 1i z e d t a c i e s r e l a t i o n s h i p s . . . . 

4. Solubility of amorphous silica ii• 
waters of varying pH 

5. Generalized ground water flow lines. 

12 

41 

44 



i ^ ^ K i p r ° i 

L 1 ST Of ILLUSTRATIO: !S 

1 . \W\v\- ( h i l l 

2 . .̂ 0 v.) c u 1 i t e s h o v. ing collapse breccid^ 

3 . T r i p01 i t (• f a c i e s . Significant i 11 c i u d '̂  

anhydrite n o d u 1 >̂  v , 1 r i , ̂  o 1 i t e , and f "I d t 
pebble chor t corp; 1 OIIK r i te 

4. Collapse breccias consisting of nov.icjlite 
fragments within a dark, siliceous, 
internal sediment 

5. Photomicrograph of microcrysta11ine quartz 
and quartzine replacing a prismatic mollusc 
shel1 

6. Birds eye vugs in novaculite 

7. Flat pebble conglomerate within tripolite 
facies 

8. Anhydrite nodules within tripolite facies... 

9. Tripolite 

10. Photomicrograph of chalcedonite orbs and 
dolomite rhomb 

11. Photomicrograph of microcrystalline quartz 
replacing a monocrystal1ine echinoderm 
component 

12. Photomicrograph of vug filled with drusy 
megaquartz within a microcrystal1ine 
quartz matrix 

13. Photomicrograph of anhydrite spar being 
replaced by microcrystalline quartz 

14. Photomicrograph of chalcedonite filling 
fracture, dolomite rhombs and microcrystalline 
quartz 

15. Photomicrograph of microcrystalline quartz 
with masses of floating dolomite 

16. Photomicrograph of anhydrite spar within 
microcrystalline quartz 

Page 

53 

58 

59 

59 

60 

60 

61 

61 

6c 

62 

63 

63 

64 

64 

65 

65 

VI 

file:///W/v/


17. Photomicrogr.iph of microcrystalline quartz 
replacing anhydrite spar 66 

18. Photomicrograph of microcrystalline quartz 
replacing calcite micrite and dolomite 66 

19. Photomicrograph'of chalcedonite and micro-
crystalline quartz in novaculite 67 

vii 



CHAPTER 1 

INTRODUCTION 

Statement of Problem 

The Devonian Caballos Novaculite of West Texas has been the 

object of a large number of studies since the initial investi

gation by Udden, Baker, and Bose (1916). The following problems, 

associated with the origin and diagenesis of the Caballos Nova

culite, have long been subjects of controversy among geologists 

and remain enigmatic: 1) Middle Paleozoic bathymetry of the 

Ouachita-Marathon Geosyncline, 2) environments of deposition, 

3) prediction of subsurface hydrocarbon trends, 4) determination of 

whether the chert is primary or secondary, and 5) source of silica. 

Origins proposed for the Caballos Novaculite (chert) include: 1) 

deposition of biogenic ooze in deep water (Thomson, 1964), 2) shallow 

water deposition of detrital silica (King, 1937, p. 55), 3) submarine 

alteration of volcanic ash (Goldstein and Hendricks, 1953), and 4) 

replacement of peri tidal carbonates and evaporites (Folk, 1973). 

All previous literature on the Caballos Novaculite has been 

based upon investigations of outcrops in the Marathon region of West 

Texas and in the Ouachita region of Arkansas. In the Ouachita 

region of Arkansas limited exposures of the novaculite preclude 

establishment of original facies relationships. In the Marathon 

region of Texas interpretation of original facies relationships 

has been complicated by intensive tectonic activity, including 

thrust fauUitvj. In no previous study of the Caballos have subsur *-. • 

relationships been established, through study of cores and well 



cuttings, although McGlasson has established the paleogeography of 

the subsurface Tobosa Basin using cores and cuttings. In the area 

chosen for study, subsurface facies relationships of the Caballos have 

not been obscured by tectonic activity. 

Objectives of Study 

From analysis of available subsurface cores and well cuttings 

provided by Exxon from the "Devonian" of the Tobosa Basin of West 

Texas, the following aspects of the Caballos will be interpreted. 

1. Original environments of deposition and facies 

relationships 

2. Origin and diagenesis of chert 

3. Porosity relationships and entrapment of hydrocarbons 

Methods of Study 

1. Macroscopic and binocular examination of sedimentary 

structures, lithofacies, and biofacies revealed in available cores. 

2. Petrographic analysis of selected thin-sections from 

cores and cuttings. Thin-sections were stained with Alizarin Red 

S to discriminate calcite-dolomite relationships, and Malachite 

Green to reveal relative distributions of organic matter in silica 

polymorphs. 

3. Examination of insoluble residue from selected samples 

following treatment with hydroflouric acid. 

4. X-ray diffraction analysis of selected samples will 

supplement information derived from other analyses. 



lOT^SI 

The area of study includes the subsurface Tobosa Bd'~,in of 

West Texas. Although exact areal extent of the Tobosa Basin 

is not definitely established, extensive drilling reveals its 

approximate configuration (Figure 1) during Early and Medial 

Devonian time. Attention will be focused on southern Ward County, 

northern Pecos County, and western Crane County owing to the 

availability of information and to the belief that this area will 

exhibit facies characteristic of the Tobosa Basin as a whole. 

Figure 2 marks the location of the control wells within these 

counties. 

This study was initiated under the employment of Exxon, 

U.S.A., in Midland, Texas in the summer of 1974. Seven primary 

control wells were chosen from southern and southeastern Ward 

County along a west to east profile, passing from what was inferred 

to be a deeper basinal facies to a shallow basin-margin facies. 

Cuttings from all seven wells were examined with binocular micro

scope, and thin-sections were prepared from selected intervals within 

the wells. The seven original control wells inclijcic: Liie Shell 

H.B. Morrison #1, the Texaco Williams #1, the Shell Lo( i ' idge #1, 

the HNG Wilson #1, the Humble Howe #1-1, the Humble Howe #3-2, and 

the Humble South Ward Deep Gas Unit #1. Of these wells only the 

Howe #1-1 is productive from the Devonian interval. 

The cores utilized in this study were obtained after noting 

that the seven original control wells did not extend to the basin 

margin, and that many megascopic relationships could not be inter

preted from small cuttings. Many of the cored intervals contain 
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Figure 1. Tobosa Basin during Early and 

Middle Devonian (modified after 

McGlasson, 1967). 
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liLhologics ol)S(."tVf'(l in cuttings from the origindl seven control 

wells, and so Lhcy were not systematically thin-sectioned as were thf 

original control wells. 

The number of cores available from the Devonian of West 

Texas is amazingly small compared to the number of wells drilled. 

This is because the difficulty and expense in coring chert, partic

ularly fractured chert, is prohibitive, especially when the Devonian 

is as deep as 18,000 feet. 

Cores were obtained from the Humble Kimeletz #1, the Pure 

Tyrrell #1, the Forest #1-A, the Mobil J.O. Neal #1, and the 

Humble Horace Smith #1. In all, 173 feet of core were examined. 

This represents all the available Devonian core from the Exxon 

core library of Ward, Crane, and Pecos Counties, and probably is 

the most representative and possibly the largest single collection 

of cores from the Caballos Novaculite of Texas. 

R_̂ _9.l9Jl?J Geology and Geologic History 

An early Paleozoic basin, the Tobosa Basin, existed in West 

Texas adjacent to the Ouachita-Marathon Geosynclir.e to t!ie south. 

The Tobosa Basin was an approximate ancestral geographi-. geographic 

equivalent to the Delaware Basin, and was bounded to the east and 

northeast by the Texas Peninsula, and to the north by the Pedernal 

landmass. The Tobosa Basin was probably not in existence as such 

until early Silurian Time (McGlasson, 1967). During Silurian Time 

the Fusselman Formation was deposited, and consists of carbonate 

facies and shale intervals with a shallow water fauna. Above the 

Fusselman is a unit informally named the "Upper Silurian" (McGlasson, 

1967). This unit consists mainly of carbonates and also contains 



PiTiq 

7 
a shallow water fauna. Presence of an unconformity between the 

Upper Silurian unit and the Caballos remains unproved. 

Interpretation of relative Devonian water depths within the 

Tobosa Basin is of utmost importance in establishment of fdcies 

relationships. Dally (1964), McGlasson (1967), McBride (1969), 

Thomson (1964), McBride and Thomson (1970), Park and Croneis (1969), 

and others have postulated that the Caballos Novaculite accumulated 

slowly as a deep water deposit. On the other hand, King (1937), 

Aberdeen (1940), Bennett (1959), Fan (1963), Goldstein (1961), 

Goldstein and Hendricks (1953), and Folk (1973) are among those 

believing that the Caballos reflects shallow water deposition. 

All of the aforementioned interpretations were based on outcrop studies 

from which it has not been possible to deliniate regional or local 

facies relationships. 

The Woodford Shale, which uncomformably overlies the Caballos, 

is time transgressive between Late Devonian and Early Mississippian, 

and represents a time of widespread submergence with uncertain 

depth relationships (McGlasson, 1967). 

Other than epeirogenic basinal subsidence, there is no 

evidence of major tectonic activity during Silurian and Devonian 

Time in the Tobosa Basin. There is scattered evidence of volcanic 

activity during the Devonian, which will be discussed laLer in 

greater detail, but this did not tectonically affect th-~ Fobosa 

Basin. 

Major erogenic uplift of the Ouachita Geosyncline did not 

begin until Early or Medial Mississippian Time and continued into 

Early Permian Time, probably migrating toward the craton. This 
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uplift is evidenced by great thicknesses of Mississippian through 

Lower Permian elastics in the Marathon region (McGlasson, 1967). 

In Late Pennsylvanian and Early Permian Time the area was subjected 

to tectonism resulting in zones of intense faulting which are 

partially responsible for developement of fracture porosity within 

the Devonian from which close to a billion barrels of oil have 

been produced. 

Stratigraphy and Terminology of the Devonian 

The Caballos was first formally studied in the Marathon by 

Udden, Baker, and Bose (1916), who divided it into two formations -

a lower Caballos Novaculite, and an upper Santiago Chert. Baker and 

Bowman (1917) rejected the name Santiago Chert on evidence that the 

two formations should be a single unit. King (1937), divided the 

Caballos Novaculite into five members: the lower chert member, 

lower novaculite member, middle chert member, upper novaculite 

member, and upper chert member. In this classification the latter 

three members are equivalent to the Santiago Chert. These five 

members probably still represent the most useful subdivision in the 

Marathon region, but their use is limited because outcrop facies 

changes are confusing, and because major lithologies exist which 

do not fit into the five-fold classification. 

Graves (1952), using conodonts, dated the upper three members 

of the Caballos (the Santiago Chert) as being Late Devonian in age. 

They thus appear to be correlative to the subsurface Woodford 

Shale of West Texas (Berry and Nielsen, 1958). If this relationship 

is correct then the subsurface Caballos Novaculite of West Texas 



9 

is younger than the Santiago Chert and is correlative with only the 

two lower Caballos members of the Marathon region. There, however, 

remain major problems in age correlation of the Caballos (see 

McBride and Thomson, 1970, for a complete review), and there will 

be no strong attempt in this study to correlate the subsurface with 

the surface Caballos Novaculite. 

Because of confusion that results from using the proper name 

"Caballos Novaculite", and applying the term "novaculite" to specify 

a certain lithology within the formation, plus the lack of knowledge 

in relating the subsurface to the surface Marathon Caballos Novaculite, 

the name Caballos Novaculite has not been used by petroleum geologists 

of West Texas. Instead the subsurface Caballos has simply been 

termed the "Devonian". When such terminology is used in this paper 

"Devonian" will be set off by quotation marks to show that it 

represents neither a specific time unit nor a time-rock unit. 

The "Devonian" of Texas is also present in the Franklin and 

Hueco Mountains near El Paso, in the subsurface of the Texas 

panhandle, and in the Llano region. These areas are not as exten

sively drilled, and so not as well understood, but they exhibit 

many of the same features that will be noted in the Tobosa Basin. 

In discussing the Caballos other terms must also be clarified, 

because even among petroleum geologists there is confusion regarding 

the terms novaculite, porcelanite, tripolite, glassy chert, and 

chert. The term novaculite will be applied in the sense used by 

Pettijohn (1957, p. 433) as "a very dense, even textured, white, 

cryptocrystalline siliceous rock". Porcelanite is an interchangeable 

term for novaculite, but for clarity will not be used in this paper. 

The term glassy chert as applied by petroleum geologists refers to 
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either a clear, glass-like chert or dark chert. In this study 

dark chert will simply be termed dark chert. Except for minor 

amounts of void-fill, no chert with a clear glass-like quality was 

found in this study; therefore, the term glassy chert will be 

avoided. The term tripolite will be used in this paper and will 

refer to a peculiar intimate mixture of carbonates, evaporites, and 

silica; it is typically cream-colored, of low density, and commonly 

high in porosity and permeability. The tripolite seen in this 

study has the texture, appearance, and approximate density of 

massive devitrified volcanic ash. The term chert will have no 

implications other than its normal connotation - massive, crystalline, 

nondetrital silica. 



CHAPTER 2 

LITHOFACIES AND DEPOSITIONAL ENVIRONMENTS 

Basin-Wide Relationships 

Three main lithologic facies are present in the Tobasa Basin -

dark chert (Illustration 1), novaculite (Illustration 2), and 

tripolite (Illustration 3). These are spacially segregated within 

the Tobosa Basin and reflect paleo-water depth, as dete^^mined by 

nearness to the basin margin and thickness of sediment (Figure 3). 

That the wells of this study do not represent an anomalous facies 

sequence is evidenced by lithologic descriptions of well cuttings 

throughout the basin made available by Exxon, and from examination 

of cuttings from analogus wells surrounding the study area. 

The three varieties of chert predominantly record replacement 

of carbonates which accumulated in a spectrum of depositional 

environments ranging from deep basin to marginal intertidal-supratidal 

zones. After silica replacement, original carbonate depositional 

environments were reflected in resulting chert lithofacies as 

follows: 1) dark chert replaced deep basinal facies, 2) novaculite 

replaced shallow subtidal-intertidal facies, and 3) tripolite 

replaced evaporite-bearing supratidal facies. Petrographic and 

megascopic evidence for these relationships will be developed under 

descriptions of individual facies. Primary control wells used in 

this study for the most part exhibited only minor intertingering 

relationships between major lithofacies. Lithologic descriptions 

nf cuttings from wells inferred to be intermediate between the 

11 
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major lithofacies shov/ed complex interfingering. 

Distribution of facies within the Tobosa Basin reflects the 

paleo-bathymetry with the axis of greatest water depth lying closest 

to the western margin (McGlasson, 1967). The relatively steep slope 

along the western margin is contrasted with the gentle slope and 

large areas of shoal and supratidal zones on the eastern margin. 

Deep Water - Dark Chert 

Dark chert is the predominate lithofacies of the Tobosa Basin 

representing most of the chert in the central and western portions. 

It is composed of a matrix of microcrystalline quartz and minor 

amounts of detrital clay and silt, void-filling megaquartz, pyrite, 

porphyritic dolomite rhombs, fracture-filling calcite cement, and 

calcite pseudospar. Dark coloration of chert mainly reflects greater 

concentrations of clay, silt, bituminous material, and pyrite. 

Treatment with hydrofluoric acid revealed that dark chert contains 

from 2-5% insoluble residue while novaculite and tripolite contained 

less than 1%. In a test for organic material, crushed samples of 

dark chert, treated in 30% hydrogen peroxide for 24 hours, regis

tered a .5% to 1.5% weight loss (method after Park and Croneis, 1969) 

This is compared with a less than .2% weight loss for novaculite 

and tripolite. 

Cores containing dark chert lithofacies revealed massive 

intervals of poorly defined bedding and no recognizable sedimentary 

structures. Dark chert observed in this study exhibited no 

distinctive subfacies, but the large variation in dark chert of the 
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Marathon region (McBride and Thomson, 1970) indicates minor facies 

divisions may be present. 

Dark chert is probably less diagnostic of a particular 

environment of deposition than either novaculite or tripolite. As 

noted, it is most commonly associated with deeper basinal deposition 

(as in the Lockridge #1 well), but was noted in smaller .^mounts 

intercalated with shallow water facies. Formation of dark chert 

reflects distribution of areas where clastic and organic materials 

accumulated in relatively high concentrations; thus, it may not 

strictly reflect paleo-water depths. It is important to note, 

however, that the facies interpreted here as deep water (from 

thickness and distance from basin margin) contain only a negligible 

amount of novaculite and no tripolite. 

Shallow Water - Novaculite 

Novaculite is a porcelain-white type of chert that has 

become particularly well known in outcrop studies of the Caballos 

Novaculite. Its white color is attributed simply to its lack of 

dark impurities. Other than color it was distinctly different 

from dark chert in being associated with collapse breccias 

(Illustration 1), and containing larger crystal sizes of microcry

stalline quartz and greater amounts of chalcedony (Illustration 19). 

Novaculite is interpreted as recording replacement of subtidal-

intertidal carbonates. In this study many examples of carbonate 

that has not been completely replaced were noted, and formation 
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of novaculite has been "caught in the act" (Illustrations 5 and 18). 

There is evidence, from Exxon lithologic descriptions, of large areas 

of unsilicified calcitic carbonate in certain parts of the basin. 

The reason for this differential silicification is unknown. 

Besides collapse breccias, megascopic features of novaculite 

include crossbedding, stromatolites, birdseye vugs (Illustration 6), 

and flat pebble conglomerates (Illustration 7). These features 

were also noted in the Marathon region by Folk (1973). 

Basin Margin - Tripolite 

Tripolite is a cream to tan-colored intermixture of silica, 

carbonate, and evaporites, associated with basin margin deposition. 

Petrographically it is the most complex of the major chert facies. 

The major characteristics distinguishing tripolite from novaculite 

and dark chert is the abundance of dolomite and presence of 

evaporites (Illustration 8). While tripolite is quite complex 

petrographically, it megascopically shows little variation. It 

is homogeneous and unbedded with no sedimentary structures, and 

is similar to an off-color plaster of paris in appearance 

(Illustration 9). 

Despite the large number of wells drilled into the tripolite 

facies, core was only obtainable from a single well - the Kimeletz 

#1. The sequence of rock found associated with tripolite in this 

well is highly significant. A 54 foot cored interval within this 

well revealed the following succession upward from the base: 

1) massive novaculite, 2) tripolite, 3) massive novaculite with 



u. 

crinkly algal stromatolites, 4) anhydrite nodules in dolomite 

(partially silicified), 5) novaculite showing slight brecciation, 

6) anhydrite nodules in dolomite, 7) tripolite, 8) well-developed 

collapse breccias (novacul itic), 9) tripol": LC, 10) flat pebble 

chert conglomerate, and 11) dolomite with anhydrite nodoies. 

This sequence constitutes important documentation for basin 

margin intertidal-supratidal environments of deposition, and 

the occurrence of dolomite and evaporites within the ô ' iginal 

sediment. The fact that tripolite contains evaporite ii.ncrals 

and dolomite clearly indicates supratidal deposition of the 

original sediment. 



CHAPTER 3 

FOSSIL EVIDENCE 

Fauna 

The faunal list of Caballos Novaculite, which was once thought 

to be almost unfossiliferous, has increased considerably since 

its initial study. Previous work has documented the presence of 

radiolaria (Aberdeen, 1940; Graves, 1952), conodonts (Graves, 1952), 

ostracods (McGlasson, 1967), crinoids, trilobites, brachiopods, 

rugose corals, and tabulate corals (Wilson and Majewske, 1960); 

sponge spicules (Harlton, 1953); and chitinozoa (Kauffmnn, 1971). 

In this study sponge spicules are overwhelmingly the most 

abundant type of fossil. They are present in all facies in varying 

amounts, but are especially prominent in the upper boundary zone 

near the Woodford Shale and lower boundary with the "Upper Silurian", 

Spicules are common and fairly well preserved in the dark chert 

facies, with most spicules being crystallized to microcrystalline 

quartz. Spicules are slightly less abundant and more poorly 

preserved in novaculite and tripolite facies although some intervals 

even in the tripolite contain abundant spicules. 

Most spicules noted are monaxons, but many good examples of 

tetraxons were observed. Spicules which are not crystallized to 

microcrystalline quartz usually show a highly pitted surface 

indicative of dissolution. The central canal also appeared to be 

enlarged by solution in some spicules. A single thin-section may 

exhibit examples of both crystallized and amorphous sponge spicules. 

17 
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possibly denoting an original difference in spirulite IMInc^ralogy. 

It is possible that some of the poorly preserved crystallized 

spicules represent original calcareous spicules. 

Spicules in themselves are not good water depth or salinity 

indicators. They are commonly inferred to denote deep water 

deposition, because areas of low sedimentation rates effectively 

concentrate sponge spicules, but Cavaroc and Ferm (19G?) note 

spicules as being shoreline indicators in the Pennsylvanian. 

Finks (1960), Hyman (1940), Petelin (1954), and Chilingar (1958), 

have presented evidence to show that monaxon and tetraxon spicules 

are dominant in shallow water shelf environments while hexactin-

ellids reflect deep sea (below 400 meters) environments. If so, 

the absence of hexactinellid spicules in this study could have 

depth significance. 

Radiolaria have been reported from the "Devonian" by Baker 

and Bowman (1917), King (1930), Henbest (1936), Aberdeen (1940), 

Folk (1973), and others. All of these occurrences were noted in 

the Marathon, and none that were related to King's classification 

were lower in the section than the middle chert member. The 

lower two members (believed to be the Marathon equivalent to the 

"Devonian" in this study) are considered practically unfossiliferous 

by previous workers. The subsurface "Devonian" of this study 

contains no recognizable radiolaria and is predominantly unfossil

iferous. This supports the inference that the subsurface "Devonian" 

is equivalent to the sub-Santiago Chert interval and is not 

I 1 1 ^ ^ 
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correlative to the radiolarian-rich upper three members described 

in the Marathon region. 

Aberdeen (1940) and Graves (1952) are the only authors to 

illustrate and describe well-preserved radiolarians in the "Devonian" 

Aberdeen, from thin-section analysis, describes 24 spheroidal 

spumellarian radiolaria. It is perhaps for this reason that Park 

and Croneis (1969), and others, interpret orbs of chalcedony, such as 

those in the novaculite facies of this study (Illustration 10), as 

being crystallized radiolarians. The largest chalcedonite orbs 

present in the novaculite ranged in diameter up to 160 microns 

with only a few orbs exceeding 100 microns. The 24 species of 

radiolaria, described in Aberdeen's study, ranged in diameter from 

90 to 680 microns with six species having diameters less than 160 

microns and only one species having a diameter less than 100 

microns. From these statistics, and reasons to be presented 

concerning the occurrence of chalcedonite, it is postulated that 

wery few, if any, of these chalcedonite orbs represent radiolaria. 

Other fossils seen in this study include crinoid columnels, 

ostracods, molluscs, bryozoa, foraminifera, and brachiopods. All 

of these were noted in unsilicified carbonate except for very 

poorly preserved silicified crinoid columnels (Illustration 11). 

Numerous ghosts of supposed original calcareous fossils were seen 

in all chert facies but preservation was so poor as to preclude 

identification. 

Fifteen small samples were treated with hydrofluoric acid and 

insoluble residues yielded a few fairly well preserved chitinozoa. 
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Plant Remains 

Plant remains were first discovered by Harlton (1953) in the 

Arkansas Novaculite of southeastern Oklahoma. Bennet (1959) 

noted an abundance of Callixylon logs up to 28 feet long and 3 

feet in diameter with excellently preserved cell structure. 

Goldstein (1961) observed silicified stumps in growth positions, 

and Folk (1973) confirmed an abundance of silicified logs in the 

Marathon region. 

Examination of thin-sections revealed scattered examples of 

small bits of silicified wood in the uppermost "Devonian" of the 

dark chert and novaculite facies. The wood was predominantly 

replaced by microcrystalline quartz with minor chalcedonite 

being represented. Preservation is exquisite, and few cells show 

sign of rupture. 

Malachite Green stain was used on the thin-sections as an 

organic indicator, and it darkly stained petrified wood and 

another peculiar cellular material which exhibited excellent 

preservation. This material is dissimilar to modern wood or the 

silicified wood noted in the "Devonian" and it probably represents 

either remains of a non-woody plant or modern contamination. 

Extremely abundant in the overlying Woodford Shale, and 

decreasing abruptly in abundance in the subjacent "Devonian" are 

probable silicified plant spores. These were named Sporangites 

huronensis by Dawson (1871) from the upper Devonian shale on Lake 

Huron, but the generic name is considered a nomen ambiguum and 
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Tasmanites is substituted (Mehl and Shaffer, 1961). They were 

found to be replaced with both chalcedonite and microcrystalline 

quartz occurring in approximately equal quantities. 

The only other types of plant remains noted in the "Devonian 

are the aforementioned stromatolites. 



CHAPTER 4 

PETROGRAPHY 

Dark Chert 

The dark chert in this study is composed of a matrix of 

microcrystalline quartz and minor amounts of detrital clay and silt, 

void-filling drusy megaquartz, porphyritic dolomite rhombs, fracture-

filling calcite cement, and rhombic calcite pseudospar. Dark 

coloration of chert mainly reflects greater concentrations of clay, 

silt, bituminous material, and pyrite, than are present in 

novaculite and tripolite. 

Dark chert is significantly different from either novaculite 

or tripolite. It contains less void-filling silica, no evidence 

of collapse breccias, and wery little chalcedonite. A diagnostic 

feature which was especially evident in differentiating dark chert 

from novaculite was crystal size within microcrystalline quartz. 

Individual crystallites in dark chert predominantly range in 

length from 1.0 to 3.0 microns and include crystals too small to 

measure, while diameters of most novaculite microcrystalline 

quartz crystals exceed 12 microns. In dark chert the microcry

stalline fabric consists of crystallites with irregular boundaries 

that do not show intergrowths. The extinction properties of these 

crystals could not be clearly seen due to their small size, but 

they appear to be undulose. Jacka (1974) has noted that undulose 

extinction may be a criterion for recognizing silica replacment 

in carbonates. Void-filling megaquartz Is common with most 
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crystal lengths exceeding 125 microns, and it stands out in marked 

contrast to the microcrystalline matrix (Illustration 12). The 

small crystal size that characterizes dark chert has a distinct 

effect on the transmission of light, and is a significant factor 

in controllini^ dark coloration of this chert. 

The chert in this study was stained for 5 minutes in a 2% 

solution of Malachite Green, a stain for organic material. The 

writer has been experimenting with this stain for two years to 

attempt to define its staining capabilities. It has long been 

used by geologists (Kendall and Skipwith, 1909, Kahle, Eustler 

and Huh, 1973; and Kahle, 1974). While these researcherts used 

the stain on modern organics, this writer has used it with varying 

success on ancient ooids, stromatolites, pellets, ruu'i petrified 

wood. Malachite Green, however, will not stain Caicoreous shell 

material. The staining potentials of Malachite '̂ r̂̂ en v; geologic 

applications are far from being known, but prel iminar:, "^asults 

indicate that it provides a printout of soft organic tissue. 

Its major complication so far is that it will stain some clay 

minerals (Grim, 1968). 

Approximately 20% of the microcrystalline quartz in dark 

chert became stained with Malachite Green, and sharp boundaries 

separate stained and unstained areas. Very small crystallites of 

microcrystalline quartz exhibit a greater tendency to become 

stained than larger crystals. Other than crystal size, petrogra-
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phic examination revealed no cause for staining differentiation. 

Only rarely were megaquartz, calcite, dolomite, or detrital silt 

grains stained by Malachite Green. Sponge spicules occasionally 

accepted the stain, but only in the central canal region and in 

patchy areas on the outer margin. 

Amorphous silica is present in significant quantities in 

dark chert as well as in novaculite and tripolite. This occurrence 

of amorphous silica in the "Devonian" was also noted by Harlton 

(1953). Amorphous silica is most common near the upper boundary 

zone with the Woodford Shale and decreases in abundance, irregularly, 

down-section. The Woodford Shale was petrographically examined 

near its lower boundary and was found to be highly silicified, 

with amorphous silica being the dominant silica polymorph in 

every thin-section examined. Thin-sections stained with Malachite 

Green, both in the Woodford and Caballos, displayed darkly stained 

clay or organic matter incorporated into the amorphous silica. 

Most of this incorporated organic material occurs as dark distinct 

masses rather than as finely disseminated matter. The amorphous 

silica appeared green in approximately 40% of the observed examples, 

and it exhibits rather homogeneous staining in contrast to the 

area-selective staining pattern of the microcrystalline quartz. 

Dark chert contains more sponge spicules, the only common 

recognizable fossils, than novaculite or tripolite. The spicules 

display better preservation in dark chert than in novaculite or 
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tripolite, possibly indicating that greater abundance may reflect 

diagenesis as well as original population density. 

The carbonate fraction of dark chert contains porphyritic 

euhedral dolomite rhombs up to 280 microns in length. Calcite is 

present also, as void-filling cement and as blocky rhombohedral 

pseudospar within a microcrystalline quartz matrix. Invariably, 

unreplaced remnants of pseudospar contain syntaxial rims of sparry 

dolomite. The dolomite is optically continuous with monocrystal1ine 

calcite pseudospar crystals and twin lamellae are shared by both 

calcite and dolomite. This could represent paramorphic dolomiti-

zation of calcite or co-precipitation of dolomite and calcite 

associated with the silicification. Jacka (1975, personal 

communication)has observed this same phenomenon in the Mississippian 

Terrero Limestone of New Mexico. The variation and significance 

of the carbonate fraction will be discussed further in a later 

portion of the report. 

All three of the chert types contain subequal amounts of 

rounded detrital quartz silt grains which average 30-50 microns 

in diameter (Illustration 13). Occasional feldspar and muscovite 

grains were noted, but these compose much less than 1% of the 

total detrital fraction. Under high magnification detrital grains 

show intense pitting, occasional replacement by carbonate, and 

indistinct irregular boundaries with surrounding silica. 
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Novaculite 

Novaculite is more interesting mineralogical ly than dark 

chert. Its most striking petrographic characteristic is an 

abundance of length-fast chalcedony known as chalcedonite (Michel-

Levy, 1890). Folk and Pittman (1971), Siedlicka (1972), and 

Jacka (1974), have documented examples of length-slow chalcedony 

as replacement, while noting or inferring that most length-fast 

chalcedony fills voids. Some of the chalcedonite present in this 

study was precipitated in voids and fills fractures, vugs and 

solution channels (Illustration 14). However, most of the 

chalcedonite occurs as spherical to subspherical orbs or as fan-

shaped aggregates, none of which represent void-fill (Illustration 

10). A few examples of length-slow chalcedony (quartzine and 

lutecite) replacing calcitic fossils were noted in novaculite, 

but the occurrence of length-slow polymorphs is rare. Folk (1973), 

noted the occurrence of length-slow and length-fast chalcedony in the 

Caballos Novaculite, but did not mention their relative abundances. 

Chalcedony orbs have been noted previously in the Caballos 

and are almost without exception interpreted as radiolaria (Park 

and Croneis, 1969; McBride and Thomson, 1970; and others). In 

this study it is believed that few or none of the chalcedonite 

orbs represent crystallized radiolaria because: 1) the size of 

the orbs is not coincident with a normal size distribution of 

radiolaria (discussed under Fauna), 2) only the spherical 

Spumellarian radiolaria would be represented, 3) a few amorphous 
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sponge spicules are preserved, so radiolarians should also be 

preserved, and 4) chert and glasses of known inorganic origin 

(volcanic) coninonly contain spherical microphase separations 

(Suleimenov, 1968). Chalcedonic plant spores, which are rare 

in the upper Caballos and common in the Woodford Shale, were also 

measured and are much larger than the novaculite orbs. 

Bundles of chalcedonite fibers were observed nucleating on, 

replacing, and radiating away from many sponge spicules. This 

was most clearly seen in longitudinal cross-sections. It is 

inferred that some of the chalcedonite orbs represent transverse 

views of sponge spicules and radiating aureoloes of chalcedonite. 

Chowns and El kins (1974) noted this same type of phenomenon in 

which length-fast chalcedony was nucleating on and replacing sponge 

spicules in mid-Mississippian rocks of Tennessee. In this study 

it is not known why chalcedonite nucleates on sponge spicules in 

the novaculite facies but not in dark chert. 

However, all chalcedonite does not appear to be explained 

by this mechanism (nucleation on sponge spicules), particularly 

some of the non-spherical fan-shaped aggregates. Several cuttings 

in the novaculite show chalcedonite apparently replacing calcite 

pseudospar in selective areas of nucleation (Illustration 5). 

Replacement of dolomite by chalcedonite is relatively uncommon^ 

with microcrystalline quartz being the usual replacement polymorph 

of dolomite. 

When x-rayed, the chalcedonite in this study yields an 



23 

alpha-quartz pattern with a very large amorphous silica bulge 

(personal communication with Guven, 1975). Amorphous silica is 

not obviously associated with chalcedonite more than in small 

amounts in thin-section, but may be present between chalcedonite 

fibers as proposed by previous silica workers (Sosman, 1927; 

Correns and Nagelschmidt, 1933; and Donnay, 1936). Peterson and 

von der Borch (1965) attributed a similar x-ray diffraction 

pattern to opal and Cristobalite. However, the lack of a distinc

tive Cristobalite peak at 4.15 angstroms indicates opal probably 

accounts for most of the bulge. 

Novaculite slides that were stained with Malachite Green 

displayed a spectacular selective print-out of chalcedonite. 

Approximately 70% of the chalcedonite exhibited enigmatic staining 

patterns with some chalcedonite becoming deeply stained and 

adjacent petrographically identical crystals remaining unstained. 

Very few examples of chalcedonite exhibit intermediate degrees 

of staining. 

In some cases chalcedonite, stained by Malachite Green, is 

characterized by a distinct zoning with only the innermost fibers 

being stained. In no Instances were outermost fibers stained with

out innermost fibers also staining. Some of the chalcedonite that 

was stained presented a botryoidal banded appearance similar to 

that seen in void-filling opal and chalcedony; however, if this 

were void-fill It would mean that some of the original sediment 

had greater than 75% porosity. 
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In no observed case did Malachite Green stain calcareous shells, 

or silica that had replaced calcareous shells. Chalcedonite 

nucleating on sponge spicules often became stained, although 

cases of such chalcedonite not becoming stained were common. 

Sponge spicules themselves usually did not become stained except 

in the central canal and spotty areas on the outer margin. 

Malachite Green stained approximately 20% of the microcry

stalline quartz in novaculite. As in the dark chert, yery small 

crystals had a greater tendency to adsorb stain than larger ones. 

More noticeable than in dark chert was a tendency for pellet-shaped 

masses of microcrystalline quartz to become stained. Microcry

stalline quartz, amorphous silica, and chalcedonite were the only 

silica polymorphs affected by Malachite Green. The few examples of 

length-slow chalcedony present are unstained. Megaquartz was not 

stained except along fractures, and in innermost crystals of void-

filling druse where hydrocarbons (still present in thin-section) 

were trapped. 

An interesting observation is that the size of the chalcedonite 

aggregates varies in direct proportion to the size of the euhedral 

dolomite rhombs occurring within the matrix. This is another 

argument against a radiolarian precursor for the chalcedonite. 

The dolomite, according to semi-quantitative x-ray analysis, is 

less abundant in novaculite than in dark chert or tripolite, but 

forms larger rhombs (Illustration 14). These rhombs range in 

size up to 450 microns (long diagonal) and within the novaculite 
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facies dolomite crystals increase in size with nearness to the 

basin margin. Rhombs reported as rhodochrosite in outcrop have 

been previously noted by McBride and Thomson (1970), Honess (1923), 

and Park and Croneis (1969). In this study there was no rhodochrosite 

observed. 

As previously indicated, novaculite consists of larger 

quartz crystals and chalcedony fibers than dark chert. Part of the 

reason novaculite is more coarsely crystalline is because it 

contains more void-filling drusy megaquartz and chalcedonite fibers, 

which normally average over 20 microns in size. Microcrystalline 

quartz crystals in novaculite are also generally larger, with 

diameters of most crystals being greater than 12 microns, contrasted 

with a 1.5 micron average for dark chert. Novaculite does contain 

some yery small microcrystalline quartz crystals that occur as 

spherical, subspherical, and Irregular isolated masses. These 

are inferred to represent coarse pseudomorphs of former carbonate 

allochems. Most abundant are elliptical bodies of microcrystalline 

quartz which closely resemble crabonate pellets in size and shape. 

Structures resembling birdseye vugs are abundantly represented 

in novaculite interfingering with the tripolite facies (Illustration 

6). This was also noted by Folk (1973) in his outcrop study. The 

vugs are floored with geopetal internal sediment which completely 

fills some of the smaller vugs. Those vugs which were not filled 

completely by internal sediment were subsequently filled with 

barite cement and smaller amounts of calcite cement. The signifi-



cance of the barite is not known, but it may reflect the relatively 

low solubility of barite compared to other evaporite minerals. 

Novaculite contains much less pyrite than dark chert. In 

both chert types pyrite is found as euhedral cubes and is seldom 

weathered to hematite or limonite. In novaculite most pyrite 

occurs within centers of isolated masses of wery fine microcry

stalline quartz. 

Novaculite lithofacies is characterized by the ubiquitous 

presence of intervals of collapse breccias (Illustration 4). 

Chalcedonite is probably the most distinct petrographic feature of 

novaculite and collapse breccias represent the most distinct 

megascopic feature. Collapse breccias are present in ewery novacu

lite core examined and recognizable in most cuttings of novaculite. 

They have been noted in outcrop (Folk, 1973), but evidently not in 

the abundance indicated in the subsurface. 

Collapse breccias are true collapse features, as in many cases 

former bedding planes can be reconstructed in the "mind's eye" like 

reassembling a jig-saw puzzle (Illustration 4). Sometimes the 

disruption was so great as to completely separate and disaggregate 

the fragments, but generally this is not the case. In most cases 

the fragments themselves are enclosed in a dark, siliceous, 

heavily dolomitic, detrital-rich internal sediment which itself 

could be called a dark chert. Uncommonly, fragments are enclosed 

in a dolomite or anhydrite spar matrix (Illustration 16) and rarely 

in drusy megaquartz. 
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In the literature chert brecciation is commonly associated 

with regional si 1icification (Rapson, 1962; Kolodny, 1969; 

Bramlette, 1946; Dietrich and others, 1963; Goodwin, 1956; Logan and 

Chase, 1961; Lees, 1928; Picard, 1931; and Gignoux and Avnimelech, 

1937). Proposed modes of formation are numerous and usually 

quite complex. The association of massive silicification with 

chert breccias would seem to argue for a common denominator. The 

breccias have not been normally associated with evaporite dissolution 

in the past because most studies have involved outcrop material 

from which evaporites have long since been leached. 

Novaculite observed in this study does not seem to be represent

ative of all novaculite described in outcrop studies. Inferences 

from Folk (1973), Park and Croneis (1969), McBride and Thomson 

(1970), and others, indicate many examples of massive unbrecciated 

novaculite, containing little or no chalcedony polymorphs, being 

composed almost totally of microcrystalline quartz. A few examples 

of unbrecciated novaculite, composed almost wholly of microcry

stalline quartz, and occurring in association with tripolite were 

observed in this study. This microcrystalline novaculite is 

interpreted as recording a rapid silicification of carbonate and 

or evaporite before dissolution and collapse could occur. 

Tripolite 

Tripolite is petrographically the most complex of the major 

chert facies. Tripolite, which appears so similar in megascopic 
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examination of cores, exhibits much petrographic diversity. All 

thin-sections (17) of tripolite were prepared from samples taken 

from the Kimeletz #1 well (the only tripolite core available). 

Three tripolite thin-sections from the Humble #44 Yarbrough and 

Allen well in Ector County were made available to the writer by 

Andy Kauffman of Exxon. All subsequent references to stratigraphic 

intervals will allude to the Kimeletz well unless otherwise noted. 

The major characteristics which distinguish tripolite from 

novaculite and dark chert are the abundance of dolomite and presence 

of evaporite minerals. Dolomite was not present in one sample 

(5573 foot interval), but in other samples constituted up to 

65% of the material (which would classify it as a siliceous 

dolostone). Dolomite content of tripolite averages approximately 

25%, and it occurs both as euhedral rhombs and irregular masses 

of dolomicrite. In some samples (Illustration 15) rhombic 

crystals and patches of dolomicrite appeared to be "floating" in 

a silica matrix (5539 foot Interval), and in others there is an 

alternate layering of dolomite and microcrystalline quartz 

(Yarbrough and Allen well). Individual dolomite rhombs are not 

as well preserved as in either the dark chert or novaculite, and 

the rhomb size (less than 100 microns) is considerably si^aller. 

Unsilicified saccharoidal dolomite containing hydrocarbons occurs 

in the 5544 foot interval. Cuttings from nearby wells indicate 

thicker intervals of dolomite than are represented in the Kimeletz 

well. 



34 

Anhydrite is the major evaporite mineral in tripolite 

(Illustration 13), but minor amounts of barite, celestite, halite, 

and sylvite are also represented. Halite and sylvite were observed 

in core examination, but were lost in thin-section preparation. 

These evaporite minerals occur as fracture-fill, discrete isolated 

patches, and as nodules (anhydrite only). Anhydrite consists 

of coarse spar except in nodules, where it displays excellent 

felted-lath fabric. 

There were many examples of microcrystalline quartz replacing 

evaporites (Illustrations 13 and 17). In no case was either 

length-slow or length-fast chalcedony observed to be replacing 

evaporites. Polymorphs of fibrous silica (chalcedony) are rare 

in the tripolite facies. 

Megascopic examination of cores revealed a unique example 

of brecciated chert clasts and felted-lath anhydrite nodules 

occurring in a dolomite matrix (5553-5554 interval). Micro

scopically, chert clasts display straight boundaries and angular to 

subrounded corners, and appear to have undergone a slight amount 

of transportation. Some siliceous clasts were partially replaced 

by dolomite, and less frequently by anhydrite. Within this interval 

silica is present only as detrital microcrystalline quartz clasts. 

Within tripolite the silica matrix itself is complex and 

exhibits considerable variation of silica polymorphs within small 

stratigraphic Intervals. Silica polymorphs bear no discernible 

diagnostic relationships to other associated petrographic features 
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with the exception of amorphous silica. Most slides of tripolite 

exhibited some amorphous silica (Illustration 13), but three slides 

(5573, 5546, and 5539 foot intervals) contained amorphous silica 

in subequal quartities with microcrystalline quartz. All three 

of these slides contained large amounts of organic matter, scattered 

randomly throughout the matrix, which became heavily stained by 

Malachite Green. 

In a single thin-section (5563 foot interval) chalcedonite 

constituted the major silica polymorph. The chalcedonite formed 

small fibers ranging in length up to 5 microns within a dolomicrite 

matrix. The small size of crystallites caused the chalcedonite to 

appear very similar to microcrystalline quartz under low-magni

fication, and it is possible that some of the very small microcrystal 

line quartz reported in this study actually represents a fibrous 

silica polymorph too small to recognize. This chalcedonite is 

very different from that found in novaculite both in size and in 

its occurrence as blocky, equant aggregates. In novaculite most 

chalcedonite consists of spheroidal orbs or fan-shaped aggregates. 

In both tripolite and dark chert, microcrystalline quartz 

crystals seldom exceeded 3 microns in diameter. The only large 

crystals of quartz identified in tripolite represent drusy 

megaquartz that fills vugs and solution channels. 

Calcite was present in most tripolite samples, but was 

significant volumetrically only in a single sample (5564 foot 

interval) where large cement crystals, ranging in Uiijlh up to 
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5 mm, fill solution channels. Another slide (5563 foot interval) 

contains peculiar, isolated spheres of pseudospar which range from 

1-2 mm in diameter. Each sphere consists of a single monocrystal. 

In other slides calcite was present as randomly scattered masses of 

micrite and microspar. 

The only identifiable fossils in tripolite were sponge spicules 

and, while sometimes present, are less abundant than in other chert 

facies. Several thin-sections, particularly the one from the 5546 

interval, display clotted thrombolitic texture and possible algal 

cells, and represent algal stromatolites. Such slides contain 

approximately as much quartz silt (up to 5%) as the other chert 

facies. 

Good hydrocarbon reservoirs occur within tripolite facies of 

the Tobosa Basin and several samples of tripolite from the Kimeletz 

core exhibit good porosity and permeability. Tripolite does not 

contain well-developed open solution vugs and channels, but has 

a sponge-like quality that may reflect selective removal of soluble 

minerals (Illustration 13), inferred to be evaporites and carbonates 

This sponge-like porosity, combined with the intercrystalline 

porosity of unreplaced dolomite forms excellent potential reservoirs 
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SOURCE OF SILICA 

One of the greatest controversies concerning the Caballos is 

the source of silica which has created the thousands of cubic 

miles of massive chert. Among the hypotheses which have been 

previously proposed are: 1) chemical precipitate from sea water 

(Weed, 1902), 2) deep meteoric waters rising through fault zones 

(Harlton, 1953), 3) submarine alteration of volcanic ash (Goldstein 

and Hendricks, 1953), and 4) contribution from siliceous organisms 

(Park and Croneis, 1969). Weathering has also been invoked 

as at least a partial source of silica (Folk, 1973). 

The only postulated silica sources that presently appear to 

merit consideration involve biogenic, volcanic, or weathering 

origins. It seems unlikely that siliceous organisms could have 

yielded sufficient volumes of silica to produce the massive, 

extensive and intensive silicification that characterizes the 

subsurface "Devonian". Recognizable sponge spicules constitute 

less than 5% of the total chert, and as has already been demon

strated, the abundance of radiolarians has been overestiamted 

for at least part of the "Devonian". At normal sedimentation rates 

of modern sponge spicule-radiolarian oozes it would require an 

unprecedented amount of time of basin stability to deposit up 

to 1,000 feet of biogenic silica. Invoking exceptional populations 

of siliceous organisms over a short period of time solves no 
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problems because the organisms only use available silicr., they do 

not produce it themselves. Because sponge spicules do frequently 

show some dissolution they obviously provide a partial source of 

silica, but it is inferred to be minor. 

It is tempting to invoke volcanism as a source of silica 

because it would explain relationships such as: 1) massive 

quantities of detrital-free silica in the Caballos, 2) rapid 

silicification of petrified wood, 3) peculiar ash-like qualities 

of tripolite, and 4) preservation of evaporites. 

In defense of a volcanic origin of silica there have been 

scattered references to evidence of volcanism in the Devonian. 

Hass (1948) discovered a bed of bentonite in the Upper Devonian 

of Tennessee which covers a minimum area of 3,000 square miles. 

Honess (1923) reported an ash bed from the lower member of the 

Arkansas Novaculite in Oklahoma, and McGlasson (1967) reported 

rhyolite boulders from a Pennsylvanian conglomerate in the Marathon 

region which were radiometrically age-dated as being Upper 

Silurian to Middle Devonian in age. Other references (Harlton, 

1953; Miser and Purdue, 1929; and others) present scanty evidence 

of Devonian volcanism. 

The Caballos of West Texas contains no associated ash beds, 

no unquestionable examples of volcanic shards, a low thorium/ 

uranium ratio (Park and Croneis, 1969), and no evidence of 

bentonite or zeolite. 

It was hoped that the clay fraction of the "Devonian" 
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would provide indications of a volcanic origin, and procedures 

for amplifying the clay content were utilized when the normally 

prepared oriented samples failed to yield any clay patterns by 

x-ray diffraction. The samples were finely ground and immersed in 

5% acetic acid overnight to remove all carbonate. The samples vyere 

then washed and boiled in 2% sodium carbonate for five minutes to 

remove amorphous silica. Following this, the samples were centri-

fuged, and oriented glycolated sections were prepared from the two 

micron fraction obtained from centrifuging. The fact that this 

procedure failed to yield any clay peaks in either the tripolite 

or novaculite samples indicates that these materials are remarkably 

free of clay minerals. In dark chert from the Shell Lockridge #1 

well both 11 lite and kaolinite were noted. These clays have been 

identified in dark chert previously (McBride and Thomson, 1970), 

but their presence cannot be associated with volcanic activity. 

Cristobalite, which is commonly associated with volcanic 

ash (Gruner, 1940), was not apparent by x-ray diffraction, but 

may be rarely present in thin-section as void-fill. No examples 

of shards could be found in any samples. 

Minerals which are frequently associated with volcanics 

such as sericite, chlorite, feldspar, zircon and tourmaline were 

not identified in thin-section. Scattered examples of very small 

(less than 3 micron) euhedral crystals were occasionally noted; 

some with perfect hexagonal cross-sections may represent isolated 

examples of tourmaline, but most appeared to be doubly-terminated 
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quartz crystals. The extent to which volcanic ash contributed 

silica for silicification of the subsurface "Devonian" cannot be 

determined from evidence derived in the present study. 

In the state of New York there is an outcrop of a Lower 

Devonian formation known as the Manlius Limestone. This limestone 

is interesting because it contains large quantities of quartz silt 

which "can only be windblown dust carried eastward from the old 

Silurian desert floor in central New York" (Dunbar and Waage, 1969, 

p. 233). This is mentioned because the samples in this study all 

contained small amounts of well-sorted quartz silt which may be 

partially eolian in origin. The analogy provides a mechanism for 

supplying a small amount of silica without invoking either a humid 

climate or volcanism. 

To dissolve silica, pH must be greater than approximately 

9.0 (see Figure 4). Beyond this threshold solubility increases 

exponentially with increasing pH. In nature the only common 

environments having such a high pH are evaporite basins. Peterson 

and von der Borch (1965) documented inorganic precipitation of 

silica within an evaporitic environment. The postuiaLf^i source of 

silica is detrital quartz, taken into solution by thj high pH 

(up to 10.2) of the Coorong Lagoon of South Aust-^Qlia. The detrital 

quartz shows intense pitting from partial dissolution, similar in 

appearance to some of the detrital quartz in this study. 

The high pH in the Coorong Lagoon is such that the concentra

tion of silica ranges to as high as 500 ppm, much higher than the 
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Figure 4. Solubility of amorphous silica in waters of 

varying pH (from Alexander, Heston, and Idler, 

1954; and Walker, 1960). 
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1-10 ppm in normal marine water (Krauskopf, 19b0). Hf.. -th the 

surface sediments "there is a zone of rotting vegetation in which 

the pH of interstitial solutions is as low as 6.5" (Peterson and 

von der Borch, 1965). It is at the interface of these two pH 

realms that the precipitation of silica occurs. The authors did 

not conduct an extensive petrographic study, but their x-ray work 

revealed quartz, an amorphous silica bulge, and poorly crystalline 

cristobalite. 

This mechanism is viable to the extent that it could have 

supplied some of the silica necessary for silicification of the 

supratidal sediments. Contribution from clay is also a possibility, 

since alkaline conditions strong enough to attack quartz would 

create instability in most clay minerals (personal communication 

with Guven, 1975). It does not, however, appear to be a primary 

source for massive silicification of the entire basin because 

there is no known process by which silica could be constantly 

supplied throughout the basin from the supratidal zone. 

Weathering could provide a source for almost unlimited amounts 

of silica, as modern fresh waters normally contain 10-15 times as 

much silica as sea water. In Devonian Time concentrations of 

silica in fresh water may have exceeded those of mocern counterparts 

because there were no diatoms to "steal" the free silica. However, 

a prolonged interval of tropical weathering cannot be Invoked due 

to the occurrence and preservation of evaporites. 

Wood (personal communication, 1975) notes that silica concen

trations of ground water in arid and semi-arid regions commonly 

range from 50-100 ppm. He suggests that a hydrodynamic influx of 
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fresh water similar to that documented by Kohout (1960, see Figure 

5) could supply large volumes of silica in relatively short intervals 

of time. Thus normal ground water discharge could certainly supply 

enough silica to replace the "Devonian" carbonates. The problem 

instead becomes one of analyzing why massive silicification of 

carbonates is not more common in basin environments. 

Jacka (personal communication, 1975) observes that sandstones 

always exhibit some degree of quartz overgrowth. Sippel (1968) 

demonstrated that quartz overgrowths, while present, are not always 

evident with normal petrographic observation. Jacka suggests that 

sandstones in sediments of most basins would "pirate off" influxing 

silica in the form of quartz overgrowths, while in essentially 

sandstone-free basins, such as the Tobosa Basin, large volumes of 

silica would be available for replacement of carbonates and 

evaporites. 

This mechanism is strengthened with observations on the 

differential refraction of fresh water moving through various types 

of sediment. Water moving through fine-grained sediments (shales) 

tends to be refracted such that it moves at high angles to the 

plane of bedding (Davis and DeWiest, 1966, p. 197). Coarse 

sediments (sandstones), on the other hand, refract water flow towards 

the plane of bedding so that water entering a permeable sandstone 

would travel a considerable distance within the sandstone before 

vertically migrating out. This greatly Increases the ability of 

sandstones to extract all available silica from ground water passing 

through them. 
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In the Tobosa Basin the "Devonian" contains no coarse elastics 

and only minor amounts of quartz silt. No sandstones were deposited 

above the "Devonian" until early Pennsylvanian time (Morrow Series). 

In lower stratigraphic intervals Middle Ordovician sandstone 

(Simpson Group) is separated from the "Devonian" by Fusselman and 

"Upper Silurian" carbonates. For a time interval of approximately 

125 million years no sandstones were deposited in the Tobosa Basin. 

This type of basin history may be without sequel and, in conjunction 

with the aforementioned mechanism of ground water reflux, is 

inferred to be responsible for the extraordinary amount of silica 

replacement observed in the "Devonian". 



CHAPTER 6 

PARAGENESIS 

The paragenesis of the "Devonian" follows the subsequent 

generalized sequence: 

1. Carbonates, consisting predominantly of aragonite 

and Mg-calcite, were deposited in subtidal, intertidal and 

supratidal environments. Interstitial precipitation of 

evaporites and early dolomitization of aragonitic lime mud 

occurred in the supratidal environment. 

2. Early silicification of carbonates preceded stabil

ization of carbonate mineralogy. 

3. Dissolution of basinward unsilicified evaporites, 

and formation of collapse breccias record eustatic sea level 

fluctuations and changes in climate. 

4. Many early fractures became filled by alternating 

episodes of silica, carbonate, and evaporite cementation. 

5. Intense faulting produced fracture porosity. 

Examination of unreplaced shallow water subtidal carbonates 

(novaculite facies) reveals that original sediments consisted 

predominantly of micrites, pelmicrites, and biopelmicrites. The 

faunule fraction contains large numbers of various calcareous 

shelled organisms. Unreplaced carbonates within the deeper water 

dark chert are not as well preserved as in novaculite, but they 

document the presence of similar micrites, pelmicrites, and 
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biopelmicrites; however, sponge spicules comprise much more of 

the biogenic fraction than in the novaculite facies. Supratidal 

deposition was dominated by evaporites and associated dolomites. 

Minor eustatic sea level changes and depositional regressions 

produced complex interfingering of facies. 

The Tobosa Basin evaporites and dolomites are inferred to 

represent a supratidal, sabkha-type environment. The depth, shape, 

and size of the southern extension of the Tobosa Basin into the 

Ouachita Geosyncline are conjectural because subsurface data is 

lacking. 

Hydrodynamic influx of ground water is the proposed primary 

source of silica. Contribution of silica from siliceous organisms, 

volcanic material, and dissolution of detrital silicate minerals 

in the supratidal zone probably supplemented the ground water 

silica. The writer agrees with Folk (1973) that silicification 

was selective for carbonates over evaporites, and that replacement 

of carbonates preceded dissolution of evaporites and formation of 

collapse breccias. Coastal plain ground water may have been recharged 

from continental brine pans, supersaturating it with respect to the 

evaporite minerals. This would explain the preservation of 

evaporites. Wood (1975, personal communication) believes that 

influx of ground water could account for formation of some evapor

ites within the supratidal zone. 

Silicification of the Caballos occurred early because alternate 

layering of silicified and unsilicified zones exist in the 
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tripolite facies. Silicification is inferred to have preceded 

stabilization of carbonate minerals because of the presence of 

exsolved porphyritic dolomite and the pervasive silicification 

of original sediments, indicating a high permeability. 

Within the carbonates, silicification may have originated 

in micro-centers of low pH organic material. This organic material 

may have exhibited some control over type of silica polymorph, 

being associated (based on staining with Malachite Green) most 

commonly with chalcedonite, opal, and smaller crystal sizes of 

microcrystalline quartz. 

Leaching of evaporites and formation of collapse breccias 

is inferred to record a change to a more humid climate. It is 

at this time that plant remains are believed to have entered the 

basin. The unsilicified carbonates (aragonite and Mg-calcite), 

under influence of freshwater, stabilized to low Mg-calcite with 

considerable recrystallization into calcite pseudospar. 

Complex cementation of fractures followed breccia collapse 

with multiple generations of calcite, silica, and evaporite 

mineral cementation. Fractures commonly display intricate cross-

cutting relationships, some documenting no less than four generations 

of cementation. 

In Late Pennsylvanian and Early Permian Time the Tobosa Basin 

was subjected to intense tectonic deformation. The subsequent 

faults created the fracture porosity wherein much of the hydrocarbons 

of the Tobosa Basin accumulated. 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

1. The "Devonian" of the Tobasa Basin of West Texas consists 

of diagnostic lithofacies related to paleo-bathymetry. Dark chert 

is characteristic of deeper basinal facies, novaculite of shallow 

subtidal-intertidal facies, and tripolite of supratidal facies. 

Dark chert and novaculite are inferred to represent replacement 

of original carbonates (aragonite and Mg-calcite) before stabil

ization of the mineralogy. Tripolite represents silica replacement 

of dolomite and evaporites. 

2. Dark chert is petrographically composed of microcrystalline 

quartz (1-3 microns in diameter) with minor amounts of porphyritic 

dolomite, fracture-filling calcite cement, rhombic calcite 

pseudospar, clay, quartz silt, void-filling megaquartz, bitumen, 

and pyrite. Sponge spicules compose the only common fossils. 

Dark color reflects presence of clay, bitumen, and pyrite. 

3. Novaculite is composed of microcrystalline quartz (generally 

coarser than 12 microns in diameter) and chalcedonite, with lesser 

amounts of drusy megaquartz, porphyritic dolomite, quartz silt, 

calcite cement, and rhombic calcite pseudospar. In areas where 

silicification has not been completed, numerous calcareous fossils 

are present in a calcite pseudospar matrix. Novaculite is 

associated with collapse breccias which are indicative of dissolu

tion of former evaporites and subsequent collapse. Matrix for 
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the collapse breccias is generally a dark, dolomitic, internal 

sediment, but occasionally anhydrite and, rarely, drusy megaquartz 

act as void-filling cement. 

4. Tripolite is highly complex petrographically, but is 

usually characterized by high dolomite content (25^) and presence 

of evaporites within a microcrystalline quartz matrix. Its 

petrographic variation probably reflects differences in the original 

mineralogy. 

5. Large volumes of silica, required to replace carbonates 

and evaporites of the subsurface "Devonian", are postulated to 

have been supplied by hydrodynamic influx of fresh ground water. 

Minor amounts of silica may have been derived from biogenic and 

volcanic sources, and from dissolution of eolian silicate minerals 

within the high pH supratidal zone. 

6. Silicification of carbonates is inferred to have preceded 

dissolution of evaporites and subsequent collapse. 

7. Organic matter within the carbonates may have exerted 

control over original sites of nucleation and type of silica 

polymorph, based on staining by Malachite Green. 

8. Highest sediment porosity occurs in the supratidal facies 

belt, with both tripolite and unsilicified dolomite having 

significant porosity. Porosity in the tripolite reflects leaching 

of highly soluble evaporite minerals (anhydrite, barite, sylvite, 

and halite). 
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9. In the novaculite facies significant porosity is associated 

with formation of collapse breccias particularly within zones of 

intense faulting. It is inferred that the collapse breccias represent 

zones of weakness highly susceptible to fracturing. Porosity 

within novaculite may also partially represent secondary leaching 

of anhydrite from the matrix of the collapse breccias. 
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111. 2.--Novaculite showing collapse breccias 
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111. 3.--Tripolite facies. Significant features include anhydrite 
nodules (A), anhydrite nodules associated with chert clasts 
(AC), tripolite (T), flat pebble chert conglomerate (F). 

111. 4.--Collapse breccias consisting of novaculite fragments 
within a dark, siliceous, internal sediment. 
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111. 5.--Photomicrograph. Microcrystalline quartz (M) and 
quartzine (Q) replacing a prismatic calcite mollusc shell (C) 
Crossed polarizers. Each micrometer (smallest division) 
equals 11 microns. 

111. 6.--Birdseye vugs in novaculite. 
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111. 7 . - -F la t pebble conglomerate wi th in t r i p o l i t e facies 

111. 8.--Anhydri te nodules wi th in t r i p o l i t e fac ies. 
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111. 9--Tripolite. 

111. 10—Photomicrograph. Chalcedonite orbs (C). Dolomite 
rhomb (D). Crossed polarizers. Each micrometer (smallest 
division) equals 11 microns. 
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111. 11.--Photomicrograph. Microcrystalline quartz replacing and 
coarsely pseudomorphing monocrystalline echinoderm component 
(E). Plain light. Each micrometer (smallest division) 
equals 42 microns. 

111. 12.--Photomicrograph. Vug filled with drusy megaquartz (D) 
within a microcrystalline quartz matrix (M). Crossed 
polarizers. Each micrometer (smallest division) equals 
42 microns. 
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111 13.--Photomicrograph. Anhydrite spar (A) being replaced by 
microcrystalline quartz. Dark areas represent open pore space 
and some amorphous silica. Quartz silt grains (Q). Crossed 
polarizers. Each micrometer (smallest division) equals 11 
microns. 

111. 14.--Photomicrograph. Chalcedonite filling fracture (F). 
Chalcedonite scattered randomly throughout matrix (B). 
Dolomite rhombs (D) and microcrystalline quartz (M) compose 
remainder of constituents. Crossed polarizers. Each micro
meter (smallest division) equals 11 microns. 
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111. 15.--Photomicrograph. Microcrystalline quartz (M) with 
masses of floating dolomite (D). Crossed polarizers. 
Each micrometer (smallest division) equals 42 microns. 

111. 16.--Photomicrograph. Anhydrite spar (A) cementing fractures 
within microcrystalline quartz (M). Crossed polarizers. 
Each micrometer (smallest division) equals 42 microns. 
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111. 17.--Photomicrograph. Microcrystalline quartz (M) replacing 
anhydrite spar (A). Crossed polarizers. Each micrometer 
(smallest division) equals 42 microns. 

< ̂ ,t 
111. 18.--Photomicrograph. Microcrystalline quartz (M) replacing 

calcite micrite (C) and dolomite rhombs (D). Crossed 
polarizers. Each micrometer (smallest division) equals 
42 microns. 
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111. 19--Photomicrograph. Chalcedonite (C) and microcrystalline 
quartz (M) in novaculite. Crossed polarizers. Each 
micrometer (smallest division) eauals 42 microns. 


