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ABSTRACT 

The Dimple Limestone (Morrowan?-Atokan), Marathon Basin, Texas, 

represents a break in the Ouachita clastic flysch sequence. Carbonate 

material was transported from the present northwest into the Ouachita 

trough, an abrupt change from influx of clastic fly?ch derived from a 

southern source. The basinal facies of the Dimple Limestone was 

deposited in the mid- to lower portions of a submarine fan system, and 

is represented by allodapic limestones, turbidite and hemipelagic 

shales, and thin black chert beds, also interpreted as turbidites. 

The basinal facies may be divided into sedimentary packages, 

reflecting the ^ode of deposition. A package consists of a thick, 

coarse-grained, basal member with an overlying mudstone, followed by 

thinner interbedded limestones, shales, and cherts. The thick basal 

members of the oobiolithoclastic packstone and spiculiferous packstone 

lithofacies, show evidence of scouring. They represent the main locus cf 

the turbidity flows, channelized areas, or perhaps stronger flows with 

disturbance in shelf environments. Thick basal units typically fine 

upward into mudstones of the spiculiferous shale lithofacies. All 

sediments from tr.e base through the mudstone were deposited by one 

continuously decelerating turbidity current. The thinner, interbedded 

turbidites within each sedimentary package represent weaker currents, 

with instability in upper slope, spicule-rich env̂ " ronments. They 

represent shifting of the main locus of the flows within the submarine 

fan system. Pelagic shales represent periods of relative quiescence, 

during which normel marine deposition resumed. 
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At least seven stages of diagenesis have altered the basinal Dimple 

sediments. These include: 1) post-burial diagenesis, 2) fresh-water 

diagenesis, 3) dolomitization, 4) precipitation of siderite, 5) 

precipitation of celbar, 6) fresh-water diagenesis, and 7) ferroan 

dolomitization. Virtually all effective porosity has been occluded, 

with no remaining reservoir potential. Potential as a hydrocarbon 

source is possible due to abundant organic matter, and depending on the 

burial history. 
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CHAPTER I 

INTRODUCTION 

Purpose 

The Dimple Limestone (Morrowan?-Atokan), Marathon Basin, Texas, 

represents a break in the Ouachita clastic flysch sequence. Carbonate 

material was transported from the present northwest into the Ouachita 

trough, an abrupt change from influx of clastic flysch derived from a 

southern source, Thomson and Thomasson (1964) recognized shelf, slope, 

and basinal facies in the Dimple Limestone, The basinal facies consists 

of allodapic limestones deposited by turbidity currents, two types of 

shale representing turbidite and hemipelagic deposition, and thin black 

chert beds, also interpreted as turbidites. Although Thomson and 

Thomasson (1969a) did some petrographic work on the basinal as well as 

the shelf and slope facies, they did not analyze the petrography of the 

basinal section in detail, nor did they concentrate on aspects of 

diagenesis. 

More recently, a deep-water turbidite origin has been applied to 

additional carbonates: Scholle (1971a), Monte Antola Flysch of Northern 

Apennines, Italy; Hess (1975), Cretaceous flysch of the East Alps; Rupke 

(1976), calcareous flysch of the southwestern Pyranees; Robertson 

(1976), calciturbidites from the lower Tertiary of the Troodos Massif, 

Cyprus; Davies (1977), deep-water carbonates of the Sverdrup Basin, 

Artie Archipelago; and Wright and Wilson (1984), Jurassic 

calciturbidites of western Portugal, It is time for the Dimple to be 



re-evaluated in view of recent interpretations, especially because it is 

one of the few Paleozoic carbonate turbidite sequences. 

Not much literature specifically addresses diagenesis of deep-water 

carbonate sediments, Scholle (1971b) conducted a diagenetic study of 

Tertiary calcareous flysch that differs significantly in composition 

from the Dimple basinal sediments. He also published a comprehensive 

look at the deposition, diagenesis, and hydrocarbon potential of 

deep-water limestones (Scholle, 1977), but again the review concentrated 

on Mesozoic and Cenozoic allodapic carbonates. 

As no thorough petrographic analysis of fabric and diagenesis for 

the basinal turbidite facies of the Dimple Limestone exists, it is the 

purpose of this study to: 

1. Define and describe lithofacies for the basinal facies. 

2. Interpret depositional fabric for each lithofacies. In 
particular, the significance of the petrographic 
distinctions between hemipelagic and turbidite shales, and 
the nature and origin of the chert. 

3. Describe and analyze the diagenetic history of the basinal 
facies of the Dimple Limestone, including the diagenetic 
role of the chert, and to evaluate the porosity develop
ment and occlusion with respect to hydrocarbon potential. 

The Dimple represents a unique opportunity to study the 

sedimentology and diagenesis of Paleozoic basinal carbonates bounded by 

thick clastic flysch. Hopefully, the results of this study will provide 

a framework applicable to future investigations. 

Geologic Background 

The Dimple Limestone was named by Udden (1916) after the nature of 

its exposure in the Dimple Hills, King (1937) was the first to describe 

the formation in some detail, as part of a comprehensive study of the 



Marathon region. At that time, he suggested that the Dimple was 

deposited in shallow marine environments, but has since changed his 

interpretation (King, 1980). Flawn (in Flawn and others, 1961) noted 

the stratigraphic position of the Dimple between two clastic flysch 

sequences, and referred to the Dimple as "a break in the flysch cycle," 

but did not speculate on its origin or significance. 

Thomson and Thomasson (1963) recognized shelf, slope, and basin 

facies of the Dimple, according to their position relative to transport 

direction, as well as by their lithofacies and associations with other 

rocks. The shelf facies is characterized by cross-bedded skeletal and 

oolitic grainstones (Thomson and Thomasson, 1969a). They were the first 

to apply a turbidite model of deposition to the slope and basin facies. 

According to Thomson and Thomasson (1969a), the slope facies represents 

proximal turbidites, characterized by non-graded to graded beds, 

frequent conglomeratic units, frequent absence of mudstone upper 

portions, and large- to medium-scaled cross-beds and convolutions. They 

interpreted the basinal facies as distal turbidites on the basis of 

consistent grading of beds, rare pebble-sized grains, better-developed 

mudstones, terrigenous radiolarian-bearing pelagic sediment, and 

small-scale cross-beds and convolutions (Thomson and Thomasson, 1969a). 

Interfingering of these facies suggests the absence of a well-developed 

slope break (Thomson and Thomasson, 1969a), There was apparently a 

rapid progradation of their shallow-water facies in lower and middle 

Dimple time, followed by slower, progressively deeper conditions. Since 

their initial interpretation they have reviewed and refined their 

interpretation of all three facies (Thomson and Thomasson, 1964, 1969a, 

1969b, 1977), 



The Dimple varies from 76 to 276 meters in thickness, thinning to 

the south and southeast, and the northwest, approximately parallel to 

the general facies boundaries outlined by Thomson and Thomasson (1969a). 

The type section (slope facies) is located in the Dimple Hills, 

northeast of the town of Marathon, where the unit consists of 335 

meters, including the transition beds and is exposed in a semicircular 

mass representing a synclinal structure on the crest of a larger 

anticlinal feature (King, 1980), 

The present pattern of exposure of the Dimple Limestone is the 

result of three orogenic pulses (King, 1980), An orogeny in 

Desmoinesian and Missourian time initially deformed the geosynclinal 

sediments. In Virgilian and early Wolfcampian time, a second orogenic 

pulse transported the deformed geosynclinal sediments northwestward over 

the craton, along the Dugout Creek thrust. Prolonged erosion of 

Paleozoic rocks was followed by Cretaceous deposition. Finally, the 

Cordilleran deformation in early Tertiary time was responsible for 

uplifting the Marathon Dome. Subsequent stripping of the Cretaceous and 

excavation of older non-resistant rocks created the topographic Marathon 

Basin (fig. 1), exposing the Dimple and other Paleozoic rocks. The 

rocks are exposed on the Dugout Creek thrust plate and crop out in a 

series of narrow sinuous ridges and hook-shaped synclines to the south 

(fig. 2), 

The Dimple Limestone conformably overlies the Tesnus Formation 

(Mississippian - early Pennsylvanian; Barrick and Proctor, 1984; fig. 

3). The Tesnus is the lowest member of the terrigenous clastic flysch 

facies filling the Marathon segment of the Ouachita geosyncline. It 

ranges from approximately 1982 meters thick in the east and southeast. 



Ficure 1: Location Map of the Marathon Basin in Pecos and Brewster 
Counties, West Texas. Stippled belt on map of Texas shows 
trace of Quachita System. Dimple Roadcut denoted by (+) 
(after McBride and Thomson, 1969). 



Marathon 

Figure 2: Marathon Basin with outcrop pattern of the Dimple 
Limestone. Dimple Roadcut denoted by (+) 
(after Thomson and Thomasson, 1969), 
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Figure 3: Stratigraphic column of the Marathon Region; table scaled 
to stratigraphic thickness (after Thomson and McBride, 
1964; Flawn, 1964), 
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to approximately 61 meters thick in the northwest (King, 1937), and 

predominantly consists of interbedded terrigenous sandstones and shales, 

exhibiting typical flysch characteristics (Thomson and McBride, 1964), 

The Haymond Formation (Atokan? - Desmoinesian) conformably overlies 

the Dimple (fig. 3). It represents the final flysch filling of the 

geosyncline. A maximum preserved thickness of 1280 meters in the 

southern Marathon Basin thins to the north (Thomson and McBride, 1964). 

The Haymond apparently represents renewed terrigenous flysch deposition, 

and is characterized by thinly interbedded turbidite sandstones and 

pelagic shales. The Haymond is also characterized by a thick interval 

of massive sandstones and associated boulder beds in the eastern part of 

the basin (Thomson and McBride, 1964). The uppermost sands are 

different in character and may represent a shallowing in environments as 

the basin progressively filled (Thomson and McBride, 1964; Flores, 1972; 

King, 1978). 

The Dimple represents a break in the clastic flysch sequence with 

both a change in transport direction and composition of the sediments, 

but a continued filling of the geosyncline. Thomson and Thomasson 

(1969a) incorporated paleocurrent analysis in their study of the Dimple, 

confirming the carbonate source to the northwest. Direction of the 

sediment transport for the Tesnus was toward the northwest (Johnson, 

1962), and that of the overlying Haymond was toward the west (McBride, 

1966; fig, 4), 

All fossils in the Dimple Limestone suggest an early Pennsylvanian 

age, at least Atokan and possibly Morrowan. Foraminifera from 

interbedded shales near the base of the section indicate Marble Falls or 

Wapanucka age (Morrowan; King, 1930). Ellison and Graves (1941) 
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Figure 4: Marathon Basin with predominant transport directions for 
the Tesnus, Dimple, and Haymond sediments (after McBride. 
1978). 
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indicated a Morrowan age on the basis of conodonts. More recently, 

Sanderson and King (1964) recognized three zones of fusulinids: the 

oldest, containing Millerella, represents a Morrowan age, and the 

remaining two, containing Profusulinella, Eoschubertella, and 

Fusulinella, represent Atokan ages. They suggested that the Dimple 

becomes progressively younger in a westward direction, based on the 

distribution of these zones and the restriction of the youngest fauna to 

the extreme western portion of the basin (Sanderson and King, 1964). 

Despite this cited evidence, a Morrowan age remains questionable, due to 

the allocthonous nature of the sediments and fossils, rather than 

representation of an indigenous fauna. Proctor (1985) and Barrick and 

Proctor (1984) cite evidence for reworking of the conodont faunas. 

Location 

This study is restricted to the basinal facies of the Dimple 

Limestone. One section, the Dimple Roadcut, was selected for detailed 

measurement, sampling, and petrographic study. The outcrop is located 

in Brewster County, 17.7 miles east of the town of Marathon, Texas, on 

U.S. Highway 90, where approximately 180 meters of Dimple is exposed 

(fig. 2). This is locality 6 of Thomson and Thomasson f 1969a), The 

section is best exposed on the south side of the road. Although the 

upper section is exposed by the roadcut on the north side, it was 

difficult to correlate the beds, and the entire section was therefore 

measured from the south exposure for accuracy and continuity. 
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Methods 

The basinal facies of the Dimple Limestone is represented by a 

repetitious sequence of interbedded limestones, spiculites, shales, and 

cherts. The Dimple Roadcut was measured, sampled, and described in the 

field. Due to the repetitious nature of the section, beds were grouped 

into major sedimentary packages for convenience in sampling. Each 

package may reflect a depositional cycle comprising a number of 

depositional events. The base of each package is characterized by a 

relatively thick, coarse-grained, graded carbonate unit (fig. 5). This 

basal member of the package is followed by a series of thinner and finer 

interbedded limestones, spiculites, shales, and cherts, until another 

major carbonate unit terminates the sequence. The thick basal unit was 

given a letter designation (A, B, C, etc.). The sampled interbeds from 

within a package were designated by that letter plus a number (Al, A2, 

Bl, B2, etc.). Most basal members were sampled from the bottom, middle, 

and top portions of the bed, in order to assess and document changes 

associated with the upward fining. Additional selective samples within 

each package were chosen according to compositional and sedimentologic 

variety. 

All samples were slabbed for petrographic study, and thin sections 

prepared. Thin sections were stained with alizarin red-S and potassium 

ferricyanide to enable distinction of normal and ferroan calcite, as 

well as the presence of normal and ferroan dolomite. Slabs and thin 

sections were studied for their individual sedimentary and diagenetic 

characteristics, as well as by comparison to similar lithofacies in 

other packages, and for relationships among lithofacies. 
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Cl'APTER TT 

SEDIMENTOLOGY 

Petrography 

General Features 

The repetitious nature of the basinal facies allowed comparison 

among depositional packages and identification of common characteristics 

and patterns. An understanding of the nature of the depositional 

packages promotes an understanding of the mode of sedimentation. 

The thickness of the graded basal units ranges from 25 to 171 

centimeters, with an average thickness of 64 centimeters, and modes of 

38 and 46 centimeters. Thickness of the beds roughly correlates to the 

maximum grain size, with the thicker beds containing coarser grain sizes 

at the base. Most beds are persistent in thickness across the outcrop, 

but many of these basal units have an undulose or humocky lov/er surface, 

and a few have humocky upper surfaces (figs. 6, 7). Each thick basal 

member fines up into an overlying "mudstone" unit. In a few packages, 

the mudstone unit is absent. Where the mudstone unit is missing, 

multiple fining upward sequences may occur in composite beds, or as 

superimposed thick beds of single fining-up sequences. In most cases, 

the mudstone thicknesses were relatively proportional to the underlying 

graded carbonate unit, and are most likely genetically related (fig. 8) 

However, the gradual upward fining of the basal bed into the mudstone 

generally made distinction of the contact between them difficult, which 

may have affected the accuracy of measured thicknesses. Most mudstones 

13 
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displayed a blocky to platy, almost nodular appearance due to 

weathering, and frequently graded into fissile terrigenous shales. The 

interbedded limestones, spiculites, and cherts within each package were 

finer-grained and more thinly bedded than the basal units, but the beds 

also frequently fined upward into mudstones. 

The repetition of the depositional packages occurs throughout the 

Dimple. The lowermost portion of the Dimple is characterized by 

frequent thick fissile shale beds, especially in the transition zone 

with the underlying Tesnus. The thick basal units tend to be thinner 

than the overall average. The middle part of the section is 

characterized by a decrease in the thick fissile shale beds. Thin shale 

interbeds and occasional thick beds persist. The basal units tend to be 

thicker than average. Also, the thinner interbedded limestones increase 

in thickness up and prior to the next major package. The upper section 

of the Dimple is once again represented by an increase in shale with 

thicker beds occurring more frequently, and also by thinner basal units, 

especially towards the transition zone with the Haymond. Silica-rich 

and silicified beds tend to increase upward through individual packages, 

and throughout the Dimple as a whole. 

Sedimentary structures were present throughout the Dimple. The 

most obvious and prevalent structure was graded bedding. The thick 

basal units contained the coarsest grain fraction at their bases, and 

all fined upward (fig. 9). Most of the finer interbedded limestones, 

spiculites, and cherts exhibited a grading recognizable in the field. 
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Figure 9: Fining upward sequence of a basal member, 
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while others, though not evident in the field, demonstrated a subtle 

fining up in thin section. Some beds displayed multiple fining-up 

sequences prior to ultimate fining into a mudstone or shale. 

The thick basal carbonates typically exhibit a preferred sequence 

of sedimentary structures. These are frequently silicified and 

therefore resist erosion, making identification easy. The beds are 

generally structureless at the base, but display horizontal laminations, 

cross-laminations, convolutions, and finer horizontal laminations 

upwards as grain size decreases. Although not all structures are 

present within each separate basal bed, the order of the sequence was 

consistent. A few complete sequences were noted in the thick besal 

units through the overlying mudstone. These sequences correlate with 

Bouma's (1962) description of a classical turbidite sequence of 

sedimentary structures (fig. 10), and will be discussed further in 

following sections. 

Other sedimentary structures include sole markings and burrows, 

though neither was wery well-developed or abundant. Load structures of 

coarser fractions into unde>-lying finer soft sediments (fig. 11), as 

well as flute casts and tool marks were observed (fig. 12). Better 

exposure of the bed bases would perhaps reveal more abundant structures. 

Burrowing was noticed in the tops of the finer mudstone units (fig. 13). 

The mottled texture produced suggests horizontal orientation of the 

burrows. 

Descriptive Stratigraphy and Lithofacies 

Five lithofacies were recognized in the basinal facies of the 

Dimple Limestone, Lithofacies were recognized on the basis of 
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allochemical constituents and nature of the matrix, as well as the 

texture produced by the relative abundance of the two. All lithofacies 

have undergone a complex diagenetic history, which will be discussed in 

Chapter III. Occasionally, original fabric and texture of the rock has 

been obliterated. Relationships among lithofacies are evident based on 

the vertical distribution of lithofacies in the Dimple Roadcut, 

Lithofacies will therefore be defined and described as they occur in 

members of a typical depositional package. 

Basal Carbonate Unit and Overlying Mudstone 

The basal carbonate unit is the relatively thick, coarse-grained, 

graded bed that lies at the base of the sedimentary package. As the 

unit fines up, the nature of the allochems and matrix change. This 

member therefore typically comprises more than one lithofacies. 

Oobiolithoclastic Packstone Lithofacies 

The oobiolithoclastic packstone lithofacies characterizes the basal 

portion of all but a few of the major basal units of the sedimentary 

packages. The lithofacies includes limestones characterized by a 

grain-supported fabric and a predominantly recrystallized micritic 

matrix. Clay and organic matter may also contribute significantly to 

the matrix. This category includes a subgroup of distinct limestones 

with a relatively pure lime mud matrix, and a packstone-wackestone 

fabric. This lithofacies group does not occur in beds higher in the 

package. 
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The basal beds are the thickest members of each package, and range 

from 25 to 171 cm thick. The oobiolithoclastic packstone portion occurs 

in the lower third of the unit. Grain size is very coarse to 

medium-coarse at the base, reaching a maximum of 0.5 mm, and fines up 

gradually into other lithofacies. At the base, sediments are generally 

poorly sorted, subangular to subrounded, sandy, unoriented, and 

argillaceous (fig. 14). Upward with the fining, sediments become 

moderately sorted, subrounded, less sandy, better aligned, and 

increasingly argillaceous. There is also an increase in organic matter 

upwards, and an increase in the percentage of sponge spicules as related 

to a decrease in other bioclasts and lithoclasts. 

This lithofacies contained the greatest diversity of allochemical 

constituents, Bioclasts included whole and fragmented crinoids, 

echinoids, brachiopods, forams, bivalves, conodonts, bryozoans, 

calcispheres, ostracodes, and trilobites, as well as sponge spicules, 

which generally increase in abundance upwards. Other constituents 

included ooids, chert grains, shale grains (always squashed and 

sometimes comprising part of the matrix), limestone lithoclasts, 

sandstone and siltstone grains, glauconite, muscovite, and phosphate 

grains (perhaps collophane). The matrix is primarily represented by 

micrite, but also contains admixed terrigenous clay and organic 

material. 

The subgroup of relatively pure oobiolithoclastic packstones-

wackestones is less significant volumetrically, but nevertheless, 

distinct (fig. 15). These rocks are also only represented in the thick 

basal units, and only rarely grade from the main 
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oobiolithoclastic packstone group. This subgroup is medium- to 

fine-grained, and upward fining is less distinct. The sediments are 

poorly to moderately sorted and only slightly argillaceous. The 

relatively pure lime matrix is typically intensively recrystallized. 

The same diverse group of ooids and bioconstituents are represented; 

however, ooids, bryozoans, and especially foraminifera are found in 

greater abundance than in those of the main group. There is also an 

increase of forams upwards through the samples, while no upward increase 

in spicules is noted. Chert and shale grains are the only lithoclasts, 

and are found in minor amounts. Clay wisps, organic matter, and 

muscovite are also present, again in minor amounts. 

Spiculiferous Packstone Lithofacies 

As sponge spicules increase in abundance upwards, the 

oobiolithoclastic packstones typically fine into spiculiferous 

packstones. No break in sedimentation or bedding is noticed, and this 

lithofacies often comprises the middle and upper portion of the thick 

basal member, below the overlying mudstone. It also occurs in the basal 

portion of a few of the major basal units; however, these units are 

thinner than average, and may be anomalously thick spiculiferous 

packstone interbeds. Occasionally this finer spiculiferous packstone 

lithofacies preceded the coarser oobiolithoclastic packstones in a thin 

layer at the base of the basal unit. 

The spiculiferous packstones are characterized by a grain-supported 

fabric of sponge spicules, with few other constituents (fig. 16). Most 

spicules have been replaced by ferrcin calcite and the majority remain 
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Figure 16: Photomicrograph of spiculiferous packstone lithofacies 
(xlO). 
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so, although pervasive dolomitization and silicification have occurred. 

Sediments were medium- to fine-grained and did exhibit an upward 

decrease in grain size. Spiculiferous packstones are moderately sorted, 

silty, and argillaceous. There was a diversity of allochems throughout 

this lithofacies, however, within any one sample, diversity was low. 

Other constituents made up less than 25% and typically less than 5 to 

10% of all constituents, Bioclasts included whole and fragmented 

brachiopods, crinoids, conodonts, bivalves, and forams. Lithoclastic 

and other minor constituents included ooids, shale grains, chert, 

glauconite, and muscovite. The matrix is primarily recrystallized 

micrite, with admixed terrigenous clay and organic matter. 

Spiculiferous Shale Lithofacies 

The spiculiferous packstones are intimately associated with and 

typically grade upward into spiculiferous shales. The spiculiferous 

shale lithofacies comprises a volumetrically significant group, as most 

fining-upward sequences terminate with this lithology. This group is 

characterized by a matrix-supported fabric, and sponge spicules are the 

most important allochemical constituent. Many of the spicules have been 

replaced, again by ferroan calcite. The matrix consists primarily of 

terrigenous mud (fig. 17), and not of lime mud as previously indicated 

by Thomson and Thomasson (1969a). 

These beds have a wide range of thickness, 9 to 137 cm, but are 

roughly proportional to the underlying basal fining upward sequence 

(fig, 8), The rocks of this lithofacies have a blocky to platy 

appearance in outcrop. Basal contacts are typically indistinguishable. 
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Figure 17 Photomicrograph of spiculiferous shale lithofacies 
(mudstone) (xlO). 
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and the lithofacies commonly grades into a fissile, darker shale (fiq. 

18). Spicules within the shale were fine- to very fine-grained, and 

typically aligned with bedding. A few samples contained coarser, 

spicule-rich lenses. 

Allochems are much less diverse than in previously described 

lithofacies. ^ery fine fragments of conodonts, crinoids, forams, and 

brachiopods do exist in addition to the fine spicules. Many grains were 

too fine to allow identification. Other constituents include 

glauconite, phosphate grains, muscovite flakes, opaque grains, and minor 

organic material. 

Sedimentary Structures 

A variety of sedimentary structures characterize the basal 

carbonate unit and overlying mudstone of the typical sedimentary 

package. The basal portions of the thick carbonate units are generally 

structureless, while the finer upper portions may exhibit a sequence of 

sedimentary structures. The sequence of structures includes horizontal 

to wavy laminations, followed by cross-laminations, convolutions, and 

once again, wavy and horizontal laminations. These structures are 

easily identified in the field due to replacement and enhancement by 

silica and subsequent resistance to weathering, causing them to stand 

out against the rest of the bed. Structures were also apparent on fresh 

slabbed surfaces. Only portions of the sedimentary structure sequence 

are typically preserved, but a few complete sequences were observed in 

some of the basal members of the packages (fig. 19). Incomplete 

sequences were abundant and always remained consistent in the sequential 
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Figure 18: Gradation of basal member into mudstone into fissile shale, 
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Figure 19: Photograph of a complete Bouma sequence. 
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order of the structures. These include: horizontal/cross/convoluted, 

horizontal/cross/horizontal, horizontal/convoluted/horizontal, horizon

tal/wavy/horizontal , horizontal/wavy/convolute, cross/convolute/horizon

tal , horizontal/convolute, and convolute/horizontal laminations (figs. 

20, 21). 

The intimate association between the spiculiferous packstones and 

the spiculiferous shales during the gradual fining process results in 

microstructures that are lenticular or flaser-like (fig. 22). 

Typically, no sedimentary structures were present in the overlying 

mudstone. Faint horizontal laminations were occasionally present, and 

may have been a function of compaction or grain alignment. A few 

samples from the mudstone tops do, however, display burrow-mottled 

textures (fig. 13). 

Thin Interbedded Carbonates and Mudstones 

The interbedded carbonates within sedimentary packages are thinner 

and finer-grained than the thick basal units. Typically they are 

graded, although the fining up of grain size is sometimes very subtle. 

Basal contacts are sharp and usually planar, but may be undulose. 

Thickness of individual beds ranges from a few centimeters to 

approximately 20-25 centimeters, with an average of 10-13 centimeters. 

The proportional carbonate/mudstone relationship frequently exists. 

Spiculiferous Packstone Lithofacies 

Spiculiferous packstones were defined in the previous discussion. 

It is here, as interbeds within the major packages, that they become 
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volumetrically significant. Spiculiferous packstones comprise the 

majority of the interbedded limestones. Commonly they represent the 

entire interbed. They may also fine into spiculites before fining into 

spiculiferous shales, 

Spiculite Lithofacies 

The spiculite lithofacies is distinguished from the spiculiferous 

packstone in that it is generally finer grained, and has a terrigenous 

rather than carbonate matrix. It is coarser grained than the 

spiculiferous shales and has a grain-supported fabric (fig. 23). 

Spiculites of the Dimple are characteristically organic-rich and have 

undergone extensive diagenesis. 

Spiculites are typically medium- to medium fine-grained, moderately 

to well-sorted, argillaceous, and do exhibit a subtle fining up in grain 

size. Allochemical constituents besides the sponge spicules are rare, 

but do include fragments of brachiopods, conodonts, crinoids, and 

forams. Shale grains, chert, muscovite, and glauconite also comprise 

minor amounts. Organic matter is abundant, and may be present as wisps. 

Spiculites may occur as individual beds, or as part of a fining-up 

sequence. They frequently interfinger with the spiculiferous packstones 

(fig. 24), or they may grade from the spiculiferous packstones into 

spiculiferous shales. Spiculites typically have undergone massive 

stabilization by replacement by silica, and often either grade upwards 

into cherts or existed as the precursor to a chert bed. 
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Spiculiferous Shale Lithofacies 

Spiculiferous shales may again be present as overlying mudstone 

units. Their presence was not as common as with the major, thick, basal 

members. 

Sedimentary Structures 

Some of the thinner, interbedded carbonates and spiculites 

exhibited horizontal laminations only, while others exhibited a more 

sequence of sedimentary structures, such as horizontal/cross/convolute/-

horizontal laminations. Most had less complete sequences of horizontal/-

cross/convolute, horizontal/convolute/horizontal, wavy/horizontal, 

wavy/convolute, cross/horizontal, and convolute/horizontal laminations 

(fig. 25, 26). Load structures into underlying softer sediments were 

also observed (fig. 11). Grains are sometimes aligned, but often yield 

random orientations, particularly in the spiculites. 

Interbedded Shales: 
Pelagic Shale LitFofacies 

The interbedded shales occur throughout the Dimple. Frequently, 

the blocky, platy mudstones grade vertically into thick fissile shales, 

particularly in the lower and upper portions of the Dimple Roadcut, 

yery thin to thick shale interbeds separate limestones, spiculites, and 

cherts in each package. These shales have been interpreted as pelagic 

shales, but may represent the very finest portions of the turbidite 

currents. Two lithotypes are distinguished here based upon petrographic 

and physical differences. 
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Clay Shale Lithotype 

The clay shale lithotype is the volumetrically most significant of 

the shale lithofacies. It occurs in thick intervals of fissile shale in 

the transition zones with the Tesnus Formation below and Haymond 

Formation above the Dimple. Thick intervals of fissile shale also 

characterize the lower and upper portions of the Dimple, The lithotype 

also commonly precedes coarser spiculiferous and oobiolithoclastic 

sediments and is amalgamated with those beds. 

This lithotype has no carbonate constituents and is predominantly 

shale with scattered, very fine siliceous spicules (fig. 27). The 

shales may have a few conodont fragments and many unidentified siliceous 

grains, possibly radiolarians, as components. They may be silty, and 

may have minor amounts of organic matter. They generally appear to have 

horizontal laminations, but this may be due to compaction and grain 

alignment. 

The fissile shale is most commonly found grading from the blocky, 

platy mudstones that overlie the carbonates and spiculites (fig. 18). 

It also occurs as interbeds with limestones, spiculites, and cherts 

throughout the packages. The fissile shales range in thickness from a 

few centimeters as interbeds, to over 150 centimeters for the intervals 

overlying mudstone units. Bottom contacts with very fine-grained 

mudstones are gradational. Top contacts are sharp, as coarser 

carbonates, spiculites, and cherts typically follow. 

When this lithotype is amalgamated with the base of coarser 

spiculiferous and oobiolithoclastic packstones, it is more lithified 

than the fissile shales and sometimes silicified. In all samples, the 

shale has been strongly compacted, exhibiting high birefringence and 
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Figure 27: Photomicrograph of clay shale lithotype (xlO). 
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pseudo-unit extinction, due to orientation of clay platelets. The 

fissile shales also show evidence of compaction, but their fissile 

nature limited thin section analysis to chips of shale, with no look 

perpendicular to bedding. 

Organic-rich Shale Lithotype 

Although not significant volumetrically, the organic-rich shale 

lithotype could not be classified into the other group. This is a 

pelagic-looking shale with predominantly organic matter making up the 

matrix, admixed with some terrigenous clay shale (fig. 28). 

In physical appearance, the rocks of this lithotype closely 

resemble the mudstones following graded carbonates, however, they differ 

petrographically. They are very fine grained, have aligned grains, but 

may have coarser layers. Grains are generally more abundant than in the 

clay shales. Sponge spicules are present; however, the majority of the 

minute siliceous and carbonate grains are unidentifiable at 40x 

magnification due to the abundant organic matter. The siliceous 

components may again perhaps represent radiolar-ians, Muscovite is also 

a minor constituent. 

Chert 

Thin, interbedded chert beds are important volumetrically within 

each sedimentary package, particularly in the upper portions of the 

packages. They are most frequently associated with fissile shale 

interbeds. Individual chert beds are typically 2 to 4 cm in thickness 

and yield a blocky appearance due to fracturing (fig. 29). Chert also 

occurs within other lithofacies as bands or zones. The chert occurs as 
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Figure 28: Photomicrograph of organic-rich shale lithotype (xlO). 
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Figure 29: Photograph of some bedded cherts 
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a replacive mineral, and precursor beds were typically spiculites and 

occasionally clay shales that preceded coarse carbonates. The 

organic-rich nature of the chert, especially from the spiculites, plays 

an important role in the origin of the chert, as well as does the 

presence of biogenic silica. Due to the replacive nature of the chert, 

it is not classified as a lithofacies and will be discussed in further 

detail in Chapter III. 

Interpretation 

The thick, basal carbonate members of the sedimentary packages are 

interpreted to represent major turbidite flows in the mid- to lower 

portions of a submarine fan system. Their relative thickness, 

consistent grading, sequence of sedimentary structures, and position at 

the base of the sedimentary packages in an overall flysch-like sequence 

supports this interpretation. The sharp basal contacts exhibiting 

undulating and humocky surfaces may represent scouring and channeling by 

the turbidity current. Less distinct bed tops due to the fining up of 

sediments represent a waning current. Superimposed thick basal units 

with no mudstone interbeds, found midway in the Dimple, suggest erosion 

or non-deposition of the overlying mudstone, indicating channeling and 

perhaps closer proximity to the source. Abundant lithoclasts of shale, 

chert, and limestone in the oobiolithoclastic packstone lithofacies 

suggests scouring by the current. Absence of sole markings may be due 

to deviant behavior by calcareous rather than clastic sediments 

(Robertson, 1976), by failure to penetrate a laminar boundary at the 

base of the flow (Enos, 1977), or simply due to inadequately exposed 

bottom surfaces. Great thickness, coarse maximum grain sizes, and 
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partial and complete Bouma sequences all suggest that these basal units 

indeed represent major erosional and depositional events by turbidity 

currents. 

Diverse and abundant bioconstituents of the oobiolithoclastic 

packstones suggest an outer shelf to shelf source. Early shelf 

diagenetic processes recorded by these sediments, particularly complete 

micritization of grains and micrite envelopes, also support a shelf 

origin. The spiculiferous packstones that sometimes precede the coarse 

oobiolithoclastic packstones may mark the initial instability on the 

shelf margin that culminated in a major turbidity flow. These resemble 

the "prephase" defined by Meischner (1964) and described by Flugel 

(1982). 

The oobiolitholclastic packstone-wackestone subgroup perhaps 

reflects a difference in source conditions from the main group. 

Slightly finer sediments and a decrease in lithoclasts suggests a weaker 

turbidity current. The lost potential for scouring with a weaker 

current may also explain a purer, less terrigenous lime matrix. An 

increase in forams, expecially upwards, may be a function of the fining 

and sorting of the sediment and v/eaker currents, but also may reflect a 

change in source conditions. 

Gradual fining into the spiculiferous packstones represents the 

waning turbidity current and transport of sediments probably from upper 

slope environments. The spiculiferous shales or mudstone members are 

interpreted as the fine, lutite tails of the turbidity currents, 

representing waning energy and decreased sediment in suspension. Main 

evidence for this interpretation is the close association with, and 
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gradational nature between, spiculiferous packstones and this 

lithofaces. Their consistent occurrence at tops of fining-upward 

sequences and in proportional thickness to the basal units suggests a 

genetic relationship between the two. Occasional thicker mudstones may 

be due to a ponding effect of the suspended sediment on the basin floor 

(Scholle, 1971a). Thinner mudstones and absence of mudstone beds may 

represent scouring by the succeeding current. Burrowing found only in 

the top portions of these beds suggests the end of a depositional event, 

marked by recolonization of burrowers. It also indicates that a rapid, 

single sedimentary event, such as a turbidity current, was responsible 

for depositing the entire thick fining-up sequence. 

The spiculiferous packstones and spiculites that occur as interbeds 

within packages were also deposited by turbidity currents. In addition 

to being thinner and finer, they differ considerably in diversity and 

abundance of grains other than sponge spicules. They do exhibit fining 

upward sequences, display sequential Bouma sedimentary structures, and 

are often accompanied by an overlying mudstone bed. These beds are 

interpreted as turbidites; however, they most likely represent lower 

flow regimes away from the main locus of the flow. They may also 

represent weaker disturbances. Instability occurred in slope and upper 

slope environments. They resemble more distal turbidites and have less 

complete Bouma sequences (BCDE, CDE, DE), 

The interbedded shales (excluding spiculiferous shales) represent 

normal marine deposition that resumed between individual turbidity 

events. They did not exhibit evidence petrographically or by sequential 

association to suggest deposition by turbidity currents. Only minor 
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amounts of carbonate constituents, presumed presence of radiolarians 

(Thomson and Thomasson, 1969a), terrigenous and organic-rich matrices, 

and absence of sedimentary structures all suggest hemipelagic depostion. 

The very thick, fissile shales most likely represent long periods 

of relative quiessence. Their importance volumetrically in the lower 

and upper parts of the Dimple Roadcut, particularly the transition 

zones, marks the gradual change in conditions between the clastic flysch 

and carbonate turbidite deposition. The thinner interbedded fissile and 

lithified clay shales also represent hemipelagic deposition. Their 

position prior to coarser turbidite deposits implies normal marine 

deposition prior to disturbance by turbidity currents. The high 

birefringence is due to orientation of clay particles by compaction 

strain, and is uninhibited due to absence of other non-platy, coarser 

constituents. Lack of much organic matter and presence of 

coarser-grained lenses suggests well-oxygenated conditions and perhaps 

reworking by bottom currents. 

The organic-rich shales also suggest slow, hemipelagic deposition, 

during which the organic matter could accumulate, and perhaps represent 

euxinic conditions. 

Depositional Summary 

General Discussion 

Except for the pelagic shales, all other lithofacies have been 

interpreted as a result of deposition from turbidity currents. A number 

of factors will influence the variety of different turbidite deposits, 

including: distance between source and site of deposition, paleoslope, 



55 

source, amount and composition of sediment, available sediment, 

topography, and the density of the currents (Flugel, 1982). In general, 

as the turbulence decreases with time, distance from source, and perhaps 

with decreasing slope, deposition replaces erosion and transport as the 

dominant process. 

Many have outlined and reviewed criteria for recognition of 

turbidite deposits. Among them, Bouma (1962), Scholle (1971), Thomson 

and Thomasson (1969a), and Flugel (1982) present lists that adequately 

describe and include the composite features characteristic of turbidite 

deposition. Turbidite models were first developed upon observing 

clastic sequences, but have since been applied to allocthonous carbonate 

sediments. Although the turbidite model represents a depositional 

mechanism and therefore applies to both clastic and carbonate 

compositions, some revisions may be necessary. Flugel (1982) noted a 

few modifications of the model for carbonate rocks, including rarity of 

complete Bouma sequences (Thomson and Thomasson, 1969a; Engel, 1974), 

absence or rarity of sole marks and indistinct and less common 

lamination (Remane, 1970; Eder, 1970), and the presence of a "prephase" 

as defined by Meischner (1964), and a "dunephase" described by Hubert 

(1966). Robertson (1976), also noted that calcareous particles are 

likely to differ fron clastic sediments in size, volume, density, and 

hydrodynamic behavior, and many calcareous turbidites may therefore 

deviate from classical models. 

Deposition of the Basinal Facies 
of the Dimple Limestone 

Characteristics of the basinal facies of the Dimple Limestone 

suggest and support deposition by turbidity currents for all but the 
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pelagic shale lithofacies. All other rocks display a majority of the 

turbidite criteria outlined by various authors. 

Based on its repetitious nature, the Dimple Roadcut was divided 

into major sedimentary packages. It was also divided into lower, 

middle, and upper portions based on changes in the nature of the 

packages. These divisions aid in understanding deposition cf the Dimple 

and of basin development through time. 

An overall distal turbidite interpretation for this locality of the 

basinal facies was applied by Thomson and Thomasson (1969a), and this 

author is in agreement. Compound evidence leading to a distal turbidite 

interpretation includes grading of nearly all the beds, sharp bottc:^ and 

less distinct top contacts, absence of pebble-sized constituents, nearly 

ubiquitous presence of well-developed mudstones, small-scaled 

convolutions and cross-laminations, association with deep-water 

interbedded sediments, and few complete Bouma sequences. Lack of sole 

markings may indicate a more gentle slope during deposition, which would 

also be expected in a distal environment. A few characteristics seem 

contrary to this distal interpretation. Some of the major beds do 

achieve considerable thickness, a few complete sedimentary structure 

sequences are present, and there is some evidence for channeling and 

scouring. 

Turbidites need not imply steep slopes, high relief, or a 

catastrophic or tectonic event. The Dimple most likely was deposited 

along gentle slopes in a ramp-like environment, with periodic 

instability transporting sediments into the basin. Periodic storms, as 

suggested by Grayson (1980) for the lower Pennsylvanian Wapanucka 
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Formation of Oklahoma, would have been a sufficient mechanism to 

initiate turbidity currents on a ramp-like slope. The development of 

carbonate turbidites from the northwest represented a stifling of the 

elastics from the southeast, allowing the northwestern shelf to become 

more active and flourish. A eustatic rise in sea level could be 

invoked to account for the stifling, producing a change in direction and 

composition of the transported sediments. 

Transition from the Tesnus Formation to the Dimple Limestone is 

gradual and occurs over a 50-foot interval, as carbonates become 

increasingly important (Thomson and Thomasson, 1969a), The roughly 

lov/er portion of the basinal facies is characterized by a significant 

amount of fissile shale, including the transition with the Tesnus, 

Within sedimentary packages, limestones, spiculites, and cherts are 

thinly interbedded with shale. Some thick shale intervals occur within 

packages of the lower portion of the Dimple, but they decrease in 

thickness and abundance upwards. 

The basal portions of the basal members of each sedimentary package 

were almost all composed of the oobiolithoclastic packstone lithofacies. 

Frequently, these graded into the spiculiferous packstones, then 

spiculites, and finally into mudstones, representing the spiculiferous 

shale lithofacies. The interbedded units within each package consist of 

all but the oobiolithoclastic packstone lithofacies. The major basal 

units represent major events, causing instability on the shelf, and 

triggering the turbidity flows. These thick units may represent a 

channeling or the main locus of the turbidity flow on the ^ower fan 

portion of the submarine fan. All sediments grading from the base 

through the overlying mudstone were deposited by one continuously 
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decelerating turbidity current. Subsequent thinner, interbedded 

spiculiferous packstones, spiculites, and spiculiferous shales wit^-p 

the packages represent turbidity currents of a lesser flow regime and 

magnitude. Instability probably occurred in outer shelf or upper slope 

spicule-rich environments farther down the ramp. These currents were 

not as strong, and therefore did not do much scouring, carrying less 

sediment and finer grain sizes. Thinner and finer turbidite beds may 

also represent a shifting of the submarine fan system. Thin turbidite 

and thick and frequent pelagic shales of the lower Dimple suggest 

relative quiescence in the basin with minor turbidity currents carrying 

slope and shelfal material in, or may even suggest more distal turbidite 

environments. Major disturbances punctuated basin deposition and began 

new cycles of alternating quiescence and minor turbidity flows. This 

pattern continued throughout Dimple time with some minor changes. 

Thomson and Thomasson (1969a) cited evidence for a rapid 

progradation of the shelf in early and middle Dimple time. Packages in 

the middle to upper middle of the Dimple Roadcut are characterized by a 

decrease in shale and by thicker basal members (appendix). Interbedded 

turbidites are thin- to medium-bedded and often thicken up towards the 

next package. Bottom surfaces of the basal units are also more 

undulating and in some cases the bed appear to pinch and swell. 

Finally, multiple fining sequences within one bed, as well as 

superimposed thick turbidites, occur. All of these changes suggest a 

more active and unstable period. Multiple fining-up sequences and thick 

successive, graded units suggest successive turbidity flows (Davies, 

1968), This may be due to a mid-fan or more proximal position relative 

to the source, producing a channeling effect, perhaps a result of 
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progradation. Thickening upwards of individual interbedded turbidites 

prior to the next main pulse also supports a progradation of the shelf 

during this time, and closer proximity to the source. 

The upper portion of the basinal Dimple sequence is once again 

characterized by a progressive increase in shale, especially towards the 

top, where a 200-foot transition (Thomson and Thomasson, 1969) into the 

Haymond begins. Many portions of these packages were covered due to 

large volumes of mudstone and shale. Chert interbeds also increase with 

increasing shale. Basal members of the packages are more often 

represented by the spiculiferous packstone lithofacies, rather than 

oobiolithoclastic packstones. Interbedded limestones and spiculites 

become fewer and thinner towards the top of the Dimple, where sandstone 

beds begin to appear and gradually become predominant. 

Increase in pelagic shale, thinner turbidites, and predominantly 

spiculiferous sediments all suggest more distal conditions, with less 

frequent and weaker disturbances. The progressive introduction and 

increase in elastics gradually marks the end of Dimple deposition, as 

the elastics began to choke and overwhelm carbonate deposition. Renewed 

clastic deposition from the southeast perhaps reflects a drop in sea 

level or renewed tectonic activity. 

Source Implications 

A better understanding of the Dimple shelf and its lithofacies 

would enhance the interpretation and understanding of the basinal 

facies. Previous studies of the Dimple are not detailed enough to 
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promote such an understanding. Exposure of the Dimple shelf sediments 

is poor and possibly non-existent (Proctor, 1985), and may not give a 

true representation of the nature or diversity of the shallow-water 

environments. The Wapanucka Formation, exposed in the Ouachita 

Mountains of Oklahoma, is slightly older, but part of the same Ouachita 

system, and affords the opportunity to study shelf lithofacies 

approximately equivalent to, and probably similar to, those supplying 

the Dimple turbidites. 

Grayson (1980) conducted an indepth study of the stratigraphy of 

the Wapanucka, including extensive lithofacies descriptions and 

interpretations. He envisioned the accumulation of the Wapanucka on a 

gently-sloping ramp, with prograding shoaling environments (Grayson, 

1980; fig. 30), In short, his bioclastic calcarenite, micritic 

limestone, spiculiferous limestone, oolitic calcarenite, and spiculite 

and shale lithofacies are compatible in composition and aerial 

distribution to offer an explanation as to the nature and diversity of 

the environments that were the source of the Dimple turbidites. The 

location of the spiculite and spiculiferous limestone in an outer shelf 

to upper slope position explains their frequency and volumetric 

significance in the turbidite sequence. The position of the bioclastic 

calcarenites and shoaling ooids and bioclasts farther up the ramp 

suggest the necessity of a greater disturbance or greater currents to 

transport this sediment, and explain the intermittent presence of 

massive oobiolithclastic packstones (fig. 31). 
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CHAPTER Til 

DIAGENESIS 

Introduction 

The diagenesis of the basinal Dimple sediments is quite complex. 

Compaction and induration comprise the most significant processes 

altering the Dimple sediments. Compaction is most evident in shales and 

in sediments containing shale clasts. Induration from mineralogic 

changes includes dissolution, cementation, recrystallization or 

aggrading neomorphism, replacement of grains and matrix, and weathering. 

Tectonic deformation has not produced direct mineralogical changes, but 

did create fracture porosity, and is indirectly responsible for 

controlling the environments of diagenesis. 

Original mineralogies of the sediments do play a role in 

diagenesis, by supplying ions and compounds to the diagenetic fluids, 

and by providing favorable substrates for nucleation and precipitation 

of minerals. Biogenic silica occurs in the form of sponge spicules in 

all lithofacies and plays an important role in silica diagenesis. 

Spicules are interpreted as originally consisting of amorphous opal due 

to the presence and preservation of well-developed, centered axial 

canals. Meyers (1977) outlined the argument for siliceous spicules 

based on modern analogues. Other unstable and immature mineralogies 

that influenced diagenesis include aragonite and high-magnesium calcite, 

found in ooids, micrite and micritic grains, crinoids, echinoids, some 

bivalves, and some forams. 
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At least seven stages of diagenesis have been interpreted and will 

be discussed in sequence. These include post-burial diaaenesis, 

fresh-water diagenesis, dolomitization, precipitation of siderite, 

replacement by celestite-barite, a second stage of fresh-water 

diagenesis, and a final dolomitization stage, 

Paragenesis 

Post-burial Diagenesis 

Rapid burial of the basinal turbidite and hemipelagic sediments 

followed deposition. In the earliest stage of diagenesis following 

burial, compaction and dewatering were the dominant processes. 

Compactional dewatering expels pore fluids, prohibiting influx of 

fresh water, and thereby delays cementation and complete lithification, 

and maintains immature and unstable mineralogies. However, some minor 

mineralogic changes accompanied compaction and dewatering. 

An early stage of dolomite that replaced some of the matrix and 

micritic grains is also possible, but not entirely documented. Due to 

subsequent silicification, all but traces of its existence have been 

removed. Tiny blebs of corroded carbonate resembling dolomite have been 

observed in almost every slide where microquartz has replaced grains and 

matrix. Due to their :ninute size and possibility of an embedded 

relationship with the silica, these tiny remnants may represent 

unstained calcite suspended within the silica. Early post-burial 

dolomite is possible and likely in this depositional setting. Rapid 

burial of the basinal Dimple sediments, causing expulsion of connate 

waters by compaction, together with clay mineral diagenesis, could have 
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enhanced precipitation of dolomite in this deep-water environment. 

Davies (1979) suggested that dolomitization by expelled connate water 

due to compaction may be a significant process to explain post-burial 

dolomitization. The lime mud matrix and micritic grains would be the 

most susceptible to dolomitization. These represent the grains and 

matrix that have subsequently been replaced by silica, 

Pyrite is found in minor amounts, and was most likely precipitated 

in this early stage of diagenesis, when slightly reducing conditions may 

have been present due to concentration of organics. In most cases, the 

pyrite has been altered to hematite through exposure and weathering. 

The pyrite and hematite display both euhedral cubic and coalescing 

framboid morphologies. 

Expelled fluids and rapid sediment loading allow mechanical 

compaction to have significant effects (Scholle, 1977). Evidence of 

compaction is strongest in the coarse portions of the oobiolithoclastic 

packstones and in clay-rich shales. The coarse basal turbidites 

typically contained a large amount of shale clasts, expecially near 

their bases. In all samples, shale clasts were deeply embayed and 

strongly deformed by more rigid grains. In a few samples, shale clast 

percentage was particularly high, and compaction resulted in an apparent 

shale matrix (fig. 32). Shale clasts present in other lithofacies were 

always squashed. 

Other evidence for compaction was noticed in organic-rich and 

particularly clay-rich sediments. Compactional wisps of detrital clay 

and organic matter were present in many samples. In extremely clay-rich 

shales, compaction produced a high birefringent, pseudo-unit extinction. 
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Figure 32 Photomicrograph of compaction evidence with deep embayment 
of shale clasts producing clay matrix (x2.5). 



Curtis and others (1980) concluded that preferred orientation of clay 

particles results almost entirely from compaction strain, and is 

inhibited in the presence of non-platy particles. 

Subtle evidence for compaction was also observed. Extremely close 

packing of grains was common. Detrital clay in the matrix also formed 

grain coatings, sometimes producing a sutured look. This was first 

noted by Thomson and Thomasson (1969a). Little, perhaps only incipient, 

stylolitization was noticed, and few grains underwent breakage due to 

compaction. 

Fresh-water Diagenesis 

Many of the mineralogic changes recorded by the basinal Dimple 

sediments require a relatively early influx of fresh water. Rapid and 

deep burial of Dimple sediments progressively throughout the Atokan and 

by the Desmoinesian Haymond Formation, probably preserved original 

mineralogies. Early dissolution and cementation were therefore kept to 

a minimum. 

Extensive mineralogic alteration soon took place in the presence of 

fresh water. An orogeny during Desmoinesian and Missourian time 

initially deformed the geosynclinal rocks, A second orogenic pulse 

during the late Pennsylvanian to early permian (Virgilian - Wolcampian) 

thrusted the deformed sediments in a northwestward direction (King, 

1980), It is probable that the early deformation or thrusting was 

responsible for placing Dimple sediments in a fresh-water phreatic 

diagenetic environment, where extensive alteration took place. 

A second hypothesis invokes an "artesian effect" to explain early 

fresh water diagenesis. Thick shaly sequences bounding the relatively 



porous unit are required. The Tesnus below and Haymond above could very 

well serve as impermeable barriers, between which fresh water is 

"pumped" from the updip equivalents down through the basinal sediments. 

Most likely, tectonic activity during the middle and late 

Pennsylvanian to early Permian introduced the unstable Dimple sediments 

into the fresh phreatic environment where extensive and complex 

diagenesis altered and in some cases obliterated original textures. 

Tectonic fractures occur throughout the Dimple sediments as a response 

to the tectonic activity and help substantiate the paragenesis and 

timing of fluids. One such example is beautifully recorded by 

botryoidal cements (aragonitic morphology) that have subsequently been 

replaced by fe^'^oan calcite, and the remainder of the fracture cemented 

with blocky equant non-ferroan calcite (fig. 33). The geopetal 

botryoids are approximately perpendicular to the bedding and reflect the 

post-tectonic attitude of the beds during fresh-water diagenesis. 

In the oobiolithoclastic packstones, fresh-water diagenesis 

resulted in dissolution of unstable allochems leaving biomolds and 

hollow micrite envelopes, and producing crumbly fractures. These voids 

were subsequently cemented with non-ferroan calcite scalenchedral and 

blocky equant cements. Other unstable components of high-magnesium 

calcite and aragonite stabilized to low-magnesium calcite at this time. 

Calcite in the form of microspar and pseudospar from recrystallization 

of grains (some ooids, forams, crinoids) and lime mud matrix occurs, 

particularly in the oobiolithoclastic packstone-wackestone subgroup 

which represent the only "true" limestones. Prolonged fresh-water 

diagenesis resulted in massive and intense recrystallization which 
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Figure 33: Photomicrograph of botryoidal cement perpendicular to 
bedding (x5). 
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characterizes this group and sometimes resembles blocky equant cerent 

(fig. 34). Formation of syntaxial rims on crinoid and echinoid plates 

is also attributed to recrystallization of the surrounding matrix into 

optical continuity with the grains (fig. 35). Aggrading neomorphism 

occurs in all sediments with an orginally lime mud matrix. 

Replacement and cementation by ferroan calcite is extensive 

throughout the Dimple, occurring in all but the oobiolithoclastic 

packstone-wackestone subgroup. A gradual change in the composition of 

the fluids, or perhaps the original compositon of the sedidments, 

influenced and resulted in simultaneous replacement and recrystalli

zation by ferroan calcite, particularly in spiculiferous sediments. 

Replacement of sponge spicules, preserving the central canal, is most 

prevalent (fig. 36). In some cases, especially in spiculiferous pack

stones, the spicules are completely replaced by the ferroan calcite, and 

remain so. In other cases, ferroan calcite was precipitated within the 

inner canal and outside rim of the spicule, while the remaining unstable 

opal has subsequently stabilized to chalcedony. Some micritic litho

clasts and micritic matrix, and unstable ooids and ostracodes have also 

been replaced and recrystallized in this lithofacies, Crinoids, 

brachiopods, and bryozoans are rarely affected, A greater amount of 

clay or organics in these siliceous sediments may have caused 

preferential replacement by ferroan rather than normal calcite, or it 

may be related wholey to the composition of the fluids. Replacement of 

calcite and aragonite cements, as well as cementation of fracture 

porosity by ferroan calcite also occurs. In some cases ferroan calcite 

cemented the fracture and then replaced grains and m.atrix outwards (fig. 

37). 
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Replacement of so many spicules by ferroan calcite may have 

released biogenic silica, enriching pore fluids, and enhancing 

replacement of grains and matrix by microquartz. Microquartz commonly 

replaces forams, ooids, organic-and clay-rich sediments, and diagenetic 

dolomite and ferroan calcite. Brachiopods and bivalves are sometimes 

partially replaced. Crinoids, conodonts, bryozoans, and echinoids all 

remain unaffected. Remaining unstable biogenic opal was also stabilized 

to chalcedony and megaquartz by fresh fluids at this time, particularly 

in sediments devoid of carbonate. Most spiculites, which frequently 

serve as precursors to the bedded cherts, are completely devoid of 

carbonate, and show no evidence of dissolution. Rather, replacement of 

the unstable opaline silica is recorded by canal and grain margin 

ghosts. The lack of much fine clastic sediment in the matrix and a high 

concentration of organics may have enhanced their complete 

silicification, explaining their frequency as chert precursors. The 

spicules act as nuclei for further precipitation of silica cement, and 

therefore the spiculites possess greater potential for complete 

silicification. Influx of fresh water is required to explain pervasive 

silification, as spicules have been replaced and stabilized rather than 

dissolved. Fresh water diagenesis also explains silicification in 

sediments devoid or poor in spicules. 

Second Stage of Dolomitization 

A change in fluids resulted in precipitation of non-ferroan 

dolomite as both cement and replacement. Dolomite is most significant 

and best observed in the oobiolithoclastic packstones and spiculiferous 

packstones. It is intimately associated with silica and most 
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conspicuous in silica-rich rocks. Dolomite is present in some, but not 

all, of the spiculites, and plays only a minor role in the spiculiferous 

shales, chert, and pelagic shales. 

This second generation of dolomite occurs predominantly as 

replacement, and in minor amounts as cement filling secondary porosity 

(fig. 38). In some cases dolomite has cemented fracture porosity and 

replaced matrix and grains outward. Dolomite commonly is represented by 

well-developed, euhedral rhombs. They typically replace silica randomly 

and also replace carbonate grains and matrix. Dolomite crystals are 

commonly seen in clusters, which have selectively replaced clay clasts, 

and produced some intercrystalline porosity. 

Siderite 

An outer rim of siderite, or perhaps ankerite is commonly 

precipitated on the dolomite rhombs, as well as on other grains, 

expecially in the presence of clay or clay clasts (fig, 39). Siderite 

(FeC03) occurs as fine-grained anhedral aggregates, rhombohedrons, and 

sometimes in nodular, botryoidal, or almost oolitic forams. It is also 

frequently associated with the cherts as well as with dolomite. 

Precipitation of the siderite may have been enhanced by the presence of 

organic matter, and certainly indicates an enrichment of iron with 

respect to calcite and magnesium in the diagenetic fluids. SEM or x-ray 

diffraction techniques should be employed for more accurate 

identification. The resemblance to siderite may be a result of 

present-day weathering. 
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Celbar 

A minor amount of celbar is observed as a replacement of dolomite 

and silica. Celbar precipitation was evidently a short-lived event 

based on its sparse occurrence. Exact timing is uncertain, but it did 

precipitate after dolomitization, as it replaced both silica and 

dolomite. It probably precipitated prior to final fresh-water influx 

and dolomitization, as it does not overprint these alterations. 

Second Stage of Fresh-water Diagenesis 

A second influx of fresh water is documented by dedolomitization 

and dissolution of dolomite rhombs. Dedolomitization consisted of 

paramorphic replacement by both ferroan and non-ferroan calcite (fig. 

39). Dissolution is recorded by rhomb-shaped voids and calcite-and 

siderite-rimmed rhomb-shaped voids. Zoning of the dolomite during its 

precipitation is made evident by the dedolomitization process. Silica 

cement also may have been precipitated during this fresh-water stage, 

but its distinction is masked by complex diagenetic overprints. 

Third Stage of Dolomitization 

A third generation of dolomite is characterized by replacement of 

clay- and organic-rich grains, silica, and by paramorphic replacement of 

crinoid plates by ferroan dolomite. This ferroan dolomite also occurs 

as minor cementation of porosity, and as epitaxial rims on non-ferroan 

rhombs (fig. 40). 

Exposure and Weathering 

In most cases, pyrite has been altered to hematite through exposure 

and weathering. Leaching has produced some open fracture and vuggy 
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Figure 40: Photcnicrograoh o"" third generation of colomito: fi^rroan 
epitaxial rims (x20). 
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porosity. A final alteration of sediments due to exposure and 

weathering includes caliche crusts precipitated on calcium 

carbonate-rich rocks. 

Economic Implications 

Virtually all effective porosity in the basinal facies of the 

Dimple has been occluded. Vuggy, rhomb-shaped, intercrystalline, and 

fracture porosity all occur, but porosity is isolated and not conducive 

to good permeability. In addition, some of that may result from present 

surface exposure. Organic matter, perhaps dead oil, does occur in some 

of the pores. 

Rapid burial of the sediment and development of overpressures could 

be expected in this depositional setting, with the potential of 

preserving initial porosities. However, early deformation, including 

faulting, folding, and thrusting, placed the Dimple sediments in a 

fresh-water phreatic diagenetic environment that bcth created and 

eventually occluded porosity. 

Under more favorable circumstances, primary porosity may be 

preserved long enough for the migration of hydrocarbons into the 

reservoir (Scholle, 1977). Retention of original unstable mineralogies 

may lead to further porosity potential through dolomitization or 

leaching (Scholle, 1977). 

As the Dimple has lost its potential as a reservoir, economic 

interest may be diverted to its potential as a source. Siliceous 

sediments are often associated with high organic productivity (Scholle, 

1977). The spiculite lithofacies, in particular, and some of the other 

spicule-rich sediments were extremely rich in organic matter, and could 
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possibly serve as source beds depending on thei*^ burial history. 

Subsurface sediments may have potential as hydrocarbon-bearing units. 

The pelagic shales also have a great potential for accumulating organic 

matter due to slow depositional rates and perhaps poorly oxygenated 

bottom water conditions. 



CHAPTER IV 

SUrmRY AND CONCLUSIONS 

Carbonate material comprising the Dimple Limestone (Morrowan? -

Atokan), Marathon Basin, Texas, represents a break in the Ouachita 

clastic flysch sequence. Dimple sediments were transported from the 

present northwest, contrasting with the southern source of flysch. 

Shelf, slope, and basinal facies have been recognized for the Dimple. 

Detailed petrographic study of the basinal facies produced the following 

conclusions: 

1. The basinal facies of the Dimple Limestone was deposited in the 

mid- to lower portions of a submarine fan system. 

2. The basinal facies may be divided into sedimentary packages of a 

repetitious nature, reflecting the mode of deposition. A package 

consists of a thick, coarse-grained, basal member with an overlying 

mudstone, followed by thinner interbedded limestones, shales and 

cherts. The thick basal members of the oobiolithoclastic packstone 

and spiculiferous packstone lithofacies, show evidence of scouring, 

and represent the main locus of the turbidity flows, "channelized" 

areas, or perhaps stronger flows with disturbance in shelf 

environments. The thick basal units typically fine upward into 

mudstones of the spiculiferous shale lithofacies. All sediments 

from the base through the mudstone were deposited by one 

continuously decelerating turbidity current. The thinner, 

interbedded turbidites within each sedimentary package represent 

weaker turbidity currents, with instability in outer shelf or upper 

slope, spicule-rich environments. They represent a shifting of the 

83 



84 

main locus of the flows within the submarine fan system. Pelagic 

shales represent periods of relative quiessence, during which 

normal marine deposition resumed. 

3, A rise in sea level in late Morrowan - early Atokan probably 

stifled the supply of terrigenous elastics from the southeast, 

allowing the northwestern carbonate shelf and ramp environments to 

flourish. Thick shale intervals and thinner-bedded turbidites 

characterize the lower Dimple, representing the gradual transition 

from the Tesnus, and representing lower fan turbidite deposition 

for the Dimple. Thicker turbidites, less shale, undulating bottom 

surfaces, successive thick turbidites with no interbeds, and 

thickening of interbeds up to the next major turbidite in the 

middle Dimple all suggest an active period of progradation of the 

submarine fan system, and a more proximal, mid-fan position 

relative to the source. An increase in shale, thinner and fewer 

turbidites, and spiculiferous sediments characteristic of the upper 

Dimple all suggest more distal conditions, with less frequent and 

weaker disturbances, marking the gradual transition into elastic 

deposition, 

4, A gently-sloping carbonate rarp environment with prograding 

shoaling environments and spicule-rich slope environments, 

characteristic of the Wapanucka Formation of the Ouachita system in 

Oklahoma, may have served as the source for the Dimple turbidites. 

Periodic storms would be sufficient for transporting the sediments 

down the gentle slope and triggering the turbidity flows. 
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5. At least seven stages of diagenesis have alter-d the basinal Dimple 

sediments. These include: 1) post-burial diagenesis, character

ized by compaction and dewatering with minor mineralogic changes, 

including precipitation of pyrite and possibly dolomite; 2) 

fresh-water diagenesis, characterized by dissolution, cementation, 

recrystallization, and replacement by aragonite, calcite, ferroan 

calcite, microquartz, and chalcedony; 3) dolomitization as 

cementation and replacement; 4) precipitation of siderite; 5) 

precipitation of celbar; 6) second stage of fresh-water 

diagenesis, characterized by dedolomitization and dissolution of 

dolomite rhombs; and 7) ferroan dolomitization as cementation and 

replacement. The Dimple basinal sediments were exposed to the 

first fresh-water influx relatively early by tectonic activity in 

the Desmoinesian - Missourian or the Virgilian-Wolfcampian, placing 

it in a fresh, phreatic environment. The bedded cherts are 

diagenetic products of the spiculite lithofacies. Most spiculites 

are devoid of carbonate, lack much fine clastic sediment, and have 

a high concentration of organic matter, all possibly enhancing 

their complete silicification. They show no evidence of 

dissolution, as canal and grain margin ghosts are preserved. The 

opaline silica is stabilized and replaced by chalcedony in the 

presence of fresh water. The spicules act as nuclei for further 

precipitation of silica cement, and therefore, the spiculites 

possess greater potential for complete silicification. 
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6. Virturally all effective porosity in the basinal facies has beer 

occluded, with no reservoir potential. Potential as a hydrocarbon 

source is possible due to the abundant organic matter, and 

depending on the burial history. 
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APPENDIX: 

MEASURED SECTION 

Note: The thickness of basal units designated by letters and the 
thickness of intervals between basal units are accurate. 
Interbedded limestone, spiculite, chert, and shale beds 
illustrate the nature of each package, but do not give bed by 
bed representaiton. The black circle indicates where samples 
v/ere taken. Scale: 1 inch = 2 meters. 
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