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ABSTRACT 

The Cobra-Frazier #1 well in Howard County penetrated the Silurian 

Wristen Group and Fusselman Formation, and a core with sixty feet of strata was 

recovered, the majority of which belongs to the Wink Formation of the Wristen 

Group. Petrologic, petrographic, and geochemical studies allow interpretation of 

the depositional and diagenetic history of the Wink Formation in the eastern 

margin of the Permian Basin region. 

The Wink of the Cobra-Frazier #1 consists of argillaceous skeletal 

wackestones and mudstones that are dominated by a deep water fauna 

dominated by arthropods. Conodont faunas indicate that the age of the Wink 

ranges from the early Sheinwoodian (Wenlock), into the Gorstian (Ludlow) and 

perhaps as young as the early Ludfordian. The Wink Formation was deposited 

when the exposed Fusselman platform was flooded in the early Sheinwoodian. 

Deposition continued in a carbonate ramp setting until differential subsidence 

produced the platform and basin fades of the Fasken and Frame formations. 

During the hiatus that separated the Thirtyone Formation from the 

Woodford Formation, the Wink was karsted, evidenced by the presence of 

crackle, mosaic, and chaotic breccia fabrics related to paleocave formation and 

collapse. The karst-related porosity was subsequently filled by fine-grained 

argillaceous carbonate sediments. After the karsting event, the Wink strata 

underwent to three dolomitization events, two diagenetic, and one epithermal 

event related to the Ouachita Orogeny. The two diagenetic dolomitization 

events did not affect the entire Wink equally, with increased dolomitization in 

the lower portion of the core. In the lower Wink, this created a dolostone with 



intercrystalline, vuggy, and fracture porosity. Subsequent precipitation of 

baroque dolomite, from the epithermal event, and calcite cements destroyed 

much of the porosity throughout the core. 

Analysis of carbon and oxygen stable isotopes produced curves that were 

used to test models of oceanic and environmental cyclicity. When compared to 

oceanic and environmental models, the data was inconclusive, neither clearly 

supporting nor refuting any of the models. Two positive excursions associated 

with the Mulde Event and near the Wenlock-Ludlow Boundary are present in 

both the carbon and oxygen curves. These excursions have carbon §-values 

increased by slightly more than l%o, and the oxygen 5-values increases of more 

than 2%o. The excursions allow correlations between the Wink and strata in 

Oklahoma, Nevada, and across many parts of Europe, particularly the Baltic 

region. 
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CHAPTER I 

INTRODUCTION 

The area that is now West Texas lay along the southern coast of Laurentia 

during the Silurian Period (Fig. 1.1). Silurian age strata of West Texas are 

represented by two major depositional events separated by a hiatus (Ruppel 

1994). The first event deposited the shallow water carbonates of the Fusselman 

Formation beginning in the late Ashgillian (Late Ordovician), continuing 

through the Llandovery (early Silurian), and ending with a sea level fall during 

the late Llandovery. Flooding of the heavily karsted Fusselman platform during 

the early Sheinwoodian (Wenlock) initiated the deposition of the Wristen Group, 

which accumulated through the remainder of the Silurian and into the Early 

Devonian. 

The Silurian Wristen Group is composed of three formations, the Wink, 

Frame, and Fasken (Fig. 1.2). The Wink Formation was deposited during the 

initial Sheinwoodian flooding of the karsted Fusselman platform. The Frame 

Formation was deposited above the Wink as deeper water slope and basinal 

carbonates, and the Fasken Formation includes the contemporaneous shallow 

water fades that is composed of reef and platform carbonates that formed a 

platform margin to the north and west of the Wink and Frame formations 

(Ruppel 1994). 

Sixty feet of the Wink Formation were recovered in a core of Silurian 

carbonates from the Cobra Frazier #1 well, located in southwestern Howard 

County, Texas (Fig. 1.4). Wireline log data is not presented because the logs have 

not been publicly released at this time. The purpose of this study is to produce 



petrologic and petrographic descriptions of the Wink to interpret the 

depositional and diagenetic history for the Wink in Howard County. The 

lithological and geochemical observations, oxygen and carbon stable isotope 

curves, can be compared to published sea level curves, stable isotope curves, and 

models for oceanic and environmental cyclicity developed for strata elsewhere in 

the Silurian world. 

Previous Studies 

West Texas and Surrounding Regions 

Silurian age rocks in the West Texas area were first described by 

Richardson in 1909 for the U.S. Geological Survey. He designated a limestone 

outcrop located in the Franklin Mountains that lies between the Ordovician 

Montoya and the Middle Devonian Canutillo Formations as the Silurian 

Fusselman limestone. A Niagaran age was given to the Fusselman limestone 

based upon fossils that were identified from the lower half of the succession. 

An early description of the Silurian in the subsurface of West Texas was 

provided by Jones (1949). Seven Siluro-Devonian units were described on the 

Central Basin Platform, and the three lowermost units were assigned a Silurian 

age. The lowermost unit was correlated with the Fusselman outcrops in the 

Franklin Mountains, while the other two could not be correlated to the outcrop 

using lithology. Lithological descriptions, and lateral fades changes were 

provided for all three units, all of which grade into dolomites to the north. The 

lowermost Silurian unit was designated as the Fusselman, and the upper Silurian 

unit, which was referred to as the "Silurian shale," was given a Niagaran age 

based on the identification of Ludlow graptolites by Decker (1942,1952). No 



names were proposed for the other two upper units, with the recommendation 

that the entire section be known as the Fusselman until biostratigraphic studies 

could be conducted that would allow proper naming and correlation. 

Galley (1958) named the area in which Siluro-Devonian strata were 

deposited the Tobosa basin. The Tobosa basin was described as a shallow 

marine basin that developed in what is now western Texas and southeastern 

New Mexico in the early Paleozoic. It was bounded by the Diablo Uplift to the 

east, the Matador Uplift to the north, the Texas arch to the east, and it opened to 

the south through the subsiding Ouachita-Marathon geosyncline. Some of the 

primary justification for the original designation of this basin was based on the 

relative thicknesses of Fusselman strata, because basinal fades are not present in 

West Texas or southeast New Mexico. In the later Silurian and Early Devonian a 

depositional geometry developed in which shallow water carbonates existed to 

the north and west with contemporaneous basinal deep water carbonates and 

shales to the south (Ruppel and Holtz 1994). 

Wilson and Majewske (1960) used the term Middle Silurian for the strata 

between the Fusselman Formation and Devonian strata. The Middle Silurian 

was described as being composed of shales, and more common silty and 

argillaceous limestones. They indicated a Niagaran age based on the faunal 

assemblages present in the northern part of the west Texas basin, and graptolite 

data from Crane County (Decker 1952). The graptolites were used to correlate 

the Silurian shales of West Texas with the Ludlow Henryhouse shale in the 

Arbuckle Mountains of southern Oklahoma. Generahzed isopach maps, along 

with conjectured depositional edges for Silurian and Devonian age strata, were 

presented. These maps showed the depositional boundaries for Silurian strata 



present in West Texas and southern New Mexico, and contemporaneous strata 

located in Oklahoma. 

McGlasson (1968) used the term 'Upper Silurian' to designate the rock 

units above the Fusselman and below the 'Devonian' unit. These names were 

not formal terms, and he described them as "ill chosen names," but continued to 

use them, because they were the only terms that were widely used by West Texas 

petroleum geologists. He described the Upper Silurian as a rock unit found only 

in the subsurface that has a smaller areal distribution than the underlying 

Fusselman. The sections of the Upper Silurian that were composed of non-shaly 

carbonate successions are located in the west and north, and were described as 

dolomite and limestone with a shallow water fauna present when not 

recrystallized. Shales and silty or sandy calcilutites with a low abundance of 

fossils are located to the south and southeast of the non-shaly carbonates. The 

boundary between the Fusselman and Upper Silurian was difficult to locate, and 

where it was not possible to differentiate the Upper Silurian from the Devonian 

to the north, the term Siluro-Devonian was used for the entire section. 

Wright (1979) compiled a review of hydrocarbon producing reservoirs 

located in West Texas. He combined the Silurian strata above the Fusselman 

with Devonian strata into a single unit that he caUed the Siluro-Devonian. 

Wright compiled an isopach map that also shows paleogeographic and 

hthofacies data, which is more detailed than the maps of Wilson and Majewske 

(1960). When describing the non-Fusselman Silurian strata, he divided it into 

two sections, the shallow shelf limestones and dolomites, and the 'Silurian shale.' 

The 'Silurian shale' is described as a unit that underlies Devonian strata over a 

large area, and is composed of silty shales, sandy and silty limestones, limestones 



and some cherts, which are located to the east and southeast of the shelf 

limestones and dolomites. 

The Silurian rocks overlying the Fusselman were formally designated as 

the Wristen Formation by Hills and Hoenig (1979). The Wristen Formation is 

composed of the Wink and Frame members, which are equivalent to the 'Silurian 

shale' or the part of the Upper Silurian that is characterized by shales and silty or 

sandy calcilutites. The Wink and Frame members were interpreted to be 

contemporaneous units that grade laterally from one to the other, but were not 

lithologically distinctive throughout much of the area of deposition. Hills and 

Hoenig did not name the contemporaneous shallow water carbonate fades that 

are located to the west and north of the Wink and Frame Members. 

Canfield (1985) used several cores from West Texas to describe the 

petrography of Ordovician through Devonian strata. Her study differentiated 

the Wink and Frame members on the basis of Uthology and age through the 

study of cores from the Socony Mobil Pegasus Unit 3 #7-20 located in Midland 

County, and the Lucas-State #1 located in Pecos County. At the base of the Wink 

Member lies a basal shale that rests on the Fusselman. The overlying limestones 

are generally light-colored, and range from silty wackestones with few fossil 

fragments, to silty packstones with many fossil fragments. A dolomite fades 

present in the Pegasus #7-20 was originally deposited as a wackestone, with rare 

fossil fragments. The boundary between the Wink and the Frame is the 

transition from gray to black wackestones with very fossil fragments, and shales. 

This boundary is unconformable either due to nondeposition or a very brief 

subaerial exposure. The Wink Member was dated as Wenlock to early Ludlow, 

and the Frame dated as Early Devonian (Lochkovian) based upon conodont 



faunas that were collected and interpreted by James Barrick of Texas Tech 

University. 

Kerans (1989) produced a report for the Bureau of Economic Geology on 

the Ellenburger Group (Lower Ordovician), with a particular emphasis on karst, 

and the effects of karst processes on reservoir quality. A generalized 

classification for karst derived fabrics was presented, along with models on how 

paleocave systems and their associated karst fabrics were developed. 

Entzminger and Loucks (1992) describe karst-related features and breccias 

in the Wristen Formation from reservoirs in Emerald Field located in Gaines and 

Yoakum Counties, Texas. The reservoir and karst features were found in strata 

from what is now known as the Fasken Formation. They describe the brecciated 

fades and a probable formation processes. Their conclusion was that the 

paleocave system formed during subaerial exposure related to the pre-Woodford 

unconformity. 

Troschinetz (1992a, 1992b) describes karst related features in Silurian age 

strata in Howard and Winkler Counties Texas. In the Crittendon Field, located 

in Winkler County, the Wristen is described as a carbonate bank on the shelf 

edge, so is probably part of the Fasken Formation. Log characteristics, a loss of 

circulation, and cuttings descriptions are used to interpret the presence of a 

paleokarst reservoir (Troschinetz 1992b). A core was taken from the Oryx Mittie 

Walters #2 in Buckwheat Field, Howard County, for the Wristen and Fusselman 

dolomites. The karst features were described and compared to wireline logs for 

other wells in the same field. Baroque dolomite was reported as cement lining 

cavities or filling porosity throughout the core, and in other wells within the 

field. 



Ages for the Fusselman, Wristen, and Thirtyone Formations were refined 

by Barrick et al. (1993) and Barrick (1995) after further stiady of conodonts that 

were obtained from the Pegasus #7-20 core. A Telychian (late Llandovery) age 

was determined for the top of the Fusselman Formation. The lower Wink was 

dated as Sheinwoodian (Wenlock), and the upper Wink was dated as late 

Wenlock, near the Wenlock-Ludlow boundary. Processing of the possible Frame 

Member strata was problematic due to the highly siliceous nature of the rocks. 

The only diagnostic conodont elements recovered were a few Pa elements that 

could belong to any of several Early Devonian Icriodus species. A reexamination 

by Finney of graptoUtes reported by Decker (1942,1952) indicated that the 

graptolites found within shales now assigned to the Frame Member range from 

late Silurian to Early Devonian in age. 

Ruppel and Holtz (1994) raised the Wristen to group status, and the Wink 

and Frame were raised to formational status. The previously unnamed 

contemporaneous shallow water carbonate fades was formally designated the 

Fasken Formation. Wireline logs and cores were used to map out the areal extent 

and thickness of the Wink, Frame, total Wristen Group, and the entire Silurian 

System (Figs. 1.3 and 1.4). Cores were used as a control on the wireline log 

mapping, and for petrographic and petrologic studies of the individual 

formations. Ruppel and Holtz then proposed a depositional model and history 

for the Wristen Group (Fig. 1.5). The Wink was deposited during the initial 

flooding of the Fusselman platform. At some point in the middle Silurian, the 

Fasken began to be deposited as shallow carbonates that formed a platform 

margin to the north and west due to differential subsidence. The Frame was 

deposited as deep water slope and basinal deposits once a platform and margin 



geometry was established. Ruppel and Holtz traced the edge of this margin 

across southern Andrews County, and into northern Midland County, with the 

position of the margin further to the east not well defined. The Wink grades 

upward into the Frame where they can be separated, but the relationship 

between the Wink and the Fasken is less well understood. Ruppel and Holtz 

suggested that the Wink may be a partial fades equivalent to the Fasken which 

undergoes lateral grading of fades to the north. The Fasken and Frame are 

contemporaneous fades that laterally grade from the Fasken in the north and 

west to the Frame in the south and southwest. The Fasken margin was primarily 

aggradational, keeping pace with the relative rise in sea level. The Frame begins 

to be deposited in the middle Wenlock once differential subsidence develops a 

margin and basin depositional system, and continues to be deposited into the 

Lockhovian (Devonian) (Barrick et al. in press). The Wristen Group is overlain 

by the progradational fades of the Early Devonian Thirtyone Formation. The 

Thirtyone Formation is a carbonate and chert unit, that prograded beyond the 

Fasken margin and filled the northern part of the Frame Basin. 

Barrick (1995,1997) described Wenlock strata along the southern shelf of 

North America, extending from West Texas into Central Tennessee. 

Depositional sequences, lithologic changes, and biotic changes were used to infer 

sea level events. These sea level changes began with a late Telychian fall in sea 

level, followed by a major rise in the early Sheinwoodian. The fades indicate a 

shallowing upward trend through the Sheinwoodian, with a small sea level rise 

in the early Homerian that also introduced greater quantities of terrigenous 

clastic material. During the late Homerian, there was another influx of clastic 

terrigenous material that might have been related to a sea level rise which 



continued into the Ludlow. He concluded that many of the changes were due to 

a eustatic mechanism. Times of increased terrigenous input were noted, with a 

brief interval in the early Homerian, and a major influx in the late Homerian. 

Meyer and Barrick (2000) describe the conodont faunas present in the 

Devonian Woodford Formation, and what they term the 'pre-Woodford shale.' 

Their study is based on samples taken from sixteen cores from wells located in 

West Texas and eastern New Mexico. The 'pre-Woodford shale' is a Middle to 

Upper Devonian unit that ranges from the late Givetian to the early Frasnian. 

This unit is found as shales that overUe the carbonates of the Wristen Group or 

Thirtyone Formation, and as stratigraphic leak within underlying carbonate 

units. 

Sea Level Curves 

Sea level curves that portray eustatic oceanic events have been developed 

by several workers. Methods vary from interpretation of shallow-water benthic 

faunas, to lithological changes, to deep water lithological and faunal changes. 

These curves have been developed in several different localities, and frequently, 

although major sea-level events are apparent, the curves do not agree with each 

other in the timing of small sea-level events. 

The eustatic sea level curve presented by Johnson (1996) is an update on 

the previous studies of Silurian eustasy of Johnson et al. (1991), and Johnson and 

McKerrow (1991) (Fig. 1.6). The curve is based upon benthic faunal assemblage 

zones, primarily brachiopod-dominated communities, which were associated 

with certain water depths. The assemblages were used to determine what 

Johnson caUed stratigraphic bathymetry, changes in the water deptii through 



time for a specific site. Sea-level curves were collected from sections that were 

located on several Silurian paleocontinents and paleo-microcontinents, which 

included Avalonia, Baltica, Bohemia, Cathyasia, Gondwana, and Laurentia. 

Comparison between the curves was used to identify global events, which could 

be interpreted to be eustatic, regional, or local events. Dating of events was 

performed by correlating brachiopods and other shelly faunas with graptolites. 

Johnson et al. (1998) scaled parts of the sea level curve using the maximum 

topographic relief that was covered by marine sediments. The curve of Johnson 

et al. (1998) shows a sea-level drop that began in the late Telychian and 

continued into the early Sheinwoodian. This was followed by a rise with a slight 

drop, which rose back to approximately the same level in the middle to late 

Sheinwoodian. A gradual sea level fall began near the Sheinwoodian-Homerian 

boundary, which eventually leveled out and continued as a lowstand into the 

Ludlow. During the early Gorstian, a sea-level rise occurred, followed by a fall 

that ended near the Gorstian-Ludfordian boundary. Another rise and fall 

occurred within the Ludfordian. Scaling for these events was not provided 

because localities where paleoreUef could be measured were unknown. 

Ross and Ross (1996) created a scaled eustatic sea level curve based on 

strata deposited in the Illinois, and Appalachian basins, and the Baltic region 

(Fig. 1.6). These localities were located on two paleocontinents, Laurentia and 

Baltica, which allowed the sea-level changes to be inferred as eustatic. Their 

primary method was based upon the interpretation of the depositional sequences 

of the strata. This created a framework that was based on the physical 

stratigraphy of the sequences, into which index faunas that were present were 

incorporated. The extensive diagenetic recrystallization or replacement of most 

10 



of the fossils by dolomite in some of the sections was the reason for the emphasis 

on physical and lithological stratigraphy. Correlation between the sections was 

accomplished where index faunas were present. In particular, graptolites and 

conodonts allowed more precise correlations between the paleocontinents. They 

used the depth ranges of benthic faunal assemblages that were based upon depth 

estimates for the assemblages by Johnson (1987) to scale their sea-level curve. 

The Ross and Ross curve shows a sea-level lowstand in the late Telychian with 

sea level below the shelf margin. This was followed by a rise to ~60m above the 

shelf margin that peaked at the Telychian-Sheinwoodian boundary. A fall in the 

middle of the Sheinwoodian of ~30m was followed by a rise almost back to ~60m 

in the late Sheinwoodian. A gradual fall through the Homerian ended with a 

depth of ~10m above the shelf margin in the late Homerian. A sea-level rise in 

the early Gorstian peaked at ~60m above the shelf margin, followed by a general 

decline to ~30m at the Gorstian-Ludfordian boundary. A rise peaked at ~60m in 

the early Ludfordian, followed by a sea level fall to ~20m. This was followed by 

a rise to ~40m in the later Ludfordian, and was followed by a fall in sea level to 

the shelf margin near the Ludlow-Pridoli boundary. 

Loydell (1998) created a global sea-level curve based upon the distribution 

of graptolitic shales in shelf successions (Fig. 1.6). Periods of transgression were 

identified by the presence of graptohtic dark gray laminated shales and 

mudstones within shelf sequences, and condensed sequences in offshore 

sections. Periods of regression were identified by the presence of turbidite 

and/or bioturbated strata interbedded with graptohtic shales, which indicated 

the redeposition of shelf sediments and/or the oxygenation of bottom waters. 

Sequences were included from the paleocontinents of Avalonia, Baltica, 

11 



Gondwana (and its peripheral areas), Kazakhstania, Laurentia, Siberia, and 

South China. Graptolites were used to date the fades changes, and the diversity 

of graptolitic species was used as an indicator of water depth. Loydell's curve 

shows a sea level low in the late Telychian. This is followed by a rise that peaked 

in the early Sheinwoodian. This is followed by several minor seal level 

fluctuations going through the Sheinwoodian and into the early Homerian. A 

sea-level fall occurs in the early Homerian, followed by a small rise. A very 

gradual rise begins in the middle of the Homerian, and continues up into the 

Gorstian, where Loydell's curve ends. 

The sea-level curve presented by Loydell (1998) will be used in this study 

for the time period that it covers, due to its methodology, and the fact that it is 

tied in well with the graptohte zonation. The Wink strata being studied were 

deposited in a deep water ramp to basinal setting without diverse benthic shelf 

faunas. Although graptolites are not present, conodonts are, and the two 

zonations have been well correlated with each other (Barrick et al. in press). 

Oceanic Cyclicity Models 

A model for global cyclical oceanic changes during the Silurian Period has 

been proposed by Jeppsson (1990,1998; Jeppsson et al. 1995, 2000). This model is 

an attempt to explain biological, lithological, and isotopic changes in Silurian age 

rocks. Jeppsson's model of oceanic episodes and events was originally based 

upon data collected from strata located on the island of Gotland, off the east 

coast of Sweden, and its application to other regions remains to be tested. The 

premise is based upon the concept that during the Silurian Period the oceans 
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cyclically changed between two stable and four unstable oceanic conditions 

(Figs. 1.7 and 1.8). 

The two stable oceanic conditions are the primo and secundo episodes 

(Fig. 1.9). Primo episodes were characterized by low atmospheric CO2 levels, 

and cold higher latitudes that resulted in high rates of deep-water production 

and upwelling. This was combined with a more humid climate that increased 

weathering on land, and increased terrigenous clastic input to the oceans. The 

result of the colder temperatiares and higher terrigenous clastic input was a 

reduction in carbonate production. Secundo episodes were characterized by 

higher atmospheric CO2 levels, with warmer high latitudes that resulted in less 

upwelling, particularly of deep oceanic water, and a dryer climate. The warmer 

temperatures and lower the input of terrigenous elastics promoted the 

production of carbonates. Four types of unstable oceanic conditions occurred 

between stable episodes, and are called events. They could occur entirely due to 

the natural destabilization of the episodes with time, or destabilization could be 

promoted due to the effects of Milankovitch cycles. The model asserts that sea 

level changes are one of the results of oceanic state changes, but are not the 

primary force for lithologic and faunal changes. The primary mechanism for 

mass extinctions was sudden brief declines in primary planktic production. 

The Wenlock-Llandovery boundary lies within the Ireviken Event, the 

most severe extinction event during the Silurian. The Ireviken Event was 

followed by a series of episodes and events during the Sheinwoodian, with the 

Sheinwoodian-Homerian boundary occurring during the Valleviken Event. The 

Mulde Secundo-Secundo Event occurred within the Homerian, and is considered 

to have been equal in severity to the Ireviken Event (Jeppsson 1998). The Klinte 
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Secundo Episode followed the Mulde Event, and continued through the end of 

the Wenlock. The Ludlow begins with the Sproge Primo Episode, the Gorstian-

Ludfordian boundary occurs somewhere within the Etelhem or Havdhem 

Episodes, and the Ludlow-Pridoli boundary occurs at the Kiev Event. 

An alternate theory for ocean cyclicity was proposed by Bickert et al. 

(1997) and Munnecke et al. (2003) to more accurately portray geochemical 

changes that have been observed. They proposed changes to Jeppsson's model 

for several reasons. In Jeppsson's model, Secundo Episodes should have resulted 

in black shales being deposited on deep shelves due to anoxic bottom waters, 

when instead well-oxygenated and bioturbated sediments are present. Secondly, 

Jeppsson's model would predict a Secundo Episode with warmer higher 

latitudes during the time period of the Hirnantian glaciation. Their theory uses 

the premise that in the Silurian oceanic state alternated between the humid H-

period, and the arid A-period (Fig. 1.9). The two periods are primarily defined 

by the type of oceanic circulation that dominated and are based on the model 

that deep ocean water was anoxic with low 5"C values, and shallow waters were 

oxygenated with high 6"C values. H-periods were dominated by what was 

termed estuarine circulation, a high degree of weathering on terrestrial 

landmasses, and with marls and argillaceous limestones with low 5'^^C and 5̂ **0 

values being deposited on the shallow shelves. A-periods were dominated by 

antiestiaarine circulation, with reefs and carbonate platforms characterized by 

high 5"C and Ŝ Ô values present on the shallow shelves. Precipitation changes 

were the primary mechanism determining which oceanic state was present. 

Lower 5"C values and amplitudes are predicted for deeper shelf sediments than 
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shallow shelf sediments because carbonate production there is dominated by 

benthic organisms that reflect bottom water composition. 

This model proposes that the primary reason for extinction events was the 

change in oceanic circulation from A-periods to H-periods. During the change to 

estuarine to antiestuarine circulation, a period of instability occurred, allowing 

euxinic deep oceanic waters to move up into shallower waters. This was 

combined with a decrease in nutrient input during periods of antiestuarine 

circulation to account for the pattern of extinctions beginning with species living 

in deeper oceanic waters, and progressing to species living in the shallower seas. 

Kaljo et al. (2003) used geochemical data to test the episode and event 

classifications of oceanic cyclicity models. When Jeppsson's model was 

compared with isotope data, half of the comparisons showed disagreements, and 

only one-third showed positive results, the positive results being mostly within 

Secundo Episodes. The model of Bickert et al. (1997) compared better for the 

main Events and some of the H-periods/Primo Episodes, but the comparisons 

between expected and observed carbon values for several episodes and events 

remain inconclusive. 

Stable Isotopes 

During the last ten years, several workers have been studying the isotopic 

changes found in Silurian strata, and developing stratigraphic curves from the 

data. The primary isotopes being stiadied are carbon and oxygen, altiaough a 

strontium curve has also been developed (Azmy et al. 1999). For the Wenlock 

and Ludlow, the majority of work has been performed on strata from the Baltic 

region, though some recent studies have begun to look at strata from North 
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America. No isotopic studies have been performed on Silurian strata from West 

Texas. 

Wenzel and Joachimski (1996) created an stratigraphic curve for oxygen 

and carbon isotopes that covered the time period from the late Llandovery to the 

Ludlow (Fig. 1.10). They analyzed unaltered articulate brachiopods that were 

collected from strata located on the island of Godand. A general correlation 

trend between the 5'**0 and 5"C values was noted, and higher values occur near 

exposure surfaces. Positive excursions were present in the early and late 

Wenlock, and the middle Ludlow. The values acquired for the early Wenlock 

excursion had a 8'^C of +4.36%o, and b'^O value of -4.39%o. The late Wenlock 

excursion had a b'^C value of +2.42%o, and a &'^0 value of -4.22%o. The middle 

Ludlow excursion had a 6"C value of +8.05%o, and a 6^^0 value of -3.72%o, but 

the authors noted that this excursion was located near an exposure surface, 

which they proposed as partially responsible for the very high values acquired. 

Kaljo et al. (1997,1998) prepared a 5"C curve for the East Baltic region 

(Fig. 1.11). They used whole rock samples that were acquired from eight cores 

that include Upper Ordovician through Pridoli strata that represented several 

depositional settings along the shelf. Since the depositional settings ranged from 

shallow to deep shelf environments, the site of deposition had to be considered. 

The isotopic values represent the bottom water conditions where they were 

deposited, so differences will exist in isotopic values between shallow and 

deeper water sediments. Therefore, the trends between cores could be 

compared, but the isotopic values could not be directly correlated. This was also 

a minor factor within cores that include several depositional environments. The 

curves were correlated with the graptohte zonations and then compared to the 
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6"C curve of Wenzel and Joachimski (1996). Because the samples were acquired 

from several cores, several values for each excursion were obtained, but the 

pattern in all cores is similar. Two positive excursions are present in 

Sheinwoodian, an early Sheinwoodian excursion with values that range from 

+3.1-5.2%o, and an excursion in the late Sheinwoodian of +2.1-4.6%o. The 

excursion in the middle Ludlow has values of +4.2-5.9%o. 

Azmy et al. (1998) compiled 6"C and b^^O curves for the Silurian using 

primarily unaltered brachiopod shells, with some samples also including 

carbonate cements and matrix material (Fig. 1.12). The Silurian Period was 

covered by analyzing samples from many different sites, most from the 

paleocontinent of Baltica, with one from Laurentia. For the Wenlock, samples 

were analyzed from several different localities and regions, and the resulting 

data correlated well among the areas. Positive isotope excursions were found in 

the early and late Wenlock, and the later Ludfordian (middle to late Ludlow). 

The magnitude of these excursions ranged from 3%o to 8%o. The oxygen isotope 

curve shows a parallel relationship to the carbon curve, but with a lower 

magnitude for the excursions. 

Heath et al. (1998) compiled 8̂ Ĉ and §'^0 for the early Silurian using 

brachiopod shells collected from a core taken on the island of Ruhnu located in 

the Bay of Riga (East Baltic) (Fig. 1.13). The curves begin in the late Upper 

Ordovician, and go into the Sheinwoodian (Wenlock). The brachiopods were 

from several different species, and isotopic differences between the species are 

discussed. Because their study only went into the Sheinwoodian, only the early 

Wenlock excursion is present. The early Wenlock event shows positive 
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excursions with a magnitude of almost 2%o for oxygen, and a magnitude >2%o 

for carbon. 

Saltzman (2001) generated S'̂ C curves for Silurian age carbonates located 

in southern Oklahoma and central Nevada, and correlated them to the Baltic 

region (Fig. 1.14). The data was acquired through analyzing whole rock samples 

from micritic limestones. The curves were correlated to the Baltic region using 

conodont and graptolite zonations. Two positive excursions were present in 

southern Oklahoma, and three in central Nevada. The southern Oklahoma 

samples show a positive shift with a magnitude of 6%o in the early Wenlock, and 

a shift with a magnitude of ~3.5%o in the middle Ludlow. The central Nevada 

samples show ~3%o magnitude positive shifts in the early Wenlock, the late 

Wenlock, and the middle Ludlow. 

Kaljo et al. (2003) proposed that the primary mechanism for isotopic 

changes is related to glacial events. The isotopic changes were related to the 

preferred removal of tight isotopes during glacial mass expansion, the 

introduction of tight isotopes during episodes of glacial mass retraction, and 

possible changes in oceanic circulation that are the result of sea level changes due 

the removal or addition of water. Their study showed an early Wenlock b^^C 

positive excursion with a peak value of +5.2%o. This excursion correlated with a 

glacio-eustatic sea level lowstand and the Ireviken extinction event. 

The trends present in all the curves developed for Silurian strata agree 

with each other. Positive excursions are found in the early and late Wenlock, 

and the middle Ludlow, from strata deposited on several different 

paleocontinents. The beginning early Wenlock excursion is correlated to the 

Ireviken Event, and the late Wenlock excursion is correlated to the Mulde Event. 
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Figure 1.1. Paleogeography during the Llandovery (Silurian). The strata of the 
Cobra-Frazier #1 was deposited off the southern coast of Laurentia. Modified 
from Scotese and McKerrow (1990). 
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Figure 1.2. Silurian time scale. Depositional units of West Texas and correlations 
across central North America. Figure created by Dr. James Barrick. 
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EXPLANATION 

• Core control 

C ^ \ Buildup 

Figure 1.3. Isopach map of the total thickness of the Wristen Group. Star 
indicates approximate position of Cobra-Frazier #1 well. Figure modified from 
Ruppel and Holtz (1994). 
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C o n t o u r i n t e f v o l 2 5 f 

Figure 1.4. Isopach map of the Wink Formation. Star indicates approximate 
position of Cobra-Frazier #1. Figure modified from Ruppel and Holtz (1994). 
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Figure 1.6. Sea level curves for the early to middle Silurian. The curve on the far 
left is by Loydell (1998). Bar represents Wink strata from the Cobra-Frazier #1 
core. Figure modified from Loydell (1998). 
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Figure 1.10. Oxygen and carbon isotope curves for the island of Gotland 
(Sw^eden). Figure modified from Wenzel and Joachimski (1996). 
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Figure 1.12. Oxygen and carbon isotope curves from Azmy et al. Samples were 
analyzed from several paleocontinents. Figure modified from Azmy et al. (1998). 
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CHAPTER II 

RESEARCH METHODS 

Petrology and Petrography 

Hand samples were studied in using a lOx hand lens as needed. 

Petrographic thin sections were stained with Alizarin Red to distinguish calcite 

from dolomite, and with potassium ferricyanide to identify ferrous carbonates. 

In descriptions of photomicrographs, CPL stands for cross-polarized light, and 

PPL stands for plane-polarized light. 

Stable Isotope Analysis 

Powdered samples were taken every two feet through the core. In karsted 

and brecciated sections, samples were taken only from clasts representing 

original material. All samples were roasted at ~475°C under a continuous helium 

stream for 30 minutes to remove any organic carbon material. The method used 

to produce and collect CO2 depended on the lithology of the sample. Different 

methods were used for samples that were primarily calcite, primarily dolomite, 

or contained high percentages of both calcite and dolomite. 

For samples composed primarily of calcite, 20-30mg of material was 

dissolved in phosphoric acid (H3PO4) under vacuum for approximately 24 hours 

in a bath set at 25.2°C. The CO2 was then collected on a carbonate vacuum line. 

Liquid nitrogen and a 'slush' of dry ice and M-17 were used to purify the CO2 

gas. A capacitance manometer was used to measure the amount of CO2 before it 

was collected in a sample tube for analysis. In samples composed primarily of 
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dolomite, the same process was used, except the reaction was at 50°C. The 

amount of material used produced between 160-200|amols of CO2. 

For samples composed of high amounts of both calcite and dolomite, a 

three step process was used. For these samples 25-35mg of material was used, 

and dissolved in phosphoric acid under vacuum. In the first step, the material 

was dissolved and placed in a bath set to 25.2°C, and allowed to react for one 

hour, which would release CO2 primarily from the calcite fraction. The CO2 gas 

was then extracted and collected. The reaction vessel was returned to the bath 

for approximately 24 hours, during which the rest of the calcite would react, with 

some dolomite. The CO2 produced during this period would be from a 

combination of calcite and dolomite, so it was pumped away as it was not 

diagnostic. The reaction vessel was then placed in a bath set to 50°C for -24 

hours, which allowed the remaining dolomite to react. The CO2 was extracted 

for analysis. The amounts used allowed 130-160|amols of CO2 to be collected for 

calcite, and 20-40[amols of CO2 to be collected for dolomite. 

Analysis was performed on a VG SIRA-12 stable-isotope ratio mass 

spectrometer at Texas Tech University. The SIRA-12 is a triple focusing gas 

source mass spectrometer with a microinlet and a fixed magnet. The collected 

samples were run in comparison to a lab standard. The lab standard was 

calibrated with international standards V-PDB (Vienna Peedee Belemnife) for 

carbon and oxygen, and V-SMOW (Vienna Standard Mean Ocean Water) for 

oxygen. The isotopic samples were reported using delta (5) notation in per mil 

units (%o). The delta notation value for carbon is calculated using the equation: 

/ 1 3 p / 1 2 p x _ / 1 3 / - , 1 2 ( - x 

b''Ci%o) = ,̂ "^"12 ^''"''"' ^ 10 ' 
( C / C)5(3^j3rj 
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Delta notation oxygen values were calculated by the same method using the ratio 

of ^*0 to '^O. Oxygen values were corrected using an acid fractionation factor 

(̂ ,̂icid-co2 ^ °^ 1.01025, using the following formula: 

Lnrbonate ^^^^ 

' ^ac id-COj 

for calcite at 25.2°C. The same equation was used to correct the oxygen values 

for dolomite that was reacted at 50°C using an acid fractionation factor of 

1.010664. 
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CHAPTER 111 

PETROLOGY AND PETROGRAPHY OF THE WINK FORMATION 

The core taken from the Cobra Frazier #1 well comprises sixty feet of 

carbonate strata. The lowermost foot is assigned to the Fusselman Formation 

and the remaining 59 feet are assigned to the Wink Formation. The basal shale of 

the Wink that was described by Canfield (1985) and Ruppel and Holtz (1994) is 

absent. The post-Fusselman strata is assigned in its entirety to the Wink 

Formation, since there are no black limestones and shales that are characteristic 

of the Frame Formation present in the core. 

The Wink is composed of argillaceous skeletal carbonates that range from 

limestone to dolostone. Four lithologies grade into each other in the Wink (Fig. 

3.1), limestone, dolomitic limestone, calcific dolostone, and dolostone, following 

a general pattern of increasing dolomitization with depth. 

Dolostone Fades 

In the dolostone fades, dolomite composes greater than 90% of the rock 

(Figs. 3.2 and 3.3). Most of the Wink Formation between 10,085' to 10,099' is 

dolostone, except for the section from 10,091' to 10,096', which is a calcific 

dolostone (Fig. 3.1). The dolostone fades is composed of light to dark gray 

skeletal dolostones that are very slightly to slightly argillaceous. The color 

change from light gray to dark gray within many of the dolostones is the result 

of dolomitization, but this effect is not universal because a high degree of 

dolomitization is present in the light gray sections as well. Wispy discontinuous 
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argillaceous laminations occur, with rare sections where they are present in high 

concentrations. 

Skeletal material within the dolostone sections usually comprise less than 

5% of the carbonate material. The only skeletal fragments preserved in the 

dolostones are crinoids, and when present they are partially dolomifized. 

Pyrite commonly occurs as anhedral to euhedral single crystals or 

aggradations of crystals, and rarely as cement filling fracture and vuggy 

porosity. Some aggradations of pyrite can be more than a millimeter across. 

Rarely pyrite is found in 'veins' within the carbonate matrix. Chert occurs as 

fracture and vuggy porosity filling cement. 

No karst fabrics are visible within the dolostone section. Dolomitization 

has destroyed any visible karst fabrics in hand samples, except for the occasional 

presence of vertical fractures. 

Three types of dolomite occur in the dolostone. The first type is composed 

of finely crystalline dolomite. The dolomite crystals are anhedral to euhedral 

crystals that range is size from 0.01mm to 0.07mm and form a xenotopic texture. 

The majority of the second type of dolomite is composed of euhedral crystals that 

range in size from 0.07mm to 0.2mm, with smaller euhedral crystals occasionally 

present that range in size from 0.03mm to 0.07mm. They produce a subidiotopic 

texture, with minor intercrystalline porosity. Some of the larger crystals are 

zoned. The third type is made up of, anhedral, subhedral, and rarely euhedral, 

coarsely crystalline baroque dolomite. The baroque dolomite is primarily found 

filling fractures and other porosity. 
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Stylolites are present throughout the section, with an increased abundance 

below 10,090'. A large stylolite is present at 10,098.75' which is 1.2cm thick, 

which appears similar to a thin shale layer. 

Below 10,095' some vuggy porosity is visible in hand samples. The vuggy 

porosity is less than 5%, and is sometimes accompanied by the presence of 

bih.imen. Petrographic study shows the presence of some porosity throughout 

this section, with trace amounts above 10,095', and more below, but always less 

than 5%. The types of porosity present are fracture, vuggy, and intercrystalline. 

Fracture porosity, and some probable solution enlarged fracUires are present 

throughout, with vuggy and intercrystalline porosity mostly found in the lower 

portion. 

Most of what was porosity has been filled. Fractures are filled with 

normal and baroque dolomite, pyrite, mosaic calcite, and rare chert lining the 

edges. Former vuggy porosity is filled with baroque dolomite, mosaic calcite, 

and in rare cases the porosity was first fully lined with chert, and then filled by 

baroque dolomite. When baroque dolomite fills vuggy porosity, it is frequently 

in the form of a single crystal, and less commonly several crystals. Former 

intercrystalline porosity is filled by mosaic calcite cement. 

Calcific Dolostone Fades 

The calcific dolostone fades is characterized by strata that are primarily 

composed of dolomite with less than 50% calcite (Figs. 3.4 and 3.5). The calcific 

dolostone section of the Wink is found from 10,074' to 10,085', with a small 

section present from 10,091' to 10,096' surrounded by dolostones (Fig. 3.1). The 

calcific dolostones are composed of Hght to medium gray skeletal dolomitic 
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mudstones and wackestones that are slightly to moderately argillaceous. Wispy 

discontinuous argillaceous laminations are present within the section. Some 

localized sections have high concentrations of the laminations. 

The skeletal material, which comprises 10-15% of the carbonate material, 

is comprised of trilobites, disarticulated thin-shelled ostracodes, thin-shelled 

brachiopods, crinoids, and bryozoans. Trilobites are most common, followed by 

ostracodes. The skeletal material is fragmented, and frequently degraded. In the 

lower portions of the section (10,080-85' and 10,092-96') at least partial 

dolomitization of all the skeletal material has occurred, and some partial 

dolomitization has occurred in the middle to upper parts of this section. 

Trace amounts of pyrite, chert, and very rare anhydrite are occur within 

the calcific dolostone. Pyrite is found as single or aggradations of crystals, within 

the carbonate matrix as isolated crystals or 'veins', and as porosity filling cement. 

Chert and anhydrite occur as cement filling porosity. 

Well-developed karst fabrics occur in two regions of the upper calcific 

dolostone section, and a single region in the lower calcific dolostone. Vertical 

fractures associated with paleocave collapse are present throughout (Loucks 

1999) (Fig. 4.1). Within the lower calcific dolomite section, a region displaying 

crackle and mosaic breccia fabrics is present from 10,092.3-93'. Within the upper 

section of calcific dolomite, two regions of well developed karsted fabrics occur, 

with the lower karsted region lying completely within the calcific dolostone 

fades. A region of probable karst fabric located from 10,081.5-82' is the basal unit 

of the lower well developed karst section. This is overlain by a region with 

crackle and mosaic breccia fabrics from 10,080-81.5'. Chaotic breccia fabrics 

overhe the crackle and mosaic breccias from 10,078.9-80'. A second region 
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showing crackle and mosaic breccia fabrics is present from 10,077.9-78.9'. The 

lower karsted region is capped by a region of probable karst fabrics that are 

present from 10,077.5-77.9'. The upper karsted section begins with a region of 

probable karst fabrics present from 10,074.8-76'. Chaotic karst fabrics overlie 

them from 10,071-74.8', beginning in the calcific dolostone section, and 

continuing up into the dolomitic limestone section. 

Dolomitization of the karst fill material is complete. The dolomifized 

karst fill sediments are characterized by anhedral to euhedral xenotopic dolomite 

that range in size from 0.01mm to 0.8mm. Selective dolomitization of the micrite 

and skeletal fractions increases in extent with depth. At the top of the calcific 

dolostone section, selective dolomitization of the micrite fraction has occurred, 

with some partial dolomitization of skeletal material. At the bottom of this 

section, almost the entire micrite fraction has been dolomifized and all skeletal 

material has been partially to completely dolomifized. The dolomite crystals 

present in the dolomifized micrite fraction are characterized by subhedral to 

euhedral subidiotopic dolomite with crystal sizes that range from 0.03mm to 

greater than 0.11mm. Some of the larger crystals are zoned. Subhedral to 

anhedral baroque dolomite fills fracture and vuggy porosity. 

Stylolites occur throughout the section of calcific dolostone. Two large 

stylolites are present in this section, one 0.5cm thick at 10,079', and another at 

least 1cm thick at 10,085'. Vuggy and frachire porosity are present, but rare. 

Most of the previous porosity has been filled by mosaic calcite, normal and 

baroque dolomite, and rare pyrite, chert and anhydrite. 
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Dolomitic Limestone Fades 

The dolomitic limestone fades is characterized by strata that are primarily 

composed of calcite with less than 50% dolomite (Figs. 3.6 and 3.7). The Wink is 

composed of dolomitic limestones from 10,064' to 10,074' (Fig. 3.1). This interval 

is light to medium gray skeletal dolomifized mudstones and wackestones that 

are slightly to moderately argillaceous with discontinuous wispy laminations 

present throughout. 

Skeletal material composes 12-15% of the carbonate material. Trilobites 

are most abundant followed by disarticulated thin-shelled ostracodes, and fewer 

thin-shelled brachiopods, crinoids, and bryozoans. The skeletal grains are 

fragmented and broken, and their condition ranges from slightly too highly 

degraded. Below 10,072', partial selective dolomitization of some skeletal 

material begins. 

Trace amounts of pyrite, chert, and very rare anhydrite are present. Pyrite 

is the most abundant and is primarily found as individual anhedral to euhedral 

crystals, with rare aggradations of crystals. It occurs within the carbonate matrix 

or as cement filling porosity. Chert and anhydrite occur primarily as porosity 

filling cements, though chert is occasionally present as nodules. 

Karst fabrics occur within this section at two levels, and vertical fractures 

are present throughout (Fig. 4.1). Chaotic breccia fabrics begin at 10,071', and 

continue down into the underlying calcific dolostone fades, ending at 10,074.8'. 

Crackle and mosaic breccia fabrics overlie the chaotic breccias from 10068.7-71'. 

A region that displays probable karst fabrics is above this succession from 

10,067.1-68.7'. Another section of crackle and mosaic breccia fabrics is present 

from 10,063.9-64.25'. 
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The majority of the dolomitization is concentrated in the karst fill 

sediments as anhedral to subhedral, with some euhedral, finely crystalline 

xenotopic dolomite. The diameters of the crystals range from 0.01mm to 

0.07mm. In the upper portion of the section partial dolomitization of karst fill 

sediments has occurred, and dolomite is present as isolated rhombs in the micrite 

matrix and occasionally along argillaceous seams. In the lower portion of the 

dolomitic limestone section dolomitization of the karst fill is complete, and 

begins to include the micrite that borders the karst fill. In this lower section of 

dolomitic limestone, isolated dolomite rhombs in the micrite matrix are also 

more abundant. Baroque dolomite is present as fracture filling cement. 

Stylohtes occur throughout the section, most of them less than 1mm in 

thickness. One large stylohte, which measures 0.8cm thick, is located at 10,049.9'. 

Several stylolites that interfinger and crisscross are present at 10,067'. 

Little porosity is apparent in this section. The only significant porosity is 

in partially filled fractures, with some vuggy porosity present below 10,072'. The 

majority of the former porosity was filled by baroque and normal dolomite, 

mosaic calcite, some pyrite, and rare chert and anhydrite. 

Limestone Fades 

In the limestone fades calcite comprises greater than 90% of the material 

(Figs. 3.8 and 3.9). The limestone fades begins at the fop of the core at a depth of 

10,040', and extends to 10,063' (Fig. 3.1). This interval is composed of medium 

gray to dark gray skeletal mudstones and wackestones that are moderately to 

highly argillaceous. Wispy discontinuous argillaceous laminations are present 

throughout the section, and commonly form highly argillaceous concentrations. 
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The grain component is entirely skeletal material and composes 10-15% of 

the carbonate material. The skeletal material is composed of trilobites, 

disarticulated thin-shelled ostracodes, thin-shelled brachiopods, crinoids, and 

bryozoans. Trilobites are the most abundant, usually followed by ostracodes, 

and the abundances of the other fossil types vary. The skeletal material is 

fragmented and ranges from slightly to highly degraded. 

Pyrite and chert are present in trace amounts and pyrite is much more 

abundant than chert. Pyrite occurs as crystals and 'veins' located in the 

carbonate matrix, and rarely as fracture filling cement. Chert is rarer, and occurs 

as nodules and porosity filling cement. 

The most abundant karst features in this section are vertical fractures, 

which are found throughout the limestone section. Two regions display probable 

karst fabrics; at 10,041.1-41.4' and from 10,060.1-60.9'. A region that displays 

crackle and mosaic breccia fabrics lies between them from 10,055.6-57.25'. 

Dolomite occurs throughout the limestone section, but is less than 10% in 

volume. The majority of the dolomite is anhedral to subhedral, with some 

euhedral, finely crystalline dolomite ranging in size from 0.01mm to 0.07mm, 

which displays a xenotopic texture when it is concentrated. This dolomite is 

concentrated within the karsf-fill sediments, and is sometimes concentrated 

along argillaceous seams. Associated dolomite crystals occur as isolated 

euhedral rhombs scattered throughout the original micrite matrix. Normal and 

baroque dolomite are found as cements filling fractures. 

Stylohtes are present throughout the section but are less abundant than in 

the lower sections. All the stylohtes are less than 1mm in thickness except for 
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one large stylolite. The large stylolite is present at 10,053' with a thickness that 

ranges from 0.5cm to slightly less than 1cm. 

No porosity is visible in hand samples. Petrographic examination reveals 

that the only porosity is in the form of open and partially cemented fractures. 

The majority of the fractures have been recemented with normal and baroque 

dolomite, mosaic calcite, and rare pyrite and chert. 

Depositional Setting 

The Wink Formation in the core is composed of mudstones and 

wackestones that occasionally display a nodular texture due to the presence of 

discontinuous argillaceous layers. The fauna is characterized by trilobites, 

crinoids, brachiopods, bryozoans, and ostracodes, with trilobites the most 

abundant, usually followed by ostracodes. The faunal assemblage dominated by 

arthropods is very similar to the arthropod micrite fades found in the Fifzhugh 

Member of the Clarita Formation a correlative unit that was deposited in 

Southern Oklahoma (Amsden et al. 1980). This combination of lithology and 

faunal assemblage is interpreted by Amsden et al. (1980) as a deep-water, low 

energy environment which was located on a deep-water shelf or ramp below 

wave base, and probably below storm wave base. The presence of predatory 

borings and the slightly to moderately deteriorated condition of the skeletal 

material is further evidence of a low rate of deposition. 

Wink strata higher in the core (10,040-60') contain higher amounts of silty 

and argillaceous material. This increase in siliciclasfic material could be a result 

of a relative sea level rise, or a regional tectonic or environmental change that 

resulted in an increase in terrigenous sediment input to the marine setting. An 
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increase in siliciclastic material is also found through the upper part of the 

Fifzhugh Member related to an early Homerian sea level rise and a greater 

increase through the marlstones of the Henryhouse Formation (Ludlow-Pridoli) 

related to a possible sea level rise in the late Homerian in southern Oklahoma 

(Amsden et al. 1980, Barrick 1997). Similar increases in siliciclastic material were 

found by Barrick (1997) for early and late Homerian strata throughout the 

southern shelf of North America. 

The evidence indicates that the Wink Formation was deposited in a distal 

ramp environment that was below wave and storm wave base. The majority of 

the carbonate material was produced in situ, with an increase in terrigenous 

clastic material over time. The increase in the terrigenous clastic material is the 

only lithological variation present in the core. 
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Figure 3.1. Lithology stratigraphic column for the Cobra-Frazier #1. 
LS = Limestone, DLS = Dolomitic Limestone, CDS = Calcific Dolostone, 
DS = Dolostone. 
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Figure 3.2. Core photographs of the dolostone fades, a. Core slab from 10,090.5-
91.0'. b. Core slab from 10,097.5-98.0' with minor vuggy visible porosity and 
bitumen. 
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Figure 3.3. Photomicrographs of the dolostone fades, a. Second stage diagenetic 
dolomite, 50x magnification (CPL), width of view 1.8mm. b. Second stage 
diagenetic dolomite with fracture filluig baroque dolomite, 15x magnification 
(CPL), width of view ~6mm. c. Diagenetic dolomite with bitumen, 50x 
magnification (PPL). 
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Figure 3.4. Core photographs of calcific dolostone fades, a. Core photo from 
10,080-80.45' from the upper calcific dolostone. b. Core photo from 10,093.6-94' 
from the lower calcific dolostone. 

49 



Figure 3.5. Photomicrographs of calcific dolostone fades, a. 15x magnification 
(PPL), width of view ~6mm. b. 50x magnification (PPL), width of view 1.8mm. 
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Figure 3.6. Core photograph of dolomitic limestone fades. From 10,067.2-66.6'. 
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Figure 3.7. Photomicrographs of dolomitic limestone fades, a. Dolomitization of 
wackestone, 15x magnification (PPL), width of view ~6mm. b. Selective 
dolomitization of the karst fill sediments, 50x magnification (CPL), width of view 
1.8mm. 
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Figure 3.8. Core photographs of limestone fades, a. Core photo from 10,046.5-
47'. b. Core photo from 10,048-48.5' showing many discontuiuous argillaceous 
layers. 
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Figure 3.9. Photomicrographs of limestone fades, a. Light spots are dolomite 
crystals and silt sized quartz grains, 15x magnification (CPL), width of view 
~6mm. b. Limestone fades with dolomite filling a fracture and as isolated 
rhombs within the wackestones, 50x magnification(CPL), width of view 1.8mm. 
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CHAPTER IV 

PARAGENESIS 

The Wink in the Cobra-Frazier #1 was deposited in a deep subfidal ramp 

setting, subsequently affected by several post-depositional diagenetic events and 

processes. These events and processes began with compaction and lithificafion 

during the initial burial of the sediments, which was followed by karsting, 

dolomitization, pressure-solution, and cement precipitating events. There is no 

evidence of any subaerial exposure surfaces or submarine hardgrounds within 

the Whrk. 

Karsting 

Loucks (1999) presented a paper that describes the near-surface 

mechanisms for creation, and processes that occur during the creation, and after 

the burial, of paleocave systems (Figs. 4.1 and 4.2). He also presented 

information on the spatial complexity of paleocave reservoirs, and examples of 

field development for reservoirs that have been affected by karst processes. 

Several types of karst features are present in the Wink strata, and in the 

middle third of the core is the most important diagenetic process. The karsting is 

evidenced by the formation of collapse and fracture breccias that were later filled 

with sediment, while the fresh wafer leaching is evidenced by the presence of 

vuggy, moldic, and solution enlarged fracture porosity. The presence of Middle 

to Late Devonian conodonts in the karst fill sediments indicates that the exposure 

and karsting event occurred a significant time after the deposition of the Wink. 

These conodonts are similar to those found at the base of the Woodford 
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Formation (Meyer and Barrick 2000), which indicates that the karsting is 

probably related to the hiatus and sea level fall that separates the top of the 

Silurian-Devonian carbonate section from the basal shales of the Woodford 

Formation (Upper Devonian). During this exposure, the Wink was subjected to 

fresh wafer diagenesis, which karsted the Wink creating a small paleocave 

system (Figs. 4.2), and dissolved some skeletal material. The processes and karst 

fabrics formed are similar to those found in the deeper EUenberger Formation, 

but are smaller in extent and magnitude (Kerans 1989). Karst features are 

present throughout the core with two well developed sections present from 

10,067.1-76.0' and 10,077.5-82.0' (Fig. 4.3). 

The brecciated fabrics present within the Wink can be divided into four 

categories (Figs. 4.1 and 4.3). The karst fabrics rarely have well defined 

boundaries; instead they fend to grade info each other, and more than one fabric 

may be present within a section. When this occurs, if one fabric is minor in 

comparison to the other, the section is classified according to the dominant 

fabric. It is only when no fabric is dominant that multiple names are used for the 

classification, this primarily occurs with mosaic and crackle breccias. 

The first brecciated fabric is created by the fracturing of the rock. This 

creates a breccia in which very little rotation or movement of the clasts has 

occurred. When slight rotations or movements have occurred, if is a result of 

solution enlargement of the fractures, allowing shght changes in orientation of 

the clasts. The fractures have been filled with fine-grained argillaceous carbonate 

sediments (Figs. 4.4 and 4.5). This brecciated fabric is similar to what Kerans 

(1989) termed fracture breccias, but is also called crackle breccias (Loucks 1999) 

(Fig. 4.1). Although the term fracture breccia describes the mechanism of 
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formation, the term crackle breccia is more prevalent in the literature will be 

used here. 

The second brecciated fabric is characterized as clast supported with clasts 

that have been slightly rotated or moved, but can still be fitted back info their 

original positions. Fine-grained argillaceous carbonate sediments have filled the 

space between the clasts (Figs. 4.4 and 4.5). This fabric is similar to what is 

known as a matrix-rich mosaic breccia (Kerans 1989; Loucks 1999) (Fig. 4.1). 

The third brecciated fabric is composed of clasts that are randomly 

oriented. Both clast-supporfed and matrix-supported versions of these breccias 

are present. The two types of support can grade into each other, usually grading 

up from clast-supported to matrix-supported. Fine-grained argillaceous 

sediments have filled the remaining karst related porosity (Figs. 4.6 and 4.7). 

This fabric is called chaotic breccias by Kerans (1989) and Loucks (1999) (Fig. 4.1). 

The last fabric is termed probable karst fabrics. This fabric is composed of 

strata that appear altered from the typical unkarsted strata, but cannot be 

classified in any of the previously defined karst fabrics. Possible sediment-filled 

solution voids and fractures appear to be present, but are not distinct. 

The two well developed karst regions are characterized by similar 

structures (Fig. 4.3). They both begin with a section of probable karsting at the 

fop, followed by a section of crackle and mosaic breccias, then a section of chaotic 

breccias. The upper karsted region has a basal region of probable karsting at the 

bottom. The lower karsted section has an additional section of crackle and 

mosaic breccias below the chaotic breccias, with a section of probable karsting at 

the bottom. 
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The two highly karsted zones are only separated from each other by 1.5'. 

The pattern of karsting seems to indicate that this separation was due to a fall in 

the water table. The separation could also be due to increased argillaceous 

material present in the intervening strata, destruction of the karst fabrics by later 

dolomitization, or a combination of these factors. 

Karst features occur at several other levels within the Wink as isolated 

sections of crackle and mosaic breccias, along with some zones of probable 

karsting (Fig. 4.3). These are almost always less than a foot in thickness, except 

for one section of crackle and mosaic breccias which measures 1.75' thick located 

from 10,055.6' to 10,057.25'. 

Pervasive dolomitization has destroyed evidence of karst fabrics in hand 

samples. No karst features are visible in the dolostone fades, or within calcific 

dolostones that are greater than 70% dolomifized. However evidence exists that 

karst processes have affected these sections. At 10,097-98' Middle Devonian 

conodonts were recovered, which indicates that karsf-fill sediments are present 

in that sample. Petrographic study of samples within the highly dolomifized 

sections provide further evidence that karst processes affected those sections. 

Regions of finely crystalline xenotopic dolomite are present within the samples 

where the majority of the dolomite is larger, and has a subidiotopic structure. 

The finely crystalline regions appear very similar to the regions of dolomifized 

karst fill sediments present higher in the core. 

Dolomitization 

Dolomite created by diagenetic and epithermal events occurs throughout 

the core and is interpreted to represent three different dolomitization events. 
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The first two dolomitization events were diagenetic, while the third was 

epithermal. 

The first dolomitization event is characterized by finely crystalline 

xenotopic dolomite that is present throughout the core (Fig. 4.10). It is 

concentrated in the karsf-fill sediments, and occasionally along argillaceous 

seams. Some euhedral dolomite rhombs are also present within the micrite 

fraction, which are associated with the same event that dolomifized of the karst 

fill. Average crystal size increases with depth. Partial dolomitization of the 

karsf-fill sediments occurs in the upper portion of the core, with the extent of 

dolomitization increasing with depth, until there is complete dolomitization of 

the karsf-fill sediments below -10,068'. In the lower portions of the core, 

dolomitization includes the micrite that borders the karst fill. This first 

dolomitization event is concentrated in the karst fill probably due to its higher 

porosity and permeability compared to the original mudstones and wackestones. 

The second dolomitization event is characterized subidiotopic dolomite 

(Figs. 4.10 and 4.11) that is concentrated in the lower portion of the core due to 

the higher argillaceous content in the higher strata. This second diagenetic 

dolomitization event formed all of the dolostone in the lower part of the core, 

and significant part of the calcific dolostone. Dolomite crystals related to this 

event are coarser than dolomite found in the karst fill, and rare large crystals are 

zoned. In sections where dolomitization was complete, a subidiotopic dolomite 

with intercrystalline porosity formed. 

The following factors indicate that the subidiotopic dolomite formed 

during a separate diagenetic event from the event that dolomifized the karst fill 

sediments. 
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-The Wink of the Cobra-Frazier #1 is very homogeneous with no major 

changes in lithology throughout the core. 

-Where the two types of dolomite are present a distinct boundary 

separates karst fill dolomite and the second type of dolomite. 

-A calcific dolostone, with dolostone above and below, is present from 

10,091-96'. The original rock in this section was skeletal mudstones and 

wackestones. 

This evidence indicates that it was a separate diagenetic event, not a difference in 

lithology that was the primary factor in the formation of this bimodal dolomite 

texture. The concentration of the subidiotopic dolomite to the lower section of 

the core is probably due to the higher argillaceous content in younger strata. 

The third dolomitization event precipitated anhedral to subhedral 

coarsely crystalline baroque dolomite throughout the core, primarily as cement 

filling fractures and porosity, and is commonly associated with pyrite (Fig. 4.12). 

The dolomite crystals are very large, zoned, and have undulose extinction. 

Occasional veins of pyrite within non-baroque dolomifized sections indicate that 

the epithermal event may have also had some effect on the matrix, not just the 

remaining porosity. 

Precipitation of this dolomite is probably related to an epithermal event 

that occurred during the Ouachita Orogeny. The collision of the North and South 

American continental plates resulted in hydrothermal fluids being forced 

through strata well into cratonic North America. This hydrothermal event has 

been proposed as the probable cause of baroque dolomite in the karsted strata of 

the deeper EUenberger Group (Kupecz 1989). 
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Chert and Calcite Cement 

Before the epithermal event that precipitated the baroque dolomite, there 

was an episode of precipitation of chert cement. The chert is found as thin 

cements lining fractures and vuggy porosity (Fig. 4.11). The chert does not 

completely fill any of the vuggs or fractures, it only forms a coating along the 

edges. 

After the epithermal event, an event precipitated mosaic calcite cement 

that filled much of the remaining porosity. Mosaic calcite was precipitated in 

much of the remaining fracture and vuggy porosity, and in the intercrystalline 

porosity present in the dolostones (Fig. 4.10). Trace amounts of other carbonate 

minerals are present within large crystals of calcite, which are in optical 

alignment with the calcite. 

Pressure-Solution Features 

The final diagenetic features present are pressure solution features in the 

form of stylolites. Stylohtes are present in a range of sizes, from greater than 1cm 

in thickness, to so small that they can only be recognized under petrographic 

examination. Stylolites occur in higher concentrations in less argillaceous 

sections. Little difference in stylohte abundance occurs between highly calcific 

and highly dolomitic sections. 

Stylohtes are found singly, as inter-fingering groups, and as large features. 

When found singly, the thickness of insoluble material that forms the st/lolites 

ranges from so thin that they can only be recognized in petrographic 

examination, up to approximately 1mm (Figs. 4.13 and 4.14). Where several 

stylohtes formed within a short distance of each other, they may have dissolved 
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the carbonate material between them, and they appear to interfinger and overlap 

(Figs. 4.15 and 4.16). If all the carbonate material between the stylolites is 

dissolved, the insoluble material will stack, which forms the large stylolites 

(>0.5cm in thickness). The true thickness of these stylolites is frequently hard to 

determine since the core tends to break on these horizons, which can result in 

lost material. The large stylolites appear similar to shale layers or flooding 

surfaces (Fig. 4.17). They are identified as stylolites by the presence of lenses of 

carbonate material within the insoluble material, and the presence of small 

stylohtes originating from within the large stylohte (Figs. 4.17 and 4.18). 

The carbonate material within the insoluble material shows evidence of 

pressure solution dissolution around the edges of the material, which is 

particularly noticeable in dolomifized sections. In the dolomifized sections the 

dissolution is very evident due to the partial dissolution of euhedral dolomite 

crystals (Fig. 4.18). If there had been a shale layer present before the 

dolomitization of the carbonate material, the edges of the euhedral dolomite 

crystals would have penetrated into the shale layer. Instead the dolomite 

crystals have several 'euhedral' faces, with an 'anhedral' face up against the 

insoluble material, indicative of the fact that the dolomite crystal was present 

first, and the shale-like layer is in fact a pressure-solution feature. 

These factors indicate that the formation of stylohtes began after the 

second diagenetic dolomitization event. This puts the beginning of the formation 

of pressure solution feabares after the second dolomitization event. 
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Porosity Evolution through Time 

The Wink in the Cobra-Frazier #1 was originally deposited as argillaceous 

carbonate mud with a small skeletal fraction. According to Schmoker and Halley 

(1982) unconsolidated carbonate mud has a porosity that ranges from 35-50%. 

The majority of this porosity was destroyed by compaction and cementation 

during burial and lithificafion. These processes reduced the porosity to 5% or 

less (Schmoker and Halley 1982) (Figs. 4.19 and 4.20). 

During the Middle to Late Devonian the Wink was affected by fresh-wafer 

diagenesis as the strata was subaerially exposed. During this time the strata was 

karsted, and dissolution of some skeletal fragments occurred primarily in the 

lower section of the core. This produced karst, and biomoldic or vuggy, 

porosity. Depending on the section of the core, the degree of karsting can be 

insignificant (< 1%), or range up to approximately 30%. As sea-level rose, fine

grained argillaceous carbonate sediments filled all the karst-related porosity. 

Since these sediments were not subjected to compaction or high degrees of 

cementation, they remained more porous than the surrounding wackestones and 

mudstones. 

The deep burial that followed resulted in fracturing and diagenetic 

dolomitization that enhanced porosity. Fractures are found throughout the core, 

and are usually oriented vertically to subvertically. These fractures are not 

directly related to the karsting of the Wristen because they were not filled with 

fine-grained sediments as the karst porosity was. The fractures vary in size, and 

some appear to have been solution enlarged. 

The first diagenetic dolomitization event primarily affected the karsf-fill 

sediments, while the second event dolomifized the micritic sediments of the 
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Wink in the lower half of the core. These events resulted in the alteration of the 

lower portion of the core into a dolostone with intercrystalline, vuggy, and 

fracture porosity. 

After the diagenetic dolomitization and fracturing events, several events 

that reduced porosity occurred. The first event was the precipitation of thin 

chert cement that lined some vuggy pores, and the edges of some fractures. This 

event was minor in extent, and resulted in a very small decrease in porosity. The 

chert precipitation was followed by a hydrothermal event that precipitated 

baroque dolomite and minor amounts of pyrite. The baroque dolomite is 

primarily found as cement that fills vuggy and fracture porosity, with minor 

effects on the intercrystalline porosity. A final stage of mosaic calcite cement 

precipitation filled much of the remaining vuggy and fracture porosity, and it 

also filled a significant amount of the intercrystalline porosity. 
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Figure 4.1. Karst breccia and cave fill classification scheme. Figure modified 
from Loucks (1999). 
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Figure 4.2. Near surface cave system and common features. Modified from 
Loucks (1999). 
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Figure 4.3. Karst strat column for the Cobra-Frazier #1. 
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a b 
Figure 4.4. Core photos of crackle and mosaic breccias. Core photo from 
10,056.1-56.5'. b. Core photo from 10,069.3-69.7', with some sediment filled 
voids. 
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Figure 4.5. Photomicrographs of crackle and mosaic breccias, a. 15x 
magnification (PPL), width of view ~6mm. b. 50x magnification (PPL), width of 
view 1.8mm. 
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a b 
Figure 4.6. Core photos of chaotic breccias and karst fill sediments, a. Core 
photo from 10,071.5-72'. b. Core photo from 10,072-72.5'. 

70 



Figure 4.7. Photomicrographs of chaotic breccias, a. 15x magnification (CPL), 
width of view of ~6mm. b. 15x magrufication (PPL), width of view ~6mm. 
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Figure 4.8. Magnified views of dolomifized of karst fill sediments, a. 50x 
magrufication (CPL), width of view 1.8mm. b. 50x magnification (PPL), width of 
view 1.8mm. 
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Figure 4.9. Core photo of color change caused by dolomitization. From 10,086.5-
87'. 
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Figure 4.10. Photomicrographs of diagenetic dolomite, a. Second stage 
diagenetic dolomite, 50x magnification (CPL), width of view 1.8mm. b. First 
stage diagenetic dolomite in lower portion, with second stage diagenetic 
dolomite in upper portion, 50x magnification (CPL). 
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Figure 4.11. Photomicrographs of dolomite and calcite. a. Mosaic calcite fillmg a 
solution enlarged fracture, 15x magnification (CPL), width of view ~6mm. b. 
Calcite filling intercrystallme porosity, 50x magnification (PPL), width of view 
1.8mm. 
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Figure 4.12. Photomicrographs of baroque dolomite, a. Fracture fillutg baroque 
dolomite, 50x magrufication (CPL), width of view 1.8mm. b. A vugg that was 
originally lined with chert then filled by baroque dolomite50x magnification 
(CPL), width of view 1.8mm. 

76 



W|".c| 

^ © -

»:f I 

TA 

• v t' n 

T̂ 

'.: « X 
-'•iM!{ilt 

Figure 4.13. Core photo of suigle stylolite. From 10,084-84.3'. 
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Figure 4.14. Photomicrographs of single stylolite. Both photomicrographs at 15x 
magnification (CPL), width of view ~6mm. 
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Figure 4.15. Core photo of interfingering stylolites. From 10,067.2-67.5'. 
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Figure 4.16. Photomicrographs of mterfingeruig styloUtes. Both 
photomicrographs at 15x magnification (CPL), width of view ~6mm. 
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Figure 4.17. Core photos of large stylolite. a. From 10,084.8-85.25'. b. From 
10,079.75-80'. 
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Figure 4.18. Photomicrographs of large styloUtes. Both photomicrographs at 15x 
magnification (CPL), width of view ~6mm. 
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Figure 4.19. Summary of porosity affecting processes. 
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CHAPTER V 

FUSSELMAN FORMATION 

The Llandovery Fusselman Formation is only present in the lowermost 

foot of the core (10,099-100'). It is composed of alternating layers of white 

limestone and light gray dolostone (Fig. 5.1). A few small stylolites are present 

in this section, along with dolomifized karst fabrics. The limestone layers are 

composed of coarsely crystalline anhedral calcite (Fig. 5.2). Ghosts of previous 

carbonate grains are present within many of the calcite crystals. Identifiable 

ghosts are all skeletal fragments, the majority of which are crinoids and thin-

shelled brachiopods. 

The dolostone layers preserve evidence of three phases of dolomitization 

(Fig. 5.3). The first phase is concentrated within the karsf-fill sediments. If is 

composed of finely crystalline anhedral to euhedral dolomite crystals that exhibit 

a xenotopic texture. Crystal sizes range from 0.01mm to 0.04mm. The second 

phase is found in the original carbonate material, and is composed primarily of 

subhedral to euhedral dolomite crystals that display a subidiotopic texture. The 

crystal sizes range from 0.02mm to 0.1mm with rare crystals that can be larger. 

This phase occasionally contains crinoid fragments, and rarely other types of 

skeletal material that have been partially dolomifized. The third phase is 

composed of coarsely crystalline anhedral to subhedral baroque dolomite. The 

baroque dolomite crystals range in size from 0.75mm to greater than 2.5mm. All 

three of these phases are found throughout the dolomifized section of the 

Fusselman, and can be found in close proximity to each other, within a distance 

of less than 1cm. 
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The Fusselman present in the core was deposited on a shallow carbonate 

platform as alternating layers of grainsfones and wackestones, with a fauna 

dominated by crinoids and brachiopods. It has been subjected to fresh-water 

diagenesis, including the precipitation of epitaxial overgrowths in the grainsfone, 

and at least two episodes of karsting. The karsting episodes are characterized by 

the presence of crackle and mosaic breccias, with the related karst fill sediments, 

located from 10,099-100'. Three dolomitization events have occurred, which 

appear to be the same ones that affected the overlying Wink formation. 
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Figure 5.1. Core photo of the Fusselman section of the core. From 10,099-99.4'. 
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Figrue 5.2. Photomicrographs of the limestone fades of the Fusselman. a. 15x 
magnification (CPL), width of view ~6mm. b. Showing 'ghosts' of previous 
carbonate grains, 15x magnification (PPL), width of view ~6mm. 
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Figure 5.3. Photomicrographs of the dolostone fades of the Fusselman. a. 50x 
magnification (PPL), width of view 1.8mm. b. Showing all three stages of 
dolomite, first stage diagenetic m the middle, second stage diagenetic on the left, 
and third stage baroque on the right, 15x magnification (CPL), width of view 
~6mm. 
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CHAPTER VI 

BIOSTRATIGRAPHY 

Biostratigraphic zonation of the Wink is based on conodonts, the only 

fossil that could be extracted and identified. Seventy-three samples were 

processed for conodont faunas. The samples were approximately 1kg, and each 

sample spanned 0.3-0.5' of the core. From these samples, the conodont faunas 

were collected and identified. The zonation used was created by James Barrick, 

Texas Tech University (Fig 6.1). 

The section from 10,099-87' is interpreted as middle to late Sheinwoodian 

(Wenlock) in age. The conodont zones within the Sheinwoodian cannot be 

resolved using species that were collected from the core. The base of the Wink 

Formation is no older than the base of the Upper Kockelella ranuliformis Zone, 

located in the upper portion of the Kockelella ranuliformis Superzone, because 

Distomodus staurognathoides is absent. 

The section from 10,087-76' is interpreted as early Homerian (Wenlock) in 

age, probably the Ozarkodina sagitta sagitta Zone. The base of the sagitta zone is 

poorly defined by the presence of Pseudooneotodus linguicornis in the sample 

taken from 10,086.5-87'. Pseudooneotodus linguicornis appears near the base of the 

sagitta zone, and ranges through the sagitta zone. A single specimen of Kockelella 

ortus ortus in sample 10084.3-83.7' has three denticles on the posterior process, 

which is suggestive of a sagitta Zone age instead of an ortus zone age. The top of 

this interval is defined by the last occurrence of Dapsilodus praecipuus, which 

disappears near the fop of the sagitta zone, at the beginning of the Mulde Event. 
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The section from 10,074.5-60.75' is interpreted as Homerian in age, with 

the lowest part of the section including the Mulde Event. The sample taken from 

10,074-74.5' includes Ozarkodina bohemica longa and Kockelella ortus ortus. The 

presence of Ozarkodina bohemica longa indicates an age no lower than the base of 

the Mulde Event, which is supported by the presence of K. ortus ortus, which 

ranges only info the lower Mulde Event. The O. bohemica Zone ranges from 

10,074.5-73.8'. The presence of K. stauros in two samples (10,073.5-73.8' and 

10,063.6-64') of this section is indicative of a late Homerian (Wenlock) age, 

probably equivalent to the K. absidata Zone, which is located in the upper portion 

of the O. bohemica Zone. 

The conodont faunas present in the section from 10,060.75' to 10,040' are 

indicative of a Ludlow age, Gorstian to the early Ludfordian. The species 

Kockelella crassa first appears in the sample from 10,060.25-60.75, which defines 

the base of the K. crassa Zone, and indicates the beginning of the Ludlow Series. 

Kockelella species are known to range up through the Polygnathoides siluricus 

Zone, which is the first conodont zone within the Ludford Stage. Kockelella 

species occur in samples to the top of the core; therefore the latest age possible 

for the top of the core is early Ludfordian (Ludlow). 
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Figure 6.1. Conodont zonation for the Wenlock and early Ludlow. By Dr. James 

Barrick. 
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CHAPTER VII 

STABLE ISOTOPES 

Stable Isotope Curves 

Stable isotope curves for S'̂ CPDB and b^^OpoB were constructed for the Wink 

Formation from the Cobra Frazier core (Figs. 7.1 and 7.2). Samples from above 

-10,080' provided reliable data, whereas data below that depth is suspect. The 

reliabihty of the data is directly related to the mineralogy of the samples, calcite 

samples providing more reliable data than dolomite samples. No values from 

calcite samples were acquired from 10,086-90', and 10,097-99' because 

dolomitization is complete in those sections. The calcite and dolomite data for 

both the carbon and oxygen curves parallel each other, with the excursions for 

the oxygen curve data being larger in magnitude. 

The 5"C curve (Fig. 7.1) begins with values around +0.7%o at 10,080'. A 

positive excursion occurs that peaks at 10,076' with a value of +1.8%o. The values 

then fall to +0.85-0.9%o, fill another positive excursion occurs at 10,058'. The 

excursion at 10,058' peaks with a value of +1.3%o. A fall in isotopic values occurs 

after the excursion at 10,058', and continues through the remainder of the core. 

These values are the lowest found within the core, with a low of +0.2%o. 

The 5'^0 curve (Fig. 7.2) is similar to the 5"CPDB curve, but appears more 

variable, with less definition of the excursions, and more variability in the values 

for the sections between the major excursions. The curve begins with values that 

range from -5.4%o to -6.8%o near 10,080'. These are followed by a positive peak 

of -3.8%o at 10,076'. The curve then drops to values between -5.3%o to -6.9%o, 

until they drop to -6.8%o at 10,062'. This is followed by a positive excursion that 
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peaks at 10,058' with a value of -4.7%o. The data from the remainder of the core 

shows large fluctuations, with a series of peaks and troughs, and does not show 

the large negative excursion that was found in carbon curve. 

The two main positive excursions that appear in both curves are at 10,076' 

and 10,058'. Based upon conodont faunas, the excursion at 10,076' falls within 

the middle Homerian, and is associated with the Mulde Secundo-Secundo Event, 

and the second excursion, which is located at 10,058', is located above the 

Wenlock-Ludlow boundary. 

The majority of the data below 10,080' is not as reliable for both the carbon 

and oxygen data. For samples where the calcite fraction and the dolomite 

fraction were collected and analyzed, the stable isotope values for both carbon 

and oxygen show differences (Figs. 7.1, 7.2, and 7.3). The S'̂ C values of the 

dolomite fraction are higher than the values found for the calcite fraction, with 

differences ranging from +0.5%o to +0.9%o. The trends between the calcite and 

dolomite data for the carbon isotopes are similar, but there are not enough data 

points to make that conclusion. Within the oxygen data, the dolomite fraction 

has higher values, with differences between 3%o to 5.4%o. The trends between 

the calcite and dolomite data seem to parallel each other, but not as closely as the 

carbon data, but once again there is not enough data to draw any conclusions. 

Differences in 6̂ Ĉ and b^^O values between the calcite and dolomite data 

are probably due to one of three mechanisms. The first mechanism is karsting 

allowing the introduction of significant amounts of karsf-fill sediments. These 

sections are highly dolomifized, which would have destroyed visible evidence of 

karst fabrics in hand samples. Significant amounts of karsf-fill sediments could 

have accidentally been included when the samples were taken. The second 

94 



mechanism is the changing of the chemical composition of the dolomite during 

the epithermal diagenetic event. The epithermal event could have introduced or 

exchanged elements during the dolomitization process. Either of these processes 

would have resulted in the introduction of material that would have a different 

isotopic signahare, skewing the data. The third possibility is the occurrence of 

fractionation during the dolomitization event. If the calcite and dolomite were 

not at equilibrium with each other during the reaction differences in 6 values 

could occur. 

Petrographic study of these highly dolomifized sections show karsf-fill 

sediments to be present as finely crystalline xenotopic regions that contrast with 

the more coarsely crystalline subidiotopic regions that are characteristic of the 

original rock material. But the amount of karsf-fill sediment does not seem 

significantly high. It is less than the amounts present in the highly karsted 

sections from 10,067' to 10,082', and is more characteristic of sections that have 

been karsted, but not extremely karsted. Karsf-fill sediments could have 

contributed to the difference between the calcite and dolomite 6"C values, but it 

does not appear to be the primary mechanism. Elemental substitutions and 

introductions caused by the epithermal event could result in differences in 5"C 

and 5^*0 values. Since the change in the dolomite values is positive for carbon 

and oxygen, and the trends between the calcite and dolomite curves fend to 

parallel each other, the probable reason for the differences in 6 values is 

fractionation during the diagenetic dolomitization event. 

Comparison with Published Curves 
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5"C and b^^O data from the Cobra-Frazier #1 core is comparable with 

published curves. Data from below -10,080' is not directly included due to the 

conflicting nature of the calcite and dolomite values as discussed previously. 

The carbon isotope curve compares well with other published isotope 

curves, which allows correlation between the curves and the conodont and 

graptohte zonations that the other curves are tied info (Fig. 7.4). The published 

curves show low 5"C values that are bracketed by the early and middle Wenlock 

excursions, which were associated with the Ireviken and the Mulde Events. 

Another positive high is located just past the Wenlock-Ludlow boundary, which 

preceded a significant decrease and low in 5"C values that continued through 

the Gorstian (Ludlow). The positive excursion associated with the Ireviken 

Event is not present in the Cobra-Frazier #1 core, but the rest of the data is 

comparable. 

There are fewer studies concerning stable oxygen isotopes, the most 

extensive curve published by Azmy et al. (1998). Despite the fact that the strata 

of the Cobra Frazier #1 have been subjected to diagenesis, the 5'^0 curve can be 

correlated, but it must be combined with the b^^C data for much confidence to be 

placed in them. The Cobra-Frazier #1 and the Azmy et al. (1998) curves show 

positive 5^*0 excursions associated with the middle Wenlock Mulde Event, and 

just across the Wenlock-Ludlow boundary. But other than these excursions, the 

rest of the data cannot be correlated as well. The b^^O curve of the Cobra-Frazier 

#1 core is much more variable and jagged. This could be due to true differences 

in the isotopic values, or might just be due to a higher sampling frequency in the 

Cobra-Frazier #1. 
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The absence of the positive excursion associated with the Ireviken Event 

indicates that the base of the Wink Formation in the Cobra-Frazier #1 can be no 

older than the Vattenfallet Secundo Episode. The middle Ludlow positive 

excursion occurs near the Gorstian-Ludfordian boundary. The oxygen and 

carbon curves begin to increase at the top of the core, but it is impossible to tell 

whether this increase is the beginning of that excursion or not. So no conclusions 

concerning whether the top of the core is Gorstian or Ludfordian can be drawn. 

Correlations between the Cobra-Frazier #1 and two other stable carbon 

curves are shown on Fig. 7.4. The curve located on the right of Fig. 7.4 is from 

strata in Central Nevada (Saltzman 2001) which was deposited on the 

paleocontinent of Laurentia. The middle curve is from the Ohesaare core taken 

in Estonia (Kaljo et al. 1998) which was located on the paleocontinent of Baltica. 

The positive excursions associated with the Mulde event and near the Wenlock-

Ludlow Boundary can be correlated between the three sections. 
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Figure 7.1. Stable carbon isotope curve. Note the peaks at 10,076' that is 
associated with the Mulde Event, and the peak at 10,058' that is near the 
Wenlock-Ludlow boundary. 
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Figure 7.2. Stable oxygen isotope curve. The peak for the Mulde Event (10,076') 
and the peak near the Wenlock-Ludlow boundary (10,058') are present, but not 
as distinct as in the carbon isotope curve. 
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Figure 7.3. Both curves tied in with conodont zonation. 
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CHAPTER VIII 

DISCUSSION 

Fasken Platform Margin 

A platform and margin depositional setting began to form in the middle 

Wenlock. This resulted from the deposition of the shallow wafer carbonates of 

the Fasken Formation and differential subsidence. The edge of this platform 

margin has been estimated to run through southern Andrews County and 

northern Midland County (Ruppel and Holtz 1994). Further east the position of 

the margin edge is not defined. 

The Wink from the Cobra-Frazier #1 was deposited in a carbonate ramp 

setting through the Wenlock and info the Ludlow. This leads to three 

possibilities concerning the position of the Fasken platform margin in this part of 

the basin. The first possibility is that the platform margin is located to the west 

of the Cobra-Frazier #1, and subsidence had not yet progressed to the point 

where a true basinal fades were present. The second possibility is that the 

platform margin formed later in this part of the basin, after the early Ludlow. 

The third possibility is that a platform and basin geometry did not form in this 

part of the basin, and a carbonate ramp depositional setting remained. 

Sea Level Curves 

Little evidence for changes in sea level is present in the Cobra-Frazier #1 

core. Karst fabrics, and fresh-water diagenesis in the form of epitaxial 

overgrowths within the Fusselman, are indicators of subaerial exposure during a 

late Telychian sea level drop. 
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A Sheinwoodian flooding event initiated the deposition of the Wink 

Formation. The Wink is composed of wackestones and mudstones with a deep 

wafer fauna that is consistent throughout in composition and abundance. The 

lithology is very homogenous with no flooding surfaces present. Several 

features that initially looked to be condensed sections typical of flooding surfaces 

are actually large stylohtes (Section 4.4). 

The published sea level curve of Loydell (1998) (Fig. 1.6) indicates that 

there was a sea level low in the late Telychian followed by a significant rise in the 

early Sheinwoodian. Some fluctuations in sea level occurred during the 

Sheinwoodian, with a more significant change in the Homerian associated with 

the Mulde Event, and a sea level rise going into the Ludlow. There is no 

lithological evidence for any sea level changes in the Cobra-Frazier #1 core other 

than the sea level fall in the late Telychian and rise in the early Sheinwoodian. 

The absence of any fades changes indicates that the strata were unaffected by the 

published sea level changes, which could be up to ~60m in magnitude according 

to Ross and Ross (1996). This could have been due to being deposited in deep 

enough wafer that the sea level changes were not significant enough to result in a 

change of the depositional fades, or that subsidence was rapid enough to 

obscure any sea level rise. 

Indirect evidence of a sea level fall in the Middle to Upper Devonian is 

given by the karsting of the Wink. The karsf-fill sediments have middle to late 

Devonian conodonts present that are similar to conodonts found in the lower 

Woodford shales (Meyer and Barrick 2000). This indicates that the subaerial 

exposure and fresh-wafer diagenesis that produced the karsting immediately 

preceded the deposition of the Woodford Formation. 
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Oceanic Cyclicity Models 

The conodont faunas allow correlations with some of the episodes and 

events of Jeppsson (1998) and Bickert et al. (1997). The instances where episodes 

and events can be delineated do not provide lithological or geochemical evidence 

of environmental change. The models predict Primo Episodes, or H-periods, to 

be times of increased terrigenous clastic input, and decreased carbonate 

production, while Secundo Episodes, or A-periods, should have increased 

carbonate production, with decreased terrigenous clastic input (Fig. 1.9). No 

hthological fades changes or isotopic shifts occur that would support any of the 

proposed models of oceanic cyclicity. 

A glacio-eustatic mechanism for sea level lowstands and geochemical 

changes was proposed by Kaljo et al. (2003), and a glacio-eustatic event related to 

the Homerian Mulde Event has been proposed, but not estabhshed in other 

Silurian sections (Kaljo et al. 2003). No lithological or geochemical evidence for a 

glacio-eustatic mechanism occurs in the Cobra-Frazier #1 core. 
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CHAPTER IX 

CONCLUSIONS 

Sixty feet of carbonate strata was recovered in a core from the Cobra-

Frazier #1 well in Howard County, TX. The core contains one foot of the 

Fusselman Formation, and fifty-nine feet of the Wink Formation. Conodont 

faunas indicate that the Wink ranges in age from middle Sheinwoodian 

(Wenlock) up into the Gorstian (Ludlow), and perhaps info the Ludfordian. 

The Llandovery Fusselman Formation was deposited as interbedded 

layers of skeletal wackestones and skeletal grainsfones. A sea level drop at the 

end of the Telychian subaerially exposed the strata, allowing fresh-wafer 

diagenesis. The fresh-water diagenesis resulted in the precipitation of calcite 

cement, and karsting. The calcite cement was precipitated within the porosity 

present in the grainsfones, primarily in the form of epitaxial cement. Karsting 

affected both the grainstone and wackestone fades. 

Sea level rose and flooded the Fusselman platform in middle 

Sheinwoodian times. The Wink was deposited in a low energy, distal carbonate 

ramp depositional environment, with a deep water fauna dominated by 

arthropods. The Wink was deposited as lithologically homogenous argillaceous 

skeletal wackestones and mudstones. The argillaceousness increases slightly 

from older to younger strata, indicating that a rising sea level, or a tectonic or 

climatic change on the near land masses, allowed increased amounts of 

siliciclasfic material to enter the system. This increase is similar to that seen 

across southern North America (Barrick 1997). 
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Deposition continued through the Lower Devonian Thirtyone Formation, 

and ended with a sea level fall in the Middle Devonian. The fall was significant 

enough to drop the wafer table below the Wink, exposing if to fresh-wafer 

diagenesis. It was during this episode that the karsting of the Wink, and the 

second episode of karsting of the Fusselman, occurred. Sea level rise in the Late 

Devonian resulted in the deposition of the 'pre-Woodford shales,' and the 

Woodford Formation. Material from the deposition of the 'pre-Woodford shales' 

leaked down into the Wink filling the karst-derived porosity. This accounts for 

the presence of middle to late Devonian conodonts found within processed Wink 

strata that are typical of the 'pre-Woodford shales' (Meyer and Barrick 2000). 

After the karsting, the strata were affected by two diagenetic 

dolomitization events. The first resulted in the dolomitization of the karsf-fill 

sediments, while the second resulted in the diagenetic alteration to dolostones 

and calcific dolostones of the lower Wink. An epithermal event precipitated 

baroque dolomite and pyrite in much of the remaining fracture and vuggy 

porosity. This event was related to the initial stages Ouachita Orogeny in the 

Pennsylvanian. The impact of the North and South American plates resulted in 

large amounts of hydrothermal fluids being forced into the interior of the North 

American plate, precipitating the baroque dolomite and pyrite. 

A final stage of calcite cement precipitation filled much of the remaining 

fracture and vuggy porosity present throughout, and the intercrystalline porosity 

that is present in the dolostones of the lower Wink. 

The Wink was not exposed subaerially during deposition, and relative sea 

level changes were not significant enough to produce fades changes. In middle 

Silurian time, the Fasken began to form to the west and perhaps north of 
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Howard County. But by early Ludlow times, a platform and basin depositional 

system had not yet developed in the Cobra-Frazier #1 area of Howard County, 

evidenced by the lack of Frame or Fasken strata. The Wink in Howard County 

continued to be deposited in a deep wafer carbonate ramp environment that was 

dominated by carbonate mud. 

Stable isotope analysis show positive excursions for carbon and oxygen 

data associated with the Mulde Event, and just above the Wenlock-Ludlow 

boundary. These excursions are can be correlated with other Silurian strata on a 

global scale. 

Lithological evidence for major sea level fall in the late Telychian followed 

by a rise in the early Sheinwoodian occurs in the Cobra-Frazier #1 core. Smaller 

sea level events were not large enough in magnitude to result in any lithological 

changes. No lithological or geochemical evidence occurs within the Cobra-

Frazier #1 strata for the models environmental and oceanic cyclicity proposed by 

Jeppsson (1998) or Biekerf et al. (1997), or a glacio-eustatic mechanism as 

proposed by Kaljo et al. (2003). 
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Table A.l Stable Carbon and Oxygen Isotope Values 

Depth Mineralogv b'^CppMXo) 5^»OPDB(%O) 

10040 

10042 

10044 

10046 

10048 

10050 

10052 

10054 

10056 

10058 

10060 

10062 

10064 

10066 

10068 

10070 

10072 

10074 

10076 

10078 

10080 

10082 

10084 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

Calcite 

0.529 

0.175 

0.312 

0.396 

0.325 

0.593 

0.464 

0.710 

0.844 

1.278 

1.024 

0.824 

0.931 

0.850 

0.827 

0.983 

1.210 

1.284 

1.810 

0.879 

0.718 

0.715 

0.653 

-4.924 

-6.236 

-6.880 

-6.978 

-6.493 

-5.437 

-6.180 

-6.762 

-5.896 

-4.745 

-5.618 

-6.823 

-6.680 

-5.299 

-5.707 

-5.539 

-5.886 

-5.821 

-3.825 

-6.748 

-5.399 

-6.341 

-6.831 
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Table A. l Cont inued 

Depth Mineralogy 5^3CPDB(%O) 5^»OPDB(%O) 

10092 

10094 

10096 

10078 

10080 

10082 

10084 

10086 

10088 

10090 

10092 

10094 

10096 

10098 

Calcite 

Calcite 

Calcite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

Dolomite 

0.719 

0.804 

0.813 

1.621 

1.374 

1.554 

1.571 

1.567 

1.153 

0.960 

1.266 

1.537 

1.206 

0.889 

-6.257 

-9.239 

-10.126 

-1.349 

-2.386 

-1.355 

-1.632 

-3.100 

-3.514 

-4.633 

-2.008 

-6.222 

-6.502 

-8.576 
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