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CHAPTER I 

INTRODUCTION 

Siluro-Devonian carbonates of the Permian Basin of west Texas and 

southeastern New Mexico have been exploited for significant quantities 

of petroleum since the inception of production in 1940 (Wright 1960). 

Siluro-Devonian reservoirs have yielded well over a billion barrels 

from such fields as Breedlove, Tex-Sin, Amrow and the RK Devonian. 

These reservoirs are typified by high initial rates of productivity, 

long productive life, high recovery factor and excellent reserves. 

All of the above tend to make the lower Paleozoic Siluro-Devonian 

interval very attractive to the explorationist. 

Contrary to these factors however, is the risk element involved 

in locating the Siluro-Devonian trap. In the Midland Basin where 

productive depths typically range from 11 to more than 13,000 feet, 

the resolving power of the seismic prospecting tool is severely tested 

when attempting to locate structures which in some instances have as 

little as one hundred to one hundred fifty feet of closure. This 

coupled with the fact that most of the larger features already may 

have been tested, presents the explorationist with a serious dilemma 

in delineating potential prospects which have both acceptable 

structural and reservoir development qualities. 

A given exploration or development program could thus be better 

planned by developing and incorporating depositional and diagenetic 

models into a subsurface or seismic play. The depositional-diagenetic 
1 



model would be useful in delineating porosity characteristics and 

types, in predicting potential porosity-permeability trends and in 

determining whether porosity preservation is controlled by diagenesis 

or depositional facies. 

Presently, very little is actually known about the 

characteristics of the Siluro-Devonian reservoirs of the Midland Basin 

and the factors which influenced hydrocarbon accumulations within 

them. Previous investigations such as Wilson and Majewske (1960) and 

McGlasson (1967) dealt primarily with establishing the regional 

depositional framework of the ancient Tobosa Basin (Galley 1958). 

McGlasson subdivided the Siluro-Devonian interval into two units: 

1) the "Upper Silurian" and 2) the "Devonian." He states that the 

"Upper Silurian" is basically composed of three end members: shale, 

limestone, and dolostone. The "Devonian," he determined is primarily 

comprised of limestone and chert. He utilized quotation marks to 

acknowledge that these are informal rock units and that no formal 

nomenclature had been proposed. This thesis will deal principally 

with the porous dolostone facies of this lithologically complex 

interval, therefore subsequent references to this will refer to it as 

"Upper Silurian" in adherence to McGlasson's terminology. This thesis 

will attem.pt to synthesize a wide array of information, with an 

emphasis on petrologic and petrographic observations of a prolific 

"Upper Silurian" dolostone reservoir, the RK Devonian Field. It is 

hoped that this study will lead to a more economical and geologically 

successful development of present and future "Upper Silurian" 

discoveries. 

http://attem.pt


Objectives 

1. Ascertain and reconstruct the environments of deposition by 

identifying the dominant lithofacies and their patterns of 

distribution. 

2. Interpret the depositional and diagenetic processes recorded in the 

"Upper Silurian" lithofacies and the relative impact of each on 

pore space evolution, occlusion and preservation. 

3. Determine the sequence of diagenetic events (paragenesis). 

4. Formulate a depositional-diagenetic model from the observed 

depositional environment-porosity relationships. 

5. Integrate all of the above into a complete reservoir description 

which can be utilized to optimally develop and deplete present and 

future "Upper Silurian" discoveries. 

RK Devonian Field 

The RK Devonian Field was discovered in May 1975 with the 

completion of RK Petroleum Corporation's #1 G.T. Hall for an initial 

flowing potential of 455 BOPD on a 7/64" choke with a flowing tubing 

pressure of 1018#'s from five feet of perforations from 11,810-15' 

after treating with 250 gallons of acid. The well is located 660 feet 

from the north and west lines of Section 4, T&P RR. Co. Survey, 

Township 2-N, Block 37, Martin County, Texas. The field is situated 

in central Martin County (Fig. 1) approximately three miles north of 

the village of Tarzan and now includes all or parts of the following 

surveys and blocks: T&P RR. Survey, Township 2-N, Block 37, R.E. 

Montgomery Survey, Block A. 



Production is primarily from an "Upper Silurian" dolostone 

reservoir, which ranges in thickness from as little as 2-4 feet to 

more than 80 feet, from depths of 11,650-11,890 feet. The field 

presently consists of 38 wells with 7 of the 38 wells flowing. 

Cumulative production as of 10-1-83 was 8,036,000 BO with the field 

currently averaging 2500 BOPD. Being a water drive reservoir, 

significant amounts of formation water are now being produced along 

with the oil. This produced water is disposed into the RK-Joy #1 and 

Tom #2 on the northeast side of the field where it is injected into 

the Fusselman acquifer. Approximately 8500 barrels of water are 

produced per day. 

The pool or field is unusual in that the structurally high 

position of a well within the field has not necessarily insured that 

it will be a commercial well (e.g., the RK-Tom #1). It is possible 

that if the Tom #1 had been drilled first, the field might never have 

been discovered. Thus both a working knowledge of the structural 

configuration of a particular reservoir horizon and its stratigraphic 

distribution in space are important in the development of the field. 

In view of the aforementioned enigma, RK Petroleum suggested this 

study to potentially enhance their understanding of the petrologic and 

petrographic characteristics of an "Upper Silurian" dolostone 

reservoir. 

Methods of Study 

Subsurface units were correlated using electrical and nuclear 

based logging tools. The compensated neutron log in conjunction with 

the formation density logging device enabled more detailed evaluation 



of lithologies and porosities to be made. Several cross sections were 

constructed through the study area to characterize lateral and 

vertical lithofacies relationships. Commercial sample logs and sample 

logs from field wells also were utilized. Structure and isopachous 

maps were constructed, based upon the observed lithofacies and 

depositional relationships. 

The second major step of the investigation involved the 

examination of samples from 15 wells (Fig. 2). Nine of these wells 

are located within or on the perimeter of the RK Devonian Field and 

serve as the primary control points. These nine wells are split into 

two semi-parallel northeast-southwest trending lines. Both lines 

roughly parallel regional dip. Another sequence of wells was chosen 

which parellels regional strike. 

Samples from the above wells consisted primarily of cuttings 

taken at ten foot drilling intervals. One well, the Sun Ray 

Mid-Continent #1 Henson had core chips taken at selected one foot 

intervals and cuttings at ten foot intervals. A second well located 

within the RK Devonian Field, the RK Petroleum Corporation #1-A Peeler 

Williams, had a core taken from the "Upper Silurian" pay interval 

which was utilized in this study. 

All samples were examined under a binocular microscope after 

being etched in a 10% solution of hydrochloric acid. Changes in both 

lithology and texture were noted. Representative samples were 

selected for thin sectioning. 

Approximately 135 thin sections were stained with a combination 

of alizarin red-S and potassium ferricyanide to distinquish calcite 



from dolomite, and ferroan from non-ferroan carbonates according to 

the method of Lindholm and Finkelman (1972). Thin sections were then 

studied under the petrographic microscope and classified using a 

combination of Folk's modifiers and Dunham's classification along with 

documentation of fossil content, cements, mineralogy and porosity 

relationships. From this vertical and lateral facies relationships 

and the diagenetic overprint were established. Photomicrographs were 

taken to document the aforementioned characteristics. 

Regional Geologic Setting 

The study area is located on the northeast flank of the Midland 

Basin and in the eastern portion of the ancient Tobosa Basin (Fig. 1). 

The Tobosa Basin, which was the site of marine sedimentation from 

Early to Medial Paleozoic time, was a broad negative undation bounded 

on the east and northeast by the Texas Arch or Peninsula, and to the 

north by the Pedernal landmass. Both of these tectonic features were 

mildly positive elements wich contributed very little terrigenous 

clastic material to the basin (McGlasson, 1967). Evidence for a 

primordial Central Basin Platform influencing sedimentation patterns 

is still vague and uncertain. To the south, the Tobosa Basin was 

connected to the Ouachita Marathon geosyncline, through which marine 

waters periodically inundated the basin. Very Early Paleozoic 

(Cambrian to Ordovician) sediments consist of a transgressive basal 

clastic unit and thick carbonate sequences which encase the clastic 

and carbonate interval of the Simpson Group. During Silurian time, 

broad thick carbonate shelves formed around the northern, eastern, and 

western margins of the basin in response to clear shallow water 



sedimentation (McGlasson, 1967). A deeper water facies also was 

deposited to the southeast which consisted of a thin sequence of green 

shales and micritic limestones. Restriction of the basin followed 

Silurian deposition leaving the shelf areas exposed and only the 

deeper parts of the basin remained submerged. Shallow water carbonate 

depostion ensued in early and medial Devonian time. By late medial or 

early later Devonian time most of the Tobosa Basin was exposed by mild 

epeirogenic uplift (Wilson and Majewske, 1960). In late Devonian time 

the area again was transgressed and the Woodford Shale was deposited 

over Devonian, Silurian, and Ordovician sediments. By late 

Mississippian time, a medial ridge known as the Central Basin Platform 

manifested itself and divided the basin into two parts (Adams, 1965). 

The area east of the ridge is now known as the Midland Basin, the area 

west of the ridge as the Deleware Basin. Progressive deepening and 

infilling of the basin occurred throughout the Pennsylvanian and 

Permian periods until the seas receded in the late Permian, leaving a 

gently sloping plain. 



FIGURE 1. Index map of Pernian Basin and location of 
RK Devonian Field and study area (after Hill, 
I98U). 
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CHAPTER II 

REGIONAL STRATIGRAPHY AND STRUCTURE 

Silurian to Mississippian Stratigraphy 

Carbonate rocks predominate in the lower Paleozoic sequence of 

the Peirmian Basin. The overall conformity of sedimentary sequences in 

this vast area, in conjunction with problems of fossil invertebrate 

age correlations has led to a systemic boundary controversy between 

Silurian and Devonian sediments of the subsurface. The only formally 

named Silurian formation to date is the Fusselman. The Fusselman 

Formation constitutes the lower unit of the Silurian System throughout 

the Permian Basin. It has been identified as Niagaran and Alexandrian 

in the subsurface of Winkler and Ector counties by Wilson and 

Majewske(1960). 

Lithologically, the Fusselman Formation consists of limestone and 

dolostone with minor amounts of chert. McGlasson(1967) asserts that 

the formation consists of a limestone facies toward the southeast and 

a thicker dolostone facies toward the northeast, north and west. The 

dolostone facies occupies extensive shelf areas of the Tobosa Basin 

and ranges from gray to white to tan in color with a fine to very 

coarsely crystalline texture. The limestone facies is found in what 

was the deeper part of the basin, and ranges from white to buff in 

color, and usually dense to coarsely crystalline in texture. It is 

believed that the Fusselman once may have covered a much broader area, 

10 
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but due to pre-Mississippian erosion near shore deposits were stripped 

away. 

In the study area rocks underlying the Woodford Shale have 

generally been called "Devonian" or Siluro-Devonian by petroleum 

geologists in West Texas and New Mexico. At the present time, no 

formal nomenclature exists which defines Niagaran or Cayugan 

sediments. To the best of this writers knowledge no Late Silurian 

(Cayugan) rocks have been identified in West Texas. McGlasson (1967) 

proposed that sediments between the top of the Fusselman and base of 

the Woodford could be differentiated as alluded to earlier, into 

"Devonian" and "Upper Silurian" rock units. Again quotation marks are 

used to show these are informal rock units rather than time or time 

rock terms. 

The following descriptions are paraphrased from McGlasson (1967) . 

The "Upper Silurian" rock unit consists of a dark brown to green shale 

and white to brown micrite to the southeast and grades laterally into 

a dolostone facies to the north and northwest and northeast. This 

carbonate section is believed to be a shelf facies of the Fusselman 

Formation and the basinal "Upper Silurian" unit. This basinal "Upper 

Silurian" unit was previously described by Jones (1953) who used 

"Silurian shale unnamed limestone" while Wilson and Majewske (1960) 

assigned the name "Middle Silurian elastics" for the same unit. 

Megafossils from the "Upper Silurian"" shelf facies are rare due 

primarily to recrystallization and extensive dolomitization. A 

shallow water fauna has been identified which includes crinoids, 

brachiopods, trilobites, tabulate corals, and stromatoporoids. 
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McGlasson(1967) describes the "Upper Silurian" shelf facies as 

light gray to white, medium to coarsely crystalline rhombic dolostone. 

Intercrystalline vuggy and fracture porosities, characterize the 

dolostone reservoir of the "Upper Silurian" interval which is the 

principal producing horizon in the Amrow, Breedlove, and RK Devonian 

fields. 

The "Upper Silurian" of the RK Devonian is typically a finely 

crystalline to coarsely crystalline succrosic dolostone. In some 

Instances, the "Upper Silurian" was f oxind to consist of a light 

colored, slightly dolomitic to dolomitic, cherty to non-cherty, 

crinoidal limestone. 

The "Devonian" unit as described by McGlasson(1967) was more 

areally restricted than either the "Upper Silurian" rock unit or 

Fusselman. It consists predominantly of chert in the southwest and 

grades northeastward into a dark siliceous micrite and a light colored 

coarse textured limestone. These sediments have been dated 

paleontologically as Early and Middle Devonian in age (Wilson and 

Majewske, 1960). 

In the study area one well, the Sunray #1 Henson on the 

southwestern edge encountered approximately 40 feet of "Devonian" 

limestone and chert. The limestone was a tan to brownish-green, dense 

to finely crystalline wackestone. The chert was predominantly light 

gray to green in color. 

The Woodford Shale is typically a dark brown to black, hard, 

bituminous spore-bearing shale with occassional interbeds of chert. 

Throughout this area it forms an effective seal for porous 
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pre-Woodford sediments, and also is a likely source bed for 

hydrocarbons. The shale is highly radioactive and therefore produces a 

characteristic "hot streak" on the gamma ray log. The Woodford, 

unconformably overlies sediments of Ordovician to Devonian age. The 

Woodford itself has been dated by conodonts and spores that indicate 

it to be late Devonian in age. It is speculated that the upper part 

of the formation may be early Mississippian in age(McGlasson, 1967). 

Structural Framework 

Structurally the study area dips to the west-southwest at 

approximately 150-200 feet per mile. As can be seen on the enclosed 

structure map (Fig.3), on the base of the Woodford Shale, the RK 

Devonian field has a north-south orientation with slightly over 100 

feet of closure. It is flanked to the northeast and southwest by two 

non-productive closed highs. The structurally highest part of the 

field has yet to be developed. This occurs in section 3 where a 

non-porous slightly siliceous limestone has been encountered in all 

but three of the wells in the section. The RK Tom #1 encountered over 

190 feet of the non-porous "Upper Silurian" limestone facies. 

The question arises as to whether the RK Devonian Field owes its 

present structural attitude to erosive, paleotopographic forming 

processes or to structural and tectonic related forces. The fact that 

Woodford Shale and Mississippian strata are of relatively uniform 

thickness across the field would argue against a paleotopographic 

feature with significant relief (Figs. 4-7). Munn (1971) surmised in 

his study of the Breedlove Field, which occurs only 7 miles to the 

northwest, that the structure was probably formed in late 
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Mississippian or early Pennsylvanian times. Tectonic activity was 

more prevalent at this time, and as Munn speculated the formation of 

the Central Basin Platform during this time period may have induced a 

rippling effect throughout the basin resulting in the formation of 

several smaller features. 

Tectonic forces are believed to have played a significant role in 

enhancing an existing natural fracture system or creating a fracture 

network that has greatly increased the permeability and reservoir 

drainage capacity of the original pore network of the "Upper Silurian" 

sediments. Vertical fracturing can be highly beneficial from the 

standpoint of recovery and producibility; but from an operational 

standpoint, it also can result in high flow water rates due to 

channeling or coning effects (Jardine; et al., 1977). Their existence 

has primarily been deduced from the producibility of certain wells, 

for example the RK-Ann //I and #2 wells on the fringe of the inner non 

porous facies, core analysis, and log responses. 

A lack of deep well control made it unfeasible to determine 

whether or not the RK Devonian Field was developed on a subjacent high 

in the Fusselman as Munn (1971) indicated Breedlove Field to be. Only 

one well, the discovery well, penetrated the Sylvan Shale, which 

occurs below the Fusselman. 
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CHAPTER III 

DEPOSITIONAL ENVIRONMENTS AND LITHOFACIES 

Carbonate sediments of the "Upper Silurian" rock unit of the 

study area were deposited on a broad, shallow, gently sloping shelf. 

Carbonate deposition kept pace with the slow sudsidence which was 

characterizing the basinal and shelf environments at this time. These 

conditions were primarily responsible for the thick (300-400 foot) 

accumulation of carbonates which occuppied the shelf areas of the 

ancient Tobosa Basin. Broad tidal flats occupied the shelf areas 

(McGlasson, 1967). 

The study area is believed to occur in what was predominantly a 

subtidal depositional environment. The subtidal environment is 

generally part of a peritidal complex (Friedman and Sanders 1978). 

These are environments which are subject to tidal fluctuations and a 

broad range of other physical and physico-chemical influences. The 

intertidal environment, which is characterized by diurnal conditions 

of periodic emergence and submergence, and the supratidal environment, 

which is exposed for long periods of time above high tide are inferred 

to be poorly represented in sediments of the study area. The two are 

distinguishable, however, by means of their particular depositional 

and diagenetic fabrics. Supratidal fabrics such as fenestral 

cavities flat pebble conglomerates and mud crack clasts were not 

observed in "Upper Silurian" sediments. Diagnostic features 

indicative of intertidal environments such as stromatolites or 
16 
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domichnial burrows were not apparent, but typically cannot be 

evaluated solely from cuttings. 

The predominant carbonate depositional texture that was observed, 

exclusive of those found in the RK Devonian Field, was that of a mud 

supported biowackestone (Fig. 8). Bioclastic particles indicated 

little abrasion and ŵ ere fairly well sorted. The primary biotic 

constituents were echinoderms, followed by brachiopods, trilobites, 

and bryozoans. The presence of these organisms indicates water of 

normal marine salinity. Allochems other than bioclasts were notably 

sparse. Pelloids and algal coated bioclasts were observed in the 

upper "Upper Silurian" Interval of the Texaco-Hatchett #1, 

approximately one mile northeast of the RK Devonian field (Fig. 9). 

"Upper Silurian" depositional textures and biota observed in the 

RK Devonian field suggests sedimentation occurring in an area both 

above and below effective wave base. Biowackestone again was the 

predominant textural aspect encountered which again suggests 

deposition in a low energy, predominantly subtidal environment where 

wave and curent energy was insufficient to winnow the fine lime mud 

from the depositional site. The biowackestones commonly grade upward 

into biopackestones and biograinstones (Fig. 10). This upward 

shoaling sequence represents deposition in environments at or near 

wave base where due to a greater degree of water agitation most of the 

lime mud was removed. Again, the predominant biota were echinoderms 

with minor amounts of bryozoans, brachiopods, and trilobites. The 

prevailing faunal assemblage was not taxonomically diverse, but does 

not indicate restricted marine conditions. It appears to be more 
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indicative of stable physical and biochemical factors that resided 

within a narrow range for an extended period of time. 

In dolostones the original texture of the "Upper Silurian" were 

difficult to determine due to the intensive dolomitization. A high 

percentage of the dolostones in this interval display cloudy or 

"dusty"-looking, organic rich centers (Fig. 11), which as Murray 

(1960) first described represents replacement of original lime mud and 

would be indicative of very low energy levels within the environment 

of deposition. Relict textures and ghosts from bioclasts were not 

observed. Dolostone lithofacies tend to occupy the flanks of the RK 

Devonian Field rather than the core or crestal position. 

Possible Mound Origin and Analogues 

The coarsening upward cycle evidenced in wells examined from the 

RK Devonian Field suggests a possible shoaling or mud mound origin. 

Subtidally deposited carbonate mud mounds have been described by 

Textoris and Carrozi (1964) and Wilson (1975). Wilson (1975) 

described a possible theory of mound origin involving a baffling 

action by "thickets" of stalked crinoids and associated bryozoans. 

This baffling action trapped mud transported by gentle currents and 

initiated a mud buildup, which subsequently was colonized by 

successive generations of crinoids and bryozoans. Continued baffling 

action of these organisms produced a mound which possessed substantial 

relief above the sea floor. Textoris and Carrozi (1964) described 

Silurian carbonate mounds of the Cincinnati Arch and Eastern Interior 

basin. They noted the core generally consisted of massive 

crinoid-bryozoan, wackestones and packstones. They were generally 
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pure limestone or dolostone, surrounded by vuggy, argillaceous, 

somewhat cherty, dolomitized wackestones. Carrozi and Zadnik (1957) 

also noted that dolomitization decreased towards the core. Ingels 

(1963) notes in his study of the Thornton Silurian reef complex in 

Chicago, Illinois, that a crinoid meadow developed in the sheltered 

center of the reef complex and subsequently expanded to cap the 

buildup. He also notes the presence of thin rhythmic beds of 

alternating dolostone and bioclastic limestone material on the flanks. 

None of the aforementioned authors treat the effect that 

depositional topography may have had in localizing these subtidal 

carbonate mounds. Munn (1971) in his study of the Breedlove Field, 

another "Upper Silurian" field only seven miles to the northwest, 

determined that Fusselman crinoid-shoals played an important role in 

influencing subsequent sediment accumulations of the "Upper Silurian" 

interval. Well control in the RK Devonian Field was so limited it did 

not permit such detailed determination, but it is believed that 

Fusselman paleotopographic highs were influential in inducing these 

accinnulations. 
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FIGURE 8. Biowackestone with predominantly echinoderm bioclasts 
in micrite and microspar matrix. Also note fracture 
filled with dolomite cement. Argo-Brô v-n --l (11,830-40), 
d=10, U. 

On all photomicrographs, d will denote the smallest division of the 
superimposed scale and may range from 2.6 to 100 microns. U is 
used to denote a photomicrograph taken under plane polarized light 
and X is used to denote photomicrograph taken under crossed 
polarizers. 

d ^ 
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FIGURE 9. Micritized and algal coated bioclasts. Note borings in 
echinoid plate. Texaco-Hatchett #1 (12,058-68), d=26, X. 
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FIGURE 10. Epitaxial rims on crinoid bioclast in grainstone. 
Crinoid bioclast has dusty center. RK-TLM #2 
(11,830-40'), d=26, X. 
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FIGURE 11. Dolostone intercrystalline and vuggy porosity 
develoDment from "A" reservoir. RK-G.T. Hall #1 
(11,830-35'), d=40, U. 



CHAPTER IV 

DIAGENESIS 

Carbonate sediments are very susceptible to post depositional 

processes which are influential in altering and modifying their 

initial properties. Several authors such as Choquette and Pray 

(1966), Roehl (1967), and Bathhurst (1975), have illustrated that 

primary intercrystalline porosity of aragonitic lime mud is 

approximately 30-70 percent, while the final rock fabric may have none 

and a mere 6 percent may be considered good guality reservoir rock. 

This drastic reduction serves to highlight the significant 

transformations which have occurred to alter the initial 

characterstics of these sediments. These post-depositional processes 

are collectively grouped under the term diagenesis. Diagenetic 

transformation is brought about by a wide array of processes that 

include: organically controlled alteration of particles 

(micritization), cementation of primary void space, calcitization of 

aragonitic lime mud, dolomitization and leaching or dissolution. Thus 

the diagenetic process may impart a rock fabric upon the original 

sediment that is entirely independent of the grains and particles of 

which it was composed originally. Many of these processes have 

affected the sediments of the "Upper Silurian" interval and will be 

discussed in the following sections. 

2h 
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Diagnesis in the Marine Environment 

Micritization 

The primary diagenetic process which occurred in the marine 

environment, was micritization. As Bathhurst (1971), and Kobluk and 

Risk (1977) have previously pointed out, micritization occurs at the 

sediment/water interface and is typically induced by endolithic blue 

green algae which bore into carbonate allochems. The borings become 

infilled with micritic carbonate cement. This alteration of 

crystalline grains to the more finely crystalline micrite is known as 

micritization. Commonly, micritization only affects the outer 

surfaces of grains and particles, producing micrite envelopes with 

irregular inner boundaries. Note the extinct echinoid plate of Fig. 

11 that illustrates the centripetal boring nature of algae and the 

rugose character of the inner boundary. Exposure of aragonitic 

bioclasts and ooids to early fresh water diagenesis produces hollow 

micrite envelopes owing to dissolution of crystalline grain interiors. 

Jacka (1977) demonstrated the relative inertness of the micritized 

substrate to diagenetic processes. This has been shown to be 

important in porosity preservation. Micrite may also precipitate as a 

grain coating film producing micrite envelopes of smooth margins 

versus the irregular margins of boring algae. 

Micritization was found to be prevalent in only one well of the 

study area the Texaco-Hatchett //I located northeast of the RK Devonian 

Field. The cuttings were obtained from circulating samples taken at 

five foot intervals and thus were viewed as being representative of 

the interval and not a result of contamination by cavings. The thin 
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section also shows the presence of a clotted thrombolithic fabric, 

formed by encrusting algae on other grains (Fig. 9). 

Fresh Water (Meteoric) Digenesis 
and Limestone Formation 

The conversion of aragonitic and high-magnesium calcite to 

low-magnesium calcite and calcite within the freshwater diagenetic 

medium has been well documented by Matthews (1968), Land (1970), and 

Jacka and Brand (1977). Aragonite and high-magnesium calcite are 

unstable and readily convert to stable low-magnesium calcite with 

exposure to meteoric waters. 

The process as documented by Matthews (1968) involves the 

calcitization of aragonitic lime mud and the initiation of calcite 

crystal formation on available "calcite nuclei" such as skeletal 

material. Aragonitic bioclasts, which may be present, tend to become 

dissolved before replacement by calcite can occur. Density 

differences between aragonite and calcite results in an excess of 

calcium and carbonate Ions which may be locally precipitated as 

calcite cement (Pingatore, 1970). 

The dissolution of aragonitic skeletal material can be quite 

significant in the formation of biomoldic or vugular porosity if 

aragonitic bioclasts were abundantly represented. This was rare in 

the "Upper Silurian" limestone as aragonitic shells were few, and 

those biomolds and vugs which did form were infilled with sparry, 

blocky, equant calcite cements (Fig. 12). Even those aragonitic 

bioclasts which were partially micritized were dissolved and calcite 

scalenohedral crusts and sparry cements were precipitated within the 
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micrite envelope. The aragonitic lime mud matrix was typically 

recrystallized to micrite and microspar (Fig. 8). This 

recrystallization process which Folk (1965) described as aggrading 

neomorphism was probably the result of prolonged exposure to 

freshwater (Jacka and Brand, 1977). Other formerly aragonitic 

particles, such as pelloidal material and micritized shell, also were 

calcitized but not recrystallized.. 

Original high magnesium-calcite shell textures were preserved and 

paramorphically converted to calcite within freshwater diagenetic 

fluids. High magnesium calcite echinoderm particles stabilized to low 

magnesium-calcite while retaining their monocrystalline character. 

These monocrystalline components which are the predominant biotic 

constituent throughout the "Upper Silurian" interval were active sites 

for the development of syntaxial rim cements in grainstones and are 

most prevalent in the biograinstone facies (Figs. 10, 13). This is 

due to the fact that the substrate provided by the monocrystalline 

fragment allows for the initiation and rapid precipitation of calcite 

cements resulting in the development of overgrowths which are in 

optical continuity with the hostgrain (Jacka, 1974). Longman (1980) 

states that syntaxial overgrowths are suggestive of non marine 

cementation and typically were formed in the freshwater phreatic 

environment; however, he also noted that they may form less commonly 

in the vadose and the deeper subsurface diagenetic environment. 

Meteoric cements in the form of scalenohedral calcite were precipiated 

in the meteoric environment, rimming primary and secondary voids 

(Fig. 14) and may or may not be present. Blocky, equant, sparry 
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calcite was precipitated in open pores and is characterized by 

crystals which increase in size or coarsen towards the center of the 

pore space. In some Instances sparry ferroan calcite was noted as 

having percipitated in availble pore spaces (Fig. 14). Ferroan 

calcite may reflect precipitation in a reducing phreatic environment 

(Bathhurst, 1971, Jacka and Brand, 1977). 

Scattered porphyroblasts of dolomite were commonly observed in 

many of the "Upper Silurian" limestones (Fig. 15). Magnesium, for 

formation of dolomite porphyroblasts may have been released during 

stabilization of high magnesium calcite to calcite (Land, 1967) . 

Dolomi t iz at ion 

The process called dolomitization is one of the most significant 

processes of the geologic record in terms of its effect on porosity 

and pore geometry and the development of potential hydrocarbon 

reservoirs. It is fairly well known that dolomitization enhances the 

petrophysical development of porosity in fine grained carbonate 

sediments, which are most widespread in low-energy environments. The 

search for a suitable analog has been conducted in a variety of 

geologic settings in both ancient and recent carbonate depositional 

environments, to understand the predilection of each for the other. 

The common association of dolomite with evaporites has led many 

modern researchers to the Persian Gulf where perhaps the best 

documentation and most verifiable model for dolomitization exists. 

Recent work by Wells (1962), Illing, et al. (1965), Kinsman (1965), 

and Butler (1969), outline the arid climate, evaporite-dolomite 

association and mode of occurrence. The aforementioned authors 
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recorded that extensive dolomitization was occurring in unlithified 

supratidal sediments by the preferential replacement of aragonite by 

dolomite. This is brought about by an elevation in the Mg2+/Ca2+pore 

fluids ratio by means of evaporation and precipitation of gypsum and 

anhydrite which removes calcium ions from the pore fluids (Butler, 

1969). 

Other models have evolved to explain the dolomitization of 

subtidal deposits. These were primarily developed in order to explain 

dolomitization of the Permian reef complex of the Permian Basin. 

Newell and others (1953) and later Adams and Rhodes (1960) developed 

the concept of seepage refluxion. This concept involves the 

generation of a hypersaline, magnesium and sulfate enriched brine in 

restricted lagoons. Because of its greater density, the brine should 

seep downward and seaward, dolomitizing shelf carbonates. The 

generation of dense, hypersaline brines requires the presence of a 

barrier seaward to create restricted marine conditions. Jacka and 

Franco (1974) refuted this assumption by proving the existence of 

several tidal and surge channels and submarine canyons across the reef 

complex. These would have allowed for open circulation and prevented 

the generation of hypersaline brines. 

Deffeyes and others (1965) in researching the Pekelmeer Lake, 

Bonaire Island proposed that hypersaline brines could be generated in 

supratidal lakes or flats. In their model, sea water replenishes 

water lost through evaporation. A hypersaline brine is formed which 

dishcarges downward from the supratidal lakes and flats dolomitizing 

the underlying sediments. Attempts to establish the validity of the 
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model such as Lucia (1967) , by drilling into the underlying Pekelmeer 

sediments has shown that only normal marine water exists and that no 

dolomitization has occurred. 

Dilute-solution or the freshwater lens model has been postulated 

by several. Hanshaw, Back and Dieke (1971), proposed the freshwater 

lens theory after researching Tertiary carbonate acquifers of Florida 

and Yucatan. It is based upon geochemical computations that a dilute 

solution exists at the base of the freshwater lens where fresh and sea 

water intermix. Dolomitization would occur in the zone of 

intermixing. Badiozomani (1973) has inferred that mixing about 10 

percent seawater with 90 percent freshwater can form a solution 

slightly undersaturated with respect to calcite, and oversaturated 

with respect to dolomite. He termed this the "Dorag Model." Land 

(1973) utilized this model to acount for dolomitization in the 

Mid-Pleistocene Jamaican reefs. Steinen (1974) however, in studying a 

coastal freshwater lens on Barbados, found no dolomitization. 

Sediments in the freshwater zone had stabilized to low-magnesium 

calcite and those in the marine phreatic zone were unstable aragonitic 

carbonates. 

Diagenesis of "Upper Silurian" Dolostones 

It has been established that exposure of unstable carbonates to 

pore fluids with a high Mg2+/Ca2+ ratio will generally result in 

dolomitization. Jacka (1975) determined that two types of dolomite 

could be distinguished based upon textural differences, these being 

neomorphic and paramorphic. 

Neomorphic dolomite results from the direct replacement of 
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aragonite. This replacement process also results in the complete 

destruction of all previous fabrics and textures. It is predominantly 

characterized by a euhedral or subhedral rhombic network. It is also 

generally accompanied by well developed secondary intercrystalline 

porosity. Friedman (1965) termed this network of loosely interlocking 

euhedral and subhedral crystals as idiotopic and hypidiotopic fabrics, 

respectively. This type of dolomitization was quite abundant in the 

"Upper-Silurian" dolostone facies (Figs. 11, 16). Paramorphic 

dolomitization was not recognized in this interval. It involves 

preservation of original calcitic textures and shell fabrics. 

"Upper Silurian" dolostones are of the neomorphic variety, 

indicating an early introduction of magnesium enriched pore fluids 

before stabilization of original aragonitic marine sediments to 

calcite. The lack of paramorphic textural development may be 

indicative of a lack of low-magnesium calcite and calcite bioclasts 

and a preponderance of aragonitic lime mud. The high-magnesium 

calcite monocrystals of echinoderms generally resisted dolomitization. 

Supportive evidence for the large percentage of lime mud in the 

dolomitized interval is also indicated by the persistent presence of 

cloudy-centered dolomite rhombs. Murray (1960) inferred that the 

dark, organic rich rhombohedra were the product of dolomitization of 

lime mud, while the clear rims represented cement. This would dictate 

that the original depositional texture was a mud-supported fabric of 

either a mudstone or wackestone with few calcitic constituents. Other 

carbonate allochems were not observed. 

A third type of dolomitization fabric, however, was observed in 
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the "Upper Silurian" dolostone interval. This was a xenotopic fabric 

(Friedman, 1965), which reflects the continued discharge and perhaps 

ripening of the dolomitizing fluid whereby epitaxial cementation on 

existing dolomite rhombohedra resulted in overgrowths and the 

formation of compromise boundaries into the existing pore space, which 

occluded secondary intercrystalline porosity. The original idiotopic 

or hypidiotopic fabric was thus transformed into a tight interlocking 

network of subhedral to anhedral dolomite crystals (Fig. 17). No 

definitive relationship could be established for the source of the 

dolomitizing fluid and the direction of its discharge through the 

sediments. Dolomite also was observed as cements in vugs and along 

fractures and solution channels (Figs. 18, 19). 

Dedolomitization, which is a paramorphic replacement of dolomite 

by calcite, was recognized throughout the "Upper Silurian" interval 

(Fig. 20). It is effectively brought about by solutions with a high 

Ca 27Mg2+ratio reacting with dolomite. It is generally believed to 

be a near surface phenomenon associated with subaerial exposure and 

unconformities. Commonly the process is favored by the discharge of 

meteoric waters, charged with calcuim sulfate ions derived from the 

dissolution of evaporites (Evamy, 1967). The resulting texture is 

that of calcite rhombohedra which in many instances exhibited a 

micro-crystalline texture that is stained red in thin sections 

(Figs. 21, 22). This was quite prevalent in the RK-Peeler Williams 

#1-A which is located in the northeast quadrant of the field. Several 

of the wells in this quadrant of the field display the same overall 

lithological character, that of a dolomitic limestone or limey 
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dolostone instead of dolostone with the pay occurring at or near the 

top of the "Upper Silurian" interval. 

Anhydrite Emplacement 

The presence of anhydrite in "Upper Silurian" sediments was not 

directly observed but existing petrographic clues did indicate the 

former presence of now vanished sulfates. Anhydrite was typically 

emplaced by sulfate-enriched brines which predominantly replaced the 

dolostones and occasionally limestones (Fig. 23) as well. "Upper 

Silurian" dolostones record the emplacement of sparry anhydrite 

porphyroblasts which occurred primarily as a result of replacement or 

as a combination of void fill and subsequent replacement around the 

original void. The typical replacement morphology is characterized by 

a replacement front which develops straight sides with rectangular 

reentrants. Dissolution of sulfates by freshwater produces a 

distinctive stair step pattern as described by Murray (1960) and Jacka 

and Stevenson (1977). The upper portion of the "Upper Silurian" 

dolostone interval records the dissolution of sulfates by exposure to 

fresh water. This has resulted in a rock with significant porosity 

and permeability development (Fig. 24). 

Corroded and etched rhombs of dolomite can form as a result of 

partial anhydrite replacement. This records the invasion of an 

anhydritizing fluid which initiated replacement of dolomite but was 

displaced before complete replacement could occur. Subsequent 

dissolution leaves original rhombic dolomite crystals corroded and 

etched (Figs. 25, 26). 

It should be noted that although the former presence of sulfates 
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has heretofore been inferred from petrographic clues, anhydrite was 

reported in a core analysis from the RK-Pat Thompson #1 over the 

interval from 11,653-11,672 feet. 

Silicification 

Extensive silica emplacement has occurred in both the limestones 

and dolostones of the "Upper Silurian." The silica was probably 

emplaced by originally fresh ground water, since sea water has only 

trace amounts and meteoric waters are saturated with a respect to 

silica ions (Friedman and Sanders, 1978). Nucleation of silica within 

organic rich components such as shells or corallites (Fig. 27) was 

observed in the "Upper Silurian" limestones where it had initiated 

replacement as originally shown by Jacka (1974 and 1978). The silica 

polymorph in this instance was megaquartz. Original calcite matrix 

was replaced by microquartz (Fig. 28). Chalcedonite was observed as 

cement along a probable fracture (Fig. 28). Silica also was observed 

as a replacement of anhydrite which had precipitated in seconda:^ 

intercrystalline pore space and also nucleated in the inclusion rich 

centers of the rhombic dolomite crystals. The replacement of the 

sulfate has now left megaquartz filling the voids and intracrystalline 

pores. Megaquarts has also initiated replacement of the rhombic 

dolomite crystals (Figs. 29, 30). 

Another phenomenon associated with silicification that was first 

noted by Jacka (1974b) was the exsolution of rhombic dolomite crystals 

within partially silicifled echinoderms. The dolomite exsolves from 

centers of magnesium enrichment which are derived from the 

high-magnesium calcite provided by echinoderm monocrystals during 



35 

silicification which mobilizes these particular ions (Jacka, 1974). 

Figure 31 illustrates the exsolution phenomenon as megaquartz replaces 

an echinoderm monocrystal. 

Pyrite 

Pyrite was found to occur primarily in association with the 

"Upper-Silurian" limestone facies. Its mode of occurrence was 

primarily as cubes. 

Styolites and Solution Residue Stringers 

Styolites and solution residue stringers are predominantly 

horizontal trending surfaces, which have now become sites for 

insoluble materials such as solid hydrocarbons and clay. They are 

more prevalent in the wackestone and packstone facies (Fig. 32). 

Paragenesis 

"Upper Silurian" sediments originally were deposited in a 

predominant subtidal environment of varying hydraulic energy. The 

initial sediments were primarily high-magnesixim and low-magnesiiom 

calcite carbonate grains and minor amounts of aragonitic bioclasts 

with varying proportions of aragonitic lime mud depending on the 

degree of water agitation. In the marine environment many bioclasts 

were micritized, though it was not a totally widespread phenomenon 

while others became coated by blue green algae. Sediments which 

occupied subtidal environments of higher energy levels had 

interparticle carbonate mud winnowed away leaving biograinstones. 

A eustatic lowering of sea level exposed a portion of the 

subtidally deposited sediments to the fresh water diagenetic medium. 

Unstable aragonitic lime mud became calcitized as it recrystallized to 
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micrite and microspar. Unstable and unmicritized aragonitic bioclasts 

were dissolved leaving open biomolds and vugs. Hollow micrite 

envelopes were formed by leaching of crystalline aragonitic cores. 

The resulting excess was later precipitated locally as calcite 

cements. Monocrystalline crinoid components were the first sites of 

calcite precipitation. Epitaxial calcite cements formed within and 

around the crinoid bioclasts, primarily in the grainstone facies of 

the higher energy subtidal environments. Scalenohedral calcite 

cements formed next in the dissolved biomolds and the open intrabiotic 

cavities of bryozoan zooecia (Fig. 10) and hollow micrite envelopes. 

This phase may or may not be present. It was generally followed by 

the precipitation of blocky, equant, sparry calcite which coarsened 

towards the pore center. In some instances the scalenohedral calcite 

cement phase was followed by the precipitation of sparry 

ferroan-calcite (Fig. 10). This may be indicative of precipitation in 

a reducing freshwater phreatic zone. It could not be determined 

whether silica was emplaced by this first episode of freshwater 

diagenesis or by a later episode. As diagenesis ensued the fresh 

water diagenetic medium was replaced by a hypersaline fluid system 

which emplaced anhydrite porphyroblasts and nodules. Next, a second 

period of freshwater diagenesis occurred which resulted in the 

dissolution of the anhydrite porphyroblasts that are now manifested by 

stairstep voids. 

The "Upper Silurian" dolostone units reflect the early exposure 

of unstable aragonitic lime mud to a saline dolomitizing fluid. The 

dolomitizing fluid was displaced by one enriched in calcium sulfate. 
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and anhydrite was emplaced, as porphyroblasts and also as partial 

replacement of dolomite crystals. This was followed by an episode of 

meteoric ground water dissolving anhydrite leaving blocky anhydrite 

molds and intracrystalline pores in the upper portion of the "Upper 

Silurian" dolostone interval. The lower portion of the dolostone 

interval reflects the exposure of anhydritized sediments to silica 

enriched ground waters which replaced anhydrite and subsequently 

replaced the dolostone. 
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FIGURE 12, Sparry calcite cemented vug in limestone. 
(11,830-40), d=4, U. 

Argo-Brown #1 
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FIGURE 13. Epitaxial rims on crinoid bioclasts in grainstones. 
Crinoid bioclasts have dusty centers. RK-Peeler 
Williams //1-A (11,788'), d=40, U, 



ko 

FIGURE 14. Scalenohedral calcite cements rimming intrabiotic 
cavity of bryozoan zooecia. Pore space filled by 
sparry ferroan calcite cement, RK-TLM #2 
(11,830-40), d=10, X, 
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FIGURE 15, Dolomite porphyroblasts in limestone. 
#1 (11,550-60'), d=32, U. 

Argo-Brown 
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FIGURE 16. Dolostone intercrystalline porosity development in 
hypidiotopic fabric from "A" reservoir, RK.-G.T. 
Hall #1 (11,830-35'), d=26, U. 
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FIGURE 17. Xenotopic fabric with complete occlusion of 
porosity in dolostone. RK-G.T, Hall /'l 
(11,830-35') , d=10, U. 
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FIGURE 18, Intercrystalline pore in dolostone displaying 
dolomite cements and hydrocarbon residue from "A" 
reservoir, RK-G,T, Hall #1 (11,820-30'), d=10, U. 
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FIGURE 19. Intercrystalline pore in dolostone displaying 
dolomite cements from "A" reservoir, RK-G,T, Hall 
r/1 (11,830-35') , d=10, U. 
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FIGURE 20. Process of dedolomitization "caught in act" of 
calcite replacing dolomite crystal. RK-Peeler 
Williams ,>'1-A (11,770'), d=4.'o, U, 
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FIGURE 21, Dedolomite with rhombic crystal texture preserved 
and now stained with hydrocarbon residue. Peeler 
Williams -:;1-A (11,797'), d=10, U, 



FIGURE 22, Dedolomite with preserved rhombic crystal 
structure, RK-Peeler Williams #1-A (11,788), 
d=2,6, U, 
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FIGURE 23, Open anhydrite porphyroblast in dolostone, "A" 
reservoir. RK-G,T, Hall #1 (11,830-35'), d=10, U. 
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FIGURE 24, Open anhydrite porphyroblast in limestone, "B" 
reservoir, RK-Peeler Williams f/l-A (11,817), d=40, U. 
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FIGURE 25. Etched and corroded dolomite crysals and void 
which displays stairstep morphology. RK-G.T. Hall //I 
(11,840-50')"̂ , d= 10, X, 
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FIGURE 26. Etched and corroded dolomite crystals rimming void 
left by dissolution of sulfates. RK-G,T. Hall #1 
(11,840-50'), d=10, X. 
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FIGURE 27. Silica replacing corallite. 
(11,941), d=100, X, 

Sunray-Henson #1 
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FIGURE 28, Microquartz replaced matrix and chalcedonite 
occuppies fracture, RK-TLM #2 (11,830-40'), d=40, X. 



55 

FIGURE 29. Megaquartz occluding porosity and replacing 
dolomite crystals. Note intracrystalline pores in 
individual rhombic dolomite crystals that have been 
infilled by silica, RK-TLM #2 (11,950-60'), d=10, 
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FIGURE 30, Megaquartz occluding porosity and replacing 
dolomite crystals, RK-TLM #2 (11,950-60'), d=10, X, 
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FIGURE 31. Megaquartz replacing magnesium calcite monocrystal 
producing exsolved dolomite rhombs. Argo-Brown //I 
(11,560-70'), d=4.0, X. 
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FIGURE 32, Solution residue stringer with hydrocarbon residue. 
RK-Peeler Williams #1-A (11,788), d=40, U. 



CHAPTER V 

POROSITY AND RESERVOIR DISTRIBUTION 

Primary Porosity 

Evolution 

Primary porosity in the "Upper Silurian" was developed initially 

as a response to hydraulic energy levels within the environments of 

deposition. Higher energy deposits reflected this by having less lime 

mud deposited between grains and allochems. This resulted in a grain 

supported texture with intergranular porosity. Some intrabiotic 

porosity was present in bryozoan cavities though this is regarded as 

minor. In lower energy environments, where carbonate mud supported 

textures developed, matrix lime muds displayed a high degree of 

intercrystalline porosity. As noted earlier, several authors have 

found porosities in newly deposited aragonitic lime mud to be as high 

as 70 percent. 

The best developed primary porosity was probably that found in 

the grain supported portions of the crinoid-rich biograinstone 

lithofacies. This probably occupied the central portion of what is 

now the RK Devonian Field. 

Occlusion 

Soon after deposition, most of the primary porosity was occluded 

by meteoric cementation in vadose and phreatic freshwater 

environments. Aragonitic lime mud was calcitized. Some sediments 

experienced early partial dolomitization and then calcitization of 

59 



60 

lime mud. Continued exposure to freshwater pore fluids resulted in a 

coarse textured interlocking network of sparry calcite with minimal 

porosity development. The crinoid rich biograinstone facies was the 

first site of calcite cement precipitation in the form of epitaxial 

cementation on the monocrystalline bioclasts (Fig. 13). Calcite 

scalenohedral crusts formed next, with some voids being completely 

occluded by continued precipitation of equant sparry calcite. In some 

instances ferroan calcite was the final void filling precipitate 

(Fig. 14). 

Secondary Porosity 

Evolution 

Neomorphic dolomitization of aragonitic lime mud produced a 

texture with significantly less intercrystalline porosity (though some 

dolostones had porosities as high as 20-25 percent), but much improved 

permeability (Figs. 11, 16). Secondary porosity also was developed by 

the dissolution of calcitic and aragonitic allochems and micritized 

aragonitic allochems. 

Dissolution of some calcitic allochems occurred during 

dolomitization. Exposure to freshwater also resulted in the 

dissolution of aragonitic shells and of the non-micritized portions of 

the aragonitic bioclasts producing hollow micrite envelopes. This 

type of porosity is viewed as having a minimal effect on enhancing 

porosity and permeability in the RK Devonian Field due to their 

sparcity. 

Secondary intercrystalline porosity also was developed in the 

dedolomitized portions of limestones. Dedolomite occurs as a 
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replacement of neomorphic dolomite which had replaced aragonitic lime 

mud in the matrix of the wackestones and packstones. 

Occlusion 

Secondary porosity in limestones was occluded by scalenohedral 

calcite crusts and blocky equant calcite crystals which filled 

biomolds and vugs and hollow micrite envelopes. 

Epitaxial response on existing dolomite crystals within the 

dolostone section effectively reduced some of the secondary 

intercrystalline porosity as overgrowths grew and expanded into 

available pore space. Overgrowths are usually clear, while original 

crystals commonly appear cloudy or dusty looking. In some instances, 

continued flux of dolomitizing fluids through the dolostone produced 

an interlocking framework of subhedral to anhedral crystals with 

relatively little porosity or permeability. This type of cementation 

pattern was more evident in the lower portions of the "Upper Silurian" 

dolostone interval. Silica cements also were more prevalent in this 

interval. 

Tertiary Porosity 

Tertiary porosity in "Upper Silurian" dolostones has been 

preserved in the form of open anhydrite molds (Fig. 23). The 

anhydrite is believed to have been emplaced by hypersaline fluids 

which precipitated sparry porphyroblasts in both dolostone and 

limestone phases of the "Upper Silurian" interval. Subsequent 

exposure to fresh water left open porhyroblastic molds as tertiary 

porosity. The open molds occur predominantly in the "Upper Silurian" 

dolostones and to a lesser degree in the limestones. Jacka and 
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Stevenson (1977) have described similar occurrences of tertiary 

porosity in subsurface carbonates of the Maverick Basin. Anhydrite 

molds are characterized by their blocky, stairstep morphology. In 

some instances anhydrite nucleated in the organic rich centers of the 

dolomite rhombs. These were subsequently dissolved leaving hollow 

dolomite rhombs or intracrystalline porosity (Fig. 30). Dissolution 

of anhydrite pore filling cements reopened intercrystalline pores. 

Significant amounts of the tertiary porosity was partially to 

completely occluded by silica, dolomite, ferroan dolomite, and calcite 

cements in the dolostones (Fig. 31), while calcite and dolomite 

cements were noted in the limestones. In the dolostone interval of 

the "Upper Silurian," which occupies the northern and eastern portions 

of the RK Devonian Field, occlusion of secondary and tertiary 

intercrystalline porosity was distinctly more prevalent in the lower 

portion of the dolostone inteirval than the upper. 

It should be noted that these sediments, both limestone and 

dolostone, have been modified by the development of fracture porosity 

and permeability. The fracture system developed under the influence 

of tectonic generated stresses probably in late Mississippian or early 

Pennsylvanian time. 

Reservoir Distribution 

The observed pattern of dolostone distribution within the RK 

Devonian Field is believed to have been influenced by the 

despositional environment, post depositional pre-Woodford Shale 

erosion, and source and flow path(s) of dolomitizing fluids. Each of 

these factors is believed to have played a significant role in the 
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development of and localization of the "Upper Silurian" dolostone 

reservoirs. 

The strong affinity of dolomite and fine grained mud-rich 

deposits has long been recognized by geologists. Fine grained 

sediments primarily occupy or occur in low energy environments. 

Within the context of the peritidal complex, the dolomitized sediments 

of the "Upper Silurian" were deemed to be subtidal in origin. 

Supratidal fabrics were not observed in core or cuttings. Laterally 

(toward the interior of the field) and upwards, these sediments become 

increasingly intercalated with coarse bioclastic debris, primarily 

echinoderm components. This indicates a transition from lower energy 

to higher energy levels. Because dolostones are associated with lime 

mud-rich deposits one also should observe a transition from dolostone 

in the low energy depositional environment or flank to calcareous 

dolomite or dolomitic limestone and finally to limestone as the 

percentage of original aragonitic lime mud decreased, and the 

percentage of calcitic crinoid fragments or other associated 

bioclastic grains increased toward the center of the field, where 

presumably higher energy levels existed in the form of a mound or 

shoaling complex. The aforementioned lateral and vertical change in 

lithofacies also may be inferred from conventional log analysis 

techniques, especially those that allow for crossplotting of porosity 

and lithology, as well as detailed sample analysis. 

Extensive cross sectioning and correlating resulted in the 

determination that the RK Devonian Field actually was producing from 

two different dolostone reservoirs and several smaller, isolated 
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reservoirs. The following discussion will deal primarily with the two 

more areally extensive reservoirs, which for ease of reference have 

been labeled "A" and "B" in ascending order. Another reservoir was 

labeled "B"' as it appeared to exemplify the less extensive, more 

lenticular zones of porosity. After correlations were completed, 

isopach maps of the "A," "B," and "B"' reservoirs were constructed 

using a 4 percent porosity cutoff to facilitate the distribution of 

each reservoir. The lower most unit (the "A" zone), which the 

discovery well, the //I G. T. Hall, initially penetrated; primarily 

occupies the eastern portion of the field where it exceeds 40 feet in 

thickness (Fig. 33). The highly productive lower dolostone, with 

porosities ranging from 6 to 24 percent, becomes a dolomitic limestone 

and finally limestone toward the field's interior (Fig. 7). A 

reduction in porosity and permeability characterizes this lateral 

lithologic change and creates an updip seal for the porous dolostone 

reservoir, which in effect creates an offstructure stratigraphic trap. 

To date the most prolific production has been found within the axial 

portion of this dolostone lens. The #1 Hall indicates that this may 

be coincident with the area of optimum secondary and tertiary porosity 

development in the top of the "A" zone. Lateral and vertical 

permeability changes may be drastic due to pore occluding silica and 

dolomite cements. 

The "B" zone reservoir, which attains a net porous thickness of 

83 feet is developed across the northern and western margins of the 

field in the form of three rather prominent thickenings (Fig. 34). 

The lateral continuity of the "B" dolostone reservoir is illustrated 
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on the enclosed cross sections A-A' (Fig. 4) and C-C' (Fig. 6). The 

vertical stratigraphic separation existing between the "A" and "B" 

reservoirs as well as the "B"' reservoir is shown on cross section 

B-B' (Fig. 5). The aforementioned lateral lithologic changes hold 

true for the "B" reservoir as they did for the "A." Dolostone 

porosities are usually best developed in the center of the lenses. 

Petrographic information for the "B" reservoir was lacking with the 

exception of the RK //1-A Peeler Williams, which is located in the 

northeastern most lens. As can be seen on the enclosed cross section 

C-C(Fig. 6), the "B" zone reservoir in the northeastern portion of 

the field occurs at or near the top of the "Upper Silurian" interval. 

Wells in this quadrant of the field encountered a reservoir which has 

been highly dedolomitized in its central and northern portions. 

The oblique attitude or orientation which the "B" reservoir 

displays with regard to the "A" may have been induced by the upward 

and lateral expansion of the crinoid shoal through time and space. 

The shoal may have created an ideal environment for the accumulation 

of lime mud deposits in a leeward direction. Another possible 

explanation might be the development of satellite type wackestone 

mounds which developed on the flanks of the crinoid shoal. The 

thinnings of porosity development which are evident on figure 34 may 

represent the deposition of crinoid components into tidal surge 

channels as packstones and grainstones with the porosity subsequently 

becoming occluded. 

Post depositional erosional processes, which occurred prior to 

Woodford depostion, probably altered the exposed depositional terrain 
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significantly, producing isolated lenses or "pockets" of porosity and 

permeability. An example of this would be the "B"' dolostone reser

voir, which is developed in the very top of the section and produces 

in the U V #1 and Anderson #2. 

As stated in the section on diagenesis, "Upper Silurian" dolo

stones do not appear to be part of major flow lines of dolomitizing 

and anhydritizing fluids. The complex mosaic of interfingering 

limestones and dolostones which characterized the "Upper Silurian" 

and the limited areal distribution of the dolostones appears to suggest 

a more localized and focused production of saline and hypersaline fluid 

systems. The periodic development of locally and areally restricted 

evaporite tidal flats may have been responsible for generating the 

dolomitizing fluids. The presence of preserved sulfates in a core 

from the RK - #1 Pat Thompson, and preserved anhydrite molds may be 

indicative of such an occurrence. 
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CHAPTER VI 

CONCLUSIONS 

1. "Upper Silurian" sediments accumulated on a gently sloping, 

shallow shelf in a predominantly subtidal environment. 

2. Sediments in the RK Devonian Field exhibit an upward shoaling 

sequence of wackestones, packstones, and grainstones. Elsewhere 

the predominant depositional texture was a biowackestone. The 

predominant lithofacies are the lenticular dolostones of the 

"Upper Silurian" and a limestone in the upper portion of the 

"Upper Silurian" represented primarily by wackstones but with 

packstones and grainstones being locally prolific. The 

predominant biota in the limestone were crinoids which made up 75 

percent of all bioclasts. Trilobites, brachiopods, bryozoans, 

ostrocods and corals make up remaining 25 percent. 

3. In some intervals "Upper Silurian" limestones initially were 

exposed to fresh water diagenesis and were subjected to 1) 

calcitization and recrystallization, 2) emplacement of anhydrite 

due to influx of hypersaline fluids, 3) dissolution of anhydrite, 

4) emplacement of silica. Other intervals of the "Upper 

Silurian" limestone indicate the partial invasion of a saline 

dolomitizing fluid before stabilization in the fresh environment. 

4. Primary and secondary porosity in limestones has been occluded 

predominantly by calcite cements. Some dolomitic limestones 

exist where original high-magnesium calcite allochems resisted 
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dolomitization and the lime mud was replaced by dolomite. 

Dissolution of anhydrite porphyroblasts produced open blocky 

molds. Calcium enriched waters dedolomitized the dolomitic 

matrix in some instances, producing a limestone with fairly well 

developed secondary intercrystalline porosity. 

5. "Upper Silurian" dolostones reflect neomorphic replacement of 

original aragonitic lime mud with few calcitic bioclasts. 

Excellent secondary porosity was developed. This secondary 

intercrystalline porosity was accentuated by emplacement of 

anhydrite porphyroblasts which were subsequently leached by 

fresh water producing tertiary moldic porosity. The lenticular 

character of this dolostone cannot be defined in terms of any 

conventional mechanisms such as sabkha, seepage refluxion, or 

mixing zone models. Maximum porosity should be located in a 

narrow band of enlarged and widely spaced crystal growth which 

did not allow for the development of overgrowths on existing 

dolomite crystals. Porosity development and preservation in 

"Upper Silurian" dolostones is preferentially located in the top 

of the dolomitized interval. 

6. "Upper Silurian" dolostones record a multi-phase fluid invasion 

sequence of 1) saline dolomitizing fluids, 2) induction of 

hypersaline anhydritizing fluids, which emplaced anhydrite 

porphyroblasts and cements, 3) influx of fresh ground water 

resulting in dissolution of anhydrite, 4) partial phase of 

dedolomitization and calcite cement, 5) precipitation of dolomite 

cements on pre-existing dolomite crystals and in blocky anhydrite 
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molds, 6) fresh ground water phase resulting in partial occlusion 

of secondary porosity by silica. The observed fluid invasion 

sequences in the limestones and dolostones reflects the eustatic 

rise and fall of sea level and fluctuations in paleoclimatic 

conditions. 

7. Porosity and reservoir distribution within the RK Devonian Field 

primarily occurs as a result of the dolomitization of fine 

grained low energy carbonate sediments that were initially 

deposited on the flanks of a subtidal crinoid rich shoal. 

Continued development of flank beds and possible satellite-t3rpe 

wackestone mounds that eventually became dolomitized has resulted 

in the lenticular character or nature of the reservoirs. Pre 

Woodford erosion and local development of fractures also have 

modified the depositional terrain and rock fabric. In general, 

the following lateral transition in lithologies was noted from 

the periphery of the field to its core: limestone-dolostone-dolo-

mitic limestone-limestone. This gradational character is 

believed to be reflective of the original lime mud content of the 

sediment, and the lateral migration and dissipation of the 

dolomitizing fluids. Anhydritization and dissolution of 

anhydrite have also significantly influenced and altered areas of 

optimum dolomite intercrystalline porosity. Since maximum 

porosity and permeability development occurs within the central 

portions of the lenses future development drilling should be 

concentrated in these areas. Detailed lithologic analyses of 

future development wells in this interval, especially in the "B" 
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reservoir, should provide valuable information as to the 

determination of the optimum developmental location. 
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NAMES Aira LOCATIONS OF WELLS FROM 
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Operator/Well Name 

Argo-Brown //I 

David Fasken #1 Lamesa National Bank 

Hilliard O&G #1 Jones 

Hilliard O&G #2 Rich Hard Knox 

RK Petroleum #1 G.T. Hall 

RK Petroleum #1-A Hippity-Hop 

RK Petroleum //1-A Thames 

RK #2 Texas Land & Mortgage Co. 

RK Petroleum //l Ward 

RK Petroleum //1-A Peeler Williams 

RK Petroleum ifl Wolcott 

RK Petroleum #1 Wolcott-Adobe 

Sun Ray-Midcontinent //I Henson 

Texaco //I I.L. Hatchett 

Location 

Sec. 15, Blk. 36, T-2-N 

Sec. 24, Blk. 37, T-2-N 

Sec. 8 

Sec. 128, Blk. A, R.E. 

Montgomery 

Sec. 4, Blk. 37, T-2-N 

Lge. 253, WARD C.S.L 

Lge. 253, WARD C.S.L 

Sec. 7, Blk. 37, T-2-N 

Lge. 251, WARD C.S.L 

Sec. 1, Blk. 37, T-2-N 

Lge. 250, Hartley C.S.L. 

Lge. 250, Hartley C.S.L. 

Sec. 13, Blk. 37, T-2-N 

Sec. 23, Blk 36, T-3-N 
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