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Abstract

Precambrian and Cambrian igneous rocks and Pennsylvanian-Permian

sedimentary rocks in southwestern and southern Oklahoma are related

genetically in that the former, by means of tectonism, was the dominant

source material for sediments composing a substantial part of the latter.

Precambrian Tishomingo and Troy Granites are present in the Arbuckle

uplift; Cambrian igneous rocks include the Raggedy Mountain Gabbro, the

associated Navajoe Mountain Basalt-Spilite, the Wichita Granite Group,

and associated Carlton Rhyolite in the Wichita uplift. The latter up-

lift apparently was part of an aulacogen during the igneous activity

when rifting, accompanied by volcanism and magmatism, provided significant

storage in a rather large area. The Carlton Rhyolite, consisting of some

4500 ft (1370 m) of volcanics, was dominated by ash-flows. The plutonic

igneous rocks were emplaced along the axial rift valley in which a

significant thickness of volcanic rocks also accumulated. Petrological

and geochemical evidence indicate that granite and rhyolite are potential

sources of uranium in southwestern Oklahoma. Riebeckite-aegirine pegmatite

dikes, genetically related to the peralkaline Quanah Granite (of the

Wichita Granite Group), contain 38 to 108 ppm uranium.

Pennsylvanian-Permian strata in the area of study formed in environ-

ments which included shallow marine, deltaic, fan delta, tidal flat,

alluvial plain, and alluvial fan. The last two were the most prominent

environments during semiarid to arid climatic conditions which generally

existed during deposition. Alluvial fans formed on both the north and
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south sides of the Wichita and Arbuckle uplifts. The most prominent

area for alluvial-fan deposition was north of the Wichita Mountains

where a very thick section, more than 8000 ft (2550 m) of granite wash,

was deposited. Granite wash formed there during much of the Pennsylvanian

and Permian, and it was deposited in a variety of environments down the

depositional slope from the fans.

Most of the uranium anomalies in sedimentary rocks are present in

association with structural features. Local reducing conditions favor-

ing precipitation from ground water were due to seepage of hydrocarbons

along faults, concentration of carbonaceous material (in one case), and

deposition of cornstone (caliche). In the Vanoss Formation, the anomalous

uranium content in ground water is associated with coarse-grained,

arkosic facies. The structural configuration appears to have been

relatively unimportant in localization of the anomalies. Some of the

disseminated uranium in framework grains and clay in arkoses and sub-

arkoses in southwestern Oklahoma was leached by ground water and

transported both parallel to and across bedding (by means of fractures

and capillary pressure) to local areas favorable for precipitation.
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CHAPTER 1.1

INTRODUCTION

The areas of study include parts of the Wichita uplift, Arbuckle

uplift, Hunton-Pauls Valley uplift, Central Oklahoma platform, Muenster-

Waurika arch, and Anadarko basin (Fig. 1.1-1). Rocks examined include

the Precambrian granite of the Arbuckle uplift, Cambrian igneous rocks

of the Wichita uplift, and Pennsylvanian-Permian sedimentary rocks derived

in large part from those two uplifts and, to a lesser extent, from the

Ouachita system.

Tectonic History

Cambrian igneous rocks of the Wichita uplift are thought by many

workers (e.g., Burke and Dewey, 1973; Hoffman et al., 1974; Pruatt, 1975;

Powell and Phelps, 1977) to be related to the early phases of an aulacogen

(Fig. 1.1-2) when rifting provided conditions for development of both

mafic and felsic extrusives and epizonal intrusives and also provided

storage for preservation of the volcanics.

Deposition of relatively thick Lower Paleozoic carbonates, with

some shale and sandstones, may have been associated with the subsidence

phase of aulacogen development. Episodic activity of the Amarillo-

Wichita-Criner uplift as well as the Arbuckle uplift, coupled with basinal

deposition of thick clastics from the uplifts, may have been related to

the compressional phases of aulacogen development. The compressional

1
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phase, according to proponents of aulacogen development, was related

to the subduction which caused the formation of the Ouachita orogenic

system. The concept of aulacogen is very useful in explaining the

geometry and rock types of the Cambrian igneous complex. On the other

hand, uplift of the Wichita-Criner and Arbuckle elements are apparently

due in large measure to left lateral strike-slip faulting associated with

the Wichita lineament. The uplifts and "yoked" basins are not unlike

the Cenozoic uplifts-basins of Southern California.

Rock Units

Igneous rocks examined include the Tishomingo and Troy Granites, Precambrian

(1050-1350 m. y.) in age in the Arbuckle uplift, Late Precambrian-

Cambrian Raggedy Mountain Gabbro and Navajoe Mountain Basalt-Spilite

in the Wichita uplift, Cambrian Wichita granitic complex (Mt. Scott,

Quanah, Reformatory, Headquarters, and Lugert Granites), and Carlton

Rhyolite (and/or Colbert Porphyry) in both uplifts.

Sedimentary rocks studied include the Pennsylvanian (Virgilian)

Vanoss Group derived in large part from erosion of Lower Paleozoic

strata and Tishomingo Granite in the Arbuckle uplift to the south. The

Vanoss probably contains sediments derived from the Ouachita system,

especially in the northern part of the study area.

Sediments derived from the Wichita uplift include the Permian Post

Oak Conglomerate on outcrop in the area of the mountains and south and

north of them, and sections of granite, rhyolite, gabbro, and carbonate

"wash" (Edwards, 1959) within the uplift and in the Anadarko basin to

the north and the Muenster-Waurika arch and Hollis basin to the south.

In the Anadarko basin the conglomeratic units are more than 800 ft
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(2450 m) thick.

Stratigraphic nomenclature and correlation are given in more detail

in the report for ERDA Contract No. AT(05-1)-1641 by Al-Shaieb and

Shelton (1976).

Purpose

The purpose of this project is to study and evaluate further the uranium

potential of rock units of southwestern and southern Oklahoma which were

noted in the earlier report as favorable for uranium mineralization. The

areas and units of interest were based on geologic parameters, as opposed

to radiometric results.

In terms of genesis, study was focused on the different "basement"

rocks as possible hosts and as uranium sources for the Pennsylvanian-

Permian units. With respect to facies, emphasis was given to alluvial-

fan deposits associated with the uplifts and channel sandstones on the

Muenster-Wauri ka arch.

Methods and Scope

Detailed investigation of specific units and rock bodies included:

1. Field reconnaissance and sampling

2. Differential spectrometer surveys

3. Petrographic and cathodoluminesence examinations

4. Geochemical analyses of rocks and selected water samples

5. Correlation and mapping of subsurface units.

The study included the relationship of petrogenesis to uranium

mineralization by evaluation of the following:
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1. Uranium sources in igneous rocks

2. Depositional patterns in possible host rocks

3. Diagenetic events favorable for mineralization

4. Structural features and events.
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CHAPTER 2.1

IGNEOUS ROCKS OF SOUTHERN OKLAHOMA

The igneous rocks of southern Oklahoma, present at the surface and

revealed in the subsurface by drilling, can be divided into two major

provinces on the basis of lithology and radiometric age. These are the

Wichita province and the Eastern Arbuckle province, named for

the localities where they are exposed at the surface. As shown in

Enclosure 2.1-1, rocks of the Wichita province form an elongate belt

of major proportions, surrounded by older rocks of the Eastern Arbuckle

province or their equivalents. Both provinces are limited on the south-

east by the overthrust sheets of the Ouachita orogen, which have not been

penetrated by drilling.

Eastern Arbuckle Province

Rocks of the Eastern Arbuckle province are present at the surface

only in the Belton-Tishimingo uplift of the eastern Arbuckle Mountains.

They are known to underlie the Hunton-Pauls Valley uplift, as well as

the southern portion of the Waurika-Muenster arch (Encl. 2.1-1).

The province consists of a suite of calc-alkaline diorites to

granites, with granite being the dominant rock type. Two separate

periods of granitic intrusion appear to be represented, having radio-

metric ages of 1350 and 1050 m.y. Also, earlier granite was intruded by

diorite with an age of about 1200 m.y. (Ham et al., 1964).
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Rocks of the Eastern Arbuckle province represent a mesozonal

plutonic complex of batholithic proportions, and represent part of the

Precambrian terrane which underlies the central stable interior.

Granites of similar age and lithology, together with associated meta-

sediments, are present west of the linear belt formed by the Wichita

province (Flawn, 1956; Wasserburg et al., 1962), and are considered

the equivalents of the Eastern Arbuckle province (Ham et al., 1964).

Presumably, Eastern Arbuckle rocks exist at depth beneath Wichita rocks,

and perhaps served as the source for the anatectic silicic magmas of the

Wichita province.

Wichita Province

Igneous rocks found in the Wichita Mountains represent the exposed

portion of an uplifted massif of mafic and silicic rocks, at least some

of these are of Cambrian age. Rocks of the province are not confined

to this uplifted block, but are also known to underlie the Marietta

basin, the Ardmore basin, and the southern part of the Anadarko basin.

The single most comprehensive work on these rocks is that of Ham,

Denison, and Merritt (1964). These workers have divided the igneous

rocks of the Wichita province into four groups, as follows:

Wichita Granite Group
Carlton Rhyolite Group
Navajoe Mountain Basalt-Spilite Group
Raggedy Mountain Gabbro Group

Distribution of these groups is shown in Enclosure 2.1-1, and on out-

crop in Figure 2.1-1. Mafic rocks of the province are described in

summary fashion because they are of no significance in terms of uranium-

resource potential.
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Raggedy Mountain Gabbro Group

As shown by Hunter (1967), the Raggedy Mountain Gabbro Group may be

divided into the layered series and the so-called intrusive group.

Rocks of the layered series are generally feldspathic, ranging from

gabbroic and troctolitic anorthosites to nearly pure anorthosites, and

they exhibit igneous lamination and rhythmic and cryptic variation.

These rocks are igneous cumulates formed in a linear, northwest-southeast

trending stratiform intrusive body. Geophysical and subsurface studies

indicate that this body is up to 2.5 mi (4 km) thick and occupies an

area of at least 25 mi by 110 mi (40 km by 175 km; Ham et al,, 1964;

Pruatt, 1975). This layered gabbroic intrusion was emplaced within

a thick sequence of inature clastics, the Tillman Metasediments, which

later converted to metamorphic rocks due to the intrusion of Wichita

granites. With the exception of a few xenoliths found within the

gabbros and granites, these metasediments are known only from the sub-

surface.

A variety of mafic and intermediate rocks are known to intrude the

layered series, including diabase, biotite olivine gabbro, microdiorite,

and quartz microdiorite. Also considered as part of this intrusive group

are several rock types which are apparently products of assimilation

between the mafic rocks and younger granitic and aplitic intrusives.

Such hybrid rocks are exemplified by the Cold Springs "granite," which

actually ranges in composition from a quartz diorite to a quartz monzonite

(Walper, 1951).

Diabase dikes intrude all other igneous rocks of the Wichita
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province, including the granites and rhyolites. Therefore, they

represent a period of late-stage mafic activity. With this exception,

however, the silicic rocks of the province are known by field relations

to postdate the period (or periods) of mafic magmatism in the area.

All of the gabbroic and anorthositic rocks of the Wichitas, exclud-

ing the late diabases, were considered by Ham et al. (1964) to be

essentially consanguineous, with a radiometric age of about 535 m. y.

(Middle Cambrian). However, the layered series shows marked petrologic

dissimilarities to the gabbros of the intrusive group, and is believed

by Powell and Phelps (1977) to be genetically unrelated to them. Also,

the assignment of these rocks to the Cambrian has come under question.

Recent paleomagnetic studies of Roggenthen et al. (1976) suggest an age

of 1300 to 1500 m. y. for the layered series and at least part of the

younger intrusive group. These authors consider the 535 m. y. isotopic

date for these rocks to be the result of thermal overprinting related

to the later granitic intrusive activity.

Navajoe Mountain Basalt-Spilite Group

As defined by Ham et al. (1964), the Navajoe Mountain Basalt-

Spilite Group consists of a sequence at least several thousands of ft

thick of basalt, metabasalt, spilite, andesite, and pyroclastics. These

rocks are found only in the subsurface and are known from wells in

isolated areas both north and south of the Wichita Mountains (Encl, 2.1-1).

Geophysical evidence suggests that they underlie the Carlton Rhyolite in

a much wider area in the Anadarko, Ardmore, and Marietta basins (Pruatt,

1975).

Although considered by Ham et al. (1964) to be the extrusive
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equivalents of the Raggedy Mountain Gabbro Group, these volcanics have

not been radiometrically dated because of their extensive alteration,

and their exact relation to the plutonic mafics of the Wichita province

remains problematical. They are known to be older than the silicic rocks

of the area, as they are intruded by the granites and stratigraphically

overlain by the rhyolites. They in turn are younger than the Tillman

Metasediments, which they overlie.

Carlton Rhyolite Group

The Carlton Rhyolite Group has an extensive distribution in the sub-

surface of southern Oklahoma. The rhyolite occurs as a blanket-like

body with a maximum thickness of at least 4500 ft (1370 m) extending for

some 300 mi (480 km) from the northeastern part of the Texas Panhandle

into south-central Oklahoma (Encl. 2.1-1). The rhyolite underlies most

of the Ardmore and Marietta basins and the southern part of the Anadarko

basin, representing an area of some 15,000 mi2 (39,000 km 2). Two

outliers, one in Greer County and the other on the Altus dome, indicate

that the original extent of the rhyolite was even greater, probably at

least 17,000 mi2 (44,000 km 2). It is thought that the rhyolite originally

extended as far as the other igneous rocks of the Wichita Province.

In most of the affected area the rhyolite is floored by rocks of the

Navajoe Mountain Basalt-Spilite and/or Tillman Metasedimentary Groups.

However, in the vicinity of the present Wichita Mountains, the rhyolite

was extruded upon a surface of eroded gabbro. There the basaltic rocks

and metasediments which are present beneath the rhyolite throughout most

of its subcrop apparently were eroded as a result of pre-rhyolite uplift
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in this area.

The Carlton Rhyolite represents the uppermost unit of basement rock

in southern Oklahoma for the thick Paleozoic section of the area.

Directly overlying the rhyolite is the Reagan Sandstone, which together

with the overlying unit, the Honey Creek Limestone, compose the Timbered

Hills Group. The contact between the rhyolite and the Reagan is dis-

conformable. Locally, relief on the unconformity is sufficiently great

that the Reagan is absent and the rhyolite is overlain by the Honey

Creek Limestone.

The Timbered Hills Group is known from paleontological evidence to

be Late Cambrian in age. Radiometric dating of the rhyolites yields

an average age of 525 + 25 m. y., and on this basis, together with the

stratigraphic evidence, the rhyolite is assigned to the Middle Cambrian

by Ham et al. (1964).

Throughout the area of the volcanic field granites of the Wichita

Granite Group have intruded the rhyolite, both in the form of irregular

plutons and as sills injected primarily between the Carlton Rhyolite and

underlying units. Xenoliths of rhyolite are found in the granite in

several areas, and rhyolitic hornfels in proximity to granite are known

both on outcrop and in the subsurface.

Rhyolite is also known to intrude older granite, and it is believed

that the Wichita granites and Carlton Rhyolite were formed essentially

at the same time, with the rhyolite being on the average slightly older.

Radiometric dating substantiates the age equivalence of the granites and

rhyolites, as both give the same average age of 525 m. y. (Tilton et al.,

1962; Ham et al., 1964).

The Carlton Rhyolite crops out both in the eastern part of the



14

Wichita Mountains and in the westernmost Arbuckle Mountains. In the

Arbuckles, it is present in the East and West Timbered Hills, where it

is the oldest rock exposed in the central part of the Arbuckle anticline.

An analogous situation exists in the foothills north of the Wichita

massif. There Lower Paleozoic sediments have been complexly folded and

faulted, and rhyolite is exposed beneath these sediments along the Blue

Creek Canyon-Bally Mountain structural axis (Harlton, 1951). The rhyolite

dips to the northeast and has a distinctly bedded appearance due to the

superposition of succeeding flows, ignimbrites, etc., upon one another.

One of the hills in this area, Bally Mountain, has been designated the

type section of the Carlton Rhyolite by Ham et al. (1964). Some 3600 ft

(about 1 km) of rhyolitic extrusives are exposed there.

The largest area of outcropping rhyolite is located primarily within

the Fort Sill Military Reservation in the eastern part of the Wichitas.

In contrast to the Blue Creek Canyon-Bally Mountain area, these rhyolites

are part of the main Wichita block. The rhyolite there has been folded

into an eastward-plunging syncline and is considered to be the remnant

of a once continuous sheet which covered the entire Wichita block before

its uplift. Granite, which is present around the rhyolite to the north

and west, represents a sill that was intruded between the rhyolite and

underlying gabbro.

A petrographically distinct body of rhyolite occurs in Secs. 30

and 31, T5N, R14W, near the village of Saddle Mountain. The rhyolite is

surrounded by Mount Scott Granite on the west and south, whereas to the

north it is in contact with Permian sediments. Merritt (1967a) believed

this rhyolite to be extrusive in origin, and thus a member of the Carlton

Rhyolite Group. However, both in the field and in thin section, the
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contact between rhyolite and granite is seen to be completely gradational.

Where best developed, the rhyolite is spherulitic in texture, with a

small amount of granophyre. Proceeding to the south and west, the

granophyre steadily increases in abundance at the expense of the spherulitic

groundmass, and eventually it grades into typical porphyritic and

granophyric Mount Scott Granite. In the present work, therefore, the

Saddle Mountain Rhyolite is considered to be a phase of the Mount Scott

Granite, perhaps representing a chilled zone at the margin of the intru-

sion. In an earlier study, Denison (1959) also suggested that this

rhyolite was a gradational phase of the granite in the area.

On outcrop, the Carlton Rhyolite is seen to consist of a sequence of

flows and ignimbrites, with quantitatively insignificant amounts of

agglomerate and air-fall tuff. Some of the rhyolites may not be extru-

sive, as it is difficult to distinguish thick flows from sills. However,

if sills are present, they are of minor significance compared to the

known volume of extrusive material.

The rhyolite is extensively jointed. Most of these joints are the

result of tectonic stresses, but some may be due to contraction upon

cooling. Many units possess discontinuous, horizontal, undulating joints

which are concordant with the strike and dip of individual units and with

the trend of the rhyolitic sequence as a whole. Such joints either

follow the flow lines of rhyolite flows, or, in some cases, represent

eutaxitic structure in ignimbrites.

Some of the rhyolite units are flows. They are distinguished by

the occurrence of well-defined flow bands, which commonly show folding.

Flow breccias are present uncommonly; they may contain accessory clasts

as much as a half meter or more in length. Ash-fall tuffs are locally
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present, and are distinctly bedded, are well sorted, and have a clastic

appearance. The absence of typical flow structure in many of the units

suggests that they may be ignimbrites. Petrographic evidence for such an

origin is discussed in a subsequent chapter.

Wichita Granite Group

The Wichita Granite and Carlton Rhyolite Groups together compose a

typical volcano-plutonic complex. The granites are high-level, epizonal

plutons, often intruded into the thick rhyolitic volcanic pile genetically

related to them. As discussed heretofore, the rhyolites and granites

are essentially equivalent in age, both having an average radiometric

age of 525 m. y. (i.e., Middle Cambrian).

Character on outcrop.- On outcrop the granites exhibit well-defined

intrusive relationships with the Carlton Rhyolite, as discussed previously,

and with the Raggedy Mountain Gabbro. Xenoliths of gabbro and anortho-

site are common within the granites, and locally extensive assimilation

of mafic material has produced intermediate phases such as the Cold

Springs "granite."

Tnclusions of the subsurface Navajoe Mountain Basalt-Spilite and

Tillman Metasedimentary Groups also occur within the granites. Xenoliths

of dark-green biotite hornfels derived from the Navajoe Mountain volcanics

are locally abundant. Xenoliths of quartzite, known as Meers Quartzite,

are present in several areas and are believed to have been derived from

the Tillman Metasediments (Ham et al., 1964), as are rounded inclusions

of microgranite which are thought to be relict cobbles (Merritt, 1958).

Early workers in the area recognized and named several varieties of

granite occurring on outcrop in the Wichita Mountains. Merritt (1967a)
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standardized this terminology and determined the relative ages of these

granites as follows: Mount Scott Granite (oldest), Headquarters Micro-

granite, Reformatory Granite, Lugert Granite, and Quanah Granite

(youngest).

The Mount Scott Granite was emplaced as a sill between Raggedy

Mountain Gabbro and Carlton Rhyolite. The bottom contact of this sill

with gabbro is readily observed along the northern flank of the mountains,

while the contact of the top of the sill with rhyolite may be seen in the

Fort Sill area. The sill dips to the south at about five degrees

(Merritt, 1965).

Both the Quanah and Lugert Granites intrude the Mount Scott Granite.

The Quanah is present along the southeastern margin of the Wichitas,

intruding the Mount Scott in the form of a complex, irregular pluton.

Intrusive relations of the Lugert with Mount Scott are exhibited in the

hills near Snyder. There the Mount Scott is intricately intruded by the

Lugert, and the two granite types are so thoroughly intermixed that they

must.be mapped together. The Lugert Granite is interpreted to be an

intrusive sheet or sill (Merritt, 1965).

The Headquarters Microgranite and the Reformatory Granite are

present in the extreme western portion of the Wichita Mountains. The

Headquarters Microgranite, which is intimately intruded by the Reformatory

Granite, occurs as roof pendants and angular to subangular stoped blocks

and inclusions. The Reformatory Granite has been intruded in the form

of anirregular pluton and is in turn intruded by the Lugert sill.

Quanah and Lugert Granites, and Mount Scott and Headquarters plus

Reformatory Granites are not found in contact with one another. On

the basis of mineralogical and chemical criteria (primarily the
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differentiation index of Thornton and Tuttle, 1960), Merritt (1967a)

believes the Mount Scott Granite to be older than the Headquarters Micro-

granite, while the Quanah is thought to be younger than Lugert (Fig. 2.1-2).

As noted later, recent geochemical data are in accord with this inferred

sequence.

Wichita granites often contain miarolitic cavities and show local

pegmatitic phases; these are discussed in appropriate parts of this

report. Aplite dikes are frequent, ranging from several centimeters to

a meter or so wide. They are thought to have formed at the same time as

the pegmatites and miarolitic cavities, as are small quartz veins in

many of the granites (Merritt, 1958). Dikes of aplite and fine-grained

granite are found intruding Raggedy Mountain Gabbro (Powell and Fischer,

1976), and at least some of these are genetically related to the granites.

Alkaline aplitic dikes and pegmatites containing riebeckite and

aegirine represent a somewhat later period of activity, as they are

seen to cut normal aplite dikes. They in turn are cut by diabase dikes,

which represent the latest episode of magmatism in the Wichita province.

Subsurface relations.- As shown in Enclosure 2.1-1, granite under-

lies the major part of the Wichita uplift, where it is interpreted by

Ham et al. (1964) to be a complex of sills intruded between rhyolite and

basalt or gabbro. A narrow band of granite extends from the central

Wichita block to about the Red River and is thought to represent a

similar complex of sills intruded between Tillman Metasediments and

Carlton Rhyolite. Wichita granites apparently are present as irregular

plutons intruding the Tillman Metasediments south of the main Wichita

block; they may be responsible for the widespread metamorphism of these

sediments.
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Wichita granites are known to underlie a considerable portion of

the Carlton Rhyolite subcrop, extending from the Wichita Mountains into

the Ardmore basin. The granite is present there as concordant sills

injected between Carlton Rhyolite and the underlying volcanics of the

Navajoe Mountain Basalt-Spilite Group.

Tectonic Framework of Wichita Magmatic Activity

The long, linear belt formed by the igneous rocks of the Wichita

province reflects a fundamental structural lineament superimposed on the

earlier Precambrian rocks of the area. In the context of modern plate

tectonics theory, this feature is viewed as the remnant of an ancient

aulacogen; that is, it represents the failed cratonward rift arm of a

triple junction. Both the position of this feature at right angles to

the continental margin and striking into the craton and the existence

of anomalous crust associated with it support such an interpretation

(Burke and Dewey, 1973; Hoffman et al., 1974; Pruatt, 1975). Also,

block faulting of the rift-valley type is known to have been associated

with the extrusion of both the Navajoe Mountain Basalt-Spilite and

Carlton Rhyolite Groups (Ham et al., 1964; Pruatt, 1975).

The exact time of initiation of this structure, termed the Southern

Oklahoma aulacogen by Pruatt (1975), is not known precisely but is

assumed to be earliest Cambrian or Late Proterozoic. Powell and Phelps

(1977) suggest that the position of the aulacogen was at least partially

controlled by a pre-existing structural grain in the area, represented

by the mafic activity of which the layered series represents the major

part.

According to the aulacogen theory as developed by Burke and Dewey
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(1973) and Hoffman et al. (1974), in earliest Cambrian (or possibly Late

Proterozoic) time a rift valley which formed in southern Oklahoma

represents the cratonward arm of a triple junction associated with the

opening of the Proto-Atlantic. Related to this rifting was the igneous

activity which produced the Navajoe Mountain Basalt-Spilite Group, the

silicic rocks of the province, and perhaps part of the intrusive group

of the Raggedy Mountain Gabbro, much of which was contained within the

boundaries of the aulacogen. Upon abandonment of this arm of the triple

junction by the upwelling mantle plume and associated domal uplift which

produced the extensional faulting, the aulacogen evolved from a well-

defined rift valley into a broader, more gentle downwarp. Within this

broad trough were deposited some 10,000 ft (3000 m) of Upper Cambrian

through Devonian marine sediments.

Silicic rocks of the province are believed to have originated by

large-scale crustal fusion occurring as a result of the high heat flow

produced by the upwelling mantle plume. Extensional relief associated

with rifting of the aulacogen facilitated the upward movement of the

magma to the surface.

Igneous activity related to rifts developed on cratons is

characteristically alkaline in character (Bailey, 1974; Burke and Dewey,

1973). The granitic and rhyolitic rocks of the Wichita Mountains are

generally considered as calc-alkaline igneous rocks. Some of these

granites show a trend toward alkalinity with decrease in age. The

youngest granitic intrusions (i.e., Quanah Granite) are peralkaline.

These alkaline granites appear to represent late magmatic differentiates.

Therefore, the southern Oklahoma aulacogen provides a somewhat different

example from other areas of continental rifting, such as east Africa,

where alkaline rocks are predominant.



CHAPTER 2.2

CARLTON RHYOLITE

Petrography

Phenocrysts

The Carlton Rhyolite is characteristically porphyritic, containing

phenocrysts of microperthite, quartz, magnetitE, and plagioclase, in

order of abundance (Table 2.2-1).

The microperthite is generally subhedral to anhedral, and in some

cases is embayed. The perthitic intergrowth is irregular, consisting of

various combinations of braid, vein, and patch types. Glomeroporphyritic

texture is well exhibited by the microperthite, many phenocrysts being

composed of five or more separate crystals. Plagioclase, quartz, and

magnetite also are present in these glomerophenocrysts, producing large,

complexly intergrown clots of crystals (P1. 2.2-1.1).

Plagioclase composition is in the range An4 to An6 (Ham et al.,

1964). Both plagioclase and microperthite are "dusted" by hematite,

giving the feldspars a reddish tint.

Quartz ranges from euhedral to anhedral in shape, with euhedral

crystals showing the dipyramidal form of s-quartz. It may be embayed,

and is commonly fractured. The quartz generally contains minute, un-

identifiable inclusions with high relief.

Magnetite phenocrysts are smaller than quartz and feldspar and

22



23

TABLE 2.2-1

AVERAGE MODAL COMPOSITION OF CARLTON RHYOLITE

(%)

Groundmass 82.8

K-feldspar 8.4

Plagioclase tr

Primary Quartz 2.0

Secondary Quartz 1.4

Magnetite & Hematite 0.7

Pyrite tr

Leucoxene tr

Chlorite & Biotite 0.5

Epidote tr

Hornblende tr

Sericite 1.2

Zircon tr

Apatite tr

Carbonate tr

Fluorite tr

Barite tr
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are oxidized to various degrees to hematite and leucoxene. In subsur-

face samples, pyrite takes the place of some magnetite.

Trace amounts of distinct pseudomorphic masses of chlorite and/or

biotite are present in many of the rhyolites. They are subequant in shape

and are thought to represent a former pyroxene which has been completely

altered by deuteric and/or hydrothermal solutions.

Accessory minerals in the rhyolite are represented by zircon and

apatite. Previous workers have also reported sphene. Both zircon

and apatite are present as small, isolated crystals in the groundmass

and as inclusions within the feldspar phenocrysts. They are preferentially

associated with the magnetite phenocrysts, both as inclusions within

the magnetite and as small grains located around the edges of the

magnetite grains.

Groundmass

The groundmass of the rhyolites consists primarily of potassic

feldspar and quartz. Magnetite generally occurs as small, equidimen-

sional grains scattered throughout the groundmass. Hematite is present

as an extremely fine reddish "dust." Sericite, biotite, chlorite,

calcite, siderite, epidote, and small acicular crystals of hornblende

are less common constituents. Quartz, chalcedony, carbonate, and rare

barite and fluorite are present as small veinlets.

Texturally, the groundmass of the rhyolites is variable. Lithoidal

texture is dominant, consisting of blunt, randomly arranged feldspar

crystals which are surrounded by interstitial quartz. Commonly, the

quartz is optically continuous for short distances and poikilitcally

encloses the feldspar (P1. 2.2-1-2), producing the "snowflake texture"
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of Anderson (1969, 1970a, 1970b). Although such texture was considered

by Anderson to be diagnostic of ash-flow origin, other work (Lofgren,

1968; Green, 1970) contradicts this. Lofgren (1968) has shown that high

temperatures and water are necessary for the production of snowflake

texture, and it is thought that the rhyolites were devitrified under

the influence of the granitic intrusions, which provided heat and

aqueous fluids to the volcanic pile.

Spherulitic texture is expressed to various degrees, ranging from

a few rare spherulites scattered sparsely throughout a lithoidal ground-

mass, to cases where the entire mesostasis consists of a complex

spherulitic intergrowth. The spherulites are composed of acicular

quartz and acicular to subequant feldspar; in some cases they grow

outward from phenocrysts. Most of the spherulites are interpreted as

secondary devitrification products as they transect flow lines

and commonly show irregular forms and complex intergrowths

Perlitic cracks and lithophysae are present in many of the rhyolites,

providing further evidence of devitrification. Lithophysae are considered

to form during devitrification when the gases dissolved in the glass are

expelled as a result of its crystallization. This gas collects in

pockets, which later may be filled by minerals deposited from a vapor

phase or by percolating ground waters. Lithophysae occur in the Carlton

Rhyolite as lenticular or irregular-shaped patches of quartz and feldspar

or quartz alone, with a coarser texture than that of the surrounding

groundmass (P1. 2.2-2.1). Chlorite, biotite, sericite, and magnetite

are present in some cases.
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Alteration

In addition to the devitrification which the rhyolites have under-

gone, they have also been pervasively altered to various degrees by

deuteric and hydrothermal fluids. Sericitization is the most

characteristic form of this alteration. The sericite occurs in variable

amounts as small flecks and patches on feldspar and as isolated shreds

within the qroundmass. About 12 percent of the samples examined show

intense sericitization, with the feldspar phenocrysts completely re-

placed by sericite.

Very irregular, perthitic intergrowth within the microperthite

phenocrysts is interpreted as the result of secondary remobilization

of plagioclase. Also, the feldspars are intensely vacuolized, and may

show alteration to quartz, kaolinite, chlorite, and biotite.

In several of the rhyolites, chlorite and/or biotite occurring as

disseminated flecks and shreds are major constituents of the groundmass.

This disseminated chlorite and biotite are believed to represent reaction

of iron and magnesium ions with hydroxyl-rich deuteric and hydrothermal

fluids.

Secondary silica is present in many of the rhyolites as fracture

fillings and discrete masses within the groundmass. It is generally

quartz, but chert or chalcedony are also present.

Carbonate occurs as a secondary mineral in some of the rhyolites,

most commonly a minor fine-grained alteration product of the feldspar

and as small masses within the groundmass. Rarely, it is a major

alteration product, due to extensive attack on feldspar phenocrysts.
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Possibility of Ash-Flow Origin

As pointed out by Ham et al. (1964), the widespread distribution of

the Carlton Rhyolite suggests the possibility that a significant portion

of it may be of ash-flow origin. Anderson (1970a) concluded that this

was indeed the case, based on the fragmental nature of many phenocrysts

and the presence of compaction foliation and snowflake texture.

As mentioned previously, snowflake texture does not appear to be a

valid criterion for ash-flow origin. Compaction foliation (eutaxitic

texture) is rare within the Carlton Rhyolite. Where it does occur, the

groundmass is composed of flattened and welded tricuspate shards which

show compaction around phenocrysts and which are now completely devitrified

to feldspar and quartz (P1. 2.2-2.2). Apparently in most cases such

eutaxitic texture has been obliterated during devitrification.

Ancient ignimbrites commonly are recognized by their content of

flattened pumice clasts. Only one such clast, which still retained the

characteristic vesicular structure of pumice, has been positively

identified within the Carlton Rhyolite (Pl. 2.2-3.1). Lenticular bodies

of relatively coarse grain size are found in some of the rhyolites, and

may represent devitrified pumice clasts (P1. 2.2-3.2). Alternatively,

however, they may be the products of lithophysal activity.

Although eutaxitic texture and pumice fragments cannot be positively

identified in the majority of the rhyolites, certain features of the

phenocrysts are considered to be diagnostic of ash-flow origin. As

pointed out by Anderson (1970a), many of the quartz and feldspar pheno-

crysts are fragmental in nature, thereby indicating a pyroclastic

origin (Pl. 2.2-4.1). Many of the quartz phenocrysts exhibit irregular,
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curved fractures (P1. 2.2-4.2) which are believed to be the result of

in situ thermal cracking caused by the extremely high temperatures which

exist in ash-flow deposits (Ewart, 1965; Guest, 1969). Both quartz and

feldspar phenocrysts commonly show small-scale, delicate corrosion

along their edges (Pls. 2.2-4.2 and 2.2-5.1). Such border alteration

of phenocrysts is well known in ignimbrites, and is ascribed to corrosive

vapor-phase activity occurring within ash-flows after they have come to

rest (Enlows, 1955; Jenks and Goldich, 1956; Smith, 1960). Additional

effects of vapor-phase activity are present in several of the rhyolites

in the form of narrow rims of later alkali feldspar occurring on both the

fractured and euhedral faces of microperthite phenocrysts (P1. 2.2-5.2).

Such rimming of feldspar phenocrysts is common in ignimbrites (Gilbert,

1938; Anderson, 1962; Asquith, 1964).

A great many of the rhyolites possess phenocrysts which show all

or some of the above-mentioned features. On this basis, together with

the widespread distribution of the rhyolites, it is concluded that the

majority of the Carlton Rhyolite was extruded in the form of ash-flows.

Geochemistry and Petrogenesis

Average composition of the Carlton Rhyolite is given in Table 2.2-2.

The Carlton Rhyolite is calc-alkaline in character, although iron

content is rather high for calc-alkaline rocks. The majority of the

rhyolites are peraluminous (molecular proportion of A1 203 exceeds CaO +

Na20 + K20), the rest being metaluminous (A1 203 less than CaO + Na20 +

K20 but greater than Na20 + K20). Corundum is present in many norms,

whereas acmite is absent.

In Harker variation diagrams for the major elements
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TABLE 2.2-2

AVERAGE CHEMICAL COMPOSITION OF CARLTON RHYOLITE

(%)

Si02 72.85

Ti02 0.28

A1 203  13.67

Fe203* 4.30

MgO 0.19

CaO 1.35

Na20 2.87

K20 4.70

P205  
0.04

Mn 0.0311

Ba 0.2204

Sr 75 ppm

Li 17 ppm

Cu 9 ppm

Pb 16 ppm

Zn 91 ppm

Th 21 ppm

U 3 ppm

Th/U 8.7

*
Total iron as Fe2O3
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(Figs. 2.2-1 and 2.2-2), Fe203, A1 203, CaO, and MgO all show a decrease

with increasing silica content. In contrast to the above oxides, Na20

and K20 show no correlation with silica (Fig. 2.2-2). Na20 may remain

fairly constant in a calc-alkaline series, but K20 should show an

absolute enrichment when plotted versus Si02 (Heier and Adams, 1964).

The lack of correlation of K20 with Si02 is attributed to post-emplacement

alteration of the rhyolites. This is also considered at least partly

responsible for the considerable scatter shown by the data. Devitrifica-

tion and weathering have undoubtedly affected the rhyolites, but the

most significant changes in composition probably resulted from deuteric

and hydrothermal alteration.

Of the trace and minor elements, P205, TiO2, Cu, and Zn all decrease

with increasing Si02 content, whereas barium shows an increase. Barium

commonly shows a decrease in the most acidic rocks of a suite, but it

may also continue to increase throughout a series, as in this case.

Lead, manganese, lithium, and strontium show no relation to silica, a

feature not characteristic for these elements. Manganese, lithium,

and strontium, in particular, should all show a definite correlation

with silica. The lack of such correlation is considered to be primarily

the result of deuteric and hydrothermal alteration.

Based on the variation diagrams (Figs. 2.2-1 and 2.2-2), rhyolites

of the Fort Sill area on the whole appear to be the most acidic. They

are on the average lower in Fe203, MgO, CaO, A1 203, P205, Ti02, Cu, and

Zn and are higher in Ba than the other rhyolites.

Rhyolites in the Fort Sill area were extruded upon earlier base-

ment rocks; they are separated from the Raggedy Mountain Gabbro by a

sill of Wichita granite. They are therefore thought to be stratigraphically
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lower than those rhyolites exposed in the Blue Creek Canyon-Bally

Mountain area and in the Arbuckles, where the rhyolites lie directly

beneath Reagan Sandstone.

The compositional trends exhibited by the rhyolites, which seem to

be related on a large scale to stratigraphic position, are best accounted

for by progressive fractional melting of the source material for the

silicic magma. According to this interpretation, the earliest magma to

form represented the first fraction of the source material to melt, and

consequently was the most acidic. This magma reached the surface and

was extruded first, forming the Fort Sill rhyolites. Successive melting

of more refractory components of the source material contributed in-

creasingly less silicic magmas, thus producing the chemical variation

found within the rhyolite pile.

Fractional crystallization or volatile transfer are other mechanisms

of differentiation which could produce the observed compositional trends

shown by the rhyolites. Neither of these are thought to have played a

significant role during the pre-eruptive history of the Carlton Rhyolite,

based on several lines of evidence discussed by Hanson (1977).

Uranium Within the Carlton Rhyolite

Uranium and Thorium Content of the Rhyolites

Analyses of 58 samples of rhyolite for uranium are shown graphically in En-

closures 2.1-1, 2.2-1, and 2.2-2 and are given in Appendix 2.2-1. Uranium ranges

from. < 2 ppm to 16 ppm, with an approximate average of 3 ppm, The true

average is less than 3 ppm because the uranium content of several samples was

below the detection limit ( < 2 ppm). The average uranium content of the Carl ton
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Rhyolite is thus somewhat less than the average for granites, various

estimates of which range from 3.5 to 4.8 ppm (Nishimori et al., 1977).

Thorium in the rhyolite ranges from 13 to 36 ppm, with an average of

21 ppm. This is comparable to Taylor's (1966) average of 17 ppm for

granites.

Traverses of the rhyolite outcrops with a hand-carried scintillo-

meter revealed no radioactive anomalies. Spot checks at selected

localities with a gamma-ray spectrometer show K40 to be the dominant

source of radioactivity within the rhyolites (Fig. 2.2-3).

Uranium is plotted against silica in Figure 2.2-4. It is evident

that samples with low uranium concentration ( < 2 ppm) do not show any

correlation with silica. The low uranium content of these samples is

the result of leaching, as noted below. On the other hand, samples

with values higher than 2 ppm show an increase in uranium with increas-

ing silica. This is in accord with the known behavior of uranium, which

almost invariably shows enrichment in the more silicic igneous rocks

(Whitfield et al., 1959; Rogers and Ragland, 1961). The Fort Sill

rhyolites, thought to be the most acidic of the rhyolites, show a

higher uranium content on the average than other rhyolites present at

the surface (Table 2.2-3).

Uranium exhibits close geochemical coherence with thorium under

magmatic conditions, due to similarity in ionic size and charge.

Uranium is plotted versus thorium in Figure 2.2-5. A close coherence

is not suggested from the graph, although there does seem to be an

overall increase in uranium with increasing thorium.

Th/U ratios are given in Appendix 2.2-1. They show a wide range,

from 1.45 to 18, with an average of 8.73. A compilation of Th/U ratios
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TABLE 2.2-3

AVERAGE URANIUM CONTENTS OF RHYOLITES
SOUTHWESTERN AND SOUTHERN OKLAHOMA

Area Uranium
(ppm)

Bally and Zodletone Mountains 2.5

Blue Creek Canyon 2.4

Fort Sill 3.7

East and West Timbered Hills 2.6

Subsurface - Jackson, Greer, and

Beckham Counties 2.0

Subsurface - Stephens and Comanche

Counties 5.9



0

r=0.128

0

0

00 "*"" ",y"N "00

20

Th, ppm

" 00 *

30

Fig. 2.2-5--Uranium versus thorium; Carlton Rhyolite.

38

E
a

12

10-

8-

6-

4-

2-

0

S

0

0 10

0

40

i



39

for granitic rocks by Rogers and Adams (1969a) gives values ranging

from 3.5 to 6.4. The average Th/U ratio for silicic extrusive rocks, as

given by Adams et al. (1959), is 3 to 5. The Carlton Rhyolite thus

contains an average Th/U ratio significantly higher than average values

for silicic igneous rocks. As thorium is relatively immobile under the

conditions which the rhyolites have been subject to since emplacement,

the large values of Th/U are best explained by assuming that there has

been selective mobilization and leaching of uranium. The wide range of

Th/U values also argues in favor of this interpretation.

As has been shown previously, the rhyolites have been subjected to

a fair degree of chemical modification. Uranium would be particularly

labile in the volcanic pile, due both to its incompatibility with the

crystal structures of the common rock-forming minerals, and to its high

solubility under near-surface conditions. Some leaching of uranium has

undoubtedly occurred as a result of this modification.

The most significant changes in the uranium content of the rhyolites

undoubtedly occurred soon after extrusion. Rosholt et al. (1971) have

demonstrated that 20 to 70 percent of the uranium present in volcanic

glasses is lost during devitrification. The uranium freed from the

rhyolites in this manner would be available for transport by deuteric

and hydrothermal solutions. Vapor-phase activity, particularly in those

units of ash-flow origin, would be significant in this respect, as it is

thought that major losses of uranium from felsic extrusives may occur

due to its transport as the volatile UF6 complex (Shatkov et al., 1970;

Rosholt et al., 1971).

Subsurface samples of rhyolite from three wells show abnormally

high uranium values, the highest being 16 ppm. Two of these wells are
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located close together in T2N, R9W (Encl. 2.1-1 and Appendix 2.2-1).

The third well is farther to the east, in TlN, R2W. A thorium value

is not available for the sample with highest uranium, but two samples

with uranium contents of 11 and 8 ppm uranium give Th/U ratios of 1.45

and 1.88 respectively (Appendix 2.2-1). Such high uranium values and

low Th/U ratios strongly suggest that uranium has been added to these

rocks by secondary means. It is not possible to determine at what time

this secondary enrichment occurred. It may have been related to the

early post-emplacement deuteric and hydrothermal activity occurring

within the rhyolitic pile, or it may be the result of later ground water

activity. Carbonate is present in those subsurface samples with the

highest uranium values (or in rocks from the same core interval),

occurring as an alteration of feldspar phenocrysts and as small isolated

patches within the groundmass. Although the carbonate occurs only in

small amounts, its presence does suggest the possibility that the

uranium was transported in the form of the highly soluble uranyl di-

and tricarbonate complexes. If this is true, it indicates a temperature

for the transporting fluids below about 2150C., for above this temperature

uranyl carbonate complexes become increasingly unstable (Miller, 1958).

In fact, Hostetler and Garrels (1962) suggest an upper limit of 120C.

Rhyolites from one core which contains anomalous uranium are

greenish in color and contain pyrite in place of iron oxide. It is

possible in this instance that the reducing action of the pyrite may

have played a role in the uranium enrichment of samples from the core.

However, other subsurface samples which contain abnormal amounts of

uranium are reddish in color with abundant disseminated magnetite and

hematite. It seems, therefore, that such a mechanism was not the
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dominant cause of the observed secondary uranium enrichment, but it may

have been a contributing factor in certain cases.

Sites of Uranium Within the Carlton Rhyolite

Distribution of uranium within eight of the rhyolites was studied

on a microscopic scale using the technique of fission-track analysis.

Polished thin sections of rhyolite and granite were covered with musco-

vite and then exposed to a thermal neutron flux, causing U235 to undergo

fission. The muscovite sheets were subsequently etched with HF to

develop imperfections in the mica lattice caused by the impinging fission

products. The tracks within the muscovite produced by the fission

products were then observed under a microscope. Comparison with the

thin section made it possible to locate uranium sources within the rock

with high accuracy, assuming a constant U235/U238 ratio. The method is

essentially specific for uranium, as thorium is some 100 times less

sensitive to thermal neutrons (Zielinski, 1976).

By this means, the majority of the uranium within the rhyolite is

seen to occur in two forms. Much of it is found disseminated through-

out the groundmass, whereas a certain portion is concentrated within

the zircon crystals.

Small zircon crystals, occurring either as isolated grains in the

groundmass or in contact with opaques, generally serve as point sources

for dense outward-radiating clusters of tracks (Pls. 2.2-6.1 and 2.2-

6.2). The zircon must vary in uranium content from one grain to the

next, as the track density above different grains of similar size is

variable. Only rarely are there no tracks related to a

particular zircon grain. Similar variability in the uranium content of
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zircon grains from the same rock has been noted by other workers

(Larsen and Phair, 1954).

Diffuse clusters and aggregates of tracks and occasional point

sources are associated with many of the magnetite phenocrysts (Pls. 2.2-

7.1 and 2.2-7.2). Magnetite commonly contains from one to 30 ppm

uranium (Rogers and Adams, 1969b); it may therefore be the source for

some of the tracks. However, most of the tracks, particularly those

emanating from point sources, have most probably originated from occult

grains of zircon present as inclusions and along the edges of the

magnetite grains.

Apatite is generally mentioned as one of the accessory minerals of

igneous rocks in which uranium is located. It contains on the average

65 ppm uranium (Rogers and Adams, 1969b), substituting for calcium; it

may in some cases serve as the nucleus of pleochroic haloes (Hutton,

1947). However, in the Carlton Rhyolite apparently no tracks are

associated with the apatite.

Single tracks are found in low densities randomly scattered in the

detector above the groundmass, indicating that uranium is distributed

in low concentrations throughout the groundmass of the rhyolites

(Pls. 2.2-8.1 and 2.2-8.2). Density of the tracks is often variable

from place to place on a slide. No petrographic reason can be given

for this feature; it may be the result of slight differences in the

degree of contact between detector and slide.

Rogers and Adams (1957) found the alpha-emitting elements to be

equally dispersed between all mineral phases and glass in a suite of

volcanic rocks. In the present study, however, track densities are

definitely lower over phenocrysts of quartz and feldspar than over the
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groundmass, indicating concentration of uranium within the mesostasis.

A similar enrichment of uranium in the groundmass as opposed to

phenocrysts, noted in rhyolites by Shatkov et al. (1970) and Dostal and

Capedri (1975), is expected due to the inability of uranium to enter the

structures of the common rock-forming minerals.

The uranium in some cases is concentrated in the groundmass around

the edge of a phenocryst. Apparently, during devitrification the

uranium was subject to a certain amount of mechanical displacement due

to its expulsion from the glass as it crystallized, similar to that

observed for iron oxides by Asquith (1964). This mechanically displaced

uranium was entrapped along phenocryst boundaries and tended to accumu-

late there.

That significant mobilization of uranium occurred in the rhyolites

after emplacement has already been inferred from the chemical data.

Fission-track analysis provides observational proof of such secondary

uranium mobilization. Linear aggregates follow some thin quartz vein-

lets which cut the groundmass. This is a localized phenomenon, as

quartz veinlets are not invariably accompanied by such tracks. Rarely,

linear aggregates of tracks do not correspond to any petrographic

feature. Presumably this reflects migration of uranium along some

subtle fracture or similar channelway. In one case, uranium occurs

within the chalcedonic filling of what is interpreted to be a lithophysal

cavity (Pls. 2.2-9.1 and 2.2-9.2).

Potential of the Carlton Rhyolite as a
Source for Uranium

From the work of Rosholt et al. (1971), it may be concluded that
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much of the uranium within the rhyolite was mobilized soon after emplace-

ment. However, it is difficult to determine the amount of uranium

which was completely lost. In a sequence of volcanics some 4500 ft

(1370 m) thick, extensive redistribution of uranium may have occurred,

with only a portion being completely removed from the system. Deuteric

and hydrothermal solutions and fumarolic vapors would be expected to

concentrate much of the uranium within the volcanic pile. The high

values from some subsurface samples mentioned earlier may reflect such

redistribution. At any rate, many of the rhyolites still contain

appreciable uranium (Appendix 2.2-1).

Results from fission-track analysis indicate that a significant

proportion of the uranium within the rhyolites is available for leach-

ing by the various aqueous solutions including ground water. However,

where it is locked within the zircon crystals, it is largely unleach-

able. The rhyolite is extensively fractured, and much of it is access-

ible to solutions. On the whole, therefore, it seems that the Carlton

Rhyolite constitutesa favorable source rock for uranium. Those sedi-

mentary deposits derived from the Wichitas which contain significant

amounts of rhyolite debris should be considered likely areas for uranium

mineralization. Also, the possibility of significant uranium concentra-

tions occurring locally within the rhyolites should not be ignored.
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Plate 2.2-1

1. Carlton Rhyolite; complex glomerophenocryst consisting of micro-
perthite (mp) and magnetite (m). 1.66 x 2.40 mm, X-nicols.

2. Snowflake texture in rhyolite groundmass. Irregular areas of uni-
form extinction consist of optically continuous quartz poikilitically
enclosing small feldspar crystals. 1.66 x 2.40 mm, X-nicols.
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Plate 2.2-2

1. Lithophysal cavity filled by quartz (q) and small crystals of feld-
spar. Top of slide to the left. 1.03 x 1.50 mm, X-nicols.

2. Eutaxitic texture in welded tuff. Devitrified shards are outlined
by iron oxide. Small spherical objects are quartz-filled lithophysae.
Top of slide to the left. 0.45 x 0.63 mm, plane light.
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Plate 2.2-3

1. Pumice clast within ignimbrite. Clast has been devitrified, but
still exhibits vesicular structure. At upper right, welded shards
show compaction around fragmental quartz phenocryst. Top of slide
to the left. 1.66 x 2.40 mm, plane light.

2. Lenticular bodies of relatively coarse-grained feldspar, quartz, and
iron oxide which seem to be compacted around quartz phenocryst. Top
of slide to the left. 1.66 x 2.40 mm, plane light.
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Plate 2.2-4

1. Fragmental quartz phenocryst with fine corrosion along edges.
1.66 x 2.40 mm, plane light.

2. Quartz phenocryst with in situ thermal cracking and fine corrosion
along edges. 1.66 x 2.40 mm, X-nicols.



52

44

#" 
r

, ... ,

- r

F" ICx

ell +x

&&# 
7 

4

s~~~~~~~~~~~~~~~1 
t j" p ~J' ,C« " r ' '







53

Plate 2.2-5

1. Microperthite phenocryst showing small-scale border corrosion.
0.35 x 0.50 mm, X-nicols.

2. Microperthite phenocryst with later rim of alkali feldspar with
slightly different optical orientation (arrowed). 1.66 x 2.40 mm,
X-nicols.
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Plate 2.2-6

1. Embayed zircon crystal within rhyolite groundmass. Spherical
objects are bubbles in epoxy. 0.45 x 0.63 mm, plane light.

2. Corresponding area of muscovite detector; dense outward-radiating
cluster of tracks associated with zircon crystal. 0.45 x 0.63 mm,
plane light.
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Plate 2.2-7

1. Phenocryst of magnetite with several small inclusions, possibly
zircon. 0.45 x 0.63 mm, plane light.

2. Associated cluster of fission tracks in muscovite detector.
0.45 x 0.63 mm, plane light.



58

' 4
4,4

-A t Le ''

2







59

Plate 2.2-8

1. Typical rhyolite groundmass. 0.45 x 0.63 mm, plane light.

2. Corresponding area of muscovite detector; random, low-density track
distribution. 0.45 x 0.63 mm, plane light.
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Plate 2.2-9

1. Chalcedony veinlet filling an irregular lithophysal cavity. 0.45 x
0.63 mm, plane light.

2. Corresponding area of muscovite detector; tracks originating from
area of chalcedony veinlet. 0.45 x 0.63 mm, plane light.
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APPENDIX 2.2-1

URANIUM, THORIUM, AND Th/U RATIOS OF CARLTON RHYOLITE

Surface

Location Uranium Thorium Th/U
(ppm) (ppm)

Bally Mt.-Zodletone Mtn.
NW NW NE 17-6N-14W
SW NE NE
SW NW NE
SE NE SW 21-6N-14W
SEfNE SW "
NE SW SW 26-6N-14W
SW NW SW
NW SE SW "
SE SW SE 27-6N-14W
SE NE SW "
SW SW SW I"
C NW 34-6N-14W

NW NW NW "
Blue Creek Canyon Area

NW NW SE 2-4N-13W
SE NE NW
SE SE SE "
SW NE NE "
NW SW SE 12-4N-13W
SE NE NW "
SE SW NW 13-4N-13W
NW NE NE "f
SW SW NE "f
SW NE SE "1.
SW SE NE 24-4N-13W

Area
2
2
2
2
2
2
4
3
2
4
2
4
2

2
3
2
2
2
6
2
2
2
2
2

21
20
27
23
19
20
24
19
19
33
21
32
17

21
22
21
22
21
24
20
20
13
17
20

10.5
10.0
13.5
11.5
9.5

10.0
6.0
6.3
9.5
8.3
9.5
8.0
8.5

10.5
7.3

10.5
11.0
10.5
4.0

10.0
10.0
6.5
8.5
10.0



APPENDIX 2.2-1 (Continued)

Surface

Location Uranium Thorium Th/U
(ppm) (ppm)

Blue Creek Canyon Area (Con't)
SE NW SW 17-4N-12W 2 28 14.0
SW SE NW 18-4N-12W 4 26 6.5
SW SW NW 21-4N-12W 2 19 9.5
SE NE SW " 2 20 10.0
NE NW SW 2 13 6.5

Fort Sill Area
SW SW NE 23-3N-13W 4 26 6.5
NE NW SW " 3 17 5.7
NE SW NE 28-3N-13W 2 26 13.0
NW NW NE 34-3N-13W 2 17 8.5
NE SE SW 27-3N-12W 2 20 10.0
SE SE NW 35-3N-12W 9 30 3.3

East and West Timbered Hills
NE NE SE 1-2S-lE 3 21 7.0
NE NW NE " 5 22 4.4
NW NE SE " 2 20 10.0

NE 2 21 10.5
SE NW SE 9-1S-lW 2 18 9.0
SW NE SE 2 19 9.5
NW SE SE " 2 21 10.5

Subsurface
Location Depth Uranium Thorium Th/U

(feet) (ppm) (ppm)

SE NE NE 10-9N-25W 7280 3 - -
C SW NE 17-6N-24W 2355 2 16 8.0

"1 "1 2415 2 15 7.5



APPENDIX 2.2-1 (Continued)

Subsurface

Location Depth Uranium Thorium Th/U
(feet) (ppm) (ppm)

10-1N-20W 1980 2 - -
35-7N-15W 687 2 19 9.5

" 735 2 - -
" 775 2 - -

11-6N-15W 436 2 - -
" 513 2 18 9.0

9-2N-9W 8352 3 18 6.0
24-2N-9W 8537 3 19 6.3

9215 3 22 7.3
9215 6 - -
9748 2 17 8.5
9748 16 - -
9773 4 18 4.5

26-2N-9W 7228 11 16 1.5
20-1N-2W 5175 8 15 1.9

5184 3 18 6.0

U,



CHAPTER 2.3

WICHITA GRANITE GROUP

Petrography

General Features

Wichita granites are characterized for the most part by mineralogic

homogeneity, various phases being primarily recognized on the basis of

texture. The granites are leucocratic, with microperthite and quartz

being the dominant constituents (Table 2.3-1). Femic minerals are

generally present in amounts less than 5 percent, with rare exceptions

attributed to the reaction of granitic magmas with pre-existing mafic

rocks. Biotite, hornblende, and magnetite (generally titaniferous) are

the common ferromagnesian minerals. In the peralkaline Quanah Granite,

riebeckite and aegirine also occur as primary phases. Plagioclase

generally is present in small amounts in many of the granites, and is

normally sodic oligoclase with a composition of An9 to An12 (Ham et al.,

1964). Feldspars are reddish in color, due to the presence of much

finely disseminated hematite.

Textures include porphyritic, hypidiomorphic granular, and grano-

phyric. Granophyric intergrowth is ubiquitous, but varies greatly in

amount.

None of the granites are free from the effects of deuteric altera-

tion. Primary biotite is replaced to various degrees by chlorite.
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TABLE 2.3-1

AVERAGE MODAL ANALYSES OF WICHITA GRANITES

Mt. Scott Quanah Reformatory Headquarters Lugert

Microperthite 19.0 49.0 47.0 51.6 55.0

Orthoclase 10.0 16.0 15.0 6.0 5.0

Albite-oligoclase - - 5.0 3.7 2.0

Micropegmatite 46.0 - - - -

Quartz 11.0 22.0 22.0 33.0 30.0

Biotite tr 4.0 2.0 5.2 1.0

Augite 3.0 - tr - -

Hornblende 3.0 - 4.0 0.3 2.0

Aegirine - - tr - -

Riebeckite - 5.0 tr - -

Magnetite 7.0 3.0 2.0 0.2 2.0
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Hornblende is replaced both by chlorite and by secondary biotite. Both

plagioclase and potassic feldspar are invariably heavily vacuolized, and

commonly show at least traces of sericite. Epidote, calcite, zeolites,

and kaolinite are other, less common feldspar alteration products.

Mount Scott Granite

The Mount Scott Granite is medium-grained, with micropegmatite

generally being the dominant constituent. It is slightly porphyritic,

containing phenocrysts of microperthite and quartz set in a groundmass

consisting of the same minerals and ranging in texture from granophyric

to hypidiomorphic granular (P1. 2.3-1.1). Granophyric texture is

typical but varies greatly in amount and locally may be absent.

Microperthite phenocrysts are rounded to elliptical, are zoned,

and often possess an outer border of micropegmatite. The perthitic

intergrowth ranges from string to braid and patch types. Occasionally

no perthitic structure is present, and the feldspar appears to be ortho-

clase. In such cases the perthite is still believed to be present, but

on a submicroscopic scale (cryptoperthite). This is suggested by the

uniformly high content of normative albite (Ham et al., 1964).

Ferromagnesian minerals are represented by green hornblende,

titaniferous magnetite, and biotite. Ferroaugite occurs in trace amounts,

and at least in certain cases, is a primary liquidus phase and not an

inclusion (Thornton, 1975). Accessories include zircon, sphene, allanite,

apatite, fluorite, garnet, and epidote (Merritt, 1965, 1967b).

Headquarters Microgranite

The Headquarters Microgranite is variable in composition and texture,
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due both to the number of associated xenoliths and to intimate intrusion

by Reformatory Granite. Typically it is nonporphyritic and fine-

grained, with an average grain size of 0.3 mm (P1. 2.3-1.2). According

to Merritt (1958) minerals present in order of abundance are micro-

perthite and orthoclase, quartz, albite-oligoclase, biotite, magnetite,

and hornblende. Microcline, zircon, sphene, apatite, and fluorite occur

as accessories. Zoned feldspar is common, consisting of potassic feld-

spar or plagioclase surrounded by an outer zone of microperthite or

micropegmatite. Granophyre is present, locally making up to 85 percent

of the rock. The granophyre, as well as some of the free quartz, appears

to have been produced by late-stage siliceous fluids emanating from the

Reformatory Granite. Hornblende and magnetite are deuteric or hydro-

thermal in origin. The biotite occurs both as a primary mineral and

as a later alteration of the hornblende.

Reformatory Granite

The Reformatory Granite is equigranular and is the coarsest grained

of the Wichita granites, with feldspar normally ranging from 15 to 20 mm

long, and quartz averaging 5 to 10 mm (P1. 2.3-2.1). Microperthite

(Pl. 2.3-2.2) and orthoclase are the dominant constituents, followed by

quartz. Albite-oligoclase occurs in small amounts and a trace of micro-

cline is present. Hornblende is the dominant ferromagnesian mineral.

Biotite is found uncommonly. Aegirine partially altered to riebeckite

is present in small amounts and is believed to be of late hydrothermal

origin. Apatite and magnetite are present everywhere; zircon, sphene,

and fluorite are present locally. Rare augite is possibly the result

of assimilation of mafic material.
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Miarolitic cavities are common and contain quartz and feldspar.

Pegmatitic masses consisting primarily of microcline-perthite and quartz

occasionally are present. Granophyre occurs locally and is attributed

to later hydrothermal alteration (Merritt, 1958).

Lugert Granite

The Lugert Granite is characterized by a large number of xenoliths

of various types. Variations in relative percentages, lithologic types,

and degree of alteration and assimilation of these xenoliths have

produced wide variations in the mineralogy and texture of Lugert granites.

Relatively uncontaminated, "normal" Lugert Granite is medium-grained and

bears a slightly porphyritic appearance due to the larger size of feld-

spar grains (c. 3 mm) when compared to quartz (c. 1.5 mm). Granophyre

is generally absent. Orthoclase and quartz are the dominant minerals

(P1. 2.3-3.1). In contrast to other Wichita granites, orthoclase is

present in much greater amounts than is microperthite. Hornblende and

albite-oligoclase are minor constituents. Biotite is present as a late

hydrothermal mineral. Titaniferous magnetite, sphene, zircon, fluorite,

and apatite are accessories.

Miarolitic cavities are present and contain potassic feldspar,

quartz, riebeckite, opal, calcite, and rare brookite. Coarse pegmatite

lenses and dikes also occur, consisting of quartz, feldspar, and small

amounts of biotite, zircon, and magnetite (Merritt, 1958).

Quanah Granite

As the Quanah Granite consists of several different intrusions, it

is petrographically somewhat variable. It is generally coarse-grained,
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with microperthite crystals often exceeding 10 mm in length. Grain

size may decrease, however, near intrusive contacts. Texture is

hypidiomorphic granular. Perthitic structure within the microperthite

is well developed, being primarily of the string or rod types (P1. 2.3-

3.2). Narrow rim albite is commonly present around the edges of the

microperthite, a feature unique to the Quanah Granite (Pl. 2.3-4.1).

Merritt (1966) believes the rim albite to be of local origin, i.e., de-

rived from exsolution of the potassic feldspar upon cooling.

Microperthite is the dominant mineral, followed by quartz. Free

plagioclase grains are not present. Riebeckite (Pl. 2.3-4.2) and aegirine

both occur as constituent minerals in small but significant amounts.

Riebeckite also is present in miarolitic cavities. Titaniferous

magnetite, hornblende, and zircon are minor constituents, and traces

of fluorite, apatite, and monazite are present (Merritt, 1966).

Riebeckite-Aegirine Dikes and Pegmatites

Riebeckite-aegirine dikes are known to cut both the Reformatory and

Lugert Granites in the western portion of the Wichita Mountains. The

dikes range from 1 to 16 in (2.5 to 40 cm) in width and are traceable

for distances of 0.5 mi (0.8 km) or more. They are aplitic in texture,

quartz and microperthite being the major constituents (Pl. 2.3-5.1). In

addition to the aegirine and riebeckite, biotite and magnetite also are

present. The dikes represent the latest phase of silicic igneous

activity in this area, as they cut across late-stage aplite dikes and

quartz veins (Merritt, 1958). Merritt (1967a) believes these dikes to

be cogenetic with the peralkaline Quanah Granite.

Pegmatite dikes and lenses containing quartz, feldspar, riebeckite,
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and occasional aegirine are fairly common in the Quanah Granite. The

pegmatites grade locally into phases of nearly pure quartz. Riebeckite

occurs in variable amounts, and in some cases is heavily altered. Bio-

tite, magnetite, and zircon are present in small amounts, although the

zircon may occur in significant quantities locally. The pegmatites have

been subjected to a later hydrothermal phase, during which secondary quartz

was deposited as small veinlets cutting the primary minerals (P1. 2.3-

5.2) and albite was introduced to form replacement perthite (Anderson,

1946).

Huang (1958) has noted several irregular bodies of dark-green

riebeckite granite occurring within the Quanah Granite. The dark-green

granite contains an average of 25 percent riebeckite and 12 percent

aegirine, along with quartz, potassium feldspar, plagioclase, and horn-

blende as othermajor constituents. Biotite, zircon, apatite, sphene,

epidote, and magnetite are minor accessories. Rare iron-rich olivine and

astrophyllite also are present.

Geochemistry and Petrogenetic Relationships

As discussed previously, granites cropping out in the Wichita

Mountains have been intruded in the following sequence, from oldest to

youngest: Mount Scott Granite, Headquarters Microgranite, Reformatory

Granite, Lugert Granite, and Quanah Granite. Chemical trends exhibited

by these granites are best shown on triangular variation diagrams.

Accordingly, CaO-K20-Na2 0, AFM, and Na20 + K20 - CaO + MgO + Fe203 -

A1203 diagrams are presented in Figures 2.3-1 - 2.3-3. The data for the

granites are for the most part consistent with the interpretation of

their relative ages as given above and noted by Merritt (1967a). On
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the whole, Mount Scott is the least differentiated of the granites, falling

on the average closest to the CaO apex on the CaO - K20 - Na20 diagram

(Fig. 2.3-1) and closest to the F apex on the AFM diagram (Fig. 2.3-2),

whereas Quanah, Lugert, and Headquarters plus Reformatory Granites tend

to plot farther away from the CaO and F apices.

There is considerable overlap of the various granites. For

instance, several Mount Scott points fall closer to the A corner of the

AFM diagram than do any of the other granites. This results from the

complex nature of the Mount Scott Granite, which is variable in texture,

mineralogy, and chemical composition and which is thought to be composed

of several distinct granite types, representing various degrees of

differentiation which intruded at different times. The Quanah Granite

is also a complex pluton and is variable in chemical composition.

Average compositions for the various granite types are given in

Table 2.3-2. The more differentiated character of the Quanah Granite

in comparison to the Mount Scott Granite is demonstrated in particular by

its lower content of CaO, Ti02, P205, and Mn and by higher Si02. Head-

quarters plus Reformatory Granites also are more acidic in character than

Mount Scott, being intermediate between it and Quanah. The Lugert

Granite is somewhat anomalous, as it contains relatively high CaO, Ti02,

and Mn. This is ascribed to the effects of contamination.

A general increase in alkaline character is shown by progressively

younger granites (Fig. 2.3-3). Most of the Mount Scott Granite plots

well to the right of the bisectrix. The Lugert and Headquarters plus

Reformatory Granites are on the average more alkaline, whereas the

Quanah Granite is in fact a typical peralkaline granite; it contains

significant amounts of modal riebeckite and aegirine and normative acmite.



AVERAGE CHEMICAL

TABLE 2.3-2

COMPOSITIONS FOR WICHITA GRANITES

Mt. Scott Headquarters & Lugert QuanahReformatory

(%)

74.41

0.47

12.78

2.55

0.25

1.25

3.73

4.50

0.06

0.0385

0.1777

72 ppm

16 ppm

9 ppm

22 ppm

105 ppm

(%)

74.65

0.49

12.43

1.42

0.13

1.19

3.67

4.87

0.03

0.0168

0.1149

33 ppm

17 ppm

4 ppm

23 ppm

104 ppm

(%)

74.32

0.52

12.90

1.97

0.10

1.25

3.94

4.98

0.03

0.0231

0.2067

115 ppm

34 ppm

5 ppm

23 ppm

76 ppm

Total iron as Fe203

77

Si02

Ti02

A1 203
3

Fe203*

MgO

CaO

Na20

K20

P 205

Mn

Ba

Sr

Li

Cu

Pb

Zn

(%)

75.78

0.25

11.47

2.31

0.20

0.42

4.40

4.44

0.02

0.0145

0.0734

36 ppm

53 ppm

6 ppm

17 ppm

118 ppm
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Of the granites, the Mount Scott appears to be closest in composition

to the rhyolites. This is best seen on the AFM and Na 0 + K20 - CaO +
2 K2 -aO

MgO + Fe2O3 - A1 203 diagrams, as the rhyolites show wide scatter on the

CaO - K20 - Na20 diagram due to post-emplacement mobilization of the

alkalis within the volcanic pile.

Ham etal. (1964) and Merritt (1967a) assumed that the trends seen

in the compositions of the rhyolites and granites represented a

continuous line of descent, progressing from older, more mafic types,to

younger, more acidic types. However, results discussed herein indicate

that the silicic rocks of the Wichita province do not form a single,

continuous differentiation series. Instead, two separate trends appear

to be represented. The granites show an increase in degree of differentia-

tion with decrease in relative age, while the rhyolites, on the other

hand, seem to progress in the opposite direction. The oldest rhyolites

(i.e., those in the Fort Sill area) are the most acidic and the younger

rhyolites tend to be more mafic in composition.

To account for the above compositional relationships, the following

model is suggested. Progressive crustal fusion occurring at depth created

increasingly more mafic magmas, extrusion of which produced the observed

compositional trends of the rhyolites. The Mount Scott Granite represents

that part of the magma which did not move all the way to 'the surface,

instead solidifying within or below the volcanic pile. All of the magma.

generated by anatexis, and presumably present within one or more large

magma chambers at shallow depth, was not consumed by formation of the

Carlton Rhyolite and Mount Scott Granite. After volcanic activity within

the area had abated, that magma which still remained began to dif-

ferentiate. Successive injections of this magma are represented by the
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Headquarters, Reformatory, Lugert, and Quanah Granites.

Both fractional crystallization and volatile transfer may have

played a role in producing the observed differentiation trend shown by

the granites, culminating in the peralkaline Quanah Granite. The low

values of strontium and barium in the Quanah Granite in comparison to

the Mount Scott Granite (Table 2.3-2) are significant in this respect.

Because the preferential entry of strontium and barium into feldspars

results in their strong depletion in residual magmas produced during,

fractional crystallization (Korringa and Noble, 1971, 1972; Noble et al.,

1972) the highly alkaline magma which produced the Quanah Granite

probably originated at least in part by such a mechanism of crystal

fractionation.

Uranium Within Wichita Granites

Uranium and Thorium Content of the Granites

Analyses of 90 samples of the various granite types, dikes, and

pegmatites for uranium are shown graphically in Enclosure 2.2-1 and are

given in Appendix 2.3-1, along with 55 analyses of thorium and correspond-

ing Th/U ratios. Discounting high values associated with certain pegmatites

to be discussed later, uranium averages 2.6 ppm in Wichita granites.

This average is comparable to that of the Carlton Rhyolite, and is lower

than the global average for granites (from 3.5 to 4.8 ppm, see Nishimori

et al., 1977). Thorium averages 29 ppm, ranging from 13 to 38 ppm in

uncontaminated granites. The average value is significantly higher than

the global average for granites (17 ppm as given by Taylor, 1966) and is
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also somewhat higher than the average for the Carlton Rhyolite (21 ppm).

A survey of the granites with a hand-carried scintillometer re-

vealed three areas of anomalous radioactivity. These were associated

with riebeckite-aegirine pegmatite dikes and associated phases. On the

whole, Quanah Granite was observed to be slightly more radioactive than

the other granite types. As with the rhyolites, the gamma ray spectro-

40meter shows K to be the dominant source of radioactivity within the

granites (Fig. 2.2-3).

Average uranium values and Th/U ratios for the various granite

types are given in Table 2.3-3. Quanah Granite has the highest average

uranium value, as expected, for uranium should show an enrichment in

the most differentiated granite of the region. Also, the association

of high values of uranium with alkalic granites is well known.

Th/U ratios range from 1.65 to 19, with an average value of 11.69,

disregarding contaminated granites. The sample with a Th/U ratio of

1.65 contains 17 ppm uranium, a value representing secondary uranium

enrichment.

The average Th/U ratio for the granites is higher than that for the

rhyolites (8.73) and is much higher than average values for granites

in general (3.5 to 6.3 as given by Rogers and Adams, 1969a). As

discussed earlier for the rhyolites, such high values for Th/U indicate

that selective loss of uranium has occurred from the granites. As

Harriss (1965) found no evidence for mobilization of uranium during

initial stages of weathering of the Mount Scott Granite, most of the

uranium lost from the granites is believed to have been mobilized by

deuteric and, in some instances, hydrothermal fluids.

The Quanah Granite has an appreciably lower average. Th/U ratio than
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TABLE 2.3-3

AVERAGE URANIUM, THORIUM AND Th/U RATIOS FOR WICHITA GRANITES

Uranium Thorium Th/U
(ppm) (ppm)

Mt. Scott 3.0 29 12.1

Headquarters &
2.5 30 13.0

Reformatory

Lugert 2.0 28 12.4

Quanah 3.8 31 9.9
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do the other granites. This feature is unusual, because the Th/U

ratio, in relationship to the degree of differentiation, generally shows

an increase with increasing differentiation (at least for plutonic rocks;

Rogers and Adams, 1969a).

Sites of Uranium Within Wichita Granites

Fission-track analysis of 10 samples of Mount Scott and Quanah

Granites shows that a significant proportion of the uranium is present

in the accessory minerals, particularly zircon and allanite. As with

the rhyolites, the uranium content varies among the different zircon

grains from the same rock.

Little of the uranium is associated with quartz and feldspar.

Locally it is present within grains of these minerals, where it is

believed to be located primarily in lattice defects or in submicroscopic

inclusions. Uranium also occurs along the grain boundaries of the

essential rock-forming minerals (Pls. 2.3-6.1 and 2.3-6.2).

Fission-track analysis supports the inference that uranium within

the granites has undergone post-emplacement mobilization, based on the

high Th/U ratios shown by the granites. Uranium is often commonly

concentrated along small fractures in the granite, and is also

associated with fine-grained secondary biotite and iron oxide occurring

as alteration products of hornblende (Pls. 2.3-7.1 and 2.3-7.2).

Uraniferous Riebeckite-Aegirine Pegmatite Dikes

One of the best developed riebeckite-aegirine pegmatite dikes

genetically related to the Quanah Granite is located in the Hale Spring

area, NE Sec. 9, T3N, R15W. Samples from this dike, termed the Hale



83

Pegmatite by Johnson (1955), contain up to 108 ppm uranium. Several

dikes are located in the same general area. Small amounts of malachite,

azurite, cuprite, native copper, and chalcopyrite are associated with

the pegmatites, and the area was prospected for copper early in this

century, with negative results.

The north-trending and essentially vertical Hale Pegmatite dike

consists of an aplitic core with a xenomorphic, granular texture which

grades outward into a coarsely crystalline phase and thence into the

host rock. Quartz, microperthite, orthoclase, albite, riebeckite,

arfvedsonite, aegirine, iron oxide, and a little hornblende are the main

constituents (Pls. 2.3-8.1 and 2.3-8.2). Zircon is relatively abundant,

ranging up to 10 percent in local concentrations. Pronounced banding is

caused by gradational texture and preferred orientation of black riebec-

kite and/or green aegirine and light-colored feldspars.

Two samples of the Hale Pegmatite contain 108 and 38 ppm uranium.

Th/U ratios are extremely low, 0.13 and 0.74 respectively; they indicate

marked secondary enrichment of uranium. The pegmatite gives an anomalously

high reading on the scintillometer, up to several times higher than

granites of the area. As shown in Figure 2.2-3, the gamma-ray spectro-

meter reveals that much less of this radioactivity is due to K40 than is

the case in Wichita granites. Fission-track analysis shows the uranium

to be associated with zircon, allanite, and riebeckite and aegirine

(Pls. 2.3-9.1 and 2.3-9.2). Whether the uranium occurs in submicroscopic

mineral inclusions within the Na-rich silicates or is fixed within their

lattice structures is not known.

Johnson (1955) believed the Hale Pegmatite to have formed from the

injection of residual magmatic fluids along pathways provided by
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pre-existing joints or faults. Because of its chemical and mineralogical

similarity, as well as the fact that it is the youngest granite in the

Wichita Mountains, the Quanah Granite is considered to have been the

source of the residual pegmatite-forming fluids. The well-defined band-

ing shown by the Hale Pegmatite was attributed by Johnson (1955) to a

process of rhythmic fractional crystallization, with fresh liquid being

supplied by repeated injections from the source or by some process of

thermal diffusion and convection.

The aplitic core of the dike reflects a sudden release of pressure

occurring at a late stage in the formation of the dike; the volatile

phases then escaped, leaving behind a dry melt to crystallize as the

aplite. As suggested by Johnson (1955), crystallization of the pegma-

tite phase along the walls of the fissure occupied by the dike progres-

sively increased volatile content to such a degree that the wall rock

was no longer able to withstand the pressure and failed by fracturing,

resulting in a sudden decrease in pressure.

Primary minerals of the dike have been subjected to hydrothermal

alteration, as is evidenced by late albite occurring as small veinlets

and as replacement masses, small veins of microcrystalline quartz cutting

across earlierminerals (P1. 2.3-5.2), and the corrosion and resorption

of aegirine. Some of the riebeckite may have formed at this time.

The hydrothermal alteration presumably occurred.when late aqueous fluids

were released from the dike by the sudden decrease in pressure. This

late hydrothermal phase is believed to have been high in uranium, and

its passage through the earlier-formed pegmatites resulted in their

abnormally high uranium contents.
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Uranium Potential of Wichita Granites

Wichita granites are significant in terms of uranium potential for

two reasons. First, they are potential source rocks for uranium deposits

in adjacent sedimentary basins, and secondly, economic concentrations of

uranium may be present within the granites themselves.

In regard to their potential as source rocks for uranium, fission-

track results indicate that a significant proportion of the uranium

within the granites is in leachable form. Uranium present within the

accessory refractory minerals such as zircon and allanite is largely

inaccessible to leaching solutions, as is much of the uranium contained

within the rock-forming silicates as inclusions. Much of the uranium

within the granites, however, occurs along grain boundaries and in small

fractures, or is associated with fine-grained alteration products of

primary minerals. Such uranium would be readily mobilized by percolating

solutions.

The presence of uranium-rich pegmatites in the Hale Spring area

suggests the possibility that economically significant concentrations

of uranium may occur within the granites in local pegmatite phases and

dikes. In addition to the Hale Pegmatite, a small zircon-containing

pegmatite dike cutting the Quanah Granite in SE4 Sec. 22, T3N, R14W

contains 0.002 percent uranium and 0.17 percent thorium (Dale and Beach,

1951; United States Atomic Energy Commission, 1968). Neither of these.

deposits is economic; however, similar pegmatite dikes, yet to be

discovered, might contain much higher concentrations of uranium. Because

the Quanah Granite was the last granite to form in the area, it is most

likely to contain higher concentrations of uranium than any of the other
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granites. Those pegmatites associated with it should receive particular

attention.
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Plate 2.3-1

1. Mount Scott Granite; microperthite phenocrysts (mp) in a granophyric
groundmass. 1.66 x 2.40 mm, X-nicols.

2. Headquarters Microgranite; microperthite (mp) and quartz (q). Some
quartz appears to be secondary. 1.66 x 2.40 mm, X-nicols.
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Plate 2.3-2

1. Reformatory Granite; coarse-grained quartz (q), microperthite (mp),
and magnetite (m). 1.66 x 2.40 mm, X-nicols.

2. Well developed string microperthite in Reformatory Granite. 1.66 x
2.40 mm, X-nicols.
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Plate 2.3-3

1. Lugert Granite; quartz (q) and microperthite (mp). 1.66 x 2.40 mm,
X-nicols.

2. Quanah Granite; rod microperthite in center. Microperthite (mp),
quartz (q). 1.66 x 2.40 mm, X-nicols.
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Plate 2.3-4

1. Quanah Granite; rim albite developed between microperthite (mp)
and quartz (q) with undulatory extinction. 1.03 x 1.50 mm, X-nicols.

2. Quanah Granite; riebeckite (r), quartz (q), and microperthite (mp).
1.03 x 1.50 mm, X-nicols.
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Plate 2.3-5

1. Riebeckite dike cutting Reformatory Granite in Sec. 26, T6N, R21W;
riebeckite (r), quartz (q), microperthite (mp).. 1.66 x 2.40 mm,
X-nicols.

2. Hale Pegmatite dike; secondary quartz veinlets (arrowed) cutting
microperthite. 1.66 x 2.40 mm, X-nicols.
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Plate 2.3-6

1. Quanah Granite; microperthite (mp) and quartz (q).
X-nicols.

0.45 x 0.63 mm,

2. Corresponding area of muscovite detector; high-track density
associated with hematite dust along boundary between quartz and
microperthite. Tracks in upper right are attributed to inclusions
within the microperthite. 0.45 x 0.63 mm, plane light.
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Plate 2.3-7

1. Hale Pegmatite; hornblende (h) with fine-grained alteration products.
0.45 x 0.63 mm, X-nicols.

2. Corresponding area of muscovite detector; high-track density associated
with hornblende alteration products. 0.45 x 0.63 mm, plane light.
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Plate 2.3-8

1. Hale Pegmatite dike; aegirine (a) and zircon (z) surrounded by
aplitic quartz and feldspar. 1.03 x 1.50 mm, plane light.

2. Same as above, X-nicols.
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Plate 2.3-9

1. Hale Pegmatite dike; muscovite detector superimposed over thin
section; dense clusters of tracks associated with aegirine. 0.45 x
0.63 mm, X-nicols.

2. Hale Pegmatite dike; dense clusters of tracks associated with aegirine.
0.45 x 0.63 mm, X-nicols.
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APPENDIX 2.3-1

URANIUM, THORIUM, AND TH/U RATIOS OF WICHITA GRANITES

Location Uranium Thorium Th/U
(ppm) (ppm)

Mt. Scott Granite
NW 6-2N-18W
SW 14-2N-18W
NW 21-2N-18W
NE 23-2N-18W
SE 26-5N-15W
NW 31-5N-14W
SE 32-5N-14W
NE 2-4N-15W
SE 13-4N-15W
NE 20-4N-15W
SE 24-4N-15W
NW 2-3N-15W
SE 4-3N-15W
NE 13-3N-15W
SW "
NE 14-3N-15W
SW "
NW 31-4N-14W
SW 32-4N-14W
NE "
NW 4-3N-14W
NW 10-3N-14W
NE 11-3N-14W
NW 13-3N-14W
NW 20-3N-14W
NE "
SW 22-3N-14W

1
2
2
1
2
2
2
2
2
2
2
4
6
2
2
3
2
2
2

17
2
2
2
2
5
2
5

24
31
30
27
32
26
25
27
13
26
33
33
35
26
22
28
27
29
26
25
35
32
28

12.0
15.5
15.0
13.5
16.0
13.0
12.5
6.8
2.2

13.0
16.5
11.0
17.5
13.0
11.0
1.6

13.5
14.5
13.0
12.5
7.0

16.0
5.6

M-I

0)
a,





APPENDIX 2.3-1 (Continued)

Location Uranium Thorium Th/U
(ppm) (ppm)

Mt. Scott Granite (Cont)
SW 7-3N-13W 2 26 13.0
SE 8-3N-13W 2 28 14.0
SE 11-3N-13W 5 21 4.2
NE 18-3N-13W 2 32 16.0
NE 19-3N-13W 2 25 12.5
NW 22-3N-13W 2 36 18.0
SE 28-3N-13W 2 38 19.0
SW 34-3N-13W 3 33 11.0
SE 4-2N-13W 2 28 14.0
SW 6-2N-13W 5 34 6.8
NW 10-2N-13W 4 33 8.3
NW 18-3N-12W 2 30 15.0
NW 24-3N-12W 2 24 12.0

Mt. Scott Granite Intruded by Lugert Granite
SW 1-3N-18W 2 - -
NE 7-3N-17W 2 - -
NE 16-3N-17W 2 - -
SE 17-3N-17W 1- -
NW 22-3N-17W 12 31 2.6
SW 32-3N-17W 1- -
NE 6-2N-17W 1- -
SW 12-2N-17W 1- -
NW 29-3N-16W 3 - -
SW 8-2N-16W 2 - -
NW 15-2N-16W 3 - -

Headquarters Microgranite Intruded by Reformatory Granite
NW 16-6N-21W 3 31 10.3
NE 17-6N-21W 2 - -
NW 28-6N-21W 2 33 16.5

O



APPENDIX 2.3-1 (Continued)

Location Uranium Thorium Th/U
(ppm) (ppm)

Reformatory Granite
NE 26-6N-21W
NE "
SE 17-5N-20W
SE "
NE 1-4N-20W
SE 31-5N-19W
NW 6-4N-19W

Lugert Granite
SW 15-5N-20W
SW "
SE 26-5N-20W
SE
SE
SE
SE
NE 27-5N-20W
NW 5-4N-20W
NW "
SW 13-5N-19W
NE 16-5N-19W
SW 5-4N-19W
SW 20-5N-18W
SE 31-5N-18W
SW 32-5N-18W

Quanah Granite
SW 25-3N-15W
SE 21-3N-14W
SE 22-3N-14W
NE 27-3N-14W
NE 29-3N-14W

1
2
2
6
3
2
2

1
2
1
2
2
1
4
1
2
1
2
2
2
4
2
2

2
3

7
4
3

27
29

30

29

25

26
29
29
24

34
27
28
30
36

13.5
14.5

10.0

14.5

12.5

13.0
14.5
7.3

12.0

17.0
9.0
4.0
7.5

12.0
0mmm



APPENDIX 2.3-1 (Continued)

Location Uranium Thorium Th/U
(ppm) (ppm)

Hale Pegmatite Dike
NE 9-3N-15W 108 14 0.1
NE " 38 28 0.7

Riebeckite Dikes
NE 26-6N-21W 4 19 4.8
NE 28-6N-21W 1- -

Aplite Dikes
NE 26-6N-21W 1- -
NE " 5 - -
SW 19-4N-16W 1- -

Subsurface Granite
22-3S-5W 2 23 11.5

0-



CHAPTER 2.4

GRANITES OF THE EASTERN ARBUCKLE PROVINCE

Petrography

Hamilton (1956) and Ham et al. (1964) provide accounts of the

petrography of Eastern Arbuckle granites. The following, for the most

part, represents a summary of their work.

Igneous rocks of the Eastern Arbuckle province are dominated on

outcrop by two types of granite, the Tishomingo and Troy Granites. Two

other minor types of granite and one of syenite were noted by Uhl (1932).

The Tishomingo Granite occurs in the central area of outcropping

basement present in the Arbuckles. It is quite coarse and is characterized

by a seriate porphyritic texture. Large phenocrysts of pink microcline

up to 5 cm in length are present within a coarse groundmass. The Troy

Granite is present to the east and west of the central area of Tishomingo

Granite and is distinguished from it by its medium-grained equigranular

texture (grain size of 2 to 5 mm).

Although different in texture, the two granites are mineralogically

similar. Microcline is the most abundant mineral, making up to 50 per-

cent of the rock. The microcline may be highly perthitic, with irregular

blebs of albite. Where present as phenocrysts, it is zoned. Free

plagioclase, in amounts up to 30 percent, is oligoclase. Contacts with

potassic feldspar are often myrmekitic. Quartz is present as anhedral

interstitial grains and shows straining and undulose extinction.

109
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Granophyre is very rare, being present locally in trace amounts.

Green biotite is the dominant ferromagnesian mineral. It is

generally present in amounts up to 5 percent, but locally, near inclu-

sions or schlieren, it increases in amount. Hornblende may also occur

in such local areas but is generally absent. Accessory minerals are

fluorite, zircon, sphene, apatite, garnet, and magnetite. Chlorite,

sericite, and calcite occur as secondary alteration minerals.

The granites show incipient metamorphism, as evidenced by the

formation of hornblende and biotite, both of which show sieve structure

and are commonly associated with secondary muscovite and epidote.

Generally, the granites are massive with no preferred orientation of

their constituent minerals. Locally, near Pennsylvanian faults, the

granites are cataclastically deformed and may even be mylonitized.

Arbuckle granites are for the most part free of inclusions,

although schlieren may be observed locally. Two large inclusions are

known on outcrop, one consisting of dark biotite granite and the other

of biotite-hornblende schist.

The granites are cut by dikes of pegmatite, aplite, porphyritic

rhyolite, and diabase. The most common of these, diabase, has had two

periods of formation; one being in the Precambrian as a late stage

succeeding the batholithic activity, and the other occurring in Middle

Cambrian time in conjunction with the late-stage diabase activity of

the Wichita Province. The rhyolite dikes resemble Carlton Rhyolite,

and may actually be correlative with it (Hamilton, 1956).

Chemically, Arbuckle granites are typical calc-alkaline granites.

Two analyses are given in Table 2.4-1.
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TABLE 2.4-1

CHEMICAL ANALYSES OF EASTERN ARBUCKLE GRANITES

Tishomingo Granite Troy Granite

(%)

71.60

0.39

14.05

1.17

1.10

0.55

1.65

3.47

5.20

0.15

0.05

0.03

0.13

(%)

73.59

0.26

14.08

0.70

0.66

0.20

1.28

4.00

4.63

0.06

0.04

0.01

0.29

From Ham et al. (1964)

Si02

Ti 2

A1 203

Fe203

FeO

MgO

CaO

Na20

K20

P205

MnO

Rb20

Ba20

*
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Uranium Content

A radiometric survey conducted with a car-mounted scintillometer,

concentrated particularly in that area where the granites are in contact

with Cretaceous sediments, revealed no anomalies. Two surface samples of

Tishomingo Granite analyzed by Harriss (1965) both give uranium

contents of 1.7 ppm. Ten subsurface samples, collected from nine

different wells (Encl. 2.1-1), give uranium contents of 2 ppm,

with the one exception of 4 ppm (Appendix 2.4-1).

Although these results are somewhat disappointing at first glance,

work by Harriss (1965) has shown that from 30 to 50 percent of the

uranium present within the Tishomingo Granite is released during weather-

ing. Therefore, Arbuckle granites may be of considerable significance

as source rocks for uranium in sediments in surrounding areas.
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APPENDIX 2.4-1

URANIUM ANALYSES OF SUBSURFACE EASTERN ARBUCKLE GRANITES

Location Depth Uanum

19-2N-3E

25-1 S-4E

27-3N-5E

27-iN-5E

31-2N-7E

34-2S-8E

25-3S-9E

1-7S-9E

9-7S-10E

9-7S-10E

6200-6290

344-3459

4795-4807

3224-3262

8740-8775

90-740

580-1178

6050-7730

4560-5430

6010-7730

4

2

2

2

2

2

2

2

2

2



CHAPTER 3.1

STRUCTURAL SETTING AND PROVENANCE

Positive structural elements active in Late Paleozoic which may

have influenced deposition of sediments in the study area during the

Late Pennsylvanian and Permian are the Ouachita system, Arbuckle uplift,

Amarillo-Wichita-Criner uplift, Muenster-Waurika arch, and Red River

uplift (Fig. 1.1-1).

A number of workers (e.g., Burke and Dewey, 1973; Hoffman et al.,

1974; Pruatt, 1975) have proposed that the aulacogen of southern Oklahoma,

which was initiated in Late Precambrian or Cambrian, evolved into a

subsiding basin in Late Cambrian to Mississippian. During the Pennsyl-

vanian, evolution of the proposed aulacogen is represented by a com-

pressional phase during which marked subsidence of the Ardmore-Anadarko

basins occurred simultaneously with significant episodic uplift of the

Wichita-Criner and Arbuckle uplifts. The compressive phase of the

aulacogen is interpreted by Hoffman et al. (1974) and some other workers

to be related to subduction resulting in formation of the Ouachita

system.

Within a more descriptive framework, orogenic activity of the

Ouachita system, involving significant thrusting, resulted in a major

source area for sediments deposited north, northwest, and west of the

system. For sediments in the area of study that provenance probably

extended from eastern Oklahoma to north-central Texas. The

114
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Wichita-Criner uplift became a source area in Early Pennsylvanian, and

because of episodic orogenic phases the Wichita element continued to be

a source area for sediments deposited north and south of the uplift dur-

ing the Permian. Even though the episodes of activity of the Arbuckle

uplift differed somewhat from those of the Wichita-Criner uplift, the

influence of it on sediment dispersal was similar. The Muenster-Waurika

arch and the Red River uplift were not source areas for sediments

during Late Pennsylvanian and Permian. Rather, they were elements which

subsided less during parts of that time than intervening areas.

The dominant modes of deformation of the Otachita system are thrusting

and folding, involving apparent crustal shortening of more than 50 mi (80 km).

The dominant mode for the Arbuckle and Wichita-Criner uplifts is

not known with certainty, but major strike-slip faulting occurred, based

on displacement of facies boundaries across major faults. If strike-

slip faulting is the dominant type of deformation responsible for the

uplifts, the dip-slip components of movements along the faults must have

been significant in order to account for the difference in structural elevation

between the Wichita block and the Anadarko basin.

Parts of the Wichita and Arbuckle uplifts were the main provenances

for conglomerates, within,as well as north and south of the uplifts.

Conglomerates derived from the Wichita uplift include "granite wash" as

well as rhyolite-bearing, gabbro-bearing, and carbonate-bearing

conglomerates (Edwards, 1959). The conglomerates and/or sandstones,

derived from both uplifts, examined in this study include:

1. Permian Post Oak Conglomerate on outcrop in the area of the

Wichita Mountains
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2. Permian "granite wash" in the shallow subsurface south of the

Wichita Mountains

3. Pennsylvanian-Permian "granite wash" in the subsurface north of

the Wichita Mountains

4. Units of the Vanoss Group north to northeast of the Arbuckle

Mountains.

These units are herein described in the order of listing. The Permian

units of the Muenster-Waurika arch, Red River uplift, and Hollis basin

which in large measure were derived from the Ouachita system are described

with the conglomerates-sandstones in the subsurface south of the Wichita

Mountains. The Ouachita system was also the source area for some Vanoss

units in the area of study.



CHAPTER 3.2

POST OAK CONGLOMERATE

Coarse clastic deposits associated with the eastern part of the

Wichita Mountains were variously interpreted by the earlier workers in

the region. Taff (1904) believed them to be a nearshore phase of the

Permian redbeds of the area whereas Hoffman (1930) and Schoonover (1948)

considered them to be Pleistocene gravel deposits. In a more detailed

study, Chase (1954) re-established the Permian age of these sediments,

and named them the "Post.Oak Conglomerate."

Chase (1954) mapped four distinct facies of the Post Oak, designat-

ing them as follows:

Ppo-l limestone conglomerate

Ppo-2 granite boulder conglomerate

Ppo-3 rhyolite porphyry conglomerate

Ppo-4 granite-gabbro conglomerate with zeolite-opal cement.

Distribution of these facies is shown in Figure 3.2-1.

The present work is concerned chiefly with Ppo-2 and Ppo-3; neither

Ppo-l or Ppo-4 are significant in terms of uranium potential.

The limestone boulder conglomerate (Ppo-1), in several areas north

of the Wichitas, was derived from the Cambrian and Ordovician carbonates

upon which it rests with angular unconformity. Ppo-4 occurs in small

outcrops associated with the hills of gabbro and anorthosite located

west of the main area of Wichita granite outcrop. This phase of the
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Post Oak is enigmatic, with abundant zeolites (primarily natrolite with

lesser amounts of analcite) and opal (Chase, 1954). Carbonate occurs in

variable amounts, and halloysite, hematite, and limonite also are pres-

ent. Clastic grains are represented by minor labradorite and ilmenite

and by locally variable amounts of anorthosite and granite pebbles.

These atypical sediments were first studied by Merritt and Ham (1941),

who thought them to be Precambrian and termed them the "Tepee Creek

Formation." Subsequently, Mayes (1947) determined that they were in

fact Permian, and with the work of Chase (1954), the name "Tepee Creek"

was abandoned.

Close to the mountains Ppo-2 consists of granite conglomerate

interbedded with lenses of sandstone (Chase, 1954). Sandstone also

occurs as a matrix between the granite boulders. The largest areas of

such conglomerate occur on the south side of the Wichitas, but several

smaller areas are also present to the north (Fig. 3.2-1). Clast size

decreases away from the mountains, and the granite conglomerate grades

into and interdigitates with coarse-grained, crossbedded sandstones,

generally some 6 to 8 mi (10 to 13 km) south of the Wichitas. In

turn the sandstone intertongues with Permian shale.

Granite conglomerate grades into rhyolite porphyry conglomerate

(Ppo-3) near the center of T2N, R13W. East of this locality, rhyolite

fragments are dominant within the conglomerate, although limestone

clasts are locally abundant.

There is some question as to whether all of the area mapped as

Ppo-2 by Chase is in fact Permian. In part of this area, granitic

debris (i.e., unconsolidated accumulations of boulders and pebbles) is

mapped as Ppo-2. However, whereas loose granite boulders and cobbles
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are common on the surface, they are found in disproportionally small

amounts in underlying sandstone units exposed in the area. These

surficial gravels may be of Pleistocene age, or they may be residual

clasts remaining from the erosion of previously overlying Post Oak units.

Such changes of Chase's map which these observations might indicate are

thought to be minor, and the map is used in its original form in this

study.

Stratigraphic Framework

On the Geologic Map of Oklahoma (Miser, 1954), Permian sediments

exposed around the eastern segment of the Wichita Mountains are mapped

as the Wichita Formation, which is equivalent to the Garber Sandstone,

the Wellington Formation (both Leonardian) and the upper part of the

Pontotoc Group (Wolfcampian). These units cannot be differentiated in

southwestern Oklahoma, thus necessitating their inclusion under one

formational name. Chase (1954) considered the Post Oak to be

equivalent in age to the Wellington Formation, with the upper portion

of the conglomerate adjacent to the mountains possibly being equivalent

to lower Garber.

Pennsylvanian-Permian stratigraphy in Oklahoma is being re-evaluated

by the Oklahoma Geological Survey in cooperation with the United States

Geological Survey. For example, in the Hydrologic Atlas of the Lawton

Quadrangle, Havens (1977) equates the Post Oak with the Hennessey Shale,

which lies above the Garber Sandstone. Because such questions do not

directly relate to the present work, the older system will be followed.

Stratigraphic nomenclature and classification is described in some detail

in the report for ERDA by Al-Shaieb and Shelton (1976).
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According to the older system, the Wichita Formation is considered

to be overlain by the Hennessey Shale. In the western part of the

Wichitas, the Hennessey is in direct contact with the granite hills.

There, small areas of arkose and granite conglomerate are present in

that part of the Hennessey immediately adjacent to the granite. As

these local granite wash deposits are lithologically similar to the Post

Oak, Ham et al. (1957), by proposing that they should be considered a

part of the Post Oak, extended its stratigraphic range into the Hennessey.

However, Merritt (1958) and Stith (1968) considered these arkoses and

conglomerates to be local phases of the Hennessey and restricted the

term "Post Oak" to the more extensive conglomerate units found around

the eastern segment of the Wichitas. This procedure is probably correct

as the Post Oak Conglomerate appears to be stratigraphically lower than

those units farther to the west. Furthermore, the Post Oak was deposited

under nonmarine conditions whereas the local accumulations of arkose and

conglomerate within the Hennessey are interpreted as nearshore marine

deposits.

The Post Oak Conglomerate is the exposed portion of a thick sequence

of Pennsylvanian and Permian clastic debris derived from the Wichita

uplift. Subsurface deposits dominated by granite wash but with rhyolite

and carbonate debris (Edwards, 1959) range in age from Morrowan through

Wolfcampian. They are extensively developed within the uplift and

associated basinal areas.

Stratigraphically below the Post Oak Conglomerate is the Wolfcampian-

Virgilian Pontotoc Group, which in turn is underlain by thick Pennsylvanian

deposits. The Post Oak and the older units in the subsurface cannot be dif-

ferentiated lithologically. Chase's (1954) usage of the Post Oak for surface and
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associated shallow subsurface deposits is followed herein.

The Post Oak Conglomerate delineates the last waning phase of

orogeny affecting the Wichita uplift. Afterwards the Wichita Mountains

became progressively more subdued, with the Permian sea encroaching over

them. The mountains were a minor source of sediment during deposition

of the marine Hennessey Shale (Stith, 1968), where scattered islands of

granite were surrounded by marine waters. By Late Permian even the

highest parts of the mountains may have been covered (Johnson and

Denison, 1973).

Geometry and Depositional Environment

Within and immediately adjacent to the main mass of the Wichita

Mountains (located primarily in T3-4N, R12-15W) the Post Oak occurs as

massive beds of conglomerate flanking granite and rhyolite hills. The

unconformity is irregular and shows steep relief both here and in the

limestone hills to the north. In some areas south of the Wichitas,

residual arkose deposits are thought to have developed immediately above

the granite. Although sections greater than 33 ft (10 m) are atypical,

Chase et al. (1956) considered the total thickness of conglomerate to be

600 ft (180 m).

Few sedimentary structures can be observed in the conglomerates

which are mostly massive beds with little indication of stratification

(Pl. 3.2-1.1). However, channels, cutting into earlier formed conglomerate,

can be distinguished locally. Clasts are from 15-45 cm in length

(exceptionally 60 cm). Whereas many granite clasts are well-rounded,

this criterion is not taken to indicate substantial transport but rather

in situ spheroidal weathering of the granite; significantly most



123

limestone clasts are angular or subangular. Coarse-grained sandstone

occurs as a matrix between boulders in the granite and rhyolite

conglomerates (but not limestone conglomerates) and also as irregular

lenses with medium-scale trough crossbedding. Abrupt vertical and

lateral changes in grain size are common.

On the north flank of the Wichitas the granite conglomerate, which

is not well exposed, decreases in thickness away from the mountains and

either interfingers with redbeds of the Wichita Formation or grades into

the limestone conglomerate facies (Ppo-1).

The Post Oak is more extensively developed south of the Wichitas,

and considerable facies changes can be inferred. The average clast size

decreases away from the mountains and the proportion of sandstone and

mudstone gradually increases. The coarser lithologies are developed as

laterally impersistent channels with pronounced erosional contacts.

Generally such channels are no more than 7 ft (2 m) thick and vary in

width between 33 and 100 ft (10 and 30 m). They commonly contain a

basal channel-lag deposit of both exotic and intraformational clasts and

are further characterized by medium-scale trough crossbedding, horizontal

lamination, massive bedding and cut-and-fill structures.

Close to the mountains the channel deposits are multistoried but

farther south they are discrete and separated by siltstones and mud-

stones (Figs. 3.2-2 and 3.2-3; Pl. 3.2-1.2). These finer sediments are

mainly red in color but where cornstonesand carbonate-cemented channels

have acted as permeability barriers, they are green, indicating local

reducing conditions. Some of the siltstones are laminated, whereas

others are very poorly sorted, containing scattered coarse sand grains

in a clay matrix; these may have been deposited as mud flows. Some of
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the mudstones are cut by mudcracks. Clastic dikes, parallel to a

prominent joint trend, are surface evidence suggesting penecontemporaneous

tectonic activity.

Immature paleosol (cornstone) horizons are extensively developed

within both fine- and coarse-grained lithologies and in some cases persist

laterally for at least a thousand feet (or several hundred meters).

(See Chapter 3.6 for description of cornstones.)

On the basis of sedimentary structures, paleocurrents, and texture,

the Post Oak was laid down by small, probably ephemeral streams drain-

ing the Wichita Mountains. Directly adjacent to the mountains,

deposition was as alluvial fans. A few miles (or several kilometers)

from the mountains small braided streams of low competence flowed across

alluvial plains; frequent avulsion is indicated. There are few

features indicative of meandering streams. The drainage pattern has

local exceptions (e.g., where streams were diverted around isolated

granitic hills). Both the desiccation cracks and the cornstones sug-

gest that the climate was semiarid. The cornstones further indicate

episodic sedimentation.

Petrography

The Post Oak is mostly texturally immature, although individual

sandstone units are variable in texture, ranging from very poorly sorted

to well sorted. Appreciable amounts of detrital clay and silt are

present in many of the more poorly sorted sandstones (Appendix 3.2-1.1).

Grains are usually angular. Grain contacts are generally floating and

point; long contacts are also present in the better-sorted sandstones.

The most immature sandstones may possibly represent residual deposits.
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In conglomeratic units, granite clasts are generally well rounded.

This is an inherited feature, as the granite tends to exhibit prominent

spheroidal weathering. Rhyolite and limestone fragments are more

angular.

Clastic Constituents

The Ppo-2 and Ppo-3 facies of the Post Oak Conglomerate are derived

from three rock types, these being the rhyolite of the Fort Sill area

and the Mount Scott and Quanah Granites. Of the granites, Mount Scott

is the dominant contributor as it has the greatest area of outcrop (Fig.

3.2-4).

Rhyolite clasts within the conglomerates are generally fresh.

Granite clasts range from fresh to heavily altered. Granite cobbles and

boulders showing various degrees of alteration may be found within the

same outcrop. Kaolinite and/or illite are the main products of altera-

tion (see Appendix 3.2-1.2).

Post Oak sandstones are predominantly feldspathic litharenites and

lithic arkoses. Occasional litharenites and sublitharenites also are

found. Modal analyses for 27 sandstones are given in Appendix 3.2-1.1.

Microperthite is the most common feldspar in Post Oak

sandstones; small amounts of plagioclase occur in several samples.

With the exception of units interpreted as possible residual deposits,

feldspar grains within the Post Oak are no more altered than is feldspar

within the source granites and rhyolites. SEM reveals considerable post-

depositional surface pitting of, and reactions involving, both feldspar

and quartz (P1. 3.2-2.1).

Although pyriboles are present in variable amounts within the
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Wichita granites, none has been seen within the Post Oak. Detrital

magnetite is fairly common, but it is heavily altered to hematite,

limonite, and leucoxene. Detrital brown biotite is rarer and shows

variable degrees of oxidation to iron oxide, uncommonly being almost

completely replaced. Larger biotite flakes are compressed between

framework grains. Small grains of zircon are generally present in trace

amounts. Allanite and sphene are very rare.

Some of the poorly sorted sandstones contain appreciable amounts of

silt-sized quartz and feldspar together with clay, which was transported

and deposited with the sand and subsequently experienced some diagenetic

alteration. These are not residual deposits; they are present up to a

few miles (or several kilometers) from the nearest granite outcrops and

locally contain channels and medium-scale crossbedding. Kaolinite is

invariably present, and it may be the sole clay mineral (Appendix 3.2-1.2).

Generally the kaolinite is accompanied by variable amounts of montmoril-

lonite, illite, or mixed-layer montmorillonite-illite. In a few of these

deposits, the grain distribution is distinctly bimodal, and the clay

and silt apparently represent later infiltration. In other instances,

however, there is a complete range in size from the largest grains to

the smallest silt particles, and floating sand grains may be widely

separated by the clay-silt matrix, indicating that the sand, silt, and

clay were deposited at the same time. Such deposits probably originated

as mudflows.

It is generally possible to discern the relative contributions of

the two granite types, Mount Scott and Quanah, to a particular sandstone,

as these granites are petrographically quite distinct. Using the

criteria for distinguishing them, deposits of Ppo-2 on the
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north side of the mountains were derived solely from Mount Scott Granite,

as would be expected since Quanah Granite only occurs in the southern

part of the mountains (Fig. 3.2-4). Although Quanah is a contributor

to all of the Post Oak present south of its outcrop, east of T2N, R13W,

it is rarely a major contributor.

Quanah debris commonly occurs in the form of single, relatively

large grains of quartz and microperthite with rare rock fragments.

Mount Scott debris is characterized by a great deal of granophyre, with

lesser amounts of hypidiomorphic equigranular granite; the granophyre

appears to be the more resistant to weathering.

Rhyolitic debris in the form of single grains of feldspar and

quartz generally cannot be distinguished from similar grains derived

from the Mount Scott Granite. Rhyolitic quartz in some cases may be

identified by the presence of finely corroded edges and curved thermal

cracks. (See discussion of phenocrysts in Chapter 2.2.)

Petrographic examination of sandstones from the area mapped as

Ppo-3 (rhyolite porphyry conglomerate) by Chase (1954) shows Mount Scott

Granite to be a significant contributor to the Post Oak in this area.

In many units it is present in greater amounts than is the rhyolite.

Designation of the Post Oak in this area as a completely separate facies

therefore appears unwarranted. Chase apparently based his map primarily

on the lithology of the cobbles and boulders included within the Post

Oak. Such coarse clastics consist predominantly of rhyolite in this

area, but granite is seen to be a major contributor to the sand-sized

fraction.
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Cementation and Diagenesis

The Post Oak has been subjected to a complex diagenetic history.

Cementation is variable, consisting of carbonate, iron oxide, rare

barite, and at least two generations of authigenically formed clay. The

sequence of cements appears to be: early clay (generally kaolinite), iron

oxide, carbonate, later clay (iron-rich illite, occasional mixed-layer

montmorillonite-illite). The entire sequence is only exhibited in a

small proportion of the samples. However,most of the sandstones examined

show at least two cementation stages; only rarely is a single cement

present. No regular areal distribution of the various cement types is

apparent.

Kaolinite is the most common authigenic clay in the sandstones of

the Post Oak. It is generally present as either stacked plates (books)

or in a vermicular form (Pl. 3.2-2.2), using terminology of Wilson and

Pittman (1977). The kaolinite may completely fill pore spaces, or may

occur as small books growing into pores from detrital grains (P1. 3.2-

3.1). Some kaolinite shows alteration to montmorillonite or illite,

apparently indicating the influx of later, more alkaline solutions.

In one atypical sample, chlorite seems to have been the first and

only cement, which completely filled the pore space. This sample is

from NE Sec. 30, T3N, R14W, near the outcropping Raggedy Mountain Gabbro;

the gabbro during weathering was a likely source for the iron and

magnesium present in the original chlorite. The chlorite is now degraded

to a mixed-layer montmorillonite-illite clay (Appendix 3.2-1.2), which in

turn toward the centers of pores, has altered to kaolinite. Fine-grained

iron oxide, associated with the kaolinite, may represent iron released

from the chlorite structure (P1. 3.2-3.2).
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Small amounts of iron oxide cement occur in many samples. The iron

oxide may be either hematite or limonite or both. It was either precipitated

with or after the kaolinite; the textural relations are ambiguous.

Rarely, iron oxide may be a major cement, and in one case it occurs as

the only visible diagenetic mineral, making up about a third of the rock.

Where it is abundant, the iron oxide has corroded quartz and feldspar

grains, and in isolated cases feldspar has been completely destroyed,

leaving only quartz.

Carbonate occurs both as a major cement and as small, sporadic

patches. Usually it is calcite but siderite is present where there has

been reaction with earlier iron oxides. The carbonate replaces clay and

silt (P1. 3.2-4.1). It has attacked earlier iron oxide cement (incorporat-

ing the iron into its own structure) and corrodes detrital quartz and

feldspar. Under cathodoluminescence, the carbonate appears as a bright

yellow-orange or orange-red, except where quenched by the presence of

ferrous iron. Essentially a single generation of carbonate cement is

present, although rather complex growth relations, due to reaction of the

carbonate with iron oxides, may be observed. On outcrop, cementation is

represented by occasional carbonate concretions, which occur either in

irregular forms or as small spherical bodies. These do not appear to

be related to cornstone development.

The last episode of cementation within the Post Oak appears to have

been deposition of a late clay precipitate. This clay is brown, pleochroic

and has high birefringence. X-ray diffraction is not conclusive as to

the nature of this clay, but it appears to be an iron-rich illite, or

in some cases mixed-layer montmorillonite-illite. This clay generally

occurs as a thin, delicate pore lining, covering detrital grains and
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all earlier cements (P1. 3.2-4.2). Rarely this type of clay is the only

cement present. It is found in most samples; it is absent only where an

earlier cement has completely filled the pore space, or in deposits which

have a matrix of clay and silt.

The late clay precipitate shows varying degrees of oxidation to

limonite and hematite and may be completely converted to iron oxide in

some cases. This oxide is unrelated to the early iron oxide cement

noted above.

Barite was observed in only one sample where it is, however, the dominant

cement. Because the only other cement present ii this sample is the late

clay, the position of the barite in the diagenetic sequence established

for the other cements is unknown. It apparently represents localized

chemical conditions which existed because of an arid or semiarid climate

near coastal areas.

Residual Deposits

Possible residual deposits are locally developed in close proximity

to granite outcrops south of the mountains. Genetically, these are

analogous to residual arkoses (Pettijohn et al., 1972), but range in

composition from lithic arkoses to sublitharenites. The best outcrop

of such deposits is located in SW Sec. 26, T3N, R15W, where some 8.0 ft

(2.5 m) of arkosic sediment are exposed. Although contact with granite

is not seen, it is inferred to be immediately below the exposed sediment.

The outcrop is mostly massive but rare faint horizontal stratification

and a little medium-scale crossbedding in the uppermost part indicate

slight reworking. At this locality clasts do not exceed 2 cm in dia-

meter. In other areas of residual deposits, however, clasts up to 15 cm
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long may be observed. The genesis of these deposits is uncertain but

it is plausible to suggest that they are a composite of regolith and

local mass wasting accompanied by a limited amount of sorting by streams

or sheet flow.

In thin section, the residual deposits consist of widely-spaced sand-

sized feldspar and quartz grains floating in a matrix of silt and clay

(P1. 3.2-5.1). A complete gradation in particle size from sand to clay

exists; grains are very angular. Feldspar, which is heavily kaolinized,

shows abundant evidence of leaching under SEM. The decomposition of

feldspar is also indicated by oddly-shaped quartz grains released from

granophyre fragments following feldspar alteration. Furthermore, the

amount of quartz relative to feldspar and rock fragments is much greater

than in more typical Post Oak sandstones. Other detrital minerals

include iron oxide, much-altered biotite, and zircon. The matrix consists

of kaolinite, which appears to be of detrital origin.

The complex diagenesis in most Post Oak sandstones is not exhibited

by these residual deposits, probably because of the low permeability of

their clay-silt matrices. Small amounts of late iron-rich illite are

present in a few samples, but this is the only cement.

As noted above, other sandstones of the Post Oak contain abundant

clay-silt matrix. Some of these resemble the residual deposits, in that

a complete gradation in size from sand to clay is present. The relatively

rounded grains and less altered K-feldspar are the major differences.

Some of these deposits may occur quite close to outcropping granite,

whereas others are located up to a few miles (or several kilometers)

from the nearest granite outcrops. They consist of altered igneous

material which has been subjected to a minimum of transportation (possibly
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by mudflow). Petrologically they are an intermediate stage between

possible residual deposits and typical water-laid sandstones.

Uranium Anomalies and Potential

The Post Oak Conglomerate shows low uranium content adjacent to the

Wichitas (mean 2.3 ppm, range 2-8 ppm). However, relatively high

uranium concentrations (Fig. 3.2-4) are present in the possible residual

deposits adjacent to granite outcrops, and also in those more distal

sandstones which have an appreciable clay-silt matrix.

Elsewhere, uranium has been located as follows:

1. Small amounts of novacekite [Mg (U02)2 (As0 4)2 - H20] occur in

the Post Oak in Sec. 23, T3N, R14W, and in small cavities in sandstones

of the Wichita Formation in Sec. 3, T3N, R18W (Huang, 1956).

2. Uranium-bearing, epigenetic carbonaceous nodules are found in the

Wichita Formation a few kilometers north of the Wichita Mountains (Hill, 1957).

3. Probably the most significant occurrences of uranium mineraliza-

tion are located in Sec. 34, TlN, R15W, and Sec. 1, TlS, R16W (U.S. Atomic

Energy Commission, 1968). At the latter locality uranium concentrations

range from 40-1400 ppm; the uranium minerals present have not been iden-

tified. The exposure shows a coarse-grained arkose channel sandstone

interbedded with yellow-red and green shale (Fig. 3.2-5). The under-

lying shale hosts a cornstone, and carbonate nodules are present in the sandstone.

The arkosic sandstone consists of quartz, microperthite and grano-

phyric rock fragments cemented by iron oxide and sparite. Apatite and

zircon are present in minor quantities. Although the K-feldspar has

undergone little in the way of sericitization and kaolinization, it has

undergone extensive replacement by calcite (P1. 3.2-5.2).
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The carbonate cement, which is associated with the higher uranium

zones, shows a sequential growth pattern under cathodoluminescence.

Alternating dark (Fe2+ rich) and light (Mn rich) bands in the sparite

crystals are interpreted as recording variations in the redox potential

of the precipitating ground waters. It is possible that uranium

precipitation might have been associated with reducing conditions (i.e.,

Fe2+-rich events).

The existence of local, mineralized sandstone channels is in contrast

to the low uranium content of the Post Oak in general; it suggests the

following model. Uranium was flushed from most of the Post Oak as a

result of ground water action which produced the complex cementation

patterns. Only in those deposits with an original, relatively impermeable,

clay-silt matrix was some uranium retained. Ferromagnesian minerals

and/or their alteration products are common sites of uranium within

the Wichta granites. Pyriboles are absent from the Post Oak, apparently

because they have been completely degraded during weathering and erosion

of the granitic debris and during subsequent diagenesis. Biotite that

is present is greatly altered. As a result, significant quantities of

uranium may have been released. Further uranium may have been supplied

to the ground water system upon dissolution of clastic feldspar grains

(P1. 3.2-5.2).

These various factors suggest that any uranium deposit is likely to

be localized both areally and vertically. Given an initial dip away from

the mountains, and no discontinuity of beds due to faulting, the most

plausible sites for precipitation are hydrogeochemically reactive zones.

These zones are expressed by the uranium-rich carbonate cements in sand-

stones-conglomerates and are probably localized by pinch-outs of, or
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grain-size changes in, sandstones. Locally significant concentrations

of uranium may be present where ground water flow was impeded, retarded,

or refracted by significant changes in pore size. In addition

mineralogic affects due to capillary pressure may have been operative in

nearsurface conditions in semiarid to arid climates, where uranium-bear-

ing carbonates were precipitated during pedogenesis (as cornstone or

cal iche).
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Plate 3.2-1

1. Post Oak Formation; development of massive conglomerate facies.

2. Post Oak Formation; development of sandstone facies. Note channel-
lag conglomerate deposits; the clasts are granite.
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Plate 3.2-2

1. Possible residual deposit in Post Oak Formation; detrital feldspar
grain showing corrosion during diagenesis. Scanning electron
microscope, X2000.

2. Post Oak sandstone; authigenic kaolinite as stacked plates and in
vermicular form growing into pore space. Scanning electron micro-
scope, X2000.
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Plate 3.2-3

1. Authigenic kaolinite as stacked plates and in vermicular form (arrowed) fill-
ing pore space within Post Oak sandstone. Late iron-rich illite (il)
present between detrital grains and earlier kaolinite. Detrital
grains are quartz (q) and microperthite (mp). 0.35 x 0.50 mm,
X-nicols.

2. Chlorite cement degraded to mixed-layer montmorillonite-illite,
which in turn is altered to kaolinite (arrowed). Fine-grained iron
oxide (fe) represents iron released from chlorite structure.
Detrital grains are quartz (q) and microperthite (mp). 0.45 x 0.63
mm, X-nicols.
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Plate 3.2-4

1. Post Oak sandstone; carbonate cement (c) replacing pore-filling
clay (cl). Detrital grains are quartz (q), microperthite (mp), and
granophyre (gr). 1.03 x 1.50 mm, X-nicols.

2. Post Oak sandstone; late iron-rich illite coating detrital grains
(arrowed) and extending into pore space (p). Detrital grains are
quartz (q), microperthite (mp), and granophyre (gr). 1.03 x 1.50
mm, X-nicols.
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Plate 3.2-5

1. Possible residual deposit in Post Oak Formation; angular quartz (q)
and heavily altered microperthite (mp) in a matrix of clay and silt.
1.66 x 2.40 mm, X-nicols.

2. Post Oak sandstone at Sec. 1, TlS, 16W, with anomalous uranium
values; cathodoluminescence photomicrograph showing replacement of
feldspar (f) by carbonate (c).
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APPENDIX 3.2-1.1

COMPOSITION OF SANDSTONES IN THE POST OAK FORMATION

Detrital Grains

rock detrital
cement and matrix perthite fragments femags

a)
44.)

a. 4- 4J n 4-. 4 .4tC
S3 33 3 0 U 9 r0 U. 2.4

r 4.a . 2 C r U. C S.2 C . t
0. a-70) 0) 4.) V LV)NUr-I))*0) 0 + - 0 03

V1 In -) 4 - "r - 0) N .C 4.1 0 -C 4.3+-) .- }4-) 4.) e.

> >t t4 24.U a.8 0 3 6. C C " b 0) C C "rC 0 06al29 8 4 0. tU0 O 0 r V I S.- rd0 O rd0 V 4.) r 7 '0 O M 4) > E
or '0 r- 0O 0 ~CS.-7 0 .CE9+J0 -0

> U U .0 U U) LL. .0 0 E 0'" 4-3 0 E 0r "r 4-) S.- L 4-0 . L..

8.0 tr 1.0 25.5 1.2 14.9 10.8 10.8 46.6 46.6 46.6 tr .

8.3 31.3 35.5 19.8 11.4 11.4 2.0 13.4 tr

17.4 tr 4.5 0.5 25.5 16.6 tr 43.2 43.2 9.7 52.9 tr

25.2 tr tr 10.6 37.2 33.9 tr 17.7 17.7 17.7 0.6 tr

31.6 tr 63.2 1.5 2.4 2.4 2.4 1. .2t.8r
tr* 24.9 18.8 1.7 13.6 10.6 0.6 2946.8 24.8

19.5 tr tr 38.6 34.6 1.0 4 4 t tr

7. tr 12.5 tr 31.1 34.2 0.2 18.6 18.6 tr 3.4

42.1 tr 34.9 9.9 12.0 12.0 12.0 tr 0.3 tr

12. 4.7 1.0 tr 37.3 18.7 16.8 16.8 21.5 38.3 tr

39.5 39.3 16.6 16.6 4.6 4.6 4.6 tr tr

26.5 tr 29.7 18.1 tr 25.7 25.7 25.7 tr tr

9.6 26.0 tr 26.0 16.6 tr 16.6 tr 21.8 21.8 21.8 tr
4. 3.4 2.7 16.7 29.0 11.2 37.0 37.0 tr

19. tr 7.8 tr 40.1 21.1 tr 21.1 30.0 0.5 30.5 30.5 0.5

9.1 20.7 tr 26.9 3.8 2.4 6.2 6.6 22.9 16.7 46.2 46.2

6. 25.6 tr 43.9 3.6 4.1 14.9 22.6 tr 5.7 0.9 6.6 1.1 7.7 0.2 tr

29.2 tr 15.2 6.5 4.9 11.4 43.2 0.5 43.7 43.7 0.5 tr

4.6 20.1 tr tr tr 32.1 11.8 7.6 7.0 26.4 21.2 21.2 21.2 0.2 tr

12. 7.8 9.9 1.9 38.9 10.6 7.6 18.2 tr 23.3 tr 23.3 23.3 tr tr

15. 7.3 5.5 1.5 30.6 18.6 18.6 36.5 36.5 36.5 tr tr tr

8. 27.2 5.5 tr 25.1 3.9 0.8 28.8 33.5 8.0 8.0 0.2 8.2 0.5 tr

5. 20.0 tr 3.2 40.9 12.2 0.7 2.6 15.5 16.6 3.1 19.7 0.7 20.4 tr

17. 8.2 tr tr tr 43.8 25.4 25.4 22.2 22.2 0.4 22.6 tr

21. 2.5 tr 38.4 38.4 38.4 17.2 17.2 3.3 20.5 tr 0.2 tr

3. 1.1 24.8 tr 13.4 18.5 18.5 36.3 36.3 3.1 2.6 42.0 0.2

4. 16.4 23.8 1.3 15.5 16.8 tr 20.6 20.6 22.4 43.0 tr
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APPENDIX 3.2-1.2
CLAY MINERALOGY OF THE POST OAK FORMATION

montmorillonite mixed-layer
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* **

*

Ppo-4
33 *

100 *
67 *



CHAPTER 3.3

PERMIAN ON MUENSTER-WAURIKA ARCH

AND IN THE RED RIVER AREA

Pennsylvanian-Permian strata have been studied on outcrop and from

subsurface data in the area between the Red River and exposures of the

Post Oak Conglomerate south of the Wichita Mountains. The youngest

rocks examined are approximately equivalent to the Post Oak, and the

oldest are Pennsylvanian-Permian in age. The structural configuration

of the area was mapped at the position of the oldest bed studied in

order to evaluate its influence on stratigraphic-sedimentologic features

and on patterns of uranium distribution (Encl. 3.3-1). The stratigraphic

studies, after tenuous correlation of units, emphasized sandstone dis-

tribution; sedimentologic work focused on depositional environments and

trends; and petrologic studies were concerned primarily with those

constituents which are provenance indicators and those which are important

in diagenetic processes.

Structure

The area south of the Wichita Mountains is included in the Wichita-

Criner uplift, the northwesternmost part of the Marietta basin, the

Muenster-Waurika arch which merges with the Wichita uplift west of the

Marietta basin, the Hollis basin west of the arch and the east-trending

Red River uplift in the adjoining part of Texas (Fig. 1.1-1).
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Generalized structural patterns of the area are portrayed by a

structural contour map (Encl. 3.3-1), with the reference surface being

a subsurface marker near the Pennsylvanian-Permian boundary (Encls. 3.3-

2-4), which corresponds approximately to the Megargle Limestone

(Cipriani, 1956). Present in the area are northwest to west-northwest

trends of folds, which respectively, are the overall orientations of the

Muenster-Waurika arch and the Wichita uplift. Other trends are westerly

and east-northeasterly. Faults are more prominent in the relatively

shallow subsurface than had previously been considered. They are

contemporaneous faults, with significant effects on the thickness of the

strata studied (Encls. 3.3-2-4). Both the trends of folds and the faults

are surface expressions of basement faults.

The two faults in the western part of the mapped area (TlN-lS,

R18-21W) apparently are shallow expressions of the Burch and Altus faults

affecting the basement (Ham et al., 1964). The most prominent north-

west-trending fault is the North Fork fault (Ham et al., 1964), and it

apparently is as extensive at the position of Permian beds as it is at

the top of the basement. The Waurika-Muenster fault of Ham et al. (1964)

probably consists of several faults, two of which are mapped. One is

northwest of Walters in T1-2S, R11-12W, and the other is exposed at the

surface along the edge of the Red River valley in the southwestern part

of T5S, R5W. The latter apparently is related to one of the faults along

the part of the arch near the river known to affect Upper Pennsylvanian

beds (Encl. 3.3-1; McBee and Vaughan, 1956). A minor fault, which

apparently is associated with a northwest-trending, faulted anticlinal

feature, is present in T5-6S, R12-13W. Another faulted structure is

present to the west in T5-6W, R14-15W. Both of these may be en echelon
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structures associated with the Red River uplift.

The towns of Temple and Walters lie on the northeast flank of the

northwest-plunging anticline expressing the Muenster-Waurika arch. The

prominent Frederick structure is east-trending. Along the same trend

are prominent structures to the east in T2S, R13-15W. The Altus

anticline, which is faulted, trends west-northwest. Similarly oriented

features are present in Tl-2S, R15-16 W.

Data from an aerial magnetic survey (Geodata International, 1976)

tend to substantiate the presence of a number of northwest-trending-

basement faults associated with the Muenster-Waurika arch (Encl. 3.3-1). The

upthrown blocks of these faults are to the northeast. Another magnetic

anomaly near the Red River may be associated with the prominent northwest-

trending fault near the town of Frederick (North Fork fault). However,

that trend and the magnetic anomaly north of Frederick, for which there

is no corresponding shallow fault mapped, may represent one belt. Ham

et al. (1964) extend the Waurika-Muenster fault into TlN-lS, R15-17W,

where the magnetic anomaly is present, but the anomaly, which trends

northwestward, is offset from those anomalies associated with the arch.

Stratigraphy

The uppermost stratigraphic marker (Encl. 3.3-2-4) which can be

correlated across the area with an acceptable level of certainty is

approximately equivalent to the Megargle Limestone (Cipriani, 1956) in

the uppermost part of the section assigned to the Pennsylvanian Virgilian

Series. The section studied, therefore, is essentially Permian. The

upper part of the section, with equivalents on outcrop, is Upper

Wolfcampian-Lower Leonardian; the lower part is Wolfcampian, except
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perhaps for undifferentiated Virgilian strata at or near the base.

With respect to commonly used terminology (McKee et al., 1967), the

strata studied are included in the Wichita and Sumner Groups. The latter

has been subdivided into the Wellington, Garber, and Hennessey Formations,

which, along with the upper part of the Wichita, crop out in the study

area. Comparable strata in North Texas belong to the Wichita Group. Key

beds used by Bendix (John Quick, personal communication, 1977) in study

of North Texas Permian include the Gunsight Limestone of Texas, the

apparent approximate equivalent of the Megargle Limestone of southwestern

Oklahoma, the Saddle Creek Limestone, the equivalent of which lies in

the lower half of the lower unit, and the Coleman Junction Limestone

(basal Leonardian), which is approximately equivalent to the upper marker.

Based on general electric-log characteristics the interval studied

is herein divided into three parts (Encls. 3.3-2-4). The markers are

quite tentative due to the sharp lateral changes in lithology. Essentially

all rock bodies are highly lenticular. Some of the changes are due to

faulting during deposition. Other variations reflect the dominant

depositional environments, which ranged from alluvial fan to tidal flat.

Because of variations in thickness of mapped units and partial

sections of those units in a number of wells (due to penetration and/or

erosion), percentage of sandstone is mapped to portray general strati-

graphic features of each of the three units. Additionally, areas with

exceptionally thin or thick sections are delineated.

Upper Unit

The upper unit, which is incompletely defined, includes the beds

between the surface and the upper marker shown on Enclosures 3.3-2-4.
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It is only partially preserved because erosion has removed varying

amounts of strata. The maximum thickness logged by borehole surveys is

some 1100 ft (330 m).

The percentage of sandstone ranges from 0 in a local area in the west

to more than 30 percent along two relatively narrow trends and in a

large area in the southwest (Encl. 3.3-5). Relatively narrow trends

of 20-30 percent sandstone are present in most areas. Those in the

northwestern part extend southwestward from the Wichita Mountains. A

similarly oriented trend is present in the northeasternmost part of the

area. The north-central part is generally low in sandstone percentage.

Trends in the south have a wider range in orientation, with an overall

northerly elongation. An irregularly shaped area in the southeast

contains more than 20 percent sandstone.

The largest area of low-percentage sandstone is nearest the outcrop

area of equivalent units south of the Wichita Mountains. Local areas of

low-percentage sandstones are associated with, or lie between, thick

trends. Overall, areas of low-percentage sandstone, extending south-

westerly from the northeast part to the south-central part, separate

sand-rich areas to the northwest and to the southeast.

A small, irregular area in the west is the only area where net

sandstone is more than 200 ft (60 m) thick (Encl. 3.3-5). To some

extent it reflects a relatively thin section due to erosion, but to a

greater extent it reflects the paleostructural influences. Large areas

where sandstone is thinner than 50 ft (15 m) thick in an interval of

500 ft (150 m) or more are in the northeast and west. Several smaller

areas are scattered in other parts of the study area.
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Middle Unit

The middle unit is defined as those beds between the Middle and Upper

markers shown on Enclosures 3.3-2-4. The thickness of this unit ranges

from approximately 200 to 1300 ft (60 to 400 m). Thickness generally is

greatest in the southwest.

Sandstone percentage ranges from 0 to 44 percent (Encl. 3.3-6).

Lower percentages extend southward and southwestward between lobes of

higher percentages from the Wichita Mountains and are present in

approximately the same area as the upper unit extending southwestward

from the northeastern part to the south-central part of the study area.

Higher percentages of sandstone are present in the southeast, in

local areas in the south with wide range in orientation, and as a rather

wide belt in the west which grades into narrower trends extending

southwestward from the Wichita Mountains.

Thick net sandstone, greater than 400 ft (120 m) is present in the

west where paleostructural influence was important. Areas of thin gross

sandstone, less than 50 ft (15 m), are predominantly in the east. Local

areas of thin sandstone commonly coincide with low percentages. The

diagnostic feature of the interval composing the middle unit is the

serrated nature of the spontaneous-potential curve, suggestive of

interbedded sandstone and shale or siltstone. The interval is commonly

thick. It is present in a southeast-trending belt in the west (Encl.

3.3-6). The development of this type of section was probably controlled

in large part by paleostructure.

Lower Unit

The lower unit is defined as the strata between the middle marker
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and the lower marker (the approximate equivalent of the Megargle Lime-

stone) (Encls. 3.3-2-4). It ranges in approximate thickness from 400 to

1450 ft (120 to 440 m), and it most commonly contains easily recognizable

"granite wash."

Sandstone percentages range from less than 5 percent to more than

35 percent (Encl. 3.3-7). The lowest percentages are present as local

patches in most parts of the study area. The southernmost part generally

does not contain those local areas of low percentages. A poorly defined

belt containing local areas of low-sandstone percentages extends south-

westward from the northeastern part to the south-central part of the

area. This belt is approximately in the same area as those for the

middle and upper units.

Relatively narrow trends of high-percentage sandstone extend south-

ward from the Wichita Mountains and are associated with a number of the

local areas of low percentages. Higher percentages are most widely

distributed in the south, although that area also contains numerous

narrow trends, which extend northward to north-northwestward. Only in

four small areas in the southeast is net sandstone greater than 400 ft

(120 m) thick (Encl. 3.3-7). The areas of less than 50 ft (15 m) of

sandstone are in the northern part of the study area.

The major paleostructural influence on stratigraphy is the increase

in thickness across faults. Possible additional effects include the

belts of low-percentage sandstone (for each unit) subparallel to the

most prominent east-northeast fault, higher percentage sandstone in the

middle unit on the Muenster-Waurika arch, and the orientation of the areas

of thick sandstone in, and serrated character of the spontaneous potential

log for, the middle unit. Thick sandstone parallels the Burch-Altus
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fault and is in the downthrown block. The characteristic log feature

is developed for the most part in the downthrown block of the North

Fork fault.

Sedimentology

Depositional environments and trends of sandstones are best

determined from study of geometry and internal characteristics and re-

lating the combination of these features to those of modern sediments.

In this work study of internal features is restricted to outcrop data.

Much of the geometry of individual units can be determined on outcrop,

but the subsurface data, because of problems in correlation, allow only

general description of gross sandstone geometry.

Geometry

On outcrop individual sandstones are generally less than 20 ft (6 m)

thick. The thickest multistoried sandstone section on outcrop (45 ft, or

14 m) is along the Red River in T5S, R12W. Sursurface, sandstone units,

which may be multistoried, are commonly 20 to 50 ft (6 to 15 m) thick

(Encls. 3.3-2-4).

Individual sandstone bodies are generally 100 to 1000 ft (30 to 300

m) wide on outcrop (Pl. 3.3-1.1). Large concretions and asphalt make

the Ryan Sandstone at the base of the Wellington Formation easily recogniz-

able west of Waurika (in T4-5S, T8-9W). There it is a multilateral,

modestly multistoried unit composed of a myriad of narrow sandstone bodies.

In subsurface almost all sandstones show marked lateral discontinuity.

In fact, it is uncommon to recognize a particular sandstone body in more

than one well where locations are 1320 ft (400 m) or more apart.
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The lower contacts of sandstone bodies are generally sharp (P1.

3.3-1.1). Where very fine-grained sandstone is interbedded with shale,

the contact may be gradational. Although gradational lower contacts of

sandstone are more common in the subsurface than on outcrop, sharp basal

contacts predominate.

The sharp lateral changes exhibited in the subsurface and the low

density of outcrops prevent mapping of individual sandstone units.

Internal Features

Sedimentary structures.- Common structures are medium-scale cross-

bedding, small-scale crossbedding, ripple marks, rib-and-furrow, cut-

and-fill, horizontal bedding, interbedding, initial dip, parting linea-

tion, flowage features, and concretions. Burrows are uncommonly present

in very fine-grained sandstones. Although vertical sequences of

structures are generally lacking, medium-scale crossbedding is developed

below small-scale crossbedding in some units which contain both. The

latter structure is characteristic of thin units (less than 5 ft, or 2 m,

thick).

Based on outcrop measurements paleocurrent directions range rather

widely, but the average directions at individual localities suggest a west-

southwesterly to west-northwesterly direction in the southeastern part of

the study area, northerly direction in the south, and westerly direction

in the west (Encl. 3.3-5). Directions in the Post Oak Conglomerate and

its equivalent in Sec. 1, TlS, R16W, are almost invariably in a general

southerly direction.

At some localities features suggest an anomalous easterly direction,

where the bulk of evidence suggests westerly transport. In areas where
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northward paleoslope is suggested, several units contain features with

southerly paleocurrent indicators. These diametrically opposed direc-

tions generally, are not characteristic of a unit at one locality but of

possibly equivalent units in a local area.

The overall direction for paleocurrent indicators in the areas

south of the Post Oak (and equivalent) are westward to west-northwestward

(Encl. 3.3-5). For the Post Oak, the average direction is toward the

south.

Texture.- Average grain size in sandstones south of the outcrops

of Post Oak Conglomerate (and equivalent) ranges from very fine-grained

to medium-grained. Pebbles and cobbles are almost entirely of intra-

formational material. Sorting is generally good; the finer grained beds

are generally not so well sorted as the coarser beds. Vertical sequences

in texture commonly are not evident. Some units with sharp bases show

subtle fining-upward sequences. Electric logs (Encls. 3.3-2.4) of sand-

stone suggest that uniform grain size in vertical sections is more common

than fining-upward sequences, which in turn are more common than coarsen-

ing upward.

Environmentally significant constituents.- Sandstones contain very

few environmentally significant constituents. Siderite pebbles may suggest

proximity to coastal conditions; green-clay pebbles suggest proximity

to units expressive of reducing conditions; locally abundant carbonaceous

material suggests proximity to continental plants. None of these allows

very specific interpretations, but together and in combination with

certain characteristics in associated lithologies they assist in making

a reasonable estimate of depositional conditions.

Other constituents-lithologies of note are the nodular carbonates
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(cornstones described in Chapter 3.6), abundant red mudrock, and thin

limestone conglomerates.

Petrography

Arkosic sandstones and conglomerates (granite wash) are a fairly

accurate means of distinguishing the contribution of coarse clastics by

the Wichita uplift. The lines delineating granite wash for each of the

three subsurface units (Encls. 3.3-5-7) give some idea of the petrologic

provinces. Of course, the provinces shifted laterally (north and south)

during the time represented by each unit, so the lines necessarily show

the overall position of the boundary of petrologic provinces. For

example, on outcrop arkoses are restricted to the area considerably north

of the boundary for the entire upper unit, and arkose in Wolfcampian

sandstones is present in the entire area (Al-Shaieb and Shelton, 1976). The

petrologic boundaries trend southwestward to west-southwestward--parallel

in a general way to the belts of low-sandstone percentages. However,

the limits for arkose are south of the belts.

Data from thin-section examination of representative outcrop samples

are given in Appendix 3.3-1.

The majority of the samples are very fine- to medium-grained

quartzarenites. The quartz content ranges from 50 to 86 percent. Feld-

spar and chert are usually present in trace amounts. Some of the feld-

spar is fresh, but in a few samples, the presence of sericite may sug-

gest weathered or altered feldspar. Most of the identifiable feldspar

is sodic plagioclase.

In contrast to the quartz-rich arenites, the Post Oak equivalent

in Sec. 1, TlS, R16W, is a very coarse-grained, pebbly arkose-subarkose,
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with dominance of potassium feldspar. Not only is it mineralogically

immature but it is also texturally immature.

Monocrystalline and polycrystalline quartz is present in nearly all

the samples. The quartz grains also are texturally and mineralogically

submature to mature. These factors suggest considerable distance of the

sediments from their source area.

Rounded zircon is present in six of the samples and is possibly

another indication of more than one cycle of sedimentation (Pettijohn,

1975). A few samples also have trace amounts of muscovite and chlorite.

Clay matrix composes an average of 4 or 5 percent of the samples.

Kaolinite and illite are the dominant clay minerals in the matrix, with

kaolinite being the most abundant.

Calcite is the dominant carbonate cement in half of the samples;

however, in two samples dolomite composes more than 50 percent of the

sample. It is usually associated with hematite. In several samples the

following diagenetic sequence is observed. Calcite cement replaced the

clay matrix and corroded the edges of quartz grains (P1. 3.3-1.2). Hema-

tite cement replaced some of the calcite, and perhaps at about the same

time or slightly later the remaining calcite in close proximity to the

hematite was converted to dolomite (P1. 3.3-2.1).

Asphalt is present in a number of samples. It is not uncommon in

sandstones with carbonate cement and asphalt for the asphalt-impregnated

areas to contain less carbonate than the other parts of the unit. (P1.

3.3-2.2).

A calclithite conglomerate is present in basal parts of some of the

older sandstones. This conglomerate is composed of micritic, nodular,

and sparry-calcite-veined concretionary clasts (P1. 3.3-3.1). The matrix
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represents about 50 percent of the conglomerate and is composed of silt-

sized quartz, kaolinite, and illite. Carbonate cement is also present,

Iron oxide is present in the clasts and matrix.

Depositional Environments

Sandstones with sharp bases were deposited by channel-contained

currents. The range in setting was from alluvial plain to tidal channel

or tidal flat in the area south of the Post Oak (and equivalent). The

thick, coarser units, with paleocurrent directions toward the west in

the southeast and north to the northwest in the south (from the Ouachita

system) are interpreted as alluvial plain. These units may contain intra-

formational pebbles in the lower part; some contain medium-scale cross-

bedding below small-scale crossbedding, with corresponding fining-upward

sequences. These units are essentially indistinguishable from deltaic-

distributary sandstones. Distributary sandstones may not show fining-

upward, and they may be characterized by small-scale crossbedding with

initial dip. The distinction between the two types of settings most

commonly is not sharp; the alluvial-plain sandstones and associated units

lack marine indicators, whereas the deltaic sandstones with associated

beds contain evidence of some marine input. In the study area units

with marine indicators are not common.

Fine-grained sandstones with limestone conglomerates and paleocur-

rents toward the east to south are considered to be tidal-channel de-

posits. Very fine-grained sandstones, less than 6 ft (2 m) thick and

less than 200 ft (60 m) wide and with similarly oriented paleocurrents

and limestone conglomerates, are interpreted as tidal-flat deposits which

formed in creeks. The limestone conglomerate possibly represents
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ripped-up algal mats which formed the flats.

The alluvial-fan deposits, represented by the Post Oak Conglomerate

(and equivalent),were deposited in rather limited areas south of the

Wichita Mountains, when the size of the uplift and the duration of

tectonic activity are considered. The alluvial plains which extended

south of the fans were likewise restricted in areal extent. The

southernmost extents of southward-advancing plains for the three subsur-

face units possibly are shown in a very general way by the southern

limits of granite wash. The alluvial plains which extended west and

north from the Ouachita system lay to the south and east of the areas

of granite wash (Encls. 3.3-5-7). During much of the time represented

by the Permian strata examined, the area south of the Wichita Mountains,

therefore, was represented by two converging alluvial plains, a narrow

plain flanked on the north by a narrow alluvial piedmont plain adjoining

the Wichita Mountains and a very extensive plain on the south to the west

and northwest of the Ouachita system.

Deltaic and tidal-flat conditions were probably more extensive in

the area west of the study area.

The redbeds with cornstones (caliches) indicate that the climate

was semiarid to arid. Thin layers of green mudstone below the cornstones

and below sandstone reflect either reducing conditions resulting from

seasonably high positions of the water table or saturation due to

capillary action or evaporative pumping below a relatively impermeable

seal.
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Uranium Potential

Structural Influence

Al-Shaieb and Shelton (1976) summarized geologic conditions

associated with the previously reported occurrences of uranium anomalies

including the aborted uranium prospect in Sec. 30, T5S, R12W. In addition,

ground-water uranium anomalies were reported by them. Emphasis was given

in that report to the fact that the surface and some of the ground-

water anomalies in channel sandstones are structurally located.

In this report the structural configuration at a shallow stratigraphic

position is compared to the locations of the anomalies (Encl. 3.3-8).

Also, paleocurrents and trends of sandstones are estimated in order to

provide additional vital data for uranium exploration.

The anomalies at the surface are all related in some way to

structural features, as opposed to an intimate relationship to facies or

facies changes. The proximity to faults or to magnetic anomalies due

to faulting at depth is indicative of the influence structure has had

on localization of uranium mineralization. The faults or inferred

faults along which anomalies are present trend northwest. The anomalies

of most interest probably are those in T54-555, R8-9W; T4-5S, Rll-12W;

and TlS-1N, R15-16W. The last has been described in Chapter 3.2.

The anomalies in T4-5S, R8-9W, and in T4-5S, Rll-12W, are associated

with magnetic anomalies. The former is on a prominent anticlinal

feature. Sandstone hosts there trend westerly, and they contain asphalt.

The anomaly in T5S, R12W, is associated with an anticline which is faulted

northwest of the uranium occurrence.

The occurrences of anomalies along or near faults, and to a large
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extent, in sandstones on oil-productive anticlinal features (e.g. T5S,

R12W) suggest that oil seepage along the fault may have been instrumental

in precipitation of the uranium by providing local reducing conditions.

The quartz-rich sandstone reservoirs seemingly were in communication

with subarkose-to arkose reservoirs in the underlying Pennsylvanian sec-

tion. The uranium-bearing solutions originated from the underlying

Pennsylvanian subarkosic-arkosic reservoirs, moved upward along faults

and precipitated the uranium in the quartz-rich sandstones. The Penn-

sylvanian rocks also represent a potential host for uranium.

In this area, the uranium in cornstones and/or associated shales also

may show strong structural influence, but the immediate causative rel-

ationships are climatic, with vertical movement of water in low-

permeable mudstone and with permeability barriers by those carbonates.

Case History: Southwest Randlett Anomaly

Because this anomaly is the most significant uranium occurrence in

the area south of the Post Oak Conglomerate equivalent, it is described

herein in more detail than the description in Al-Shaieb and Shelton

(1976). The anomaly is on the southwest flank of a northwest-trending

anticline. A saddle across the middle of the anticline forms a dome on

the northwest end of the anticline. The dome forms the trapping mechanism

for the southwest Randlett Oil Field. The anomaly is slightly southwest

of the saddle.

Stratigraphic framework.- Approximately 80 ft (24 m) of the sand-

stones and shales are exposed at the locality of the anomaly, The

mineralized sandstone is located approximately in the middle part of the

exposure.
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Present in the lowermost part of the exposure are 6 ft (2 m) of

fine-grained, reddish-brown sandstone. The basal contact is covered.

The sandstone is overlain by 2 ft (.6 m) of shale, which in turn is over-

lain and in places partially cut-out by a fine-grained sandstone 2 ft

(.6 m) thick. The overlying shaly interval, 26 ft (8 m) thick, lies

below the mineralized sandstone. The latter is very fine-grained and

10 ft (3 m) thick (Fig. 3.3-1).

The zone is bleached whitish-gray with horizontally arranged

streaks of red, yellow, and green. A thin shale may overlie the

mineralized sandstone, but more commonly, the overlying unit is whitish-

tan to red-brown, very fine-grained sandstone, which by cut-out replaces

the shale and is in contact with the mineralized sandstone. This sand-

stone is about 20 ft (6 m) thick; it is overlain by 16 ft (5 m) of reddish-

brown, very fine-grained sandstone (Fig. 3.3-1).

Geometry.- Due to the lenticular nature of the sandstones, they

cannot be traced away from the outcrop locality. The overall trend is

thought to be approximately N30W even though individual current indicators

show a bimodal pattern, with average current directions of N and N80W

(Fig. 3.3-2).

The width of the mineralized sandstone lens is about 100 ft (30 m).

The lateral and basal contacts are sharp. At the base of the mineralized

sandstone, the shale is bleached and mineralized. The upper contact is

also abrupt with either shale or another sandstone unit.

Internal features.- The most common structures in the mineralized

sandstone lens as well as the other sandstones is medium- and small-

scale crossbedding, much of which is trough-type. Other features are

parting lineation, rib-and-furrow, and horizontal lamination.
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Fig. 3.3-2--Rose diagram of current directions in sandstones, E SW
Sec. 30, T5S, R12W, showing direction of N30W.
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The sandstones in the exposure are generally fine-grained, well

sorted, and subangular to subrounded. The sandstone in the mineralized

zone is slightly less well sorted and in some cases is moderately sorted.

Unoccupied pore space ranges from 0 in the mineralized zone to as much as

20 percent in the unmineralized sandstones. The porosity in the un-

mineralized sandstone is about 15 percent.

Petrography of the mineralized zone.- The exposed mineralized zone

and associated part of the channel sandstone is 5 ft (1.5 m) thick.

Quartz is the primary detrital constituent and ranges from 57 to 79 per-

cent of the samples. In every sample, edges of quartz grains have been

replaced to varying degrees by either calcite or kaolinite and illite.

The quartz is fine-grained, moderately to well sorted, and mainly mono-

crystalline. Most of the grains have undulose extinction. All of the

samples contain at least trace amounts of polycrystalline quartz grains.

Sparry calcite cement comprises 20 percent of the lower 2 ft (.6 m)

of the 5-ft (.6 m) interval. The upper 3 ft (1 m) do not contain

calcite cement.

Carbonaceous material is present in small amounts through the lower.

3 ft (1 m) of the channel. This material has been partially replaced by

chalcocite, which in turn has weathered to malachite.

Pyrite in trace amounts is also present in the lower 3 ft (1 m).

Most or all of the iron oxide and iron hydroxide present in this interval

is derived from the pyrite. Iron oxide and iron hydroxide range in

quantity from 1 to 15 percent. They are also present in trace amounts

in the upper 2 ft (.6 m).

Kaolinite, illite, and mixed-layer clays range in quantity from

trace amounts to 30 percent of the samples. The illite tends to coat
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the quartz grains, whereas the kaolinite tends to fill the pores (P.. 3,3-

3.2). The clays are authigenic; the kaolinite is present as books,

The amount of clay varies from a trace to as much as 20 and 30 percent.

Plagioclase is present in trace amounts throughout the interval.

There is only an isolated occurrence of potassium feldspar.

Depositional environment.- The textural and mineralogical maturity

of the sandstones indicates considerable distance from the source area.

The associated reddish-brown and maroon colors of both sandstones and

shales suggest nonmarine conditions. The fine-grain size, slight upward

fining, sharp lower and lateral contacts, and width/thickness ratios suggest

deposition in an alluvial-plain channel or deltaic distributary. With

the absence of marine indicators, alluvial-plain deposition is thought

more likely.
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Plate 3.3-1

1. Permian channel sandstone. 35 feet wide and 7 feet thick.

2. Calcite cement (c) replacing quartz (q), kaolinite (k), and illite (il).
Field of view 0.45 x 0.63 mm, X-nicols.
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Plate 3.3-2

1. Clay (cl) replaced by calcite (c), hematite (h), and dolomite (d)
(in order of replacement). Field of view 1.66 x 2.40 rrm, X-nicols.

2. Calcite (c)-cemented quartzarenite. Asphalt (a)-impregnated areas
have no calcite. Field of view 1.66 x 2.40 nn, plane light.
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Plate 3.3-3

1. Clasts of micrite with sparry calcite veins. Quartz (q) matrix.
Clay (cl) and calcite (c) cement. Field of view 1.66 x 2.40 mn,
X-nicols.

2. Illite (il) rims around quartz (q) grains. Kaolinite (k) is concentrated
in center of pores. Field of view 0.45 x 0.63 mm, X-nicols.
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APPENDIX 3.3-1

Composition of Sandstones
Muenster-WaurikaArch-Red River Uplift

Porosity Detrital Grains Cement and Pore Filling

Void K- Musco- Cal- Cal- Dolo- Hema- Limo- Seri-
Location Space Quartz Chert feldspar Plag. vite Chlorite cite Zircon Clay cite mite tite nite cite Asphalt

34-4S-7W 16 75 1 tr tr 4 2 2
32-4S-7W 60 1 tr tr 1 20 18

14-5S-8W 20 75 1 tr tr 3 1
10-5S-8W 35 59 tr tr tr 5 1
15-5S-8W tr 25 tr tr 43 10 9 tr 8 5
15-5S-SW 25 70 tr tr tr tr 5 tr tr
12-5S-9W 32 60 tr tr tr tr tr 5 3

12-5S-9W 2 39 tr 34 tr o 13 6 tr
7-5S-8W 5 69 1 tr 8 tr 17

34-4S-9W 10 86 tr tr tr 3 tr tr tr
34-4S-9W 5 50 tr . tr 5 40 tr tr

16-4S-12W 20 75 tr tr tr 5 20 tr
30-5S-12W 1 57 tr tr 20 20 1 tr
30-5S-12W 60 tr tr 15 3
30-5S-12W tr 65 tr 30 2 3

30-5S-12W 15 79 tr tr tr tr z 1 tr

30-5S-12W 12 76 tr 12 tr tr
30-53-12W 10 85 tr 2 2 .5 .5
30-5S-12W 20 62 tr tr 1 - 15 2

1-1S-16! 10 60 20 t 5
15-4S-17W 2 25 10 3 56 4
15-4S-17W 1 61 tr tr 3 2 30 tr
1-1S-20W 50 tr tr tr 50

23-2S-12W 1 65 tr tr tr 2 7 25 tr

19-7S-SW 10 83 tr 1 2 4

00



CHAPTER 3.4

GRANITE WASH NORTH OF WICHITA MOUNTAINS

Structural Configuration

Granite wash north of the Wichita Mountains is present in relatively

thin sections on the uplift (and associated platform) and in very thick

sections in the Anadarko basin. A number of fau''; zones were active dur-

ing deposition of the granite wash, when the uplift, as a marked postive

tectonic feature, contributed sediments to the rapidly subsiding basin.

Because exploratory interest is in granite wash and because the shallower

occurrences are the most likely areas for any exploratory effort in the

near future, a map was prepared of the elevation of the shallowest

occurrence (top) of granite wash (Encl. 3.4-1).

Some fault segments apparently have not been active since deposition

of the granite wash. Movement along only segments of the Mountain View

faultsuggests a complex history of the rather intricate fault system dur-

ing the orogenic episodes in which the dominant movement was probably

strike-slip.

In the study area the elevation to the top of granite wash ranges

from more than 500 ft (150 m) above sea level to possibly more than

4000 ft below sea level (Encl. 3.4-1). Although the granite-wash top is

not a stratigraphic marker, in each fault block it dips rather gently

basinward. The youngest granite wash, developed locally in the area of

study, corresponds approximately to the top of the Wellington Formation

179
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(or the top of the Wichita-Albany of some workers), the datum for

Enclosures. 3.4-3-5. Permian arkos.ic faces generally grades northward

and upward from conglomeratic granite wash to arkosic sandstones to

arkosic shale. The contours are convex northward in the Anadarko basin

in the area of Cordell.

The area of greatest interest (because of logistics problems) is

where the granite wash is less than 5000 ft (1500 m) below the surface.

The area where the top of the granite wash is deeper than 5000 ft (1500 m)

is in the northwest and northeast (Encl. 3.4-1).

Most of the grinite wash is Permian in age. However, the section

of granite wash includes Pennsylvanian Virgilian units in the area on

the Wichita block (and platform), the area south of the Mountain View

fault, and Virgilian beds are a part of the granite wash above 5000 ft

(1500 m) in the Anadarko basin adjoining the Mountain View fault where

the top of the wash is convex northward. Further, the development of

granite wash in Virgilian strata, along with the lobe expressed by its

top, appears to be associated with the trapezoidal-type fault blocks

north of Hobart. Within the blocks, essentially no granite wash is

developed in the subsurface where Wellington overlies Carlton Rhyolite in

the northern block and Wichita granites in the southern block. The

presence of Virgilian above a depth of 5000 ft (1500 m) reflects the

structural history during the Permian, to a large extent.

Stratigraphy

Because facies and thickness changes are abrupt and because marine

units are too thin-and impersistent for correlation, only gross sub-

division of the section can be made (Encls. 3.4-3-5). The only reliable
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tops are the Wellington Formation and the Virgilian Series. A local

marker in the east is the Pennsylvanian-Permian Pontotoc Conglomerate.

Facies changes are illustrated by the positions of the top of the granite

wash (Encl. 3.4-3-5).

Sandstone-conglomerate percentages in the granite-wash section down

to a depth of 5000 ft (1500 m) range from zero to more than 70 percent

(Encl. 3.4-2). Sandstone-conglomerate generally decreases basinward in

each fault block; however, the percentages increase northward within the

block in T7-8N, R15-18W. Sandstone-conglomerate is not present in the

trapezoidal fault blocks in T8N, R21-24W. A mared northward bulge in

percentages is present in the general area which shows a northward

convexity in the elevation of the top of the granite wash.

Sandstone-conglomerate thicknesses range from zero to more than

2000 ft (600 m) (Encl. 3.4-5). Thickness changes within each fault

block are similar in configuration to those in percentages. A bulge

in sandstone thickness north of the Mountain View fault corresponds to

the bulge in percentages.

Sedimentology

It has been rather common for some casual observers to consider the

granite wash in the Anadarko basin as having formed in a single continental

environment. The presence in the Pennsylvanian section of several marine

limestones with fusulinids has not only allowed gross subdivision of the

stratigraphic section but also has served as significant evidence that a

considerable range in general environments existed during deposition of

the section containing the granite wash. However, in the Pennsylvanian-

Permian section studied herein, recognizable and mappable marine units
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form an insignificant part of the section. Consequently, only the

gross geometry of granite-wash units is known, and detailed description

of internal features is based on examination of cores in a few wells.

Geometry

Thickness of sandstone-conglomerate units, measured on well logs,

is as much as several hundred feet in the Anadarko basin where subsidence

was rapid. They undoubtedly represent multistoried units. On the uplift

the conglomerate-sandstone log units are thinner. Based on examination

of several cores from wells on the uplift (or platform), sandstone units

are commonly 10 to 20 ft thick and coarse conglomerate (granite wash) is

approximately 30 ft thick.

Log characteristics indicate that the basal and upper contacts of

conglomerate-sandstone units generally are sharp. Core examination shows

that the contacts of the conglomerate are sharp.

In the study area the units are laterally discontinuous; characteristic

widths of log units, most of which are probably multistoried and multi-

lateral units, are estimated to be less than 2000 ft (600 m).

Internal Features

Three major lithologic types or groups, composing a depositional

sequence, are present in the Gulf Mathews No. 1 in Sec. 7, T8N, R20W

(Pls. 3.4-1 and 3.4-2); namely, conglomerate, sandstone, and interbedded

siltstone, shale, and very fine-grained sandstone. The sequence is

approximately 50 ft (15 m) thick; the conglomerate is approximately 30 ft

(9 m) thick; the sandstone is 10 to 15 ft (3 to 4.5 m) thick; and the

siltstone-rich unit is 6 to 10 ft (2 to 3 m) thick. The base of the
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conglomerate is in sharp contact with sandstone, and the top contact

with the overlying siltstone is equally abrupt, The sequence is best

understood sedimentologically if it is considered to have begun with

deposition of silt and to have ended with the cessation of gravel-cobble-

boulder deposition.

Sedimentary structures.- The siltstone contains parallel bedding

with initial dip and contorted bedding. The sandstones have initial dip,

medium-scale crossbedding, and massive bedding. The finer-grained sand-

stones also show some interbedding and contorted bedding-load features.

Conglomerates are characteristically massively bedded.

Texture.- The maximum grain size in the coarse conglomerate is more

than 400 mm. The average and maximum sizes of igneous cobbles and

boulders are greater than those of carbonate cobbles and boulders. The

material is poorly sorted. The igneous clasts are more angular than the

carbonate particles. The sand, gravels, and pebbles are more angular

than the cobbles and boulders. The log characteristics for this unit

are a high spontaneous-potential deflection and a high but somewhat

variable resistivity.

The average grain size of sandstone ranges from very fine to coarse.

Granule is the maximum size. The coarse-grained sandstones are poorly

to moderately sorted. The framework of the finer grained sandstone is

moderately sorted. The log characteristic of the coarser grained sand-

stone is a spontaneous-potential curve with moderate to low deflection

(less than that for the conglomerate) and low resistivity. The log

characteristic of the finer grained sandstones are similar to those of

the other sandstones. Those associated with siltstones and shale are

commonly characterized by even less deflection than the sandstones without.
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interbeds of mudrock.

The siltstone sequence is moderately to poorly sorted by virtue of

both the range in size in a small increment of strata and, on a larger

scale, the interlamination. The log features are similar to those of

shale, with the resistivity surprisingly low for the average grain size.

Much of the granite wash is well indurated whereas other sections in

the Mathews No. 1 are friable. The porosity is thought to range from

less than 8 percent in the former to more than 15 percent in the latter.

Lithologic constituents.- Megascopically the conglomerates consist

of igneous rock and carbonate clasts. Asphaltic material is present in

some of the pores. The subdivision of the conglomerate by Edwards (1959)

into major types of granite wash is appropriate for this study (Encl.

3.4-1). In the Mathews No. 1 core the clasts of igneous rocks are

almost entirely granite. They constitute about 75 percent of the cobbles

and boulders. The coarser grained sandstones are feldspathic in the

Mathews No. 1 core. They have the characteristic pink color of many of

the arkoses derived from the Wichita granites. Carbonate is a common

cement.

The characteristic constituent in the finer-grained sandstones,

siltstones, and shales is abundant carbonaceous material. One type of

fine-grained sandstone, which directly underlies the conglomerate is light

green in color. It does not contain carbonaceous material.

Petrography

Composition of the matrix of the conglomerates was used in thin-

section examination because of the wide range in particle sizes.

The cementing material is predominantly clays or clays and silt.
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The percentage of the cementing materials, because of its dependence on

conglomerate in the sample area, does not represent the true percentage.

Clay and silt represent approximately 25 percent of the material finer

than pebble size; the range is from 7 to 44 percent. Clay minerals

consist mainly of kaolinite, chlorite, and a mixed-layer clay, probably

with illite. Calcite is the other major cement. The amount varies from

traces to 22 percent of the material finer than pebble size. Some

calcite occurs as sparry growths in vugs. Minor amounts of dolomite and

chalcedony are in some of the samples.

The sand-size grains include quartz, polycrystalline quartz, lime-

stone, chert, microperthite, orthoclase, microcline, plagioclase,

granitic rock fragments, and granophyric rock fragments (Pls. 3.4-3.1 and

3.4-3.2). The percentage of individual types of grains varies widely.

Potassium feldspar, either as discrete grains or in rock fragments,

composes approximately 25 percent of the matrix. The percentage of it

is, of course, much greater with the inclusion of pebbles, cobbles, and

boulders.

Compositionally the matrix ranges from an arkose to a lithic arkose.

The rock itself is actually a granitic conglomerate. The matrix is

submature compositionally and texturally. The grains range from very

angular to subrounded. There is no large modal class in the matrix, as

a whole or of any particular mineral component because of the general

lack of sorting. The sorting for the sand portion in the poorly sorted

matrix is poor to moderate.

Solid hydrocarbons are common. Much of the asphalt-type material,

possibly gilsonite, is very finely disseminated throughout the matrix..

The amount varies from 1 percent to 10 percent; the average is 5 percent.
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The porosity in thin section of the matrix ranges from a trace to

8 percent. The distribution of pores varies widely.

Depositional Environment

Granite wash (consisting of igneous-rock wash and carbonate wash)

in the Anadarko basin was deposited through an extended period which

coincides with the different orogenic pulses of the Amarillo-Wichita-

Criner structural element. In general granite wash was more extensively

deposited during regressive phases in the Pennsylvanian than during

Early Permian when the mountains apparently were less prominent.

Correspondingly, the range in depositional environments represented by

the granite wash was greater during those parts of the Pennsylvanian

represented by regressions than during Early Permian. During extensive

regressions due to significant uplift of the source area, the granite

wash extended well into the basin, where variations in subsidence rates

and depositional rates were reflected by a variety of environments re-

sulting from changes in water depths, shoreline configurations, and shifts

in drainage patterns.

In Elk City field in TlON, R20-22W, Sneider et al. (1976) recognized

in oil-productive Missourian granite wash, from depths of 8800 to 11,000

ft (2650 to 3350 m), several genetic types of sandstones-conglomerates.

They include barrier-bar, alluvial-valley, deltaic-distributary, and

deltaic-marine fringe deposits. The barrier-bar sandstones-conglomerates,

oriented parallel to the shorelines (and uplift), are as much as 80 ft

(25 m) in thickness, but they more commonly are 40 ft (12 m) thick and

2 mi (3 km) wide. The alluvial-valley channel sandstones-conglomerates,

elongated perpendicular to the uplift, reach 100 ft (30 m) in thickness,
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and they are .5 mi (.8 km) wide. Deltaic-distributary sandstones-

conglomerates are thinner and narrower than the alluvial deposits; the

underlying deltaic-marine fringe units, commonly composed of 2 or 3

coarsening-upward sequences, generally are 40 ft (12 m) thick, or only

slightly thicker than the typical distributary deposits.

Due to the relationship of subsidence and sediment supply, Elk City

during Missourian apparently lay near the shoreline; undoubtedly sand-

stones, which extended beyond the general setting at Elk City were

deposited in deeper waters of the basin as sediment-gravity deposits

(submarine fans and trough--or axial--turbidites).

Most of the area of this study during most of Pennsylvanian-Permian

(Late Virgil-Early Leonardian) apparently lay upslope from the setting

at Elk City. Marine indicators are sparse and maximum grain size is

much coarser. The general setting is piedmont (alluvial fan-plain or

fan delta) on the north slope of the Late Paleozoic Wichita Mountains

(Fig. 3.4-1). In the area of the Anadarko basin, where sandstones-

conglomerates are present as a northward bulge, the environments are

thought to have included not only the coastal environments described by

Sneider et al. (1976) for Elk City but possibly also basinal environments

where submarine fans formed. The parts of the study area on the Wichita

block or platform, south of the Mountain View fault, represent the most

likely sites for alluvial fans-plains (fan deltas) to form. Virgilian

coarse conglomerates, 30 ft (10 m) thick in Gulf Mathews No. 1, probably

represent deposition in channels on alluvial fans (or fan deltas). The

underlying sandstone, which contains interbeds in its lower part,

represents many overbank and/or sheet-flowtypes of deposition adjoining,

or out in front of, major lobes of the fan. The underlying carbonaceous
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Fig. 3.4--1--Schematic illustrations of depositional environments on
north side of Wichita Mountains (From Sneider et al., 1976).
Illustration courtesy of R.M. Sneider and Society of
Petroleum Engineers. From SPE 6138, first presented at
SPE AIME 51st Annual Technical Conference and Exhibition,
October 3-6, 1976, in New Orleans, Louisiana.
Published in July, 1977, in Jour. Pet. Technology.
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siltstone-shale-sandstone possibly formed on the floodplain which

developed after an earlier channel or lobe had been abandoned, or it

formed along the coast beyond the major effects of the fan.

In terms of geologic history, the depositional sequence (or cycle),

with an overall thickness of 50 ft (15 m), represents deposition (with

rather abrupt introduction) of:

1. fine clastics on

a. floodplain when coarser clastics were deposited farther

inland or after lateral shift of alluvial fan lobe--or

b. along coast during minor transgressions;

2. sand and associated clays as

a. splays (or overbank flows) on floodplain or interlobe

area of fan--or

b. in delta-fringe environment;

3. gravel-cobbles-boulders in

a. channel on fan--or

b. in channel on fan delta.

The sharp contacts of the conglomerate represent marked changes in

sedimentation. The upper contact reflects either lateral changes in

stream position which are common in formation of alluvial fans or relative

change in sea level causing transgression. The lower contact reflects

erosion generally associated with stream channels.

The abundant carbonaceous material in the Mathews No. 1 reflects not

only the depositional environment but also the climate. During Permian

the same environment may have been represented by red siltstone-shale-

sandstone.
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Uranium Potential

A number of gamma-ray logs of wells drilled for oil and gas show

(1) a relatively thin anomalous interval with values exceeding 300 API

units, (2) a rather thick section (greater than 100 ft, or 30 m) with

values equal to or greater than 150 API units, or (3) an interval greater

than 30 ft (10 m) with values exceeding 225 API units (Encl. 2.4-1).

The 5 wells with the first type of possible anomaly are oriented in

a general easterly direction, which in the west is near the Mountain

View fault and in the east is about 10 mi (16 km) north of that fault.

The second type of possible anomaly is associated with gas production

in the South Erick field area in T8N, R24-26W, and in T7N, R21-22W. A

single occurrence is near a fault in T6N, R13W.

The third type of possible anomaly is recorded in 3 wells: near a

fault in T8N, R23W; near the Mountain View fault in T8N, R23W; and in

T9N, R12W (a well with also a thin anomalous interval).

Most of these are associated with faults and/or production of hydro-

carbons. The South Erick area adjoins the Panhandle field of Texas,

where uranium concentrations of 1 to 5 ppm are reported from granite wash

and where asphaltite is uranium-bearing (Pierce et al., 1964).
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Plate 3.4-1

Granite wash, Mathews No. 1, Sec. 7, T8N, R20W
(core diameter is 3.5 in. , or 8.9 cm)

1. Medium-grained arkosic sandstone overlying very fine-grained sand-
stones with much carbonaceous material.

2. Base of carbonaceous siltstone. Slight erosional surface at top of
conglomerate; contorted bedding in siltstone; and angular clasts of
congl omerate.

3. Typical conglomerate, with extremely poor sorting; larger clasts and
limestone pebbles show significant degree of roundness. Rings of
gilsonite in limestone pebbles.

4. Fine-grained sandstone with disrupted shale layer.
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Plate 3.4-2

Granite wash, Mathews No. 1, Sec. 7, T8N, R20W
(core diameter is 3.5 in., or 8.9 cm)

1. Carbonaceous-rich layer and angular granule layer.

2. Top of conglomerate and base of carbonaceous-rich layer. Thin section
of very coarse-grained, granular sandstone overlies the conglomerate.

3. Conglomerate. Igneous boulders at top and bottom; gilsonite in pores.

4. Contact of conglomerate with green, fine-grained sandstone.



1

Mothers 1
7-8N- 20W

3

Mathews t

7-8N-20W

1

4

Mothers t

7-8N - 20W

- 5500

/ l-

500

5700

194

5500

600

5700

tt

5500 -

Mathews 1

7-8N -20WA

I- y

I .

i

\-t-4

- -

5500

$600

s

i

5600

5700

vy-, ti







195

Plate 3.4-3

1. Granite wash; granite-rock fragment with well developed microperthite.
Dolomite cement (d). 1.66 x 2.40 mm, X-nicols.

2. Granite wash; clastic grains are microperthite (mp) and granophyre
(gr). Dolomite cement (d). 1.66 x 2.40 mm, X-nicols.
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CHAPTER 3.5

VANOSS FORMATION

Outcrop Description

The Vanoss Formation is exposed north of the Arbuckle Mountains as

an apron of arkosic and limestone conglomerates striking east-west along

the mountain front. North of Sulphur, Murray County, the outcrop shifts

to a north-northeast trend (Encl. 3.5-1). The change in strike corresponds

to a change in the dominant lithology, from limestone and arkosic

conglomerate to feldspathic and nonfeldspathic sandstones intercalated

with multicolored mudstone. The regional dip is one to two degrees to

the west or northwest, although steeper dips are present locally, in

association with small-displacement faults. The Vanoss is exposed in

more than 350 sq mi (900 km2) north of the Arbuckle Mountains.

Stratigraphy

Arkosic rocks that crop out near Vanoss, Pontotoc County, Oklahoma,

were first described by Morgan (1924), who named them the Vanoss Forma-

tion. He estimated total thickness of the unit to be between 250 and

650 ft (75 to 200 m) but recognized the possible intergradation of three

lithologically similar formations (the Vanoss, Stratford, and Konawa

Formations). He included these units in a time-transgressive series of

alternating arkosic sandstones, and conglomerates, mudstones, shales,

and limestones termed the "Pontotoc Terrane," estimated to be 1000 to

197
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1580 ft (300 to 480 m) thick (Morgan, 1924).

The Vanoss Formation is generally considered Late Virgilian in age

by most workers in south-central Oklahoma. There, the Vanoss overlies

the Pennsylvanian Ada Formation and underlies the basal Hart limestone

member of the Permian Stratford Formation (Morgan, 1924). Dating of

the Vanoss was based on sparse flora and fauna, mostly plants, gastropods,

and some mollusks. The Vanoss has not been disturbed by the many faults

that displace older beds in the area, suggesting that deposition of the

Vanoss occurred after a distinct hiatus. Southward from the type area

(T3N, R4E), the Vanprs overlies progressively old-r sedimentary rocks

until it rests with sharp unconformity on rocks of Ordovician age in TlS,

R3E. A more detailed discussion of Pennsylvanian-Permian stratigraphy is

given by Al-Shaieb and Shelton (1976).

During surface mapping north of the Arbuckle Mountains, two informal

members of the Vanoss were recognized: a basal conglomerate member, and

an overlying shale member (Dunham, 1951; Ham and McKinley, 1954). Ham

(1969) suggested a maximum thickness for these two members of 1500 ft

(460 m) along the north flank of the Arbuckles. However, many workers

(Tanner, 1956; Thomas, 1973; and Hart, 1974) consider this thickness

excessive. In the subsurface the Ada-Vanoss interval (overlying the

Pawhuska Limestone) has an average thickness of approximately 1200 ft

(365 m) (Encl. 3.4-2-5).

A generalized sandstone (and conglomerate)-percentage map was

prepared from 4 control points (electric logs of wells) per township

(Encl. 3.4-6). The sandstone map probably reflects minimum values for

sandstone because of difficulties in interpretation of logs due to fresh

and brackish water and calcite cement in the sandstones.
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Sandstone percentages in the Ada-Vanoss interval range from less than

5 percent to almost 40 percent; an arithmetic average of values at control

points is 18 percent.. Relatively high values in the north and low values

in the south are enigmatic. The characteristically high variability

reflects the lenticularity of sandstones and conglomerate units. Trends

of higher sandstone percentages in the north are westerly (Encl. 3.5-3).

In the area between T4-7N, the trends are northwesterly. Overall sand-

stone percentages, with values as high as 25 percent, tend to parallel

the outcrop pattern in TlS, 1-3N, except in R3W, where a northward-

extending lobe is present. Immediately north of this proximal area,

sandstone percentages are quite low.

The entire Paleozoic-Precambrian section of the ancestral Arbuckle

Mountains constitutes a source for the Vanoss material; i.e., basement

granites and Lower Paleozoic sedimentary rocks (mostly thick sequences

of carbonates) and extrusives.

Petrology and Petrography

Conglomerates

Most of the clasts in the southern part of the outcrop area are

limestone and associated cherts (Fig. 3.5-1; P1. 3.5-1.1). Although

usually subordinate in quantity, granitic fragments are present through-

out a much greater area of the Vanoss outcrop than are limestone clasts.

The latter generally are not predominant north of T5N, with the exception

of some localized limestone conglomerates.

The conglomerates are commonly tightly cemented by several genera-

tions of calcite cement. Close to the Arbuckle Mountains the clasts are

pebbles and cobbles with rare small boulders. However, in the northern
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part of the outcrop area, small pebbles are restricted to channel-lag

deposits. Generally, grain size decreases northward and upward.

Sandstones

Sandstones of variable mineralogy are present for the most part

north of the conglomerate outcrop, but they are also intercalated with

some conglomerates. Those in eastern Pontotoc County and in the adjacent

subsurface are arkoses; elsewhere subarkoses and quartzarenites are

developed (Fig. 3.5-1). Appendix 3.5-1 lists the major mineralogical

constituents in Van-ss sandstorms (Thomas, 1973, is a more detailed

study.)

Arkoses and lithic arkoses.- Generally the arkosic rocks are the

most poorly sorted and the coarsest grained of the sandstones. Individual

grains are angular to very angular. Grain-to-grain relationships are

varied (e.g., floating, point, and long contacts).

Quartz occurs as both monocrystalline and polycrystalline grains;

the latter are common in the more feldspathic sandstones of the

Vanoss. The predominant feldspar is perthite; microcline and plagioclase

are present in important, though subordinate, amounts (P1. 3.5-1.2).

Rock fragments include both plutonic and sedimentary types (P1. 3.5-2.1).

Biotite, chlorite, glauconite, chert, and opaque minerals are present in

variable amounts, but generally they are trace constituents.

The dominant cement is calcite, which forms up to 34 percent of some

arkoses. The calcite is usually anhedral, equigranular sparite; rarely,

poikilitic fabrics are developed in areas of coarser grained material.

Both quartz and feldspar are replaced by calcite; on the north flank of

the Arbuckles replacement of feldspar is so intense that the overall
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mineralogy of the sandstones has been significantly changed (Thomas,

1973), Kaolinite, which is also an important cement, is apparently an

alteration product of plagioclase and perthite, Traces of illite-

montmorillonite are in some arkoses.

Subarkoses.- Although grain size is variable, most subarkosic sand-

stones are fine-grained. Individual grains are generally angular and

exhibit point and long contacts.

Most quartz grains are monocrystalline. As in the arkoses, perthite

is the predominant feldspar with subordinate microcline and plagioclase.

Chert and plutonic and sedimentary rock fragments are minor constituents;

opaque minerals (pyrite, marcasite, magnetite, and hematite), biotite

and small pellets of glauconite are accessories.

Cements are more variable than in the arkosic sandstones. Calcite

is usually the dominant cement, occurring as both sparite and micrite.

In some instances ferroan dolomite rhombs have replaced calcite. In

addition, kaolinite, illite-montmorillonite, and chlorite are important

cements in some sandstones.

Quartzarenites.- Most quartzarenites are well-sorted, fine- to very

fine-grained sandstones. Individual grains show floating or point-

contact grain-to-grain relationships.

Apart from a lesser amount of feldspar, the mineralogy and cementa-

tion of the quartzarenites are similar to those of the subarkosic sand-

stones, with the exception of local cementation by siderite in the

former.

Siltstones and Mudstones

Silt-sized grains in siltstones and mudstones of the Vanoss Formation



203

generally are of the composition of a quartzarenite. Glauconite pellets

are present in trace amounts.

Cements in siltstones are micritic calcite and dolomite. Hematitic

rinds around detrital grains are well developed and account for the red

color in many of the finer grained plastics on outcrop,

Limestones

The limestones, commonly packstones, contain coarse-grained and

silt-size detrital particles. The particles exhibit floating grain-to-

grain relationships (Pl. 3.5-2.2).

Quartz is present as both monocrystalline and polycrystalline grains.

Feldspar, present as perthite and trace amounts of microcline and

plagioclase, is distributed sporadically throughout the limestones.

Micritic ferroan calcite makes up the bulk of the limestones, but along

fractures, zoned drusy calcite cement is common. Opaques, usually marcasite,

normally occur as minor constituents. The limestones are mostly non-

fossiliferous.

Depositional Environments

The Vanoss Formation exhibits considerable facies variation.

Generally, the conglomerates fringing the Arbuckle Mountains interdigitate

with and pass northward into sandstones and shales with subordinate thin

limestones. The different terrigenous clastics may host cornstones in

the southern area of outcrop (Chapter 3.6); elsewhere thin cornstones are

not uncommon in shales.

The conglomerates are up to 4 meters thick; some are less than 2

meters thick. Commonly, these beds have markedly erosive bases and show
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some upward fining of grain size. Horizontal bedding and rare cross-

bedding are distinguishable in some units; discrete channels can be

detected in some of the thicker multistoried beds (Fig. 3,5-2).

Prior to cementation by sparite, the majority of the conglomerates had

an open framework fabric. However, in a few deposits the pebbles are

supported by a matrix of sand, silt, and clay. (Such "floating" textures

are possibly indicative of a mudflow origin.)

The conglomerates are interpreted as alluvial-fan and braided-stream

deposits which formed as bars in streams flowing northward and north-

westward from the Arbuckle Mountains. Figure 3 5-3 shows the probable

maximum position of alluvial fans during maximum regression.

This interpretation is supported by abrupt vertical and lateral

changes in grain size and by rapid changes in overall geometry. For

example, at a gravel quarry in the Vanoss (Sec. 30, TlN, R4E),

thin lenticular siltstones and shales ("swale-fills")arenot only inter-

bedded with conglomerates but are also cut out by them.

Stream-deposited channel sandstones, characterized by erosive bases,

channel-lag conglomerates, parting lineation, horizontal bedding and

crossbedding, suggest a range from braided through meandering streams to

distributaries-tidal streams channels (Figs. 3.5-4 and 3.5-5). Paleo-

current data indicate an overall transport direction to the north and

north-northwest (Encl. 3.5-7). Local departures from this trend

exhibited by channel sandstones suggest meandering channels or perhaps

tidal influence. Suggestive of the latter are rare unaltered glauconite

pellets, devoid of abrasion effects, in some sandstones. In addition,

some bryozoan fragments, pelmatozoan plates and "algal buttons" are

present (Dunham, 1951; Thomas, 1973). Conceivably the glauconite could



30-

20-

,.

10 -*

., p

? ?.

-- thin cornstone

0

e e ,

0e 0

" " " O

* C

"ee.

I"."" C
. C-,,., .G

" "" S

* p*.

o, *

ee

Cse 99

s**

"V
*eee"ee

____"

c. ' so ' I.ams'

Fig. 3.5-2--Section of units within Vanoss Formation at Platt National
Park, NW SW Sec. 3, TiS, R3E, showing thicknesses of
individual conglomerate units, with which sandstone and
mudstone are present.

205



-206

--- Possible northern extent
of alluvial-fan environment
near mountain front at maximum
regression

- Depositional strike

-of major transgression

Outcrop Area
Vanoss Formation

I 1
11

I
I9N

-t11-t---9

I

iN

ON

8N

7N

-- 4.1 -- ---- I -1----I 41 -

I

6N

5N

4N

GARVIN I \3N

2N

MURRAY IN
ARBUCKLE MOUNTAINS

1-

1W i 
1 2E 3E 4E 6E 7E

V,

Fig. 3.5-3--Generalized paleogeography during maximum regression for
Vanoss Formation. The southern limit of Pawhuska Lime-
stone defines the depositional strike during transgression.

MC CLAIN P

PII

I / " 1 l I

- -f f-a

I

1

i

I

T

'I

5E



207

9

6

3

0-
C. s. ii. m

Fig. 3.5-4--Section of units within Vanoss Formation, NE NE Sec. 3,
T3N, R4E, showing conglomeratic arkosic sandstones and
associated cornstones.



208

6

3-

0--
c. ss. si. ms.

Fig. 3.5-5--Section of units within Vanoss Formation, Sec. 5, T5N,
R6W. Sandstone bodies are thin; cornstones developed
in several mudstones.



209

have been derived from the Cambrian Reagan Sandstone.

The.intervening siltstones and shales were probably deposited as a

complex of alluvial- and coastal-plain sediments, Cornstone horizons

indicate semiarid to arid conditions and low water tables, whereas thin

ostracod-bearing limestones probably attest to shallow floodplain lakes

and high water tables.

Depositional strike during deposition of Pawhuska Limestone was

westerly (Fig. 3.5-3). The Pawhuska transgression was more extensive

than subsequent transgressions, which are indicated by thin mappable

limestones generally north of TllN. Some thin limestones with bryozoan

and pelmatozoan plates are present to the south for distances of as much

as 50 miles. The westerly trend of sandstone percentage in the north

possibly reflects both a change in dominant source area and changes in

dominant depositional settings to coastal environments.

Uranium Potential

The Vanoss Formation contains features considered favorable for

uranium deposition. Sandstones are commonly lenticular, crossbedded,

pebbly, with grain size ranging from very coarse- to fine-grained and

are interbedded with mudstones. The sandstones are thought to have been

deposited in alluvial-fan and alluvial-plain environments. The rocks

are generally arkosic, but some are quartzose. The Vanoss in the

southwestern part of the study area (Fig. 3.5-1) contains abundant

granitic rock fragments and was, therefore, derived mainly from a granitic

terrane. Rhyolitic tuffs in the western part of the Arbuckles may possibly

have also supplied uranium to ground water. Organic materials, such as

humates and plant debris, are generally sparse, but hydrogen sulfide
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derived from underlying oil fields and the oxidation of pyrite by oxygenated

water could produce reductants thought necessary to fix uranium.

Because the Vanoss is arkosic in many areas, uranium may have been

leached from the interstices of the granitic detritus and placed into

solution under oxidizing conditions. A hydrogeochemical sampling program

conducted in the study area from domestic water wells and oil wells

suggests that uranium should be present as a uranyl-dicarbonate complex

(UDC) (Fig. 3.5-6).

Anomalous uranium contents (greater than 20 ppb) were noted in water

from domestic wells in western Pontotoc County (Encl. 3.5-1; samples 37,

44, and 50). These anomalies are associated with arkosic sandstones in

the shallow subsurface; they suggest that ore deposits may be located

downdip. However, no anomalies were noted on available gamma-ray logs

of wells drilled for oil and gas.

In summary, the following suggest that the Vanoss is favorable for

uranium deposition: permeable sandstones and intercalated, impermeable

mudstones, suitable depositional environments, possible

reductants, and known uranium anomalies in ground water. Uranium

favorability is highest within the boundaries of T1-5N. R1-4E.
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Plate 3.5-1

1. Vanoss carbonate conglomerate; clast of micrite in a sandstone matrix.
Quartz grains (q), chert (ch), calcite cement (c). 1.66 x 2.40 mm,
X-nicols.

2. Vanoss arkose; clastic grains are microperthite (mp), quartz (q), and
biotite (b). Calcite cement (c) shows replacement by dolomite (d).
1.66 x 2.40 mm, X-nicols.
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Plate 3.5-2

1. Vanoss lithic arkose; granite-rock fragment (gf), quartz (q), calcite
cement (c). 1.66 x 2.40 mm, X-nicols.

2. Vanoss limestone; clastic grains of quartz (q) and microcline (m) in
a micritic limestone. 1.66 x 2.40 mm, X-nicols.
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APPENDIX 3.5-1

COMPOSITION OF CONGLOMERATES, SANDSTONES, SILTSTONES AND LIMESTONES IN VANOSS FORMATION

Sample-Mineral Co moment Rock Name
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o C

a-26> Ut t 6 4 C y
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_ t0 r0n 4 C LL 41 41 Q) 8O1 *- 41 r
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S-I 55 2 32 tr tr tr 1 tr Calcareous
Quartzarenite

S-2 60 4 tr tr tr 16 16 4 tr Clayey
Qua rtzareni te

S-3 42 3 1 25 5 21 2 1 tr Calcareous
Quartzareni te

S-5 63 30 4 tr Calcareous Sitstone
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CHAPTER 3.6

CORNSTONE: PEDOGENIC CARBONATE

Introduction

During the present study accumulations of inorganic carbonate have

been encountered in the Post Oak Formation north of the Wichitas, the

Vanoss Formation, and in Permian strata at several localities in the Red

River area. These accumulations are very similar to calcareous horizons

developed in other ancient arid-zone alluvial facies, e.g., the

continental Devonian ("Old Red Sandstone") of Britain (Allen, 1974a,

1974b; Leeder, 1973), the Permian of Britain (Steel, 1974) and the

Triassic of Connecticut (Hubert, 1977). In all of these deposits an

analogy has been drawn with Pleistocene and Holocene pedogenic profiles.

In particular, studies have compared the similarity of the ancient pro-

files with the Cca horizons in semiarid soils and the evidence that the

profiles developed in situ (Gile, 1970).

Discussion of all these carbonates has been confused by a multiplicity

of terms describing essentially similar phenomena; e.g., calcrete,

cornstone, caliche, duricrust, race, paleosol, calcareous nodule beds,

kunkur, nari, croute calcaire, kafkalla, lavara and Omdurman lime. Of

these terms "cornstone" has precedence in the description of ancient

occurrences, being clearly defined by Buckman in 1821. It is used in

this report as a convenient non-genetic term covering a variety of

carbonate fabrics and textures. The term "caliche" is used to discuss
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Recent carbonate accumulations.

Formation

Cornstones are accumulations of authigenic carbonate developed as

prominent features of flood basins, alluvial fan surfaces, or the sub-

piedmont borderlines of alluvial plains. The majority of Quaternary

examples (i.e., caliche) have formed in the shallow subsurface of stable

geomorphic levels in areas with less than 60 cm of annual precipitation

(Gile, 1970). They may be replacive and/or displacive relative to the

host sediment. Pore space is infilled with carbonate whereas quartz

and other minerals are progressively and aggressively replaced. In

older profiles, brecciation and expansion features develop. Profiles

develop progressively and thicken with age; a variety of stages have

been recognized by various workers (Gile, 1970; Reeves, 1970; Steel,

1974); these are summarized in Table 3.6-1.

Independent evidence suggests generally low water tables during

pedogenesis; e.g., red coloration due to in situ oxidation, desiccation

cracks, etc. Furthermore, paleomagnetic evidence (Roy, 1972) suggests

low-latitude locations for Devonian to Triassic cornstone-bearing facies.

The sequential arrangement of cornstones (in which Type 1 passes up

into Type 2, etc.) (Table 3.6-lB) is interpreted as recording stages of

growth. Yet, investigators of the origin of modern caliche envisage that

CaCO3 from less and inorganic ions in river floods and rain water soak

into the soil, the carbonate precipitating during dry periods. Initially

this carbonate is deposited in pore spaces in freely-drained sediment,

but with an alternation of subsurface saturation and surface desiccation

a zone of intense carbonate impregnation eventually develops. This zone
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TABLE 3.6-1

A. Progressive stages of cornstone development according to Gile (1970)

Stage 1: few calcareous filaments, coatings and rare nodules. Young
profile.

Stage 2: few to common cylindroids and nodules. Mature profile.

Stage 3: many nodules and internodular fillings. Late-mature profile.

Stage 4: massive beds of coalesced nodules, with laminar upper horizon
and chert lenses variably present. Old age profile.

B. Progressive stages of cornstone development according to Steel (1974)

Type 1.---Small (1-6 cm in diameter), irregularly-shaped nodules compos-
ing less than 10 percent of the rock.

Type 2.---Larger carbonate nodules (up to 10 cm diameter) and commonly
vertically elongated but occupying less than 50 percent of the
rock in the upper part of the profile. There is usually a
downward gradation into cornstone of Type 1.

Type 3.---The carbonate appears as nodules, vertical pipes or horizontal
sheets. Carbonate occupies more than 50 percent of the rock
but clastic sediment can still be clearly seen within the
carbonate framework. There is a downward gradation into corn-
stone of Type 2.

Type 4.---Carbonate exists as beds within which only rare patches of
clastic sediment are seen. There is usually a downward grada-
tion to Type 3.

Type 4a.--Distinct horizons of laminar, brecciated or pisolitic carbon-
ate, usually as a capping to Type 4. The carbonate may be
silicified and thin beds of carbonate may alternate with
chert.
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acts as an impervious or "plugged" horizon which, with time and further

saturation, slowly extends toward the ground surface. Carbonate water

ponded above this horizon may evaporate to form the laminated profiles

(Stage 4, Gile, 1970). Radio-carbon dating (Gile and Hawley, 1966) and

chemical analysis (Aristarain, 1970) confirm the upward growth of recent

caliche. It seems reasonable that in semiarid climates, cornstones may

grow upward and downward; probably growth is dominantly upward in arid

climates. The time taken for development of the various stages (Table

3.6-1) has been given the following limits by Leeder (1975);

Stage 1: min. 1000, max. 4500 years

Stage 2: min. 3500, max. 7000 years

Stage 3: min. 6000, max. 10,000 years

Stage 4: min. 10,000 years.

Description of Oklahoma Cornstones

Cornstones are present in Permian-Pennsylvanian strata in southern

and southwestern Oklahoma in granite-wash sections and in mudstones

associated with sandstones and/or conglomerates.

The most instructive cornstones examined are found in the Thermo-

Dyne Corbin No. 1, located north of the Wichitas (6-6N-13W), where an

incomplete section from 550 to 782 ft (168 to 238 m) is available for

study. The uppermost 35 ft (11 m) of this core is gray and grayish-

green fine conglomerates, sandstones, siltstones and mudstones which are

of fluvial origin. The great majority of exotic clasts are limestone

and the deposit is a distal facies of the limestone conglomerates of Post

Oak type.
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This section passes abruptly downward into fine-grained redbeds

which are mostly mudstones but include laminated siltstones, occasional

thin (3 ft, or 1 m), fine- to medium-grained sandstones and laminated

impure micritic limestones. The sequence appears to be a floodplain

deposit; the limestones may be of algal origin and attest to high water

tables. On the other hand several mudcrack horizons in the sequence

indicate low water tables. Furthermore the sequence hosts twenty-one

cornstones (Table 3.6-2) some of which have nucleated in the laminated

limestones (P1. 3.6-1.1). Most of these cornstones have young i.e.,

mature profiles but some, which are impressive developments of more

or less pure carbonate show profiles characteristic of old age (P1.

3.6-2.1-2.4). Within the thicker profiles local reducing conditions are

suggested by the green color of interbedded host sediment and of under-

lying mudstone.

In thin section the cornstones are mostly mosaics of microcrystalline

calcite with subdued mottling due to slight variations in crystal size

and clay mineral content (Pl. 3.6-3.1). Within this fabric (the un-

differentiated crystic plasmic fabric of Brewer, 1964) scattered detrital

grains show deeply corroded margins and some peripheral splitting.

Secondary fabrics are developed in most cornstones (P1. 3.6-3.2). These

are small areas of complicated shapes between patches of micritic mosaic

in which somewhat coarser calcite is developed (the agglomerate fabric

of Brewer, 1964). In old age cornstones, brecciation and lamination may

be present and pseudo-pisolitic structure is not uncommon. Such fabrics

comprise regular alternations of microcrystalline and coarser calcite.

In later stages of brecciation veins may be full of coarse sparite which

is not uncommonly ferroan.
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TABLE 2.6-2

Cornstones in the Thermo-Dyne Corbin No. 1

No. Depth Thicknessb Stagec Host Sediment
(in ft)a in in.(cm)

1 587 3(8) 1 siltstone

2 593 7(16) 1 mudstone

3 597 13(33) 2 mudstone

4 601 6(15) 1 mudstoned

5 602 30(75) 3 siltstone

6 632 34(85) 3 sandstone

7 640 22(53) 2 sandstone

8 644 5(13) 1 mudstone

9 652 4(11) 1 siltstone

10 658 3(8) 1 mudstoned

11 659 40(100) 3 siltstone

12 671 34(85) 3 siltstone

13 676 7(18) 1 mudstone

14 682 12(30) 2 mudstone

15 688 5(13) 1 mudstone

16 708 8(20) 1 limestone

17 716 6(15) 1 limestone

18 719 25(62) 2 mudstone

19 727 4(10) 1 mudstone

20 761 130(330) 4a mudstonef

21 773 135(348) 3 mudstone

aGiven as top of cornstone

bNos 6, 12, 20, 21 coincide with gaps in core and may be thicker
than shown.

cAfter Steel (1976)

dPossibly reworked material

ePlate 3.6-1

fPlate 3.6-2
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Clearly, if the analogy with caliche is accepted, the Corbin core

records slow, episodic sedimentation. Nearly one third of the available

section hosts cornstone; the sequence is closely comparable to the

"condensed" sequence recorded from the Triassic of Rhum, Scotland by

Steel (1974).

In southern Oklahoma cornstones are most commonly developed in the

finer lithologies (P1. 3.6-1 and 2; Encl. 3.6-1), in which characteristic

nodular forms are exhibited. However, cornstones (caliches) have been

observed in granite wash and carbonate wash of the Post Oak Conglomerate

and in limestone conglomerate in the Vanoss Group. In this development

the carbonate is largely interstitial infilling rather than replacive or

displacive. In several cases profiles occur at the top of individual

mudstone sequences; i.e., beneath channel sandstones; locally evidence of

penecontemporaneous erosion of cornstone can be observed (Fig. 3.6-1).

The inferred prolonged period of exposure and soil development between

phases of major channel activity implies that precipitation and fluvial

discharge were among the major factors in floodplain construction.

Poor exposure and faulting do not permit workers to attempt regional

correlation of individual cornstones on outcrop in Oklahoma. Subsurface

logs which can be tied to the Corbin core suggest that correlation within

local areas (approximately 60 mi2 (150 km2)) of the thicker cornstones is

possible (Encl. 3.6-1; P1. 3.6-2). Two aspects of this correlation are

important. First, because a variety of lithologies can function as corn-

stone hosts, determination of lithology from log character is hazardous.

Second, it is possible that cornstones may be misidentified as marine

limestones. In this context paleogeographic confusion may result, for

it is apparent that in a eustatically-controlled sedimentation pattern
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- cornstone

channel sandstone--
" .o a O gree mudstone -

" -- e - - red mudstone - ---

Fig. 3.6-1--Sketch from photograph illustrating erosion of cornstone by
stream. The cornstone presumably formed on a floodplain
which subsequently was partially eroded.
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cornstones record regression whereas marine limestones record transgression.

In the Red River area several unusual forms of cornstone have been

recorded. For example at Sec. 24, T4S, R12W, individual nodules are vuggy

and the vugs may be lined with euhedral siderite crystals. At Sec. 3,

T5S, RllW, not only are siderite crystals visible but large calcite

pseudomorphs after aragonite are developed. Both occurrences record

presumably late diagenetic "nucleation" effects.

Perhaps the most unusual cornstones encountered during the study are

developed in the limestone conglomerate facies of the Post Oak Forma-

tion (P1. 3.6-4.1 and 4.2) which is interpreted as an alluvial fan-

piedmont deposit. The occurrence is of interest for several reasons.

In the first place, because of the higher depositional slopes and greater

velocity of phepicol sedimentary processes on alluvial fans, cornstones

are less commonly preserved than they are on floodplains. Second,

sedimentation was by inference episodic; therefore, it is plausible to

suggest that sporadic tectonic activity may have been a factor in fan

development. Third, because of the open framework of the conglomerate

host, cornstone development has been followed by a phase of coarse

sparite cementation. Cathodoluminescence studies indicate that the growth

of these sparite crystals was sporadic (P1. 3.6-5.1); repeated variations

in trace-element composition suggest that a controlling role in precipita-

tion may have been short-term (perhaps seasonal) fluctuations in Eh.

The final phases of cementation in these conglomerates involved the

precipitation of iron sulfide and barite (Pl. 3.6-5.2).

In summary, the equation of the cornstones with pedogenic carbonates

indicates that the climate was, at least periodically, semiarid. Further-

more, in view of the time span necessary for cornstone development,
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sediment accretion rates were slow and episodic. Conversely, the

absence of cornstone in sequences of similar type may imply that

critical accretion rates were exceeded for long periods or that some

other factor (climatic change, the development of floodplain lakes,

etc.) intervened. Localized zones of reduction within cornstones

offered potential loci for uranium deposition. It is pertinent that

calcrete has been found to be a site of uranium precipitation in both

Somalia and Western Australia (Dall'aglio et al., 1974). In Somalia,

carnotite is present interstitially and in cracks and cavities in

calcrete, marls, clays and bentonite in the nearsurface and is

apparently limited to strata representative of the zone of narrowly

fluctuating seasonal water table. No uranium is found below 16-25 ft

(5-8 m) depth (Cameron, discussion in Dall'aglio et al., 1974).
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Plate 3.6-1

1. Corbin No. 1 core; section 14 in. (25
ft. Laminated impure micrite facies,
hosts a young cornstone profile which
nodular development toward the top of
on right.

cm) in length, depth 706-707
possibly of algal origin,
is present as an irregular
the section. Log of well
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Plate 3.6-2

1-4. Corbin No. 1 core; section 80 in. (200 cm) in length, depth 761-
768. Old age cornstone profile in siltstone. The carbonate
development is more intense upward, with conspicuous laminated
textures in the upper 24 in. (60 cm) of the cornstone. (The pore
spaces are impregnated with hydrocarbons.) Within the thicker
carbonate development the host siltstone is green, indicating
local reducing conditions. Note the typical log characteristics
of a limestone.
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Plate 3.6-3

1. Photomicrograph of typical cornstone texture in thin section. Field of
view 1.66 x 2.40 mm. Note typical mosaic of microcrystalline anhedral
calcite (undifferentiated crystic plasmic fabric). The irregular
patches of coarser spar are secondary fabrics.

2. Photomicrograph of cornstone texture. Field of view 1.66 x 2.40 mm. Note
considerable development of secondary sparite between microcrystalline
areas (agglomeraticfabric). Two quartz grains (dark) show consider-
able corrosion; one shows peripheral splitting.
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Plate 3.6-4

1. Post Oak Conglomerate; limestone-conglomerate facies along Oklahoma
Highway 58 in northeastern part of T4N, R13W. Disconformity is
associated with channel in center of exposure. A cornstone,
developed beneath disconformity (dashed) in conglomerate host, is
partly eroded by stream, channel of which is in the left part of
the photograph. Arrow indicates location of Plate 3.6-4.2.

2. Detail of cornstone noted in Plate 3.6-4.1. Cornstone consists of
nodular carbonate hosted by carbonate conglomerate with a matrix
of quartz-rich silt. The latter may be eolian infilling. Over-
lying conglomerate (at harmer handle) is more resistant to weather-
ing due to sparite cement.
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Plate 3.6-5

1. Cathodoluminescence photomicrograph showing variations in composi-
tion in sparite cement. The dark bands are probably Fe2+-rich.
Field of view is 3.3 x 2.2 mm.

2. Limestone conglomerate showing rosette of barite cement. Field
of view is 1.66 x 2.40 mm.
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CHAPTER 4.1

CONCLUSIONS AND RECOMMENDATIONS

The major conclusions of this study are as follows:

1. Riebeckite-aegirine pegmatite dikes genetically related to the

peralkaline Quanah Granite contain anomalous uranium concentrations.

These dikes may be considered exploration targets. Quanah Granite, which

is the youngest and most differentiated. of the Wichita Granite Group,

apparently has higher radioactivity and uranium content than the other

granites and rhyolites.

2. Carlton Rhyolite is dominated by ash-flows. A significant

portion of uranium was originally disseminated in the groundmass. Uranium

was initially mobilized during the process of devitrification. Subsequent

remobilization was influenced by deutric, hydrothermal, and supergene

activity.

3. Complex diagenetic patterns, including dissolution features of

grains, in the Post Oak Conglomerate are a function of ground water circula-

tion. It is also inferred that hydrogeochemical reactions were responsible

for leaching uranium and precipitating it in structurally and geochemically

suitable zones.

4. Anomalies are structurally controlled in the area south of the

Wichita Mountains, where the anomalies appear to be associated with faults

and possibly oil seepage.

5. Suspected anomalies in granite wash are present in zones parallel

to some fault zones north of the Wichita Mountains and in an area of gas
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production on the Wichita uplift. Significant carbonaceous material

is present in cores in T8N, R20W.

6. Hydrogeochemical uranium anomalies in the Vanoss Formation are

associated with the coarse-grained arkosic facies. The structural con-

figuration doesnot appear to have an influence on uranium localization.

7. Subtle anomalies are associated with cornstones, probably due

to capillary movement of water.

8. Sandstones in which anomalies are present are fluvial in origin,

particularly alluvial fan-alluvial plain, where grain size (and

permeability) changes are related to overall paleoslope, and alluvial

plain-distributary, where grain-size changes commonly parallel the

lengths of sandstone bodies.

9. The cornstones represent formation of carbonate on deposi-

tionally starved floodplains or tidal flats during semiarid to arid

climatic conditions.

The following exploratory techniques are recommendations for further

study in order to improve the degree of probability of accurately pre-

dicting the occurrence of any economic uranium deposit in each specific

area covered by this investigation:

1. Cambrian igneous rocks--Detailed mapping should be made of

Quanah Granite and associated pegmatite dikes, followed by extensive

petrological and geochemical investigation of these dikes.

2. Post Oak Conglomerate and associated granite wash--Investigation

of structural features and sand trends should be made by a drilling program

in the area south of the Wichita Mountains and north of the lines

'delineating granite wash in the subsurface (Encl. 3.3-5-7). Initially the

program should evaluate the anomaly in Sec. 1, TlS, R16W, where the
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sandstone trend is estimated to be approximately S2OW and a northwest-

trending magnetic anomaly is nearby.

3. Permian rocks of the Muenster-Waurika arch-Red River area (and

south of Post Oak Conglomerate and associated granite wash).

a. The procedure in (2) should be followed in exploration

of the area with the aborted prospect (Sec. 30, T5S, R12W) and in

the area of anomalies in the asphalt-bearing RyanSandstone, T4-5S,

R8W.

b. Shallow arkosic sandstones on each oil-producing structure

or structural trend in the area south of the Wichita Mountains

should be investigated for uranium mineralization.

4. Pennsylvanian-Permian north of the Wichita Mountains---Investiga-

tion should be made of carbonaceous material in the granite wash associated

with production of hydrocarbons along the major faults north of the

Wichita Mountains, especially the upthrown blocks where depths are

relatively shallow.

5. Vanoss Formation--Investigation of the Vanoss should be made in

the coarse-grainedarkosic facies area downdip from the ground water

anomalies.
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