STATE OF ARKANSAS
ARKANSAS GEOLOGICAL COMMISSION

Norman F. Williams, State Geologist

MISCELLANEOUS PUBLICATION 18-B

CONTRIBUTIONS

to the

GEOLOGY of ARKANSAS

VOLUME TII

Edited By

John David McFarland, Il
William V. Bush

Little Rock, Arkansas
1984







STATE OF ARKANSAS
ARKANSAS GEOLOGICAL COMMISSION

Norman F. Williams, State Geologist

MISCELLANEOUS PUBLICATION 18-B

CONTRIBUTIONS

to the

GEOLOGY of ARKANSAS

VOLUME 11

Edited By

John David McFarland, l1l
William V. Bush

Little Rock, Arkansas
1984




STATE OF ARKANSAS
Bill Clinton, Governor

Arkansas Geological Commission
Norman F. Williams, State Geologist

PREFACE

The preparation of this volume was made possible by the work of several people. J. M. Howard
reviewed and assisted in editing C. Milton’s miserite paper. B. R. Haley and C. G. Stone gave freely
of their time in reviewing, proof reading, and editorial suggestions. - L. P. Kelone and Susan Young
drafted various figures and prepared the cover. Adrian Hunter and Sheila Curd printed, collated,
and bound this volume. Our thanks goes to all of these people and the rest of the staff of the
Arkansas Geological Commission for their assistance. A very special thanks goes to Loretta Chase
who typed and composed the manuscripts and revisions.

John David McFarland, 11
William V. Bush
Editors

COMMISSIONERS

C. S. Williams, Chairman  ............cciitiiiinnnnnnn.. Mena
JohnMoritz ... ... .. e Bauxite
JONN Gray ... e e e e El Dorado
Dorsey Ryan ... ..ttt i e e Ft. Smith
David Baumgardner . ...........cciiiiiiinenein.. Little Rock
W.W.Smith ... ... Black Rock

Dr.David L. Vosburg ......................... State University



TABLE OF CONTENTS

DediCatiOn . .. .. e e e e e e e e e e 1

Silurian Stratigraphy of the Arkansas Ozarks
by William W, Craig . ... . it i it ittt i e et ettt et 5

Basement Rocks in Northern Arkansas
by Rodger E. Denison . ...ttt it ittt ettt e 33

The Sylamore Sandstone of North—Central Arkansas, With Emphasis on the
Origin of Its Phosphate
by Greg S. Horner and William W. Craig ............ciittiiiininennnnnnns 51

The Geologic Significance of Textures of Paleozoic Chert and Novaculite
in the Ouachita Mountains of Arkansas and Oklahoma
by W. D. Keller, Charles G. Stone, and Alice L. Hoersch .. ................... 87

Miserite, A Review of World Occurrences With a Note on Intergrown Wollastonite
by Charles Milton . ... .. . . . i i it e et ettt e e 97

North Mountain Mine — Gold? ,
by Gary P. Sick .. o e e 115

Arkansas Novaculite: Indians, Whetstones, Plastics and Beyond
by Charles T. Steuart, Drew F. Holbrook, and Charles G. Stone .............. 119

Geology of the Blakely Sandstone in Eastern Montgomery and Western Garland
Counties, Arkansas
by Richard J. Stolarz and Jay Zimmerman . ........... ... .. 135

The Upper Jackfork Section, Mile Post 81, 1—30, Arkadelphia, Arkansas
by Denise M. Stone, David N. Lumsden, and Charles G. Stone ................ 147

Reconnaissance Structural Geology in the Western Mazarn Basin,
Southern Benton Uplift, Arkansas
by Jay Zimmerman, Keith A. Sverdrup, David P. Evansin,
and Vickie S. Ragan ... ... .t e e e e 161






J. Francis Williams
1862 — 1891

Waldemar T. Schaller
1882 — 1967

DEDICATION

it is both fitting and proper that this
volume be dedicated to three outstanding
geologists, J. Francis Williams, Waldemar T.
Schaller, and Hugh D. Miser, who through
their initial work on the geology and mineral-
ogy of Arkansas, laid the foundaticn on
which the present geologic framework is being
constructed. Their scientific dedication,
enthusiasm, careful attention to detail, and
ability to put together ‘‘the big picture”
is a lesson to all concerned with furthering
geclogic knowledge., Not only should these
men be recognized for their scientific
endeavors, but also for the goodwill and high
esteem of the state of Arkansas which they
spread wherever they traveled. Arkansas
is proud to have these “‘pioneers”’ of modern
geologic thought counted in her ranks. The
following biographical sketches were written
by Dr. Charles Milton, a personal friend of
two of these individuals.

Hugh Dinsmore Miser
1884 — 1969



John Francis Williams
1862 — 1891

In his brief 29 years of life John Francis
Williams achieved undying fame for his pioneer
contributions to Arkansas mineralogy and
petrology, culminating in the monumental
work on The Igneous Rocks of Arkansas. Three
years before his death, he was one of the
thirteen founders who in Ithaca, New York,
organized the Geological Society of America.

He was born in Salem, some 40 miles
northeast of Troy in upper New York; and
attended schools there and in New Hampshire;
he received a degree in civil engineering from
the Rensselaer Polytechnic Institute at Troy.
In 1881 he traveled in Norway and Sweden,
and studied mineralogy and petrography at
the University of Gottingen in Germany. In
1883 he did railroad engineering work in
Vermont, later becoming assistant in chemistry
and natural science at his alma mater. There
under the guidance of Professor Henry B.
Nason he studied the slates of the region,
publishing his first report in 1884; the follow-
ing year he received the B.S. degree from
Rensselaer. In 1885 he traveled in Italy and
Sicily; and his doctoral dissertation dealt with
volcanic rocks in Italy, published (in German)
in 1887. That year he returned to the United
States, becoming director of the technical
museum of the Pratt Institute of Brooklyn,
rich in mineral and rock collections. In 1889
he became honorary fellow and then instructor
(“docent’’) at Clark University in Worcester,
Massachusetts. There he was asked by Professor
J. C. Branner to study the igneous rocks of
Arkansas. The following year he (Williams,
1890) published a study of two Arkansas
minerals, manganopectolite and eudialyte. He
had worked himself to the limit, and beyond
it, weakened by malaria contracted in the
swamps of Arkansas. According to contempo-
rary accounts, his last efforts were devoted to
completion of The Igneous Rocks of Arkansas,
one of the great classics of American geology.

Professor J. F. Kemp concluded his memorial
(Kemp, 1891) from which these notes are
taken, with the words, “It has never been
the lot of the writer to know intimately a more
generous, frank, and lovable man than J.
Francis Williams, and it is impossible to speak
of him without the deepest emotion. His
character was such as to indescribably endear
him to his friends, and his abilities and prepara-
tion for his work were of the highest order. His
results were such as to secure him in all the
future one of the most honorable places in the
records of American geological science.”

Waldemar Theodore Schaller
1882 — 1967

Waldemar T. Schaller, dean of U. S. Geo-
logical Survey mineralogists, was born in
Oakland, California. In 1903, with a B. S.
degree from the University of California, where
he studied geology and mineralogy under
Professors Lawson and Eakle, and analytical
chemistry under Professor Blasdale, he joined
the Geological Survey as Assistant Chemist.
In 1912 he traveled to Europe, where he
received the Ph.D. degree from the University
of Munich. In his long career with the Geo-
logical Survey, he did distinguished research in
many fields, among them pegmatites and saline
deposits. He received many major honors from
geological societies here and abroad; he pub-
lished nearly 300 papers, describing over 40
new mineral species.

He was friendly and generous, always ready
to give his time and talents to the problems of
others. Through Clarence S. Ross, he became
interested in Arkansas mineralogy, and so
advanced the pioneer studies of J. Francis
Williams on miserite.



Hugh D. Miser
1884 — 1969

Hugh Dinsmore Miser was born at Pea
Ridge, Arkansas, and educated in the schools
of that state; at the University of Arkansas he
- took his degree in geology. His first employ-
ment was with the U. S. Geological Survey,
and after brief interruptions to serve the states
of Arkansas (as Acting State Geologist) and
Tennessee (as State Geologist) he remained
with the U. S. Geological Survey. There hun-
dreds of young geologists found inspiration
under his leadership. The geological maps of
Oklahoma and Arkansas, and over eighty
geological reports from diverse localities in the
United States, were but one phase of his varied
activities; he was not only a leading authority
on the geology of central North America, but
was recognized internationally as one of the
world’s great petroleum geologists. He was
active in very many scientific organizations,
and in 1955 received the Department of the
Interior’s highest honor, the Distinguished
Service Award, in recognition of his out-
standing career not only as a scientist and
administrator, but as a citizen and leader. “‘His
warmth of personality, his love for his fellow-.
men, and his life dedicated to geology, won the
respect and affection of all who knew him.
When he passed away, we lost a wonderful
friend, and we shall miss him very much.”
(Cohee, 1969)

Editors note: H. D. Miser worked for the
Arkansas Geological Survey for one month
betore going on to the U.5.G.S.. He received
a salary of $1.00 per day from Arkansas,
but was raised to $2.00 per day when he went
with the federal survey.






SILURIAN STRATIGRAPHY OF

THE ARKANSAS OZARKS

by

William W. Craig
Department of Earth Sciences
University of New Orleans
New Orleans, Louisiana 70148

ABSTRACT

Rocks of Silurian age in the Arkansas Ozarks have been assigned to four lithostratigraphic
units. In ascending order, these are: the Brassfield Limestone, the Cason Shale, and the St. Clair
and Lafferty Limestones. Only the upper part of the Cason, the so-called “button-shale’’ of
authors, is Silurian. The lower part of the shale section traditionally assigned to the Cason is
stratigraphically below the Brassfield and is Ordovician in age.

Ozark Silurian strata have a composite thickness of about 250 feet, but only a little over
100 feet is preserved at any locality. Erosion during and after their deposition has given these
strata an irregular distribution. They are restricted to three general outcrop regions: an eastern
region in Independence and lzard Counties near Batesville; a central region in Stone County in
the vicinity of Blanchard Spring; and a western region centered around Gilbert in Searcy
County.

The Brassfield appears to rest unconformably on older strata. It is dominated by poorly
washed biosparite (wackestone-packstone) with subordinate biomicrite (wackestone) and
biosparite (grainstone). Allochems are comprised almost entirely of skeletal remains.
Crinozoans are most abundant, but significant amounts of other common Paleozoic fossil
groups are also present. The limestone represents deposition in a semi-protected, subtital
environment.

The Cason “button shale’” rests unconformably on the Brassfield and older strata. It is a
phosphate pebble-bearing, silty, dolomitic clay-shale characterized by oncolite-like algal
growths that were originally spherical in shape but have been flattened parallel to bedding by
post-depositional compaction. The unit becomes calcareous upward and grades conformably
into the base of the overlying St. Clair Limestone.

The St. Clair contains textures much like those found in the Brassfield, and the two lime-
stones are difficult to separate where the “‘button shale’’ is absent. The base of the St. Clair is
characteristically an ostracode-rich biomicrite, bove which occurs crinozoan-rich biosparite
and poorly washed biosparite. The St. Clair grades conformably into the Lafferty, which is an
ostracode biomicrite that is lithically similar to the base of the St. Clair.

The Cason “button shale” is the detrital base of a transgressive-regressive cycle that
includes the St. Clair and Lafferty Limestones. The middle, coarse-grained St. Clair represents
a portion of a crinozoan barrier sand that sheltered on its leeside a quiet-water lagoonal environ-
ment in which the basal St. Clair biomicrite (transgressive phase) and Lafferty (regressive phase)
accumulated.



INTRODUCTION

Rocks of Silurian age in the Arkansas
Ozarks have been assigned to four lithostrati-
graphic units. From oldest to youngest, these
are: the Brassfield Limestone, the Cason Shale,
and the St. Clair and Lafferty Limestones.
Confusion about the internal lithic succession
of the Cason interval, and the age assignment
of its different units, has been outlined earlier
(Amsden, 1968; Craig, 1969, 1975; Wise and
Caplan, 1979) and will be commented on
below. Only the uppermost Cason, the so-
called “button shale’” of authors, is Silurian. It
will be the only portion of the Cason discussed
here.

These Silurian strata crop out in a disconti-
nuous belt that extends from their easternmost
exposures in the Batesville district, Indepen-
dence County, west to the vicinity of Snowball
in Searcy County (Haley, et al., 1976). They
are unconformably underlain by phosphatic
sandstone and shale traditionally assigned to
the Cason Shale, or where these beds are
absent, by the Fernvale Limestone. Both of
these units are Upper Ordovician. They are
unconformably overlain almost everywhere by
the Boone Formation, but in a few areas of
limited extent the Penters Chert (Lower
Devonian) or the Sylamore Member (Upper
Devonian) of the Chattanooga Shale is the
unconformable superjacent unit.

Within this east-west tract, occurrences of
Silurian rocks are restricted to three general
areas, between which they have been removed
entirely by erosion prior to the deposition of
the Boone Formation (Fig. 1). The eastern-
most of these areas is the aforementioned
Batesville district, in which the Silurian crops
out from St. Clair Spring, five miles north of
Batesville, west to the vicinity of Guion on the
White River in lzard County. The Brassfield is
known from only a few localities in the
district, but the Cason ‘“’button shale’’ and
St. Clair and Lafferty Limestones are wide-

spread. The middle region of Silurian outcrop
is in the vicinity of Blanchard Spring in Stone
County. No Brassfield is known from this area,
and the St. Clair and Lafferty occur only at
isolated localities within Blanchard Spring
Recreation Area and to the south along South
Sylamore and Roasting Ear Creeks. The Cason
“button shale’” is known from only one local-
ity in Blanchard Spring Recreation Area. The
westernmost region of outcrop is centered on
the community of Gilbert on the Buffalo River
in Searcy County. Outcrops of Silurian extend
from about six miles east of Gilbert west to
where the Searcy-Newton county line crosses
the Buffalo River north of the community of
Snowball. The best exposures of Brassfield
are in this westernmost region, where it is
confined to the vicinity of Gilbert. The St.
Clair and Lafferty are more extensive, but the
Cason ‘“‘button shale”, whose westernmost
occurrence is at Blanchard Spring, is absent.
All Cason Shale mapped in the Gilbert area is
equivalent to the Ordovician age phospha-
tic beds of the Batesville district.

In recent years, different authors (Maher
and Lantz,1952, 1953a, 1953b; Frezon and
Glick, 1959; Glick and Frezon,1965; Wise and
Caplan, 1967, 1979: Craig, 1969; Sgouras,
1979) have included information on these
Silurian strata in reports that were either
broad in scope and/or confined to the rocks of
one of the three outcrop regions. The purpose
of this report is to compare the Silurian strati-
graphy between the three outcrop regions and
to identify and provide lithic detail on refer-
ence sections that illustrate this stratigraphy
(Fig. 2).

I gratefully acknowledge Norman F.
Williams, Director of the Arkansas Geological
Commission, for the logistical support and
many courtesies extended to me and my stud-
ents over the years. | am equally appreciative
of the reception that our group has received
from his geological staff, particularly Orville A.
Wise, whose generous exchange of knowledge
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on Ozark geology, both in and out of the field,
has added much to the conclusions presented
here.

THE CASON PROBLEM

The Cason Shale was named by H. S.
Williams (1894) for an exposure of red and
green shale containing abundant algal
“buttons’’ at the Cason Mine just north of
Batesville (CM, Fig. 1). The “‘buttons” are
disc-shaped objects an inch or so across.
E. O. Ulrich (in Miser, 1922) identified them
as algal in origin and referred them to
Girvenella richmondensis, a guide to the
Richmond Group of the Cincinnati region.
Many of the “‘buttons’ at the type are replaced
by manganese oxide, which has all but oblitera-
ted their internal details. Some, however, have
retained a relict cellular structure that suggests
blue-green algae (Plate 1, Figs. A, B); they are
almost certainly not Girvenella.

At its type, the Cason occurs between the
Upper Ordovician Fernvale Limestone (Polk
Bayou Limestone of Williams' nomenclature)
and the Middle Silurian St. Clair Limestone.
Based on meager fossil collections, Williams
(1894) contended that the Cason contains the
beginning of the overlying St. Clair macrofauna
and thus is Niagaran in age. Conodonts from
the "button shale” support this assignment
(Craig, 1969). Ulrich, whose opinion has
prevailed, assigned the unit to the Upper
Ordovician, mainly based on the presence of
the ““Girvenella buttons’. He did this in spite
of the occurrence of similar “‘buttons”,
different only in that they are spherical rather
than flattened, in the base of the overlying St.
Clair.

Purdue (1907), in a study of the phosphate
deposits along East and West Lafferty Creeks
in the western part of the Batesville district,
extended the name Cason to a sequence of
phosphatic, conglomeratic sandstone and shale
occurring above the Fernvale Limestone. Miser

(1922), in his landmark study of the geology of
the district, followed Purdue’s lead and report-
ed the Cason as ‘‘shale, sandstone, and phos-
phate rock”. Although he reported ‘‘buttons”
from many localities, he made no distinction
between the “‘button” -bearing shale like that
of the type Cason and the characteristically
phosphatic beds included in the formation by
Purdue.

During Miser's study, a development
occurred that until recently obscured the
correct interpretation of the physical relation-
ships between, and the true stratigraphic
position of, the different lithic types now
known to be present in the Cason interval.
Miser made a collection of macrofossils
(manganese replaced) from a residual soil above
the Cason Shale at the Montgomery Mine north
of Batesville. Ulrich identified these fossils as .
characteristic of the Brassfield Limestone, with
which he was familiar from outcrops in the
Gilbert area to the west. Inasmuch as the
Brassfield had not been found in outcrop in
the rest of the Batesville district, it was Ulrich’s
opinion, conceded by Miser, that the limestone
was once present in the region, but for the
most part had been removed by pre-St. Clair
erosion.

Miser’s stratigraphic section thus included,
in ascending order, the Fernvale Limestone, the
Cason Shale, and the Brassfield and St. Clair
Limestones. The Cason was considered a vari-
able unit of Late Ordovician age occurring
between the Fernvale below, and in the
absence of the Brassfield, the St. Clair above.
In fact, Miser assigned all rocks within this
interval, including some oolitic material and a
manganiferous limestone he observed in several
places during a later study (Miser, 1941), to the
Cason.

The major key to unravelling the compli-
cated internal stratigraphy of the Cason has
been an exposure at the Love Hollow Quarry
located on Penters Bluff in the western part of
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the Batesville district (section LQ). Here the
Cason interval is bounded, as usual, by the
Fernvale and St. Clair. During the 1960's,
all the major Cason lithic types were exposed
in the upper quarry face, allowing examination
of their superposition and physical relation-
ships (see Plate 5). The details of the succession
of units have been presented elsewhere (Craig,
1969, 1975a) and need not be covered here.
Suffice it to say that the exposure clearly
showed the “button shale” to be the topmost
unit in the Cason and that it rested unconform-
ably on all underlying units. The base of the
interval was the phosphatic sandstone and

shale, resting unconformably on the Fernvale.

A reddish crinozoan limestone, now unequi-
vocably known (Amsden, 1968; Craig, 1969)
to be the unit that produced the Brassfield
fossils identified by Ulrich from the Mont-
gomery Mine, was present between these two
detrital rocks. Unfortunately, quarrying
activity in recent years has removed the Brass-
field (as well as an oolitic limestone present at
the top of the phosphate beds), which was
present apparently only as a localized erosion-
al remnant (Plate 5, Fig. B).

This presents the unfortunate stratigraphic
situation in which one formal lithostratigraphic
unit (Brassfield) is incorporated entirely within
another (Cason). The lower phosphatic unit,
which contains some well-indurated sandstone
layers, is the Cason lithic type most commonly
encountered in outcrop. For this reason, the
name Cason Shale is most commonly associat-
ed with these beds. This is unfortunate because
the only unit of the Cason interval present at
the Cason Mine is the ‘‘button shale’”’. If the
name Brassfield is to be retained in Arkansas
stratigraphy, then the name Cason needs to be
restricted to the “button shale’’ unit and the
lower phosphatic beds and their associated
oolitic limestone given a new name. Other-
wise, use of the name Brassfield needs to be
abandoned in Arkansas, and the entire hetero-
geneous post-Fernvale-pre- St. Clair interval
referred to as the Cason Shale. The former

10

alternative would serve the greatest utility
because the rock types now known to occur
between the Fernvale and St. Clair are easily
distinguishable lithically and a division of them
into separate lithostratigraphic units would
better reflect what appears to be their rather
complicated depositional-erosional history.

STRATIGRAPHY

BRASSFIELD LIMESTONE
(LOWER SILURIAN)

The Brassfield Limestone was named by
Foerste (1905) for exposures in Madison
County, Kentucky. The Brassfield exhibits
only broad lithic similarity to the Brassfield as
it appears in outcrop in its type area and the
surrounding Cincinnati region. The name was
extended into northern Arkansas on paleontol-
ogy by Ulrich (1911, p. 558), who applied it to
exposures of coarse-grained limestone between
the Cason Shale and St. Clair Limestone in
the Gilbert area of outcrop.

The circumstances surrounding the inclu-
sion of the Brassfield in the Batesville district
have been given above. Miser (1922) reported
that he had not seen the formation in the
district, but it’s likely that he had and did not
recognize it. The best exposure (section SCS)
of the Brassfield in the district is low on the
hillside 200 yards north of St. Clair Spring.
Here approximately 20 feet of the unit crops
out between the St. Clair above and the oolitic
limestone belonging to the lower Cason below.
Miser (1922) seems to have mapped this
exposure as Fernvale, and later Straczek and
Kinney (1950) apparently mapped it as St.
Clair. This mistaken identity is understandable
because of the close overall similarity of the
bioclastic limestones in the Ozark Paleozoic.

The Brassfield is also present along the
western margin of the district as thin, discon-
tinuous erosional remnants. Its occurrence at



Love Hollow Quarry (section LQ) has already
been mentioned. The Brassfield is also present
at the old phosphate workings on the west
valley wall of Lafferty Creek just south of the
junction of East and West Lafferty Creeks
(PM, Fig. 1). It was recorded from this local-
ity in a section measured by Purdue (1907)
as 15 inches of manganiferous iron ore. In
his later work in the district, Miser (1941)
reported the presence in the Cason of a man-
ganese carbonate up to 3 feet thick between
Cushman and Penters Bluff. This limestone
is no doubt the Brassfield occurring between
the lower phosphatic beds and the ‘‘button
shale”. Miser did not recognize it, of course,
because it was contained within rocks assigned
to the Cason.

The best exposures of the Brassfield are in
the Gilbert area, where it occurs discontinuous-
ly along the bluffs of the Buffalo River from
the Highway 65 bridge east to the mouths of
Tomahawk, Bear, and Brush Creeks, and along
the lower stretches of these creeks (sections
BRB, CB and TC).

The Brassfield is dominantly a bioclastic
limestone of variable texture. Its chief constit-
uent is fragmented crinozoans, but it also
contains abundant debris of other common
Paleozoic fossil groups. Its color varies from
light gray to deep red, the latter occurring in
irregular layers and patches that give the rock
a mottled aspect in places. This color and
its distribution is probably the single most
valuable feature in distinguishing the Brassfield
from other Ozark Paleozoic bioclastic lime-
stones. Glauconite is a minor constituent,
particularly in the lower layers of the forma-
tion.

The high percentage of coarse fossil frag-
ments gives the Brassfield the appearance of
being reasonably free from fine-grained consti-
tuents. This is misleading because the limestone
contains an important component of lime mud,
which in some zones is admixed with detrital

1

mud that adds the deep red coloration to the
rock. The lime mud has three types of distribu-
tion in the rock. It occurs as discontinuous
stringers or layers up to several inches thick
(Plate 1, Fig. F; Plate 2, Fig. C), as mud resting
on the surface of shell fragments that floor
interstices (Plate 2, Figs. A, E), and as irregu-
lar patches, no doubt the result of burrowing,
that disrupt normal lamination (Plate 2,
Fig. D).

This distribution of lime mud suggests that
the Brassfield collected in a semi-protected area
where wave energy was not consistently strong
enough to remove all the mud that accumulat-
ed. In the more protected parts of the area, or
during prolonged periods of reduced wave
action, stringers and layers were left undisturb-
ed. In more exposed places, or during periods
of slightly higher energy, lime mud was washed
away or allowed to accumulate only in protect-
ed areas provided by irregularities on, within,
and between bioclastic grains. Life was abun-
dant, and the infauna moved some of the mud
from its original site of deposition and redistri-
buted it into irregular patches and streaks that
cut across the sedimentary layering.

This set of conditions developed the
Brassfield’s most dominant texture, which is a
poorly washed and sorted mixed (skeletons
from many different faunal groups) biosparite
(packstone/grainstone), which along with bio-
micrite (wackestone/packstone) and mud-free,
mixed biosparite (grainstone) comprise most of
the Brassfield’s textures.

There is a significant, but subordinate,
amount of mud-free, coarse-grained crinozoan
biosparite (grainstone) in the Brassfield (Plate
3, Fig. A). This rock is close to equigranular
and is dominated by fragmented crinozoans. It
is apparent that the sediment forming this rock
did not result from a cleaning by higher energy
of the muddier sediment that was deposited in
the semi-protected area, or else it would have a
higher content of other skeletal material. It



would appear that it matured in wave-dominat-
ed shoal zones and was introduced into the
semi-protected area of major Brassfield
accumulation during periods of higher energy,
possibly storms.

Although secondary precipitation on the
surface of exposures gives the impression that
the Brassfield is thick bedded, it is, on the
contrary, a thin-bedded unit. Individual textur-
al types are almost never greater than a foot
thick. They rarely separate along bedding
planes, probably because of the disruption of
normal bedding by burrowing animals. No
distinct vertical or lateral trends in lithology
seem apparent from the limited exposures of
the Brassfield available for study.

The Brassfield ranges in thickness from 0O to
a maximum of 38 feet (section BRB; Plate 4,
Fig. B). It overlies the Ordovician part of the
Cason Shale at all places examined. Because the
Cason does not crop out well, the base of the
Brassfield is seldom exposed. At the time that
the Brassfield was exposed in the face of Love
Hollow Quarry (section LQ), it was in contact
with the oolitic limestone associated with the
phosphatic beds of the Cason, but the contact
was stylolitic along the full extent of the
exposure (Plate 1, Fig. E). It also overlies the
oolitic limestone at section SCS, but the con-
tact is not exposed.

The only locality providing information on
the relationship of the Brassfield with the
underlying Cason is section BRB. Here the
Cason is exposed at the base of the bluff in a
reentrant beneath the Brassfield (Plate 4, Fig.
B). The contact is obviously uneven, with the
Brassfield truncating beds in the Cason. It is
probable that this relationship holds true for
the base of the limestone throughout northern
Arkansas.

The upper contact of the Brassfield with
the “button shale”, or where the shale is
absent, the St. Clair Limestone, has been

12

examined in several places. In fact, both of
these contacts have been collected in a single
hand specimen (welded contact), and examina-
tion in thin section shows micro-irregularity
and truncation of Brassfield fossils by the base
of the overlying unit (Plate 1, Figs. C, D; Plate
2, Figs. B, D, E). Interpretation of these
features, along with the irregular distribution
of the limestone, suggests that within its
outcrop belt the Brassfield is everywhere
unconformably overlain by younger units.

Selected hand specimens of the Brassfield
can be indistinguishable from the Fernvale and
St. Clair. It is generally necessary to examine a
thickness of strata to confidently separate the
three limestones in the field. The Fernvale is
a clean biosparite throughout its entire extent.
It never contains mud stringers and patches
that are characteristic of the Brassfield. The
St. Clair, on the other hand, is characterized
by a lime mud matrix, and texturally it and the
Brassfield are very similar. Overall, the St. Clair
contains a greater percentage of lime mud and
is coarser grained, but the overlap between the
two limestones in these characters is signifi-
cant. The St. Clair does not exhibit the deep-
red mottling characteristic of some zones in
the Brassfield. The former is rather consistent-
ly light-greenish gray in color. The Brassfield-
St. Clair contact is sharp, commonly stylo-
litic, and can be subtle. However, it can be
picked confidently in most localities by noting
the abrupt change from the biosparite and
poorly washed biosparite of the Brassfield
to the characteristically micritic base of the
St. Clair (Plate 2, Fig. F).

The Brassfield contains abundant white
calcite vugs of secondary origin. These features
also are present, although less commonly, in
the St. Clair. At section TC, both units possess
vugs lined with dogtooth spar and cored with
a sand that carries a Sylamore conodont
fauna (Plate 4, Fig. D). The vugs apparently
represent a post-St. Clair - pre-Sylamore
period of subaerial exposure and solution that



affected both limestones. Devonian fills also
occur along vertical solution channels cutting
the entire thickness of the St. Clair at section
BSQ.

“BUTTON SHALE"” OF THE CASON
(LOWER/MIDDLE SILURIAN)

As discussed above, only the upper part
of the Cason, the so-called “button shale”
(type Cason), is Silurian, and thus will be the
only part of the unit considered here.

The Cason “button shale’”’ does not crop
out well and thus knowledge of it comes
primarily from man-made exposures. It has not
been identified in the Gilbert area, where all
Cason belongs to the phosphatic beds of

Ordovician age (Craig and Lemastus, 1979).

The “button shale” has been identified at
one locality (BS, Fig. 1) in the Blanchard
Spring region (Lemastus, 1979). This is in a
ravine paralleling the old road leading up from
the spring to Highway 14 (NE 1/4, NE 1/4,
Sec. 8, T. 15 N., R. 11 W,, Fifty Six quad-
rangle). The Cason occurs beneath an over-
hang formed by the basal St. Clair. It consists
of about 2 feet of dolomitic, silty shale and
shaley micrite that contains phosphate nodules
and scattered shells in its upper foot. Although
no ‘“‘buttons’’ seem to be present, there is great
similarity in other details between these rocks
and the upper part of the “button shale” in
the Batesville district.

The major occurrence of the ‘‘button
shale’ is in the Batesville district. The unit is
present throughout the district, but appears to
be more continuous in the western part from
Cushman west to the bluffs of the White River.
It would appear from present knowledge that
its occurrence in the eastern part of the district
is discontinuous. Thicknesses for the unit are
not accurately known, but judging from pub-
lished reports of geologists who examined the
Cason interval at times when it was well-
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exposed in mine workings, the "button shale’’
probably does not exceed 20 feet.

The most notable exposure in the eastern
part of the district is at the type section of the
old Cason Mine, an open pit workings .5 miles
north of Batesville (CM, Fig. 1). About 16 feet
of the shale is exposed in the mine face and
floor. The base of the shale is not exposed, but
directly adjacent exposures at section BSQ to
the west and the large Midwest Lime Company
quarry (MLQ, Fig. 1) to the east show the
Fernvale Limestone to be the underlying unit.
The Midwest Lime quarry provides a remark-
ably instructive view of the relationship of
the “button shale” to the underlying Fernvale
and overlying St. Clair. In the western face of
the quarry the “button shale’” is in distinct
erosional contact with the Fernvale, its
material filling fractures and irregularities in
the upper portion of the limestone (Plate 4,
Fig. E). The shale, which is only a few feet
thick here, grades upward into the base of the
St. Clair by a decrease in detrital and increase
in carbonate material. Abundant ‘“‘buttons’’
(uncompressed) are present in the basal few
feet of the St. Clair. North along the quarry
face the “button shale” and overlying St. Clair
climb onto an expanded Fernvale section, the
St. Clair eventually onlapping the shale and
resting directly on the Fernvale (Plate 5,
Fig. C). About half way across the north face
of the quarry, the St. Clair wedges out between
the Fernvale and the Devonian Penters Chert.
This relationship indicates that the "’button
shale” is a basal detrital phase of the St. Clair
transgression. Considerable topography appar-
ently existed, at least locally, on the Fernvale
erosional surface, and deposition of detrital
material, which was in short supply, was
confined to the topographic lows.

The shale at the Cason mine is difficult to
decipher petrographically because of the heavy
manganese and iron mineralization to which it
has been subjected. Its overall appearance is
that of a silty to fine-sandy, calcareous, red to



red and green mottled clay shale. Dolomite
rhombs occur scattered throughout. In addi-
tion to algal “buttons”, other fossils include
fragmented ostracodes, crinozoans, trilobites,
and calcareous and phosphatic brachiopods.
Calcite cement increases upward toward the
St. Clair, with the upper few feet calcareous
enough to dissolve in acetic acid. Acid residues
from this upper portion produce Ammodiscus-
and Psammoshaera- type agglutinated foramini-
fers exactly like those in the base of the overly-
ing St. Clair Limestone. Also present in these
residues are conodonts characteristic of the
basal St. Clair, which corroborates Williams’
(1900) conclusion (from brachiopods) that
the Cason at the mine contains the beginning
of the St. Clair fauna.

Phosphatic pebbles occur in the shale, but
not in the abundance that they appear in the
lower phosphatic beds of the Cason. However,
the presence of phosphate in the “button
shale” provides a certain similarity between the
upper and lower Cason interval that has no
doubt helped obscure the distinction between
the two units. Phosphate can be present in any
one of several Ozark Lower Paleozoic units
(See Horner and Craig, this volume), and thus
is not a good criterion for distinction between
the upper and lower Cason. The lower phos-
phatic beds of the Batesville district differ from
the “button shale” in that they are distinctly
interbedded sandstone and shale in which all
fossil debris is phosphatic. They do not contain
“buttons’’ or calcareous shells, nor are they
characteristically calcareous or dolomitic.

The cleanest exposure of the ‘“‘button
shale’” occurs at the Love Hollow Quarry
(section LQ). Although thinner than at the
Cason Mine, its boundaries are better exposed
and thus easier to interpret. The unit, which
averages about 3 feet thick in the upper quarry
face, has a sharp, slightly scoured erosional
contact with the rocks below (Plate 5, Figs.
A, B). This contact is most distinct when the
Brassfield, or the oolitic limestone associated
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with the phosphatic beds, is the underlying
unit (Plate 1, Figs. C, D, E). The contact
is more subtle when the phosphatic beds are
subjacent to the shale, as has been the case for
the past few years. The basal foot or so of the
“button shale” is fine-to-medium-grained,
conglomeratic, red quartz sandstone with
prominent pebbles of phosphate and chert
and scattered, fragmented crinozoan parts.
This basal sandstone unit grades upward into
a fine-sandy, pyritic, calcareous red to gray-
green clay shale with scattered dolomite
rhombs and abundant algal “buttons’’; sparse,
fragmented ostracodes, brachiopods, trilobites,
and crinozoans occur along with abundant
agglutinated foraminifers.

The upper portion of the shale at the Love
Hollow Quarry is similar in all respects to the
type Cason at Cason Mine. Through a gradual
decrease in detrital constituents and an increase
in carbonate, the shale grades upward into a
greenish-gray, button-bearing ostracode bio-
micrite in the base of the St. Clair (Plate 5,
Fig. A).

The lithic gradation and faunal similarity
between the “button shale” and overlying St.
Clair limestone leaves little doubt that the two
are conformable. As mentioned earlier, this
was the view held by Williams at the time he
named the Cason. Because Miser worked the
district at a time when manganese mining
was active, he probably saw more exposures
of the Cason than anyone before or since. It is,
therefore, important to note that he (Miser,
1922) also recognized the lithic similarity
between the “button shale’” and the St. Clair.
He states (p. 27) that the contact is not sugges-
tive of an unconformity ‘“‘because there is no
abrupt change in the character of rocks.”
However, the evidence then available that the
Brassfield occurred between the two units left
him little choice but to separate them with an
unconformity,



ST.CLAIR LIMESTONE
(LOWER/MIDDLE SILURIAN)

The St. Clair Limestone was named by
Penrose (1891) for an exposure at St. Clair
Spring, 5 miles north of Batesville, Indepen-
dence County. The exposure at the spring is no
longer satisfactory, but an adequate substitute
exists along the hillside about one-third of a
mile north of the spring (section SCS).

Penrose’s St. Clair included the Kimmswick
and Fernvale Limestones, the Cason Shale, and
the St. Clair and Lafferty Limestones. Subdivi-
sion by later geologists (Williams, 1894, 1900;
Ulrich, 1911; Miser, 1922) of this all-encom-
passing, and in many respects somewhat
similar stack of bioclastic limestone, has been
covered elsewhere (Craig, 1975).

The St. Clair, which occurs in all three of
the Ozark outcrop areas, is the most wide-
spread and continuous of the Silurian units.
The limestone is best developed in the Bates-
ville district, where it ranges in thickness from
0 to 100 feet. It is thickest in the eastern part
of the district, but occurs at only isolated
localities, its distribution apparently controlled
by a combination of topography on the under-
lying erosional surface (see discussion of the
Cason Shale) and preservation in structural
downwarps. The easternmost occurrence of the
St. Clair is along the eastern flank of a small
anticline breached by Pfeiffer Creek (section
SCS). In the western part of the district, in
the vicinity of Cushman west to the White
River, the formation is more persistent, but
averages only 15 feet in thickness.

As indicated earlier, the spectrum of
St. Clair textures strongly parallels that of the
Brassfield. Both are dominantly bioclastic
limestones characterized by fragmented crino-
zoans and with abundant lime mud matrix. The
modes of distribution of lime mud in the St.
Clair are like those described for the Brassfield,
although the patchy occurrences created by
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burrowing are less common in the St. Clair.
Thus, the St. Clair does not have the mottled
appearance characteristic of the Brassfield.
Vertical textural trends, not identified in the
Brassfield, are present in the St. Clair. These
trends are significant in the interpretation of
the depositional history of the formation,
especially when considered in conjunction with
the conformably overlying Lafferty Limestone.

In the Batesville district, the St. Clair is a
pinkish-gray to light-gray, coarse-grained crino-
zoan biosparite. Some layers, especially those
at the base and top of the formation, are poor-
ly washed and contain gray-green micrite. In
all sections where the base of the St. Clair is
exposed, the lower two to five feet is a pyritic,
gray-green or red ostracode biomicrite (wacke-
stone) that contains angular to subrounded
quartz sand, minor amounts of fragmented
crinozoans, corals, trilobites, and brachiopods,
and large, well-formed dolomite rhombs
(Plate 3, Fig. E). This lithic type grades up into
crinozoan biosparite that is poorly washed in
its lower and upper portions. The poorly wash-
ed biosparite (wackestone/packstone) contains
abundant whole shells of brachiopods, ostra-
codes, cephalopods, and well preserved pygidia
and cephala of trilobites (Plate 3, Fig. B). The
middle portion of the St. Clair is dominantly
crinozoan biosparite (grainstone) containing
fragmented skeletal material of brachiopods,
trilobites, and ostracodes (Plate 3, Fig. C).

This superposition of lithic types is general-
ly present throughout the area, but is best
developed in the thicker eastern sections,
especially section BSQ. At this locality, the
lower 5 feet of the St. Clair is an ostracode
biomicrite, which is followed by 30 feet of
poorly washed crinozoan biosparite, 53 feet of
clean crinozoan biosparite, and a capping 10
feet of poorly washed biosparite. The sequence
of lithic types at section SCS is similar, except
that the central 35 to 40 feet of coarse biospar-
ite contains patches and stringers of lime mud
in places and the basal ostracode biomicrite is



discontinuous, apparently preserved only in
irreqularities in the top of the underlying
Brassfield.

Section LQ is representative of the thinner
western sections (Plate b, Fig. D). As a rule,
the middle biosparite is not well developed in
the western part of the district. It is expressed
as a clastic limestone that is distinctly coarser
and contains a smaller percentage of lime mud
than the rock above and below.

Algal “buttons” like those in the “button
shale” of the Cason occur in the basal few feet
of the St. Clair at most localities. The
“buttons’’ in the limestone differ from those in
the shale in that they are spherical rather than
flattened. Acetic-acid residues of the lower
ostracode biomicrite contain a high percentage
of terrigenous clay and agglutinated foramini-
fers. Clay and agglutinated foraminifers are rare
in the crinozoan biosparite of the St. Clair.

The St. Clair is of erratic occurrence in the
Blanchard Spring area. The best exposure of
the limestone is along the north bank of South
Sylamore Creek just downstream from Gayler
Crossing (section GC). The section there
exhibits a lithic sequence similar to that of the
Batesville district. At the base of the forma-
tion, which directly overlies the Fernvale, is a
1 foot bed of ostracode biomicrite. Above this
is 10 feet of clean crinozoan biosparite follow-
ed by approximately 10 feet of biomicrite and
poorly washed biosparite directly below the
Lafferty Limestone.

Exposures of the St. Clair in the Gilbert
area of outcrop are known mainly from the
works of McKnight (1935), Maher and Lantz
(1953a), and Glick and Frezon (1965). The
best exposures of the unit are along the Buffalo
River from the U. S. Highway 65 bridge
(section BRB) east to the mouths of
Tomahawk (section MTC), Bear, and Brush
Creeks, and along the lower extent of the
creeks (sections TC and CB). Thin, scattered
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exposures of the limestone have been mapped
in the Snowball quadrangle to the west (Glick
and Frezon, 1965).

The St. Clair in the Gilbert area is over-
lain by the Lafferty Limestone, or where
pre-Boone erosion has removed the Lafferty,
by the St. Joe Member of the Boone Forma-
tion or its basal sandstone (see Horner and
Craig, this volume). The St. Clair ranges in
thickness from 0 to a maximum of 36 feet at
section MTC.

The St. Clair of the Gilbert area differs
from that of sections to the east in that it
contains a greater percentage of lime mud.
Cleanly washed biosparite, although present in
certain layers, is not common. The limestone
consists mainly of gradations between bio-
micrite (wackestone/packstone) and very fossil-
iferous, poorly washed biosparite (packstone/
grainstone). Poorly washed biosparite is not
necessarily confined, as in eastern exposures,
to the upper and lower portions of the unit,
and layers of biomicrite can occur at any level.
The basal ostracode biomicrite (wackestone)
is replaced by a more abundantly fossiliferous
and faunally varied biomicrite (wackestone/
packstone), as illustrated on Plate 2, Figs. B,
D-F.

LAFFERTY LIMESTONE-
(MIDDLE/UPPER SILURIAN)

The Lafferty Limestone was named by
Miser (1922) for an exposure at Tom Tate
Spring (section TS) on the west side of the
valley of West Lafferty Creek, 1% miles north
of Penters Bluff, lzard County. Miser gave the
name Lafferty to 85 feet of slabby-bedded,
earthy, gray-green to red micrite and sparsely
fossiliferous biomicrite overlying the St. Clair.
Individual beds in this exposure can change
laterally from red to gray-green. The red color
is probably from oxidation of iron associated
with the disseminated clay. Miser recognized



the Lafferty only in the immediate vicinity of
its type locality.

Beneath the type Lafferty, the upper 12.5
feet of St. Clair Limestone, as understood by
Miser, is a slightly dolomitic, pyritic, gray-green
ostracode  biomicrite (wackestone) with
scattered pink crinozoan fragments and other
calcareous skeletal material, subrounded quartz
sand, clay, and agglutinated foraminifers.
This rock type (Plate 3, Fig. D), which occurs
above the coarse-grained crinozoan rock of
the St. Clair at most localities, was included
in the St. Clair by Miser. There is little to dis-
tinquish it from the 85 feet of dominantly red
limestone that Miser called Lafferty. Miser’s
Lafferty differs from the micrite he included in
the St. Clair only in that the Lafferty is red
from the inclusion of detrital clay and contains
less micrite and fewer fossils in its upper
portion.

In 1950, Straczek and Kinney remapped
geology of the Batesville district, and included
in the Lafferty all of the gray-green micrite and
ostracode biomicrite above the coarse-grained
crinozoan limestone of the St. Clair. This
appears to me to be a more workable division
between the two units and | have followed
their definition of the Lafferty.

The lithic description given above for the
Lafferty fits the unit across northern Arkansas.
Its contact with the St. Clair is placed above
the last appearance of abundant coarse-grained
bioclastic allochems. The change from St. Clair
to Lafferty results from a decrease in the
percentage of allochems and an increase in
micrite and detrital grains. The basal beds of
the Lafferty contain pinkish crinozoan skeletal
material as laminae and scattered grains. This
change was apparently rapid, because the con-
tact is sharp in most places (Plate 5, Fig. D).
There is a gradual increase in detrital mud and
decrease in carbonate, including fossil debris,
upward in the unit. This is best seen in thicker
sections, such as TS and GC, where the basal
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ostracode biomicrite (wackestone) grades up-
ward through a micrite (mudstone) into a rock
that approaches a calcareous claystone. With
the addition of clay, the unit becomes charac-
teristically slabby bedded (Plate 4, Fig. C).

The Lafferty everywhere rests conformably
on the St. Clair, as evidenced by the transi-
tional passage between the two units, and is
overlain unconformably by younger units.
There is a remarkable similarity between the
Lafferty and the micritic limestones occur-
ring within the St. Clair, especially the basal
ostracode biomicrite. The Lafferty would
appear to represent a recurrence of the same
environment that produced this fine-grained
limestone.

At its type section (section TS), the
Lafferty is 97.5 feet thick, which includes the
85 feet that Miser named Lafferty and the 12,5
feet of ostracode biomicrite he originally
included in the St. Clair Limestone. The
formation is considerably thinner in other parts
of the Batesville district. Along the bluffs of
the White River in the western part of the
district the Lafferty averages 20 feet in thick-
ness. In the eastern part of the district its
average thickness is 5 feet. The unusual thick-
ness of the limestone at its type is probably
structurally controlled.

Geologists mapping in the Gilbert area
(McKnight, 1935, Maher and Lantz, 1953a),
although recognizing the distinction between
the St. Clair and Lafferty lithologies, have
dealt with the two units as a single, undifferen-
tiated formation. The presence in the St. Clair
of micrite beds lithically similar to the
Lafferty, and the absence of the Lafferty over
most of the area, have no doubt contributed
much to this style of handling the two units.
It is probable that the Lafferty lithology was
once present above the St. Clair throughout the
Gilbert area, just as it is in the outcrop areas
to the east, but has been removed by pre-
Boone erosion. Present evidence indicates that



it appeared about 35 to 40 feet above the base
of the St. Clair, as at section MTC. Maher and
Lantz (1953a) report Lafferty lithology above
the St. Clair from several places in the Gilbert
area. From a section three-quarters of a mile
below section BRB they record 30 feet of
Lafferty-type micrite above 35 feet of St. Clair.

GEOLOGIC HISTORY

Present evidence suggests that the Brass-
field Limestone is a transgressive unit over an
erosional surface developed mainly on Ordovi-
cian carbonates. It may have had a discontin-
uous basal detrital phase, like that of the over-
lying St. Clair (Cason “button shale’’), derived
from the underlying Ordovician portion of the
Cason shale. However, no such phase is present
in the few sections available for study. In the
Gilbert area, which is the major region of
Brassfield preservation, the limestone rests
with irregular contact on the Cason. The upper
layers of the Cason in this area, however, are
dolomitic mudstone that possesses few coarse
detrital grains.

The Brassfield lithology records a subtidal
complex of wave-exposed shoal and wave-
protected quiet subenvironments, all generally
shallow water and abounding in life.

Prior to the deposition of the overlying
Cason “button shale’” and St. Clair Limestone,
the region underwent broad epeirogenic uplift
that exposed the surface to subaerial erosion.
In the Batesville district, where the ‘’button
shale” is the basal unit of the overlying trans-
gression, the unconformity on top of the
Brassfield is apparent. In the Gilbert area,
lack of a basal detrital phase has created a
subtle contact with St. Clair directly on
Brassfield. Truncation of Brassfield fossils at
“welded” unconformities seems to be an
expression of a planar erosional surface
developed in the absence of much terrestrial
vegetation. This surface is similar in appear-
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ance to the scalloped/planar erosional surfaces
of Read and Glover (1977). However, the
Arkansas surface does not seem to fit well
into the Read-Glover model of development on
a prograded, early-cemented tidal flat or tidal
rock platform. Nor is it particularly remini-
scent of a subtidal penecontemporaneously
cemented hardground. Such models, if applic-
able to northern Arkansas, would have the
St. Clair follow the Brassfield with little
erosional vacuity. Any model would have to
explain the extreme variation in thickness
(0 to 40 feet) of the Brassfield over short
distances. Presumably, either of the above
models could do that in combination with the
St. Clair onlapping the Brassfield over topo-
graphy developed on the underlying Ordovi-
cian, which would confine Brassfield accumula-
tion to topographic lows and place the St.
Clair directly on the Ordovician (e.g., sections
MTC and GC) over the highs. This explanation
certainly seems suitable for the variation in
thickness of the Cason ‘‘button shale’” and
St. Clair Limestone in localized places in the
eastern part of the Batesville district. No such
topography seems apparent on the Ordovician
of the Gilbert area, in which the Brassfield has
a very irregular distribution. Present evidence
best supports an episode of subaerial erosion
between the Brassfield and St. Clair. The
irregular distribution of the Brassfield probably
represents preservation of the unit in structural
lows and complete removal of it on the highs
created by gentle warping during post
Brassfield-pre - St. Clair epeirogenic movement.

The St. Clair Limestone, with the Cason
“button shale” as a basal detrital phase, trans-
gressed over an erosional surface developed on
the Brassfield and older units. In the Batesville
district, particularly the eastern part, some
topography existed on the surface as evidenced
in the previously discussed relationship
exhibited at the Midwest Lime Company
quarry. Topography does not seem to be
characteristic of the surface over most of
northern Arkansas. At the Midwest Lime



Company quarry it probably is related to
differential relief associated with the Batesville
Graben directly to the south (O. A. Wise,
pers. comm.). Fractures filled with ‘“button
shale’’ and St. Clair in the Fernvale Limestone,
and with Devonian in the St. Clair Limestone,
indicate that the structure was active during
the Early Paleozoic. The St. Clair and “button
shale’’ appear to have collected lower on the
topography, pinching out altogether on the
high, thus explaining their rapid disappearance.
Throughout the district, the detrital material
comprising the button shale’” was limited in
quantity, no doubt derived locally from the
underlying phosphate beds of the lower Cason,
and thus has a discontinuous distribution. In
the Blanchard Spring and Gilbert areas, where
the lower phosphate beds have a much smaller
percentage of sand and gravel-size grains, no
detrital phase collected at the base of the
St. Clair.

The “button shale’” is the basal unit of a
transgressive-regressive cycle of sedimentation
that includes the overlying St. Clair and
Lafferty Limestones. The shale represents
terrigenous sediment that accumulated in a
near-shore environment containing spherical
algal growths, agglutinated foraminifers, and
ostracodes. Seaward, lime mud was collecting
in a lagoonal environment that abounded with
agglutinated foraminifers and ostracodes. This
lagoonal environment produced the ostracode
biomicrite present at the base of most St. Clair
sections. This lagoonal environment produced
the ostracode biomicrite present at the base of
most St. Clair sections. The lagoonal environ-
ment was restricted from the open ocean by a
crinozoan sand bar, now represented by the
coarse-grained St. Clair. On the lagoon side of
this bar, marine invertebrate life abounded
on a substrate composed of intermixed lime
mud and skeletal debris. Currents in this area
were strong enough to oxygenate the water and
remove some of the finer material, but not
strong enough to shift the substrate. Thus,
finer particles tended to collect beneath
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shells that were concave downward or in the
protected hollow of shells that were concave
upward. In this environment was deposited the
fossiliferous, poorly washed crinozoan bio-
sparite in the lower part of the St. Clair. Above
this the St. Clair is more clastic and is compos-
ed almost entirely of crinozoan debris. This
lithology is interpreted as representing the
ocean facing, high-energy portion of the bar.
The poorly washed upper layers of the St. Clair
represent the recurrence during the regressive
phase of the conditions on the lagoon side of
the bar. The ostracode biomicrite of the
Lafferty marks the regression of the lagoonal
environment.

If a sedimentary environment similar to
that represented by the “button’ shale
recurred during regression, its record has been
removed by pre-Penters erosion.

The vertical succession of lithic types
illustrating the depositional environments now
represented by the  “button  shale”,
St. Clair, and Lafferty is best seen in the Bates-
ville district. The thick build-up of coarse-
grained St. Clair in the eastern part of the
district indicates close proximity to the major
build-up of crinozoan sand that formed the
protective barrier. Possibly the topography in
this region aided in the accumulation of the
thickness observed by concentrating wave and
current energies. The western part of the dis-
trict was far-removed from the barrier as
demonstrated by the thin interval of coarse-
grained crinozoan rock followed by a relative-
ly thick Lafferty section.

In the Gilbert area, most of the accumula-
tion of the St. Clair seems to have taken place
on the lagooon side of the barrier, with
occasional incursions of the barrier and lagoon-
al facies represented by the layers of crinozoan
biosparite and biomicrite, respectively, found
interbedded with the main body of poorly
washed biosparite. The main portion of the
barrier probably crossed northern Arkansas
a few miles to the south of Gilbert.



Figure A.

Figure B.

Figure C.

Figure D.

Figure E.

Figure F.

EXPLANATION OF PLATE |

Photomicrograph of algal “button’’, Cason “‘button shale’’ (X7.1). Note micro “algal
heads'’ that result from irregular growth of laminae toward exterior of “‘button’’.
Section LQ.

Negative print of thin section, Cason “‘button shale”’. Shows complete “‘button’ in
silty, dolomitic matrix (X 44). Section LQ.

Negative print of thin section, base of Cason ‘‘button shale’” on Brassfield Limestone
(X 7.1). Note irregularity of contact. Section LQ.

Photomicrograph showing enlargement of contact zone illustrated in Figure C (X 30).
Note truncation of crinozoan parts. Grains in “‘button shale’’ are quartz and phosphate
in clay matrix. Section LQ.

Negative print of thin section, Brassfield Limestone on oolitic limestone of lower
Cason (X 7.1). Contact is stylolitic. Section LQ.

Negative print of thin section, micritic Brassfield Limestone (X 7.1). Patches of spar
(dark) represent burrows. Section CB.
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Figure A.

Figure B.

Figure C.

Figure D.

Figure E.

Figure F.

EXPLANATION OF PLATE Il

Negative print of thin section. Brassfield Limestone (X 10). Poorly washed mixed
biosparite. Note “‘roofing effect’” of long skeletal fragments. Skeletons include
crinozoans, trilobites, brachiopods, bryozoans, and ostracodes. Areas of poor sorting
are characteristic of Brassfield mixed biosparite and probably result from burrowing.
Micrite (dense, white areas) is red in natural color. Section LQ.

Photomicrograph of St. Clair Limestone on Brassfield (X 44). Note truncation of
Brassfield fossils. Section CB.

Negative print of thin section, Brassfield Limestone (X 13.7). Poorly washed bio-
sparite. Note micrite (light) stringers. Section CB.

Negative print of thin section, St. Clair Limestone on Brassfield (X 7.1). Note trunca-
tion of micrite-filled burrow (large light area) at contact (scalloped). Micrite-filled
burrow is dark red in natural color. Section CB.

Photomicrograph of St. Clair Limestone on Brassfield (X 44). St. Clair shows charac-
teristic biomicrite base; Brassfield is poorly washed biosparite. Note micrite (dark)
flooring interstices in otherwise spar-cemented rock of Brassfield. Section CB.

Negative print of thin section, biomicrite of St. Clair on biosparite of Brassfield
(X 7.1). Contact is styolitic. Section TC.
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Figure A.

Figure B.

Figure C.

Figure D.

Figure E,

EXPLANATION OF PLATE 11l

Crinoid biosparite of Brassfield Limestone (X 6). Note absence of skeletal debris of
other fossil groups. Section SCS.

Negative print of acetate peel, poorly washed biosparite of lower St. Clair Limestone
(X 5.1). Unfragmented skeletons (note trilobites) are characteristic of this protected,
back barrier zone. Note location of finer carbonate (mostly microspar) in protected
areas. Section BSQ.

Negative print of acetate peel, crinozoan biosparite of middle St. Clair (X 5.1). Note
absence of micrite and dominance of crinozoans, both characteristic of St. Clair
crinozoan barrier sand. Section BSQ.

Negative print of thin section, ostracode biomicrite of Lafferty (X 14.1). This lithic
type is essentially the same as the basal ostracode biomicrite of the St. Clair (Figure
E). Note crinozoans and other skeletal debris. Section LQ.

Negative print of thin section, basal ostracode biomicrite of St. Clair (X 14.7). Rock
carries high silt and clay content and is gradational downward with “button shale’ of
the Cason. Note dominance of ostracodes. Fine areas lacking fossils (lower right)
probably result from burrowing. Section LQ.
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Figure A.

Figure B.

Figure C.

Figure D.

Figure E.

EXPLANATION OF PLATE IV

Reference section near Section TC (see text for location). Hammer rests on top of
Brassfield. Geologist is standing at contact between St. Clair Limestone and sandy

base (Sylamore Sandstone) of St. Joe Limestone.

Section BRB. Re-entrant at base of bluff (in Buffalo River) contains Ordovician Cason
Shale. Contact between Brassfield and St. Clair Limestones visible as faint line a little
over halfway up the bluff (arrow). Slabby beds on top are St. Joe Limestone with a
thin sandy base (Sylamore Sandstone).

Thin-bedded micrite and biomicrite characteristic of Lafferty Limestone. Section GC.

Calcite spar-lined vugs in St. Clair Limestone at Section TC. Vug centers are filled
with sand that carried a Sylamore (Late Devonian) conodont fauna.

“Button shale” filling in fractures in top of Fernvale Limestone at Midwest Lime
Company Quarry (MLQ). Scale is O. A. Wise, Arkansas Geological Commission.
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Figure A.

Figure B.

Figure C.

Figure D.

EXPLANATION OF PLATE V

Oolitic limestone of lower Cason Shale, Cason “’button shale’’, and St. Clair Limestone
at Section LQ. Hammer rests on light-colored oolitic limestone. To right of hammer,
the overlying dark-colored ‘“‘button shale” is channeled into the oolitic limestone.
The lower arrows point to the base of the ‘‘button shale’’. Note the gradational
change from “button shale’” to basal fine-grained St. Clair. The contact between the
two is located at about the level of the upper arrow,

Phosphate beds of the lower Cason, Brassfield, and ‘‘button shale'’ at Section LQ.
Hammer rests on thin layer of Brassfield. Layers below are phosphatic beds of lower
Cason. Irregular contact of Brassfield and overlying ‘‘button shale’” is marked by
arrows.

Fernvale Limestone, “button shale’’, and St. Clair Limestone at Midwest Lime
Company quarry (MLQ). Dark band is “button shale”’. Note truncation of Fernvale
by “button shale” and onlap of St. Clair onto topography on top of the Fernvale. To
the north (right), the Cason is onlapped by the St. Clair, which then rests directly on
the Fernvale.

Phosphate beds of lower Cason, “‘button shale’’, St. Clair and Lafferty Limestones at
Section LQ. Dark-colored rock at base of photograph is the phosphate beds and
“button shale’””. Dark-colored arrow points to lower ostracode biomicrite at base of
S. Clair. Above is coarse-grained St. Clair and Lafferty. White arrow points to sharp
contact between St. Clair and Lafferty. Note difference in texture between the two
formations.
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THE SECTIONS
ST. CLAIR SPRINGS (SCS)
location: Along the hillside about one-

third of a mile northeast of St. Clair Spring in
the SE% SW%, Sec. 18, T. 14 N., R. 5 W.

Sulphur Rock quadrangle, Independence
County.
access: North on Highway 167, 2.3 miles

north of Pfeiffer, then on foot 100 yards to
east of highway across barnyard and pasture.
Ask permission at residence just to west of
highway.

exposure: Nearly complete exposure of
St. Clair Limestone capped by 2 feet of
Lafferty and underlain by 20 feet of Brassfield.
Heavy moss growth but otherwise excellent
exposure. Beds dip about 20° back into hillside
(to east).

BATESVILLE STONE QUARRY (BSQ)

location: One-half mile (straight-line
distance) north of Batesville in SW%, SW%,
Sec. 34, T. 14 N., R. 6 W., Batesville quad-
rangle, Independence County.

access: North of Batesville on Highway
167 to sign marking entrance to Midwest Lime
Company quarry on west side of highway. Ask
permission at quarry office to cross over to
the old cut stone quarry which is just to the
west of the Midwest Lime quarry.

exposure: Best exposure of St. Clair avail-
able. Quarry is on three levels, lowest of which
is in the Fernvale Limestone. This quarry,
along with the operating Midwest Lime quarry
and the intervening old Cason Mine, afford an
excellent look at the “button shale’’, St. Clair,
and Lafferty as developed in the eastern part
of the Batesville district. The Penters Chert,
Sylamore-Chattanooga, and Boone are also well
exposed.
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LOVE HOLLOW QUARRY (LQ)

location: East bluff (Penters Bluff) of
White River in the SEY%, Sec. 4, T. 14 N,,
R. 8 W., Bethesda quadrangle, Izard County.

access: West out of Cushman on the Love
Hollow Road. After crossing West Lafferty
Creek, the road climbs Penters Bluff at a steep
grade. Entrance to upper level of quarry is to
the west (left) at top of hill. Road into quarry
may be followed to quarry office to obtain
permission. Exposure is on upper level of
quarry near entrance.

exposure: Excellent exposure of ““button
shale’” through Lafferty Limestone, showing
well the gradational contacts of the units
(Plate 5, Fig. D).

TATE SPRING (TS)

location: West side of valley of West
Lafferty Creek about 1% miles north of Penters
Bluff in SW%, SW%, Sec. 3, T. 14 N., R. 8 W,
Mt. Pleasant quadrangle, lzard County.

access: Love Hollow Road just beyond the
entrance to Love Hollow Quarry. Construction
involved with an eastward shift of the Love
Hollow Road because of encroachment of the
quarry has passed directly through the type
section. Section begins just to west (left) of
road at the base of the steep hill descended
just past quarry entrance. ’

exposure: Excellent exposure of upper
part of “button-shale”, thin St. Clair and thick
Lafferty, which extends up the hillside into the
woods. The upper clayey, red Lafferty is well
displayed here.



TOMAHAWK CREEK (TC)

location: Two miles (straight-line distance)
north of Gilbert where road from Gilbert to
St. Joe crosses Tomahawk Creek in NE', SEY,
Sec. 19, T. 16 N., R. 16 W., Maumee quad-
rangle, Searcy County.

access: Gravel road north out of Gilbert,
keeping left at forks, traveling toward St. Joe.
Measured section was in small stream bed
paralleling road (on east side) leading down
to bridge from the south. Since this section
was measured it has been covered by road
widening. A suitable substitute, however,
is present along the south bank of the Toma-
hawk just upstream from the bridge.

exposure: Substitute section is in a small
draw that provides a complete exposure from
the upper part of the Brassfield into the basal
Boone (Plate 4, Fig. A). Beds dip about 6° to
the north (down the draw).

CRANE BOTTOM (CB)

location. Located 2 mile southeast of
Gilbert on the west bank of Bear Creek at
Crane Bottom in the NE%, SW¥%, Sec. 32,
T. 16 N., R. 16 W., Marshall quadrangle,
Searcy County.

access: North out of Marshall on gravel
road running on east side of Bear Creek to
position opposite Crane Bottom, and from
there on poor road (or on foot) into Bear
Creek valley.

exposure: Good exposure of Brassfield
and St. Clair. Very brushy and difficult access.
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GAYLER CROSSING (GC)

location: On South Sylamore Creek 3.5
miles southeast of Fifty Six in the NE%, NW,
Sec. 21, T. 15 N., R. 22 W,, Fifty Six quad-
rangle, Stone County.

access: On Arkansas 87 between Highway
14 and Mountain View passing through the
community of Gayler. Located on north bank
of South Sylamore Creek just downstream
from low-water crossing.

exposure: Excellent exposure of St. Clair
and Lafferty showing same superposition of
lithic types as in the Batesville district. Upper
clayey, thin-bedded Lafferty well exposed.
Beds dip about 6° NW (upstream).

MOUTH OF TOMAHAWK CREEK (MTC)

location: 2.5 miles (straight-line distance)
northeast of Gilbert % of a mile upstream from
the mouth of Tomahawk Creek in SE%, NE%,
Sec. 21, T. 16 N., R. 16 W., Maumee quad-
rangle, Searcy County.

access: Along easternmost gravel road that
crosses Tomahawk Creek traveling north out
of Gilbert. From low-water crossing walk along
south bank of Creek toward mouth.

exposure: Excellent exposure of thickest
St. Clair-Lafferty in Gilbert area. Brushy during
summer months.



BUFFALO RIVER BRIDGE (BRB)

location: Located 1 mile west of Gilbert
on north bluff of Buffalo River just east of
Highway 65 bridge in NE%, SW%, Sec. 36,
T. 16 N., R. 17 W., Marshall quadrangle,
Searcy County.

access: Access on dirt road from Highway
65 running east from north end of bridge.
Walk or drive to top of bluff. Section is in
bluff overlooking popular swimming hole.

exposure: Excellent exposure of complete
Brassfield and St. Clair with contact approxi-
mately 3/4 of way up bluff (Plate 4, Fig. B).
Steep, but climbable on foot with caution.
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BASEMENT ROCKS IN NORTHERN ARKANSAS

by

Rodger E. Denison
One Energy Square
Dallas, TX 75206

ABSTRACT

Northwest Arkansas is underlain by Precambrian rocks that are the continuation of the
rhyolite-epizonal granite suite reported in adjacent states. East of a gravity and magnetic
gradient, possibly marking the limit of the rhyolite-epizonal granite suite, one well penetrated a
coarse, two feldspar, biotite granite cut by diabase in northcentral Arkansas. Granitic gneiss and
metadiorite xenoliths brought to the surface in a carbonate-rich dike in Conway County are
probably from deeper levels in the crust. A deep well in the Mississippi Embayment cut a thick
section of unmetamorphosed red arkose beneath a grey arkose probably equivalent to the
Lamotte Sandstone. The red arkoses overlie a regionally metamorphosed granitic gneiss. No ages
have been determined from the basement rocks. The best age for the rhyolite-granite suite is
1300-1400 m. y., based on determinations on continuous rocks in adjacent states. The age of the
rocks found in the Embayment is an interesting subject for speculation. The speculation here
favors a Cambrian age for the red arkose and an age between 1500 and 1650 m. y. for the

granitic gneiss.

INTRODUCTION

Samples of fifteen wells reaching basement
in Arkansas have been described. In addition
xenoliths of basement rock brought to the sur-
face in an exotic carbonate-rich dike were
examined from Conway County. Thirteen of
the basement wells are in northwest Arkansas.
One well is in northcentral Arkansas and the
other is a deep test in far northeast Arkansas,
the first known well to reach crystalline rocks
in the Mississippi Embayment. No isotopic
ages are available from these rocks but the age
range for most of these rocks can be inferred
with considerable confidence.

There has been a substantial amount of
recent work published on the basement rocks
of neighboring states. These studies in Okla-
homa (Denison, 1981), Kansas (Bickford and
others, 1981) and Missouri (Kisvarsanyi, 1979)
have outlined the framework surrounding
Arkansas.
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The quality of samples varies greatly. Some
wells have cuttings that do not exceed one mm
in  maximum dimension. Others have chips
exceeding 5 mm. Fortunately the fine grain
size of the igneous rocks allow definition of
rock type and texture even in the finest chips.
Only two of the wells were cored. A general
description of the rocks examined is given in
the following text. Descriptions of individual
rock samples are found in the Appendix.

Northwest Arkansas

Denison (1981) grouped three basement
rock units into the Northeast Oklahoma
Province. This is a sequence of rhyolites,
generally micrographic granites and micro-
granites believed to be very closely related in
time and space. Examination of the samples
from northwest Arkansas indicates that this
area is underlain by the eastward extension of
this province.



Four of the wells penetrated rhyolite or
metarhyolite. Miser and Ross (1925) reported
rhyolite from a well in Madison County for
which samples are no longer available. In these
samples phenocrysts of plagioclase and perthite
are set in a finely crystalline groundmass of
quartz-feldspar. Quartz as phenocrysts is
present in some samples but always in lesser
amounts. lron oxides as microphenocrysts and
disseminate hematite are always present.
Biotite was seen in only one sample (Lg-1) but
may well have been present in others before
conversion to chlorite. Apatite and zircon most
commonly in association with iron oxides are
invariable  primary minerals. Secondary
minerals include clay-sericite-epidote feldspar
alterations, calcite, chlorite, sphene-leucoxene
and iron sulfides. The phenocrysts are set in a
quartzfeldspar groundmass of differing texture.
The unmetamorphosed rhyolites have a finely
crystalline felted groundmass with deep reddish
color. The metarhyolites have a finely grano-
blastic groundmass averaging 0.1 to 0.05 mm
in the mosaic.

The distribution of rhyolite shown in
Figure 1 is subject to substantial revision with
additional well control. The long pretrans-
gression erosional period and the relatively flat
lying character of the volcanic rocks has surely
led to a highly irregular pattern of preservation.

Nine wells penetrated granite and micro-
granite. The rocks are composed of perthite,
quartz and plagioclase with lesser to trace
amounts of iron oxides, biotite, hornblende,
pyroxene, sphene, apatite and zircon. Second-
ary feldspar alterations, calcite, chlorite,
sphene-leucoxene, epidote and actinolite are
also found. The perthite is generally fresh,
lightly dusted with hematite and vacuoles.
Plagioclase is in lesser amounts and contains
locally extensive clay-sericite as alterations.

The texture is extremely variable but tends
to be delicately micrographic around feldspar
phenocrysts. The microgranites have textures
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gradational with the rhyolites. The curious
rod-like appearance of quartz in thin section
(see Denison, 1981, p. 14 and p. 78) is charac-
teristic of several of the finest microgranites.

The two core samples (Bn-3 and Ca-1)
give the best definition of gross texture and
bulk mineralogy. Both samples show rather
large (3-7mm) phenocrysts of irregularly
altered plagioclase with a thin optically
continuous rim of perthite. The pattern of
feldspar phenocrysts, accounting for between
a fifth and a third of the rock, set in an irregu-
larly micrographic matrix is probably represen-
tative of granites in northwest Arkansas.

Quartz accounts for about a fourth of the
volume and is generally intergrown with
perthite. Perthite and plagioclase are generally
in subequal amount (an exception is Sr-1). The
color index ranges between 5 and 10 but may
be lower in some of the finer microgranites.

The rocks found in wells in northwest
Arkansas are almost certainly the extension of
granites and rhyolites found in contiguous
states.

The age of these rocks is well known. They
yield Rb/Sr ages of about 1290 + 20 m. y. with
an initial ratio of 0.7043 * .0008 (Denison,
1981). The zircons from these rocks yield
systematically older ages. Bickford and Lewis
(1979) and Bickford and others (1981)
obtained U/Pb concordia ages of from 1361
+ 6 to 1408 + 21 m.y. on rock originally group-
ed into the Northeast Oklahoma Province.
Thus, by comparison of zircon ages, the
age of the Province is equivalent to the younger
igneous event in the St. Francois Mountains
(Bickford and Mose, 1975).

The granites and rhyolites found in
Arkansas are the continuation of those in
northeast Oklahoma but there are some small
petrographic differences that should be noted.
Most of the samples are considerably more
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siliceous than typical samples from contiguous
Oklahoma. Several of the granites and rhyolites
carry primary biotite and/or hornblende; both
are extremely rare to the west. These differ-
ences can be explained as expectable over a
large area. Indeed, there is a systematic differ-
ence in the composition of granites and rhyo-
lites in areas in northeast Oklahoma (Denison,
1981, p. 9-10). These probably represent
tapping of different parts of an evolving magma
suite over a broad area.

The metamorphism found in several
samples is probably due to the proximity of a
younger deeper seated plutonic granitic mass.
Metamorphism in northeast Oklahoma is
present only where the rhyolites and granites
are in close association with slightly younger
mesozonal granites (Denison, 1981, p. 11-12).
It is a typical hornfelsic recrystallization with
no accompanying shearing.

These granites and rhyolites are a relative-
ly thin veneer and must be almost flat lying
because of the large area over which they
occur. The microgranite porphyrites are
probably sills within or at the base of the
volcanic pile. Perhaps the gneisses found as
xenoliths in Conway County represent the
plutonic basement on which the granite-
rhyolite suite was extruded and intruded.

The area of drill control does not contain
any significant regional gravity (Hendricks and
others, 1981) or magnetic (Zietz, 1981)
gradients. The gravity and magnetic data may
indicate where the eastern edge of the base-
ment province might lie (it is not present in
northcentral Arkansas). The gravity and
magnetic gradients are used to terminate the
granite-rhyolite suite on the east (Fig. 1). To
the south, the rapid deepening of the basement
into the Arkoma Basin complicates gravity and
the closest magnetic gradient is some sixty
miles south of the last well control. The strong
positive circular gravity and magnetic in far
northwest Arkansas has a drill hole (Bn-2)
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very close to the crest of the anomaly. The
micrographic microgranite porphry found in
the well is clearly not the cause of the
anomaly. The gravity and magnetic data
suggest a circular high density and high suscept-
ibility rock mass, probably a gabbroic intrusion
that has not been exposed by erosion at the
basement surface.

Northcentral Arkansas

One well (Fa-1) has been drilled to the east
of the gravity and a magnetic gradient believed
to mark the approximate limit of the rhyolite-
epizonal granite association of northwest
Arkansas. This well penetrated rock in sharp
contrast to those to the west suggesting the
gradient may well have some validity.

Beneath a slightly sandy dolomite (there is
no basal sandstone) the well penetrated a
snowy white, coarse, biotite-rich granite cut
by a diabase interpreted as a dike or sill of
Precambrian(?) age. The granite is a two
feldspar type typical of mesozonal batholithic
intrusions.

The granite is composed mostly of slightly
perthitic microcline, quartz and irregularly
altered oligoclase. Fresh biotite flakes are
common in the cuttings. A dark strongly pleo-
chroic common hornblende is found in lesser
amounts. Minor to trace amounts of iron
oxides, sphene, epidote, apatite, leucoxene and
zircon are also present. The texture cannot be
determined with any surely due to small cut-
tings and a coarse grain size but appears, on the
basis of the available evidence, to be unaffected
by a later metamorphism.

The diabase is typical of dike rocks. It is
composed of fresh plagioclase laths with relict
subophitic primary and secondary amphiboles,
biotite and iron oxides as the major minerals. It
does not show evidence of later metamor-
phism.



The granite is clearly unrelated to the
rhyolite-epizonal granite suite found to the
west. It represents a deeper erosional level in
the basement. In Missouri (Kisvarsanyi, 1979;
Bickford and others, 1981) the eastern limit of
the rhyolite-epizone granite is marked by the
same contrast. In Missouri these mesozonal
rocks yield older ages, ca. 1450-1500 m.y. on
zircons. The same may hold true here although
there is no direct evidence to support either an
older or younger age.

The diabase is unusual. No diabase intru-
sions have been documented from the rhyolite-
epizone granite suite from Arkansas or con-
tiguous states. They are reported, but are by
no means common from wells in Missouri
(Kisvarsanyi, 1975). There is no direct evidence
for the age of this dike but it is probably Pre-
cambrian based on the rather altered character
of the samples near the basement surface.

The gravity and magnetic gradient used to
draw the eastern limit of the rhyolite-epizone
granite is at least partly valid within the rather
loose control limits available. The petro-
graphic data would suggest that the rocks east
of the gradient are a deeper erosional level and
may well be older than those to the west.

Xenoliths

The xenoliths found in the exotic carbon-
ate dike in Conway County contain no base-
ment material of the granite-rhyolite suite. All
the clasts examined are from the rocks formed
at a deeper crustal level.

Igneous dikes, sills and breccias were
described from this area by Croneis and Billings
(1929), although not from the locality sampled
here. They reported medium grained, semi-
porphyritic, ‘‘alkaline syenite and aegirite
granite” in addition to more abundant frag-
ments of shale, sandstone, and ouachitite in the
Oppello breccia (N%, SE%, sec. 2, T. 5 N,,
R.17 W.) From their description it is unclear if
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“the aegirine granite is a fenitized basement

xenolith or a variation of the characteristically
undersaturated syenitic rocks of Cretaceous
age.

The most conspicuous basement clasts
are of a granitic gneiss. This rock is composed
of plagioclase, quartz and microcline with
biotite, hornblende and iron oxides as promi-
nent minerals and zircon, apatite, and sphene
in trace amounts. Secondary minerals include
calcite, feldspar alterations and chlorite.
The texture is completely reorganized into
a clearly metamorphic fabric. There is a
faint preferred orientation of platy minerals
and the quartz-feldspar has a granular home-
oblastic texture. The rocks appear to be
granitic to granodioritic in composition and the
product of regional metamorphism. The
assemblage is not diagnostic but is probably in
the intermediate almandine-amphibolite facies
but the mineralogy does not preclude horn-
blende granulite facies.

Another type of fine grained xenolith may
also be from the basement. This is a metadior-
ite composed almost entirely of biotite, plagio-
clase and lesser iron oxides. The texture is
relict igneous and appears to have been
recrystallized during a hornfelsic metamor-
phism.

The xenoliths are distinctly different from
the igneous rock found at the basement surface
to the north. They were formed at a much
greater depth. There is a good possibility that
the granite-rhyolites are at the basement
surface here but the dike tapped xenoliths
from a much greater depth. The closest known
gneisses that resemble those found as xeno-
liths occur in the eastern Arbuckle Mountains
of Oklahoma. Phases of the Blue River gneiss
(Denison, 1973) are very similar to the gneiss
xenoliths. The metadiorite xenoliths are not
similar to any known surface or subsurface
rocks.



Northeast Arkansas

One well examined reached crystalline
rocks in the Mississippi Embayment. The
crystalline gneisses are overlain by a thick
sequence of red arkosic sandstones of uncertain
age and these in turn by a gray arkosic sand-
stone that is probably equivalent in strati-
graphic position to the Lamotte Sandstone of
the St. Francois Mountains.

The Dow Chemical No. 1 Lee Wilson and
Company, Mississippi County, penetrated
about 537 feet (14,305’ to 14,842' TD) of
granitic gneisses with a curious mineralogy.
The rock is interpreted as a light colored
granitic gneiss with intervals of dioritic gneiss
originally as dikes or sills in the granitic host.

The granitic gneiss is composed mostly of
plagioclase and quartz with lesser but substan-
tial amounts of microcline and muscovite.
Smaller to trace amounts of chlorite, iron
oxices, anhydrite, sphene, carbonate, silliman-
ite, leucoxene, epidote, biotite, apatite and
zircon also occur.

The proportions of minerals appear to vary
considerably in cuttings (no cores were taken)
suggesting the rock is rudely banded. Even in
cuttings there is well defined preferred orienta-
tion of the micas. The texture of the quartz-
feldspar is an equigranular mosaic averaging
about 0.5 to 1.2 mm. The unusual and erratic
mineralogic composition (discussed more fully
in the appendix) suggests the granitic gneiss
was derived from a sedimentary rock.

The dioritic gneiss is composed mostly of
plagioclase and hornblende with lesser to trace
amounts of biotite, epidote, sphene, iron
oxides, quartz and apatite. The plagioclase
appears to be in the andesine composition
range and is extensively altered to sericite. The
hornblende is a mildly pleochroic, pale green
variety with a slightly bluish tint. The biotite
is olive-green and partly altered to chlorite.
Epidote is chiefly disseminated crystals but is
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also found as minor veinlets. The grain size
averages 0.15 to 0.3 mm and was never
observed to exceed 0.7 mm. The dioritic
gneiss has a rather consistent bulk composition
that suggests an igneous origin.

Overlying the gneiss, from about 12,620 to
14,305 feet is a red arkosic sandstone of
uncertain age. The arkose is generally well
sorted, medium to fine-grained with irregular
rounding. Argillaceous material is common in
some chips but the interval as a whole is well
within the sand size range. Feldspars are
common with microcline, plagioclase and
mesoperthite clasts locally abundant. Lithic
clasts are present in lesser amounts, mostly
rhyolite and micrographic quartz-perthite frag-
ments. Overgrowths are conspicuous around
many quartz grains, outlined by a hematite
rim. Other detrital minerals include muscovite,
iron oxides, tourmaline, and zircon. In most
intervals the sand is cemented with secondary
silica and minor carbonate. No anhydrite was
identified. Some cutting chips in the samples
were porous. The grain size varies from about
1mm to 0.2 mm in cutting chips. There is no
evidence of metamorphism.

The clasts in the arkose indicate a mixed
source. The microcline and muscovite are indi-
cative of the underlying gneiss. The rhyolite
and micrographic quartz-perthite are from
either the rocks of the Northeast Oklahoma
Province or from rock equivalent to those
found in the St. Francois Mountains or from
both. Those in the St. Francois area are demon-
stratably closer.

Overlying the red arkose is a grey arkosic
sandstone, probably equivalent to the Lamotte
Sandstone of the St. Francois area. The sand
is remarkably similar to the underlying red
arkose except for a grey to off-white color,
more abundant carbonate and a more quart-
zose composition. The sandstone is gradational
at about 12,290 feet with an overlying dolo-
mite. This is probably equivalent to the



Bonneterre Formation of the St. Francois area.
This light colored, shallow water carbonate is
overlain by a very thick sequence considered to
be Late Cambrian and Lower Ordovician in age
by Apache Corporation (successors to Dow
Chemical Oil and Gas). Much of this extensive
interval has a dark basinal look but received
only a cursory inspection by me during sample
examination. Lamprophyric dikes cut parts
of the Lamotte, Bonneterre and basement
sequences. These are almost certainly the
equivalents to the Cretaceous dikes found in
the Ouachita Mountains.

The Embayment well was drilled close to
the center of the Mississippi Valley graben as
outlined by the gravity and magnetic interpre-
tation of Kane and others (1981). They
estimated an average depth to magnetic
basement of 5.0 km (16,400 feet). Ginsburg
and others (1983) calculated a thickness of
“Precambrian and early Paleozoic sediments”
of 3.0 km (9840 feet) using refraction seismic
data. These two papers provide an excellent
summary of the previous work and ideas
concerning the deep Embayment.

This is probably the most important well
drilled in the Embayment. | believe the biggest
surprise is that the well did not penetrate
St. Francois type rocks (i. e. rhyolites and
epizonal granites) that are known to occur to
the north and eastward in Tennessee. The type
of crystalline rocks found in the well demon-
strate that if these rocks were ever present in
the area they have been removed by erosion.
No isotopic data is available on the age of
crystalline rocks so one is free to speculate.

The St. Francois rocks yield zircon ages of
formation of about 1485 m.y. and a lesser
grouping around 1385 m.y. (Bickford and
Mose, 1975). These rocks show no evidence
of regional metamorphism petrographically,
although the Rb/Sr systems are disturbed. The
environment of the granite-rhyolite suites is
almost certainly anorogenic. Yet the regional

39

metamorphism seen in the crystalline gneisses
was almost certainly during an orogenic
episode. The question is whether the meta-
morphism of the gneisses could have occurred
at great depth without disturbing the nearby
granite-rhyolite suite. The granite-rhyolite suite
must have been close based on the abundance
of clasts in the overlying arkose. It is my
opinion, based on the pristine textures and the
tectonically undisturbed character of the
volcanic rocks, that these rocks are either
younger than the metamorphism or that the
metamorphism was restricted - geographically.
If the metamorphism is older than the St.
Francois rocks the age is most probably in the
1500—1650 m.y. range (the oldest ages known
from the Missouri-Kansas area, Bickford and
others, 1981). If the metamorphism is younger
than the granite-rhyolite suite the age is almost
certainly older than about 1000 m. y., the
youngest ages of regional significance in the
southern continental interior. | tend to think
of them as older than 1500 m.y. It will be no
easy task to resolve. A mica age would
probably yield a minimum for the time of
metamorphism. The few zircons seen in the
gneiss, the probable sedimentary origin, and
the limited amount of sample will all but
preclude a U/Pb age that can be compared with
the St. Francois outcrop. The rock found in
the well is unusual, in any case, because it
represents a deep erosional cut into the crust in
an area characterized by surface and near
surface igneous rocks and a higher grade of
metamorphism than is common in the southern
interior.

The age of the overlying red arkose is an
even knottier problem--not amenable to any
known analytical solution. Clearly the arkose is
younger than the gneiss and the granite-
rhyolite suite and older than grey arkose,
probably equivalent (in stratigraphic position
if not strictly in time) to the Late Cambrian
Lamotte Sandstone. Thus, the red arkose is
older than about 510 m.y. and younger than



about 1500 m.y. Arkoses of this type are
known from other wells in the Embayment
(Lidiak and others, 1982). To my knowledge,
the 1685 feet penetrated in this well is the
thickest and only complete section drilled to
date. It probably does not represent normal
marine sedimentation. Does it represent the
sediments of the rift opening of the Reelfoot
aulacogen? If it does and the Reelfoot was
caused by the same forces as the Southern
Oklahoma aulacogen then the most likely time
of sedimentation is Cambrian. The red and
grey arkoses are exceptionally similar in grain
size, sorting, diagenetic effects and provenance.
The small differences in the two could easily
be accounted for by the transition from a
non-marine to marine environment. For this
reason, | find the young age of sedimentation
most attractive.

The Cockrell No. 1 Carter (sec. 4, T. 4 N.,
R. 1 E.) was drilled in St. Francois County,
some sixty five miles to the southwest of the
Dow No. 1 Wilson. The well penetrated a
reported 531 feet of Precambrian granite wash,
topped at 14,350’ (—14,145’), according to
records of Sun Exploration and Production
Company (Charles Vertrees, Jr. personal
communication). If correct, and the granite
wash is the same unit as the red arkose found
in the Wilson well, the potential area underlain
by these rocks would be substantial.

Based on fragmentary data in the Embay-
ment and a closely constrained understanding
of southern Oklahoma, the Reelfoot and
Southern Oklahoma aulacogens do not appear
to share a particularly analogous geologic
history during the Paleozoic.

Conclusions

The wells drilled in northwest Arkansas are
a further documentation of the extensive
granite-rhyolite complexes that typify the base-
ment of the southern continental interior
(Muehlberger and others, 1967).The occur-
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rence of granitic gneisses as xenoliths and in a
well in far northeast Arkansas suggest that the
granite-rhyolite may be a relatively thin veneer
on a more shield-like crust. The granitic gneiss
found in the Mississippi Embayment well, in
contrast to surface and near surface igneous
rocks in the northwest, is estimated to have
formed at depths of between 15 and 20 km.
This indicates a much deeper level of erosion
than is known either east or west of the
Embayment. A thick red arkose overlies the
crystalline gneisses and below probable
Lamotte Sandstone equivalent. This unmeta-
morphosed sedimentary section, found in
several Embayment wells, may have been
deposited during the rift phase of the Reelfoot
aulacogen.
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Table 1. — List of wells to basement from which samples have been examined.

Basement Total
County depth (ft) depth (ft) Rock
Number Well Name Location Subsea (ft) Penetration (ft) type
Bn-1 Ozark 33—-18N-33W 2205 2236 Rhyolite
No. 1 Curry -1015 31 porphry
Bn-2 Layne Western 11-19N-33W 2104(?) 2125 Microgranite
No. 2 Decatur —882 21 porphry
Bn-3 St. Joe Minerals1 25—-19N-33W 1952 1974 Micrographic
No. BE-2 —-627 22 granite
Ca—1 St. Joe Minerals1 30—-21N-25W 2070 2093 Micrographic
No. AK—-CA-1 —630 23 granite
Cr-—-1 Gulf 14—-10N-32W 5528 5701 Micrographic
No. 1 Mowrey —4622 173 granite
Fa—1 ARCO 6— 7N—-12W 12095 12171 Granite and
No. 1 Edgmon 76 diabase
Fr--1 Tenneco 17-10N-27W 8234 8280 Microgranite
No. 1 Conaster 7764 46 porphry
Fr-2 SEECO 21-10N-28W 7585 7746 Granite
No. 5 Lessley —6890 161
Fr—-3 Arkla 9— 9N-28W 8430 8636 Micrographic
No. 1 Ark. Valley Trust —7656 206 granite
Lg--1 Exxon 15— 6N-—-28W 12225 12349 Metarhyolite
No. 1 Tanner —11635e 24
Md-1 Independent 6—16N-27W 2392 2515 Rhyolite
No. 1 Banks -847 123 porphry
Md-2 Layne Western 3—16N-26W 3290 Metarhyolite
No. 1 Huntsville WW
Md—3 War Eagle 13—15N—-26W 2286 2320 Rhyolite?
No. 1 Brener —880 34
Ms—1 Dow Chemical 14—-12N—- 9E 12620* 14842 Arkose and
No. 1 Wilson —12368 2222 granitic
gneiss
Nt--1 Pan American 28—13N-22W 4946 4996 Microgranite
No.1 USA ~3250 50 porphry
Sr-1 Petroplex 18—14N—-16W Granite
No. 1 Wheeler

Most data supplied by W. M. Caplan, Arkansas Geological Commission.

*

e estimated

! Data from Kurtz and others (1975)

base of Lamotte, granitic gneiss at 14305’ (—14053')

2 Determination by Miser and Ross (1925), samples not examined



APPENDIX

Thin sections of each of the samples examined are described and arranged alphabetically
within the county keyed to Table 1 and Figure 1. The mineral percentages are based on point
counts where enough sample was available. In other descriptions the minerals are listed in esti-

mated order of abundance.

Ozark No. 1 Curry, sec. 33, T. 18 N, R. 33 W., Benton
County, Bn-1-1, 221022 feet

RHYOLITE PORPHYRY. Groundmass, plagioclase,
perthite, iron oxides, chlorite, feldspar alterations,
epidote, apatite, zircon.

The groundmass appears to be exceptionally
quartz-rich intergrown with feldspar. Local coarsen-
ings accompany quartz rich portions, Perthite and
plagioclase phenocrysts are partly altered. A perthite
rim surrounds some of the plagioclase which is not
otherwise zoned. Hematite dust is more abundant in
perthite. Chlorite is mostly disseminated in the ground-
mass as weakly birefringent masses and shreds. Grain
size: phenocrysts, 2.0 mm; groundmass, 0.06 mm
average. Texture: porphyritic-felted.

The well penetrated a rhyolite that must be close
to the edge of the present limits of the volcanic field.

Layne Western No. 2 Decatur WW, sec. 11, T. 19 N,
R. 33 W., Benton County, Bn-2-1, 2120—-25 feet

MICROGRAPHIC MICROGRANITE PORPHRY:
Micrographic quartz-feldspar, perthite, quartz, iron
oxides, feldspar alterations, chlorite, leucoxene,
apatite, zircon.

All cutting chips are less than 1.0 mm in size.
Phenocrysts of perthite and lesser quartz are set in a
very delicately micrographic groundmass. Hematite
dust and vacuoles are very common in the feldspars,
obscuring the composition. Feldspar alterations are
found as fine sericitic masses. Chlorite is the only
accessory mineral present in significant amounts.
Grain size: 0.7+ mm. Texture: porphyritic-micro-
graphic.

The very fine grained quartz-perthite intergrowth
is typical of chilled granites near the contact with the
host rhyolite. The quartz phenocrysts, even in small
amounts, are somewhat unusual. The well was drilled
close to the crest of a very large gravity and magnetic
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anomaly. Clearly the rock found in the well is not the
cause of the anomaly and a deeper source is the more
likely explanation.

St. Joe Minerals Hole No. BE—2, sec. 25, T. 19 N.,
R. 33 W,, Benton County, Bn-3-1, 1967 feet

MICROGRAPHIC GRANITE PORPHYRY. Perthite,
30.8%; plagioclase, 24.9%; quartz, 22.5%, plagioclase
alterations, 10.8%; amphibole, 5.3%; chlorite, 2.6%;
epidote, 1.4%, iron oxides, 1.3%; sphene-leucoxene,
0.3%; apatite, 0.1%, zircon, tr.; carbonate, tr.

Phenocrysts of plagioclase rimmed by perthite are
set in a generally micrographic quartz-feldspar matrix.
The plagioclase contains nearly a third clay-sericite-
epidote replacement. The perthite is rather uniformly
clouded with vacuoles and hematite dust. The amphi-
bole is mostly a pale brownish green common variety
with lesser actinolite. Chlorite is a common associate
with the amphibole. Epidote is found as well formed
crystals in an intergranular position and smaller crystals
in feldspar. Carbonate is found in a thin veinlet. Grain
size: phenocrysts, 6 mm; groundmass 0.8—1.2 mm.
Texture: porphyritic-micrographic.

The well was drilled close to the others that
penetrated similar rocks. It is one of only two cores
available from the basement of northwest Arkansas
and is believed to be representative of the type of
granites found in this area.

St. Joe Minerals Hole No. Ak-CA-1, sec. 30, T. 21 N.,
R. 25 W., Carroll County. Ca-1-1, 2085 feet

MICROGRAPHIC GRANITE PORPHYRY. Perthite,
40.0%; plagioclase, 25.1%; quartz, 23.6%; chlorite,
4.2%; plagioclase alterations, 4.2%; carbonate, 1.6%;
iron oxides, 1.0%; sphene-leucoxene, 0.3%;, apatite, tr.;
zircon, tr.



Phenocrysts of plagioclase rimmed by perthite are
set in a micrographic quartz-feldspar matrix. The
former femic minerals have all been replaced by
chlorite. The chlorite is in clots with abundant sphene-
leucoxene and iron oxides. Feldspar alterations are
mostly at the expense of plagioclase. The perthite
contains abundant evenly disseminated vacuoles and
hematite dust. Carbonate is found as veinlets cutting
the rock and as a replacement is some accessory
mineral clots. Grain size: phenocrysts, 3.8 mm;
groundmass 1.5 mm. Texture: porphritic-micro-
graphic.

Ca-1-2,2091 feet

MICROGRAPHIC GRANITE PORPHYRY. Perthite,
37.9%; plagioclase, 31.4% quartz, 22.1%; plagioclase
alterations, 3.3%; chlorite, 2.0%; hornblende, 1.2%,
iron oxides, 1.0%; sphene, 0.6%; epidote, 0.3%,
carbonate; tr.; zircon, tr.; apatite, tr.

Phenocrysts of plagioclase, some quite large, are
rimmed by perthite. These are set in a generally micro-
graphic quartz-feldspar matrix. The perthite is dusted
with extensive and uniform hematite and vacuoles.
Plagioclase is calcic oligoclase and contains locally
intense sericite-epidote-clay alterations. The amphibole
is in clots with other accessories and both a pale
common green variety and actinolite are present.
Chlorite is associated with these clots. Sphene is a
reddish variety in anhedral crystals. Both apatite and
zircon are found as numerous small crystals. Grain size:
phenocrysts, 7+ mm; groundmass 1.0-1.8 mm.
Texture: porphyritic-micrographic.

Two thin sections were cut from each interval.
Point counts showed substantial mineralogic
abundance differences on the scale of a thin section.
This is almost certainly due to the large plagioclase
phenocrysts. These samples are the only ones to show
changes in alteration with depth. The upper sample is
more weathered. This is reflected in the conversion of
sphene to leucoxene and the absence of hornblende.
Carbonate as veins and a replacement of former femic
mineral is conspicuous in the upper sample. The
general texture and mineralogic abundances are
probably fairly typical of all the epizonal granites in
northwest Arkansas.

Outcrop SEY% SE% NE%,sec.34, T.6 N., R. 17 W.
Conway County

Xenoliths brought to the surface by an exotic
carbonate dike yield evidence of basement composi-
tions in this area. Some of the xenoliths are granitic

gneisses of almost certain Precambrian age. The depth
from which these xenoliths were derived cannot be
determined.

The carbonate contains smaller xenocrysts of a
variety of minerals that indicate it is related to the
Cretaceous lamprophyric suite. The dike sample,
collected by R. R. Cohoon of Arkansas Tech
University, contains xenoliths as large as 4 cm in
length. The dike is probably one of those studied by
Jackson and Steele (1976), Mitchell and Jackson
(1979) and McCormick and Heathcote (1979).

Several of the xenoliths are granitic in composition
and have a well defined metamorphic texture. These
are almost certainly the product of regional metamor-
phism and not contact hornfels from the dike. This
is based on a gneissic preferred orientation of certain
minerals .and a decided difference in mineralogy
between the same mineral phases found in the host and
xenolith. For example, both biotite and hornblende in
the xenoliths have much different properties than
the same minerals in the dike. There is, however, some
fenitization near the margins of the xenoliths.

The gneisses are composed mostly of plagioclase,
quartz and microcline. There are a variety of accessory
minerals. Hornblende, biotite and iron oxides are most
common with zircons, apatite and sphene in trace
amounts. Plagioclase is most common occupying 40 -
50% of the volume. It is in the oligoclase composition
range and is locally extensively altered but is generally
quite fresh. Microcline accounts for a quarter to a
third of the rock and is generally quite fresh. Quartz is
unstrained and accounts for about a fifth of the
volume. The percentage of dark minerals varies
considerably in the xenoliths. The color index ranges
between 5 and 15.

The texture is homeoblastic among the light
constituent and faintly gneissic with a poorly defined
preferred orientation in dark minerals. Biotite is found
in several xenoliths as rather large reddish brown
poikiloblastic crystals. Grain size is fairly even between
0.7 and 2.0 mm average and rarely exceeding 3 mm,

The xenoliths are far from pristine. Calcite has
invaded around virtually every grain boundary along
some cleavage. These films of carbonate are rarely
wider than 0.03 mm, but are much wider and better
developed near the contact with the host carbonate.
Some changes in mineralogy are also seen with the
crystalloblastic growth of fine grained minerals identi-
cal to those carried in the host. As pervasive as these
changes are, the basic framework and original
mineralogy remain clear.

Another darker xenolith type may also represent
basement rock. This rock is composed almost entirely



of plagioclase, biotite and iron oxides. The texture of
the plagioclase is relict igneous but the the biotite is
completely recrystallized. There is a suggestion of
preferred orientation in the small biotites but it is
poorly defined, at least in the plane of the thin section.
Most plagioclase laths are about 0.3 to 0.7 mm in
length, are poorly twinned and carry flakes of dissemi-
nated biotite. Aggregates of larger biotite are crowded
between plagioclase laths. The biotite is a strongly
pleochroic pale reddish brown to dark olive-green
variety. The biotite averages 0.1 to 0.3 mm in length
and accounts for almost exactly half of the rock with
another 5% of iron oxides making the color index
greater than 50. This type of xenolith is essentially a
metadiorite and is more likely the product of horn-
felsic metamorphism.

No xenoliths of the granite-rhyolite terrane found
to the north were identified and they should be readily
recognizable even in small size. No clasts were
recognized that are similar to the boulders found in
the Blakely Sandstone (Denison and others, 1977).
These rocks could be present at the basement surface
here, simply not picked up during the passing of
the carbonate rich host.

Gulf No. 1 Mowrey, sec. 14, T. 10 N., R. 32 W.
Crawford County, Cr-1-1  5680—90 feet

MICROGRAPHIC GRANITE: Perthite, quartz, plagio-
clase, iron oxides, feldspar alterations, chlorite, horn-
blende, sphene-leucoxene, pyroxene, apatite, zircon.

Most of the cutting chips are about 0.7 mm in
length, none exceed 1.0 mm. The feldspars show
considerable alteration to fine sericite. A number
of chips show a delicate micrographic intergrowth
around feldspar phenocrysts. Small amounts of relict
pyroxene are present. The most common femic mineral
is a fresh olive-green hornblende. Chlorite with
attendant sphene has replaced portions of the femic
minerals. Grain size: 1+ mm. Texture: micrographic-
porphyritic.

The micrographic granite is typical of those
associated with a rhyolitic volcanic field. The relict
pyroxene is somewhat unusual but is reported in the
Spavinaw Granite outcrop and also in scattered samples
from the subsurface. The olive-green primary horn-
blende is very rare to the west in Oklahoma.

Arco No. 1 Edgmon, sec. 6, T. 7 N., R. 12 W.
Faulkner County, Fa-1-1 12090—-100 feet

DIABASE. Plagioclase, actinolite, biotite, iron oxides,
hornblende, chlorite, feldspar alterations, apatite.

Plagioclase is in fresh, well twinned laths. There is
a very even zoning from labradorite near cores to
andesine or possibly oligoclase at margins. The original
femic minerals included a common brownish green
hornblende and a reddish brown biotite. Most have
been replaced by a pale apple green actinolite and a
brownish secondary biotite with minor chlorite.
Apatite is found as abundant fine needles. Feldspar
alterations are abundant in only a few cutting chips.
Grain size: 0.8—1.2 mm. Texture: relict subophitic.

Fa-1-2 12160—-70 feet

GRANITE: Microcline, plagioclase, quartz, biotite,
hornblende, iron oxides, feldspar alterations, sphene
epidote, apatite, leucoxene, zircon.

Microcline is partly perthitic, well twinned, very
fresh and contains small poikilitic inclusions of quartz
and plagioclase. Plagioclase is mottled with erratic
alterations and is intermediate oligoclase in composi-
tion. Quartz is in single, essentially unstrained crystals.
Biotite is abundant as large, fresh reddish brown books.
Hornblende is a strongly pleochroic dark green variety.
Sphene is in well formed but not euhedral crystals.
Leucoxene is found around some iron oxides. A few
chips appear mildly sheared. Grain size: 2+ mm.
Texture: hypidiomorphic(?).

The diabase was identified in the 12090—100’
sample. The snowy white granite was first seen in the
sample at 12130-40°. The granite is in marked
contrast to those found to the west. This rock is
typical of mesozonal batholithic mass rather than the
fine-grained epizonal granite associated with the
rhyolites. The grain size exceeds the cutting chip
size {2 mm) but based on the size of the biotite flakes
the rock is quite coarse. The texture is difficult to
determine because of this but appears to be an ignecus
texture essentially unaffected by any metamorphism.
The diabase clearly cuts the granite as a dike or sill and
is the only rock of this composition found in northern
Arkansas. It is most probably Precambrian in age but
strict evidence for this is lacking. The overlying sedi-
mentary rock is a slightly sandy dolomite showing no
evidence of recrystallization.



Tenneco No. 1 Conatser, sec. 17, T. 10 N., R. 27 W.
Franklin County
FR-1-1 826070 feet

MICROGRAPHIC MICROGRANITE PORPHRY:
Micrographic quartz feldspar, 62.7%, plagioclase,
14 .8%; perthite, 8.7%; chlorite, 5.2%; feldspar altera-
tions, 5.2%; sphene-leucoxene, 1.1%, quartz, 1.1%;
epidote, 0.3%; iron oxides, 0.3%; actinolite, 0.3%,
calcite, 0.1%, zircon, tr.; sphene, tr.; apatite, tr.

Phenocrysts of perthite and plagioclase are set in a
partially micrographic groundmass of quartz-feldspar.
Feldspar alterations are extensive in the plagioclase
phenocrysts. These are mostly sericite and epidote.
Chlorite is probably after biotite and contains granular
sphene-leucoxene. Sphene is also found in small well
formed primary crystals. Actinolite is found in one
chip associated with chlorite. Apatite is as rather
numerous tiny crystals. Grain size: phenocrysts, 2+
mm; groundmass, 0.2 mm. Texture: porphyritic-
micrographic.

The granite is unusually quartzose compared to
those found to the west in Oklahoma. The occurrence
of well formed sphene is not typical. The very fine
chilled texture suggests the well was drilled close to
the contact with the rhyolites.

SEECO No. 5 Lessley, sec. 14, T. 10 N.,, R. 28 W.
Franklin County
FR-2-1 773040 feet

GRANITE: Perthite, quartz, plagioclase, chlorite,
feldspar alterations, hornblende, iron oxides, sphene,
biotite, apatite, flourite, zircon.

The cuttings are very fine (few exceed 1 mm) and
almost all chips are single minerals. A few are clearly
micrographic quartz-perthite but this is probably only
a local development in an essentially hypidiomorphic
texture. Hornblende is a common type. Sphene is well
crystallized with a dark reddish color. Plagioclase
is in the oligoclase composition range and is locally
extensively altered. Grain size: 1+ mm. Texture:
partly micrographic.

The granite is typical of those found associated

with the rhyolites. The texture suggests it is more
removed from contact with the rhyolite than FR-1-1.
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Arkla No. 1, Arkansas Valley Trust, sec. 9, T. 9 N,
R. 28 W., Franklin County '
FR-3-1 8620—30 feet

MICROGRAPHIC GRANITE: Perthite, quartz, plagio-
clase, iron oxides, feldspar alterations, chlorite, horn-
blende, biotite, sphene-leucoxene, zircon, apatite.

Cutting chips rarely exceed 1 mm. Most of the
rock is composed of quartz, plagioclase and perthite.
There is some well developed micrographic intergrowth
but there is also some quartz as discrete crystals. The
hornblende is an apple-green variety and is partly
altered to chlorite. There is minor brownish green
biotite. The feldspar contains Hematite dust and
vacuoles but is generally fresh. Grain size: 1+ mm.
Texture: micrographic-porphyritic.

The granite is similar to that found in Fr-2-1, The

hornblende and minor biotite are unusual in granites
to the west.

Exxon No. 1 Tanner, sec. 15, T.6 N., R. 28 W.
Logan County
Lg-1-1 1234050 feet

METARHYOLITE: Groundmass, 53.8%, microcline
perthite, 30.0%; quartz, 13.1%,; plagioclase, 1.6%;
biotite, 0.8%; iron oxides, 0.3%; iron sulfides, 0.2%
chlorite, tr., apatite, tr.; feldspar alterations, tr.;
sphene, tr.; flourite, tr.; carbonate, tr.

Very numerous phenocrysts of plagioclase quartz
and microcline perthite are set in a hornfelsic ground-
mass of mostly quartz-feldspar. A few phenocrysts of
biotite, now much aitered to chlorite and attendant
sphene, are also present. Biotite is also found as a
crystaloblastic mineral in the groundmass. The ground-
mass is erratic in grain size and is generally fresh.
Feldspar alterations of sericite are mostly restricted
to the plagioclase phenocrysts. Some of the pheno-
crysts have a rim of seived groundmass crystals. Grain
size: phenocrysts, to 5 mm; groundmass, 0.01—0.05
mm. Texture: relict porphyritic-granoblastic.

The metamorphism reflected by the groundmass
recrystallization is typical of contact metamorphism.
Several wells to the west in far east central Oklahoma
are also metamorphosed but the recrystallization
found here is more extensive. Biotite as relict pheno-
crysts or as a metamorphic mineral is not found in
Oklahoma.



Independent O & G No. 1 Banks, sec. 6, T. 16 N.,
R. 27 W., Madison County
Md-1-1 2500-04 feet

RHYOLITE PORPHRY: Groundmass, plagioclase,
perthite, chlorite, iron oxides, feldspar alterations,
sphene-leucoxene, epidote, apatite, zircon.

Phenocrysts of altered plagioclase and sparse
perthite are set in a quartz-feldspar groundmass. The
texture of the groundmass is not well defined — parts
appear to have optically oriented rodlike quartz.
Feldspars are altered and contain hematite dust.
Plagioclase contains sericite flakes and epidote gran-
ules. Chlorite masses replace portions of some feldspar
phenocrysts and is in the groundmass as probable
pseudomorphs after a femic mineral and disseminated
shreds. The iron oxide granules are partly surrounded
by sphene-leucoxene. Grain size: phenocrysts, 2 mm;
groundmass, 0.2 mm. Texture: porphyritic-felted.

The rhyolite is typical in mineralogy but some-
what coarser grained than average.

Layne Western No. 1 Huntsville WW, 3,
T.16 N., R. 26 W., Madison County

Md-2-1 3285-90 feet

secC.

METARHYOLITE PORPHRY: Groundmass, perthite,
plagioclase, quartz, feldspar alterations, iron oxides,
chlorite, zircon, apatite.

Phenocrysts of feldspar and lesser quartz are set
in a finely granoblastic groundmass composed of the
same minerals. The largest cutting chip is about 1.5
mm in length. Hematite dust and vacuoles cloud
feldspars, obscuring the composition. Chlorite is
found as the replacement of former femic minerals
and as fine shreds in the groundmass. The groundmass
is composed almost entirely of a granoblastic mosaic
of quartz-feldspar. Grain size: phenocrysts, 1.3+ mm;
groundmass, 0.03 mm. Texture: relict porphyritic-
granoblastic.

The metamorphism of the rhyolite is unexpected
but is very clear in thin section. It suggests a nearby
plutonic mass that was not penetrated in any well,
to be found only at depth.
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War Eagle No. 1 Brener, sec. 13, T. 156 N., R. 26 W.
Madison County
Md-3-1  2286—2320 feet

Miser and Ross (1925) report “the rock is
composed of phenocrysts of plagioclase and orthoclase
in a very fine grained groundmass of feldspar and
quartz. The rock would be described as a porphyritic
rhyolite and the structure indicates that it may be a
volcanic flow or an intrusive of limited size that
crystallized at shallow or intermediate depths.”’

Dow No. 1 Lee Wilson & Co., sec. 14, T.12 N., R. 9 E.
Mississippi County

Ms-1-1  12790-00 feet, Ms-1-2 13160—70 feet,
Ms-1-3  13460-70 feet, = Ms-1-4 13820-30 feet,
Ms-1-6  14100—10 feet, Ms-1-6 14300—10 feet,
Ms-1-7  14470-80 feet, Ms-1-8 14590-00 feet,
Ms-19  14700—-10 feet, Ms-1-1014780—-90 feet,
Ms-1-11 1484050 feet.

About 2222" of rock was penetrated beneath
Lamotte Sandstone — a red arkose of uncertain age and
a granitic gneiss of almost certain Precambrian age. The
top of the arkose was picked on a color change from
light grey and off white to a dark red. Six intervals
were examined in thin section.

The arkose is red due to hematite found as detrital
grains, disseminated dust in feldspars, a coating of
quartz grains and in a locally argillaceous matrix. The
sorting, grain size, and rounding vary considerably. The
finer intervals tend to be poorly sorted and less round-
ed than the coarser sands. An argillaceous matrix is
most common in those chips having fine sand or silt
size clasts.

The sand size clasts are mostly quartz as single
grains. The content ranges from about 50% in the finer
sands to about 80% in the coarser, better sorted sands.
Mesoperthite, microcline, and plagioclase are all
common with perthite being most abundant. Lithic
clasts are all of fine grained igneous rocks. Rhyolite
and micrographic quartz-perthite clasts from a granite
make up almost all the lithic debris. In the better sort-
ed, originally porous sands, quartz overgrowths are well
defined by a hematite film around the original grain.

Heavy minerals are most common in the finer
sands. These include minor to moderate amounts of
hematite, with lesser to trace amounts of muscovite,
tourmaline and zircon. Secondary minerals include
rather common quartz as overgrowths and as a cement
and minor carbonate as veinlets and small blebs



between sand grains and rare replacement of feldspar
grains.

In the six intervals chosen for thin section there
is no recognizable systematic change in grain size,
sorting, rounding, or mineralogy. The section is surpris-
ingly uniform. There is absolutely no evidence of meta-
morphism. The diagenetic changes seen in the arkose
are those expected from simple burial. The occurrence
of porous sandstone in the samples supports simple
diagenesis.

The arkose is underlain by a granitic gneiss, topped
at about 14305’. Five intervals were examined in thin
section. The sequence varied considerably in bulk
composition and the occurrence of accessory minerals.
Both a light colored granitic gneiss and a darker,
dioritic gneiss are found in the cuttings, suggesting a
crude banding in the rock. Plagioclase and quartz make
up most of the granitic gneiss with varying but sub-
stantial microcline and muscovite. Smaller to trace
amounts of chlorite, feldspar alterations, anhydrite,
iron oxides, sphene, carbonate, sillimanite, leucoxene,
biotite, epidote, apatite, and zircon make up the
remainder of the gneiss.

Plagioclase is in the oligoclase composition range,
is generally fresh but locally mottled with extensive
clay-sericite-epidote as an alteration. Microcline is well
twinned, variable in amount and is generally very fresh.
Quartz is mildly to moderately strained and abundant.
The point counts of the cuttings, if truly representative
of bulk composition, vary considerably. Plagioclase
accounts for 30—40%, quartz 35—40% and microcline
about 5 to 15%. Accessory minerals represent 10—25%
of the volume.

Most conspicuous of the accessory minerals is
muscovite, found both as well formed books and
aggregates of small shreds. It varies in volume from
about 5 to 20% and is inversely abundant to micro-
cline. The most unusual mineral is anhydrite. It occurs
as disseminated, well formed crystals showing good
pseudocubic cleavage and in intimate association with
muscovite. It accounts for about 1 to 5% of the volume
where present. The occurrence is not systematic with
depth — the topmost crystalline sample contains
none. The distribution and textural position of
anhydrite suggests it is not a secondary mineral.

Sillimanite was tentatively identified in at least
one sample. It occurs as slender needlelike crystals
about 0.006 mm wide and as long as 0.8 mm. The
extremely small size precludes confident identification.
Some of the finely divided muscovite may be after
sillimanite. Zircons occur erratically; some are very
small and euhedral and others are larger, more rounded
crystals. Biotite is an erratically distributed olive-green
variety. Chlorite replaces portions of the biotite but is
also a primary mineral in some intervals.
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Cutting chips of dioritic composition are found in
almost every sample. This rock is composed mostly of
plagioclase, hornblende and iron oxides with locally
abundant biotite and epidote. Small to trace amounts
of sphene, apatite, chlorite and plagioclase alterations
are also present. Quartz is present in some chips in
moderate to small amounts. The rock is quite fine
grained, averaging 0.15 to 0.3 mm. Preferred orienta-
tion in many chips is well defined. The dark minerals
account for a bit more than half the rock volume.

The erratic mineral abundances and curious
mineralogy of the granitic gneiss are suggestive of a
sedimentary origin for part of all the sequence.
Anhydrite is most unusual as an unevenly distributed
mineral. Normally anhydrite occurs in veinlets and
other replacements in crystalline rock, where overlain
by an evaporitic sequence. Veinlets of carbonate are
present in the gneiss but these carry no anhydrite.
There were no evaporite minerals identified in the over-
lying red arkose. The dioritic gneiss could have been
derived from a common dioritic igneous rock. The
metamorphic grade is most likely to be in the silliman-
ite almandine-muscovite subfacies of the almandine-
amphibolite facies of regional metamorphism. The
mineralogy would suggest depth of burial of not less
than 156 km and more likely deeper during meta-
morphism with temperatures in the 600~—700° C range.

Pan Am No. 1 USA, sec. 28, T. 13 N,, R. 22 W.
Newton County
Nt-1-1 4996 cir

MICROGRANITE PORPHRY: Quartz-feldspar ground-
mass, 83.3%; plagioclase, 10.6%; perthite, 2.9%;
feldspar alterations, 1.5%; sphene-leucoxene, 1.0%;
chlorite, 0.6%; iron oxides, tr.; apatite, tr.; zircon, tr.,
calcite, tr.

Phenocrysts of perthite and plagioclase are set in
a quartz-rich groundmass showing a curious acicular
appearance in thin section. This is caused by rodlike
quartz crystals that have optical continuity over areas
as large as 1.0 mm. Chlorite is found as pseudomorphs
after a femic mineral as well as fine shreds scattered in
the groundmass. Accessory minerals are in clots, most-
ly centered around iron oxides and sphene-leucoxene.
The plagioclase phenocrysts are rather altered and
locally contain poorly crystalline epidote. The texture
has an incipiently crystallized appearance. Grain size:
phenocrysts, 3+ mm; groundmass, 0.5-0.8 mm.
Texture: porphyritic-acicular.

The curious rodlike shapes of quartz in thin
section are common in certain units in Oklahoma. The



texture is transitional with that found in the rhyolites.
The fine grain size and texture seen here suggest the
well was drilled close to the contact with rhyolite.

Petroplex No. 1 Wheeler, sec. 18, T. 14 N., R. 16 W.
Searcy County
Sr-1-1 483035 feet

GRANITE: Microcline perthite, 43.4%; quartz, 27.5%;
plagioclase, 18.9%; feldspar alterations, 3.4%; biotite,
2.8%; sphene, 2.0%; iron oxides, 1.0%. hornblende,
0.5%; chiorite, 0.3%; zircon, tr.; apatite, tr.; epidote,
tr., calcite, tr.

Microcline perthite is fresh and partly intergrown
with quartz in a rather rude micrographic intergrowth,
Plagioclase is much less abundant, is mildly zoned, is
in the oligoclase composition range, and carries locally
extensive feldspar alterations of sericite and lesser
epidote. Quartz is essentially unstrained. Biotite is a
red-brown variety, is partly converted to chlorite and is
associated with other accessory minerals. These
accessory clots contain zircon, apatite, iron oxides,
sphene and a green common hornblende. Grain size:
3—4 mm. Texture: hypidiomorphic, partly micro-
graphic.

The samples recovered from the well drilled
fartherest from the main group of granite-rhyolite
basement wells are the most unusual of any of the
samples seen in northwest Arkansas. The occurrence
of primary biotite, sphene and hornblende are decided-
ly atypical of rocks from their province. Indeed it is
placed together with wells to the west more as a matter
of convenience than conviction. The gravity and
magnetic data suggest it is probably in the same
province but close to the edge, which may account
for its unusual petrographic character.
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THE SYLAMORE SANDSTONE OF NORTH—CENTRAL ARKANSAS,

WITH EMPHASIS ON THE ORIGIN OF ITS PHOSPHATE
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ABSTRACT

Phosphate-bearing sandstone conformably underlying the Mississippian Boone Formation
and unconformably overlying strata ranging in age from medial Ordovician to early Devonian is
herein assigned to the Sylamore Sandstone. In north-central Arkansas the Sylamore can occur
interbedded with black, Chattanooga-type shale or positioned at the base of the St. Joe Lime-
stone Member of the Boone. Phosphate occurs as pebbles and sand-size grains within a white to
light-gray, siliceous or calcareous, dominantly medium-grained, well-rounded quartz sand matrix.
Based on its three major grain types, quartz, phosphate, and chert, the Sylamore is a phosphatic
quartz arenite, subphosphoarenite, cherty phosphoarenite, and phosphoarenite. Composition and
textural trends of the Sylamore are consistent regionally regardless of its thickness or whether it
is interbedded with Chattanooga-type shale. This lithic consistency, in combination with the
conformability of these rocks with the overlying Boone, supports the conclusion of Swanson and
Landis (1962) and Freeman and Schumacher (1969) that the Sylamore/Chattanooga strata
represent a detrital phase that collected at the base of the Boone transgression.

Phosphate pebble concentrations are either in the base and/or the top, on bedding planes, or
in a homogenous distribution throughout the sandstone. In general, these pebbles have a rounded
to well-rounded form with a few gentle reentrants and a smooth, shiny surface. Sylamore phos-
phate pebbles possess textures that indicate they were derived from older phosphatized lime-
stones. Phosphatized allochems, namely ooids, superficial ooids, and crinozoan skeletal frag-
ments, in cryptocrystalline fluorapatite matrix, comprise the grains. Accessory grains are frag-
mented phosphatic brachiopods and quartz. Based on the abundance of these allochems, the
pebble lithologies are: phosphomicrite, biophosphomicrite, oophosphomicrite, crinozoan bio-
phosphomicrite, cophosphomicrite/crinozoan biophosphomicrite, and quartzose phosphomicrite.

The phosphate-bearing sand and shale of the basal Cason Shale (Ordovician) have been con-
fused by many geologists with the Sylamore, particularly where these Cason strata are preserved
as erosional remnants beneath the Sylamore. In comparison to the Sylamore, phosphatic sand-
stone of the Cason is some shade of green, dolomitic, fine-grained, and texturally immature.
In addition to phosphatic pebbles, layers of phosphatized oolitic limestone can occur within the
Cason. The Sylamore contains no layered phosphate. Cason phosphatic pebbles are less mature
texturally and are of fewer lithologic types than the Sylamore pebbles.

Apparently two phosphogenic episodes occurred prior to the deposition of the Sylamore.
The initial episode phosphatized portions of the crinozoan Ordovician Fernvale Limestone prior
to the deposition of the Cason. Detrital phosphate eroded from an exposed Fernvale surface was
incorporated into the sediment of the basal Cason beds. The second episode of phosphogenesis
affected the Cason sometime following the deposition of its oolitic limestone. Portions of the
oolite and probably some additional Fernvale were replaced by phosphate during this episode.
Detrital phosphate eroded from these older phosphatized limestones, as well as second-cycle
phosphate pebbles from the Cason, collected in the Sylamore as a lag concentrate during the
initial part of the Boone transgression.

51



INTRODUCTION

While conducting field reconnaissance in
northern Arkansas in the late 1890's, J. C.
Branner, then state geologist of Arkansas,
became intrigued with the thin and lithically
variable strata occupying the interval between
the Silurian and Mississippian rocks of the
region. In the northwest part of the state he
found the interval occupied by black and green
shale, which he named the Eureka Shale (now
called the Chattanooga). To the south and east,
the shale was generally absent, and in its place
at the base of the Mississippian Boone Forma-
tion was a sandstone containing abundant
phosphate pebbles at many localities. In most
places the sandstone was only a few feet thick,
but along South Sylamore Creek he found 40
feet of it. He named it the Sylamore Sandstone
for these exposures. Because of a delay in the
publication of Branner’s findings (Branner,
1897), the name was used in print first by
Penrose in 1891.

After its naming, several geologists working
in north central Arkansas (Penrose, 1891;
Hopkins, 1893, Branner, 1897; Branner and
Newsom, 1902; Adams and Ulrich, 1904)
identified the Sylamore and discussed its
stratigraphic relations. These discussions are
misleading and difficult to follow because it
is apparent that many of the exposures report-
ed by these workers were actually of the
Ordovician Cason Shale. Their confusion is
understandable because it is not uncommon
for Mississippian rocks to rest directly on the
Cason throughout northern Arkansas. It was
not until Purdue (1907) discovered phosphatic
sandstone below Silurian rocks in western
Independence County that geologists became
aware of the existence of two phosphate-
bearing units.

Branner was unable to determine the
relationship between the sandstone and shale,
which he found together only along South
Sylamore Creek. In additon to Purdue’s work,
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investigations by several geologists helped
define the character of the interval occupied
by the Chattanooga—Sylamore strata (Ulrich
and Adams, 1905, Purdue and Miser, 1916;
McKnight, 1935; Maher and Lantz, 1953;
Frezon and Glick, 1959; Swanson and Landis,
1962; Freeman and Schumacher, 1969). In
general, the rocks of the interval have three
distinct stratigraphies. In Washington and
Crawford Counties in northwest Arkansas, a
thin, glauconitic, phosphatic sandstone occurs
at the base of a relatively thick Chattanooga
Shale. This sandstone has been referred to as
the Sylamore Sandstone Member of the
Chattanooga Shale. In Newton and Searcy
Counties, the Chattanooga is absent, and the
interval is occupied by a thin, phosphatic
sandstone that lies directly below the St. Joe
Limestone Member of the Boone Formation.
Geologists working in this part of Arkansas
have generally considered this sand to be a
basal detrital phase of the St. Joe Limestone.
In some isolated localities, most notably in
the type area of the Sylamore along South
Sylamore Creek, black Chattanooga-type shale
is found between sandstone beds.

To add to the confusion rising out of the
geographic variability of the stratigraphy of
the interval, the base of the sandstone has
produced diagnostic conodonts from different
places that range in age from Late Devonian
to Early Mississippian.

In an excellent summary of the lithostrati-
graphy and biostratigraphy of the interval,
Swanson and Landis (1962) proposed a model
that relates all of the interval’s rocks to one
genetic unit deposited during a single trans-
gression of the sea (Fig. 1). In their model, the
Chattanooga was deposited as a shelf mud and
the Sylamore Sandstone represents a shallow-
water, nearshore accumulation. Occurrences of
the shale between sandstone beds (Swanson
and Landis identified six such occurrences, not
counting the type area) represent an interfing-
ering of the two lithotopes. The different ages
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Diagrammatic sketch showing temporal relationships
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of Northern Arkansas.
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and Landis, 1962, Figure 2).
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determined for the base of the sandstone result
from its position as a nearshore deposit in a
transgressing sea. Freeman and Schumacher
(1969) built on the model by constructing a
qualitative paleophysiographic map based on
the age of the base of the sandstone in differ-
ent places.

Most geologists (including Branner) who
have been involved with the stratigraphy of the
interval have agreed that, wherever examined,
its rocks lie unconformably on subjacent strata
(ranging in age from medial Ordovician to
medial Devonian) and grade conformably
upward into the base of the Mississippian
Boone Formation. This observation, coupled
with the knowledge that black Chattanooga-
type shale occurs as layers and lenses within
phosphatic sandstone, strongly suggests that
the Swanson and Landis model, as elaborated
by Freeman and Schumacher, is correct. None
of the observations that we have made during
the course of our investigation of the interval
over a broad geographic region suggests other-
wise. Therefore, we accept the trangressive,
single-sand lithosome model. We are aware that
formal rock-stratigraphic units should not
interfinger, and that if the single-sand model
proves true, a revision of the interval nomen-
clature is in order. For the sake of simplicity of
discussion, however, we refer to all sand in the
interval as Sylamore and all black shale as
Chattanooga.

The objectives of our study are threefold.
One, to characterize the lithology of the sand-
stone over a larger area than has heretofore
been attempted. Two, to establish petrographic
and field criteria useful in distinguishing the
Cason Shale from the Devonian-Mississippian
sandstone of the interval. These two distinct-
ly separate groups of rocks are similar in that
they both contain phosphate and are the only
detrital deposits in an otherwise carbonate
section. This similarity, plus a complicated
depositional-erosional history that can cause
either one or both of them to occupy a thin
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stratigraphic interval directly beneath the
Boone Formation, makes their separation a
major problem in Ozark stratigraphy. Finally,
we have addressed ourselves to the occurrence
of the phosphate and the description of its
petrography with the objective of elucidating
its origin.

We gratefully acknowledge the logistical
support of the Arkansas Geological Commis-
sion and aid that we have received from its
geological staff.

Study Area

Outcrops of the Sylamore were observed
from East Lafferty Creek in eastern Arkansas
to the extreme northwest corner of the state.
Because of the abundance of phosphate
pebbles in north-central Arkansas, this area was
chosen for detailed stratigraphic and petrogra-
phic study. Chosen stratigraphic sections lie
along a sinuous, generally east-west outcrop
belt across northern Stone, Searcy, southern
Boone, and northern Newton Counties from
along South Sylamore Creek 4.1 miles south-
east of Fifty-Six, Stone County, westward to
1.35 miles south-southwest of Ponca, Newton
County. A total of eighteen Sylamore sections
were chosen from within the study area
Fig. 2).

Lithology of the Sylamore

Sandstone

The phosphatic quartz sandstone of the
Sylamore exhibits color and textural variations
from white to dark-gray and from fine-grained
sandstone to sandy, pebble conglomerate. The
color of the sandstone is dependent upon the
content of sand-size phosphate and detrital
clay, whereas the texture primarily is depend-
ent upon the size and amount of pebble-size
phosphate. The sandstone has a diagnostic salt
and pepper appearance due to the dark-gray to
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black phosphate against a white to light-gray
matrix of quartz sand and cement. Rounded to
well-rounded, medium-grained monocrystalline
quartz, phosphate, and chert, plus trace
amounts of feldspar and glauconite, constitute
the sandstone framework (Plate 1, Figs. A, B).
This framework is cemented primarily by
quartz overgrowths, poikilotopic calcite, some
chert and rare, fine-grained dolomite. Where
the Sylamore is thin it is cemented by poikilo-
topic and subequant sparry calcite, but where
it is five feet or more thick it is cemented
by quartz overgrowths and chert. The Syla-
more grades into overlying St. Joe Limestone
through the addition of cronozoan skeletal
parts in its upper few inches.

Our sandstone classification of
Sylamore is modified after McBride (1963)
and Folk (1974) and is based primarily upon
the mineralogic percentages of the sand-size
framework grains in the matrix sandstone only.
Phosphate larger than sand-size was considered
as a single grain in the mineralogic classification
of the sandstone. Petrographic classification of
the Sylamore yields phosphatic quartz arenite,
subphosphoarenite, cherty phosphoarénite, and
phosphoarenite according to relative abun-
dances of the three basic framework grains of
quartz, phosphate, and chert (Fig. 3). More
than one sandstone type can fit the Sylamore
at any one section, depending upon the distri-
bution of phosphate within the outcrop.

Rounded quartz and phosphate sand
packed in a tangential arrangement dominates
the sandstone framework. The presence of
phosphate pebbles can cause the matrix sand-
stone to have a looser packing in the vicinity of
the pebbles because shale clasts incorporated
into the sandstone with the pebbles have been
compacted, filling pore space between frame-
work grains and forcing them apart. In general,
the Sylamore is texturally submature with less
than 5% clay matrix and a moderately well-
sorted arrangement with a mean sorting value
of 0.65¢. The Sylamore can possess a variety

the.
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of grain sizes, which elevates the mean sorting
values (Plate 1, Fig. A). With a median grain
size of 0.30 mm the Sylamore matrix sand is
medium-grained, but it possesses a range in
mean grain size from 0.20 mm to 0.42 mm.

Petrographic comparisons were made
between two separate beds of sandstone that
occur above and below black Chattanooga-type
shale at Gayler Crossing (Fig. 4) on South
Sylamore Creek. Frezon and Glick (1959, p.
178) considered these two sandstones to be
lithologically different. Both are subphos-
phoarenites with rounded to well-rounded
grains and relatively high chert contents. Both
beds are comprised of supermature to sub-
mature sandstone with detrital clay contents

of less than 5% and mean sorting values of
0.48¢ (well-sorted) to 0.66¢ (moderately

well-sorted). Quartz overgrowths and chert
cement the framework of the upper sandstone
bed, but only small patches of quartz cement
are visible in the lower bed due to extensive
leaching. Grain size is the only significant
difference between the two beds with the
lower sandstone having a mean grain size
of 0.42 mm and the upper sandstone having
a mean grain size of 0.21 mm. However,
fining upward is a ubiquitous characteristic
of thicker Sylamore sections and is compat-
ible with a transgressive strandline sand
model.

Comparisons were made between these
two layers and the sandstone in the South
Sylamore section on the opposing side of
the stream valley from Gayler Crossing. No
intervening black shale occurs in this twenty-
five foot thick Sylamore section, but the
sandstone possesses the same general petro-
graphic characteristics. The base of the sand-
stone is a conglomeratic, calcite-cemented,
cherty phosphoarenite. Two feet above its
base it becomes a quartz<emented subphos-
phoarenite with a mean grain size of 0.43 mm
and a sorting value of 0.63¢ (moderately well).
Furthermore, grain size decreases up-section.
Thus, the sandstone of the South Sylamore



FLVHASOHd

€ 34NOld

1H3HO

ajualeoydsoyd

ajiuaieoydsoyd

Ay1ayo

ajiuaiel1ayn

@lluaielIayn

snjeydsoyd

ajluaieoydsoydqgng

2jluaday zjienp oijeydsoyd

)

alluaieliayoqng
%S6

Z14vNO

57



~~

-

;'|. l’l' 'll'l

T %
et
H L
el tr s
oy I 4
Vel CA % T2y AL
. Y % 4
o. QXY K
o e . )‘,,f-.
o . .
L]

“ W

13
'£| .

| | it
| ||:|'|ﬂ'||’ I|,|

-

l"’

|l[

M l

!,s
I!’

||I|

l

A H o
paH T 9
sdabEdll Ll 0

ﬂ g%%% !

58




section possesses a lithology that is similar to
that of the sandstone beds above and below
the black shale at Gayler Crossing.

Comparisons were made between the sand-
stone in the Sylamore type area with the basal
Boone sandstone. Both thick (greater than one
foot) and thin sections of basal Boone sand-
stone were examined. The thicker sections
(Gilbert, Everton, Big Bluff) of this basal
Boone Sylamore possess a mineralogy similar
to that of the Sylamore in its type area. They
also exhibit the same textural trends of upward
decrease in mean grain size and sorting values.
The sandstone in these thicker sections is
characterized by mediun-grained (0.25 mm—
0.36 mm), moderately well to moderately-
sorted (0.609—0.94¢) subphosphoarenite in
its lower part, grading upward into medium-to
fine-grained (0.30 mm—0.22 mm), well-sorted
to moderately well-sorted (0.47¢--0.52¢) phos-
phatic quartz arenite in its upper part. In
thinner sections (Barren Hollow, Carver, Rock
Creek) the sandstone compares well with the
lower portion of the sandstone in thicker
sections. These thinner sandstones are medium-
grained (0.28 mm—0.34 mm), moderately
wellsorted (0.52¢-0.64¢) calcite-cemented
subphosphoarenite (Plate 1, Figs. A, B, E,).
Variations in grain size and sorting that occur
between sandstone at different localities
apparently reflect the influence of local detri-
tal sources.

Thus, regardless of whether the sandstone
of the Sylamore is thick or thin, whether
positioned at the base of the Boone or is
interbedded with Chattanooga-type shale, it
possesses a remarkable similarity in mineralogy
and textural trends. These aspects, combined
with the gradational transition of sand to
carbonate of the overlying St. Joe Limestone,
reinforces our belief in the Swanson and Landis
single transgressive sand model.
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Phosphate Pebbles

In order to determine the characteristics of
phosphate pebbles found within the Sylamore,
detailed examinations were conducted of
pebble surface morphologies and petrographic
textures. In addition, the gross mineralogy of
the phosphate pebbles was obtained through
x-ray diffraction, which identified the phos-
phate mineral as calcium fluoride phosphate or
fluorapatite (Fig. 5), a cryptocrystalline
variety of apatite known as collophane. When
examined in thin section, these dark-gray to
black phosphate pebbles are honey brown to
dark brown under plain light and psuedo-
isotropic under crossed nichols because of the
cryptocrystalline nature of the apatite.

The pebbles generally possess a smooth,
shiny surface with a few gentle reentrants.
Sand-size, shallow circular pits and numerous
deeper borings penetrate the pebble surface.
The shallow pits are of unknown origin, but
Balson (1980) has suggested that similar
shallow pits in phosphate pebbles are distal
parts of borings into a former pebble surface.
We believe that these shallow pits could have
been created during compaction of the Syla-
more, as harder quartz (H=7) of the matrix
sand was impressed into the softer phosphate

(H=b6) pebbles. The deeper borings are filled
with well-rounded quartz sand and calcite
cement or phosphatic silt. Crystals of pyrite
occasionally are found within borings or on
the pebble surface.

In general, the phosphate pebbles have
forms that are somewhat flattened parallel
to the longest dimension, which averages
between 30 mm and 50 mm. The measure-
ments of the three dimensions of each pebble
were used to calculate shape, roundness, and
sphericity. Plots of pebble shapes according to
Zingg's method of pebble-shape classifica-
tion (Pettijohn, 1975) show the most common
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forms to be tabular and equant (Fig. 6). Pebble
roundness was quantified by coupling the
quantitative roundness method of Krumbein
(1940) with Pettijohn’s (1975) roundness
parameters. The average quantitative roundness
for the chosen Sylamore pebbles is 0.6 1, which
corresponds to a well-rounded form (Fig. 7).
Pebble sphericities were calculated by the
sphericity-form method of Folk (1974), which
places most of the Sylamore pebbles within

the compact-platy/compact-bladed/compact-
elongate and compact sphericity classes
(Fig. 8).

The pebbles are of lithologies distinctly
different from the surrounding sandstone
matrix. Thin-section examination shows them
to be composed of grains and textures charact-
eristic of limestone. These carbonate rock
constituents, now completely phosphatized,
are ooids, superficial ooids, crinozoan skeletal
fragments, and rare skeletons of other inverte-
brate groups, all in a cryptocrystalline fluor-
apatite matrix, which is a fundamental
component of all the pebbles. Grains occur
either randomly dispersed through the matrix,
in clusters probably localized by burrowing,
or loosely-packed. Fragmented phosphatic
brachiopods and quartz occur as accessory
grains.

Because of the similarity of pebble litho-
logies to those of limestones, we have followed
Blatt's (1982) suggestion and used modified
carbonate terminology in their descriptions.
Six lithologies based on abundance of allo-
chems have been recognized. These are:
a) phosphomicrite, b) oophosphomicrite,
c) biophosphomicrite, d) crinozoan biophos-
phomicrite, e) oophosphomicrite/crinozoan
biophosphomicrite, and f) quartzose phos-
phomicrite (Plate 2, Figs. A—F). Phospho-
micrite pebbles, such as those found in
the Sylamore at Jasper and in the Cason at
the Gilbert city limits are composed solely of
burrowed phosphomicrite matrix. Oophospho-
micrite pebbles, found at Carver, Carver
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Quarry, Jasper, Pruitt, and Ponca Quarry,
contain well-developed ooids, compound ooids,
and superficial ooids (Plate 1, Figs. E, F,
Plate 2, Figs. A, E). In addition, some silicified
ooids are present in these pebbles. Ooids
commonly reflect the shape of the nucleus.
These nuclei are phosphatic crinozoan frag-
ments, peloids, other ooids, fragments of
phosphatic  brachiopods, detrital mono-
crystalline quartz and chert. Biophospho-
micrite pebbles, found in the Sylamore at
Jasper and the Cason at the Gilbert city limits,
contain a few phosphatic brachiopod frag-
ments (Lingula) and some conodonts in phos-
phomicrite matrix (Plate 2, Fig. B). Crino-
zoan debris, with a characteristic porous,
granular microtexture, plus snails and frag-
ments of phosphatic brachiopods, comprise
the ubiquitous crinozoan biophosphomicrite
pebbles, (Plate 2, Fig. D). Oophosphomicrite/
crinozoan biophosphomicrite pebbles, found at
Carver and Big Creek, have grains of ooids and
crinozoans on opposing sides of a sharp contact
(Plate 2, Fig. E). The oolitic rock is younger
since it obviously truncates the crinozoan
biophosphomicrite. In phosphatized limestone
directly beneath the Sylamore at the Big Creek
section (Fig. 9) there exists a contact between
phosphatic oolitic and crinozoan limestones
identical to the contact in the oophospho-
micrite/crinozoan biophosphomicrite pebbles
(Plate 2, Fig. F). It is believed that the oophos-
phomicrite/crinozoan biophosphomicrite peb-
bles represent fragments of phosphate rock
from the contact between these lithologies.

Lastly, quartzose phosphomicrite pebbles con-
tain clustered or homogeneously distributed
sand-sized well-rounded quartz in Sylamore
pebbles at Bear Creek, Jasper, and South
Sylamore, or silt-sized angular quartz in phos-
phomicrite within Cason pebbles at Gilbert city
limits (Plate 2, Fig. C).

The texture and form of the pebbles indi-
cate that they were derived as rock fragments
from older limestones that had been replaced
by phosphate. Riggs (1979a) refers to these
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EIGURE 7
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( Pettijohn, 1875 )
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reworked fragments of phosphate rock as
lithochems. The surficial polish and smooth-
ness they exhibit are indicative of reworking in
the sedimentary regime (Pevear and Pilkey,
1966), as is the well-rounded shape of the
average pebble. Furthermore, the truncation of
ooid (Plate 1, Fig. E) and crinozoan (Plate 1,
Fig. C) allochems along pebble margins leaves
little doubt that the pebbles were originally a
part of phosphatized older limestone strata.

Phosphate pebble distribution within the
sandstone varies between concentrations in the
base and/or the top, homogeneous distribution
throughout the entire bed, or distribution upon
bedding planes with a few pebbles widely
scattered within the matrix sandstone. All of
these distributions apparently are indicative
of how and when the pebbles were incorporat-
ed into the sandstone matrix. The basal,
superior, and homogeneous distributions all
may be seen within the Sylamore at Jasper
(Fig. 10; Plate 3, Figs. D, E). At Carver Quarry
(Fig. 14), where the densest concentration of
phosphate pebbles was seen, they are concen-
trated along the base and the top of the sand-
stone. The greatest concentrations of pebbles
occur where the sandstone is thin. In thicker
sections, such as South Sylamore (Fig. 13),
Gilbert, Buffalo, Everton (Fig. 14), and Big
Bluff (Fig. 15), pebbles are characteristically
fewer and concentrated along bedding planes
with a few scattered occurrences throughout
the main body of sandstone.

Lithology of the Cason

The Cason Shale was named from an expo-
sure just north of Batesville, Independence
County. In the Batesville district, the Cason
consists of two parts: a lower sandstone and
shale (Ordovician) that contains abundant
phosphate grains and an upper less phosphatic
sandy shale (medial Silurian) characterized by
abundant spherical (now flattened) algal
growths (see Craig, this volume). In the

Batesville district, the lower unit has above it,
in an apparently conformable relationship, an
oolitic limestone with associated intraclastic
and dismicritic textures (Craig, 1969, 1975b).
Over almost all of the district, this carbonate

"rock has been removed by post-lower Cason
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erosion,

To the west of the Batesville district, in
Stone County and farther west, the Cason has
a different development. The upper unit is
known from only one locality in Stone
County. In the major area of Sylamore outcrop
only the lower unit (Ordovician) is present.
The lower unit over this region contains a
generally thin (few inches to a few feet) basal
section of phosphatic, dolomitic, slightly
conglomeratic sandstone and shale. In the
thicker sections, these basal beds grade up
into very dolomitic clayey micrite or calcar-
eous shale that contains sparse grains of phos-
phatic sand and silt and in places scattered larg-
er phosphate pebbles.

Comparison with the Sylamore

Because of its detrital nature and phos-
phate content, the Cason of this western
region, particularly its basal beds, has often
been confused with the Sylamore. This is
especially true when the Cason is preserved as
an erosional remnant between the Sylamore
and the underlying Fernvale Limestone. There
are, however, several characters that aid in
separating the two phosphatic horizons.

Remnants of the detrital rock of the
basal Cason, preserved in small topographic
lows on the top of the Fernvale, occur beneath
the Sylamore in two of our sections, Barren
Hollow (Figure 11; Plate 1, Figs. C, D) and
Ponca Quarry (Plate 4, Figs. A—D). In compar-
ison to the sandstone of the Sylamore, the
detrital matrix of the Cason is finer grained
and texturally immature. The Cason color
is some shade of light green, either grayish
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green or yellowish green, as opposed to the
light to dark gray color of the Sylamore.
The Cason is usually thinner bedded and much
more argillaceous, with numerous discontinu-
ous interbeds of green shale. Dolomitic,
patchy-calcareous, and fine-siliceous cements
bind the rock along with the abundant silt
and clay content. Framework grains are
moderately well-sorted (0.60¢) in tangential
contact or else ‘‘free floating” in a wispy
dolomitic silt and detrital clay matrix.
The sandstones have a median grain size
of 0.17 mm composed of subrounded to
angular grains of quartz, detrital phosphate,
feldspar, fragments of phosphatic brachiopods
and trace amounts of chert (Plate 1, Figs. C,
D). Glauconite also is abundant locally within
the Cason sandstones (Lemastus, 1979).
Subrounded phosphate pebbles are randomly
scattered within the sandstone and often are
concentrated along bedding planes as seen in
the exposure at Barren Hollow (Figure 11).
In general, the sandstone of the Cason is a
dolomitic subphosphoarenite with small per-
centages of microcline and microperthitic
feldspar. Thus, whereas the Sylamore is a light-
gray, relatively clean, submature, medium-
grained phosphatic sandstone with well-
rounded quartz, the phosphatic sandstones of
the Cason are green, clayey or immature, and
fine-grained with subangular to angular quartz.

In addition to color and textural differen-
ces of its detrital fraction, the Cason of these
western sections differs from the Sylamore by
possessing oolitic material at different strati-
graphic levels. The oolitic material is in layers
and is not to be confused with ooid-bearing
pebbles present in the Sylamore. We have
observed oolite layers in the Cason at two of
our sections, Big Creek and Ponca Quarry.
At both localities it is entirely replaced by
phosphate. At Big Creek (Fig. 9) it appears
to be preserved as discontinuous erosional
remnants resting directly on the Fernvale,
whose upper few inches have also been
replaced by phosphate (Plate 3, Fig. C). The
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contact of the crinozoan biophosphomicrite
of the Fernvale and the oophosphomicrite
layers of the Cason within the hard phos-
phatic layer is sharp, with crinozoan skeletal
material truncated beneath it (Plate 2, Fig. F).
As mentioned previously, it is probably rocks
from stratigraphic situations like this that were
reworked to produce the oophosphomicrite/
crinozoan biophosphomicrite pebbles found in
the Sylamore. At Ponca Quarry, the oophos-
phomicrite layers seem to form a hard crust
that has served to protect the underneath
layers of detrital Cason in topographic lows
on top of the Fernvale. The contact of the
oophosphomicrite with the overlying Sylamore
is sharp and irregular (Plate 4, Figs. B—D).
We believe that the production of this oolitic
material represents the same conditions that
produced the oolitic limestone above the
phosphatic beds in the Batesville district, and
that the two deposits are essentially coeval.
For reasons unknown to us, the Batesville
oolitic limestone escaped later phosphate
replacement.

An additional field characteristic that could
help to distinguish the Cason sandstones from
those of the Sylamore is that the Cason only
overlies the pinkish crinozoan limestone of
the Ordovician Fernvale, whereas the Sylamore
may overlie numerous different lithologies,
including the Fernvale.

Phosphate Pebbles

Our examination of Cason phosphate
pebbles has not been extensive. Our observa-
tions of them have been confined mainly to
their occurrences in the Cason in our measured
sections (i.e., Ponca Quarry and Barren
Hollow). These occurrences are in the basal
portion of the unit. For comparison, we also
examined from two localities the larger phos-
phate pebbles that occur in the stratigraphical-
ly higher dolomitic micrite/shale. One of
these localities is an exposure of the shale in
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the road ditch of Arkansas Highway 333 at the
city limits of Gilbert, Searcy County (NEY%,
Sec. 31, T. 16 N., R. 16 W.). The other is a
similar occurrence in Stone County along
Arkansas Highway 87 leading from Gayler
Crossing to Mountain View as it climbs out of
the valley of South Sylamore Creek (NE%, Sec.
21, T.15 N, R. 11 W.).

Phosphate pebbles that occur within the
sandstone and dolomitic shale of the Cason
at the Barren Hollow section (Fig. 11) have
uneven, dull to slightly polished, bored
surfaces upon flattened forms. The sand-size
phosphate grains in the sandstone and shale
are subspherical and higly polished. The
lithology of these pebbles and smaller grains
is limited to phosphomicrite and crinozoan
biophosphomicrite (Plate 1, Fig. C.) Pebble
and sand-sized phosphate of similar texture
are present within the dolomitic siltstone and
sandstone of the lower portion of the Cason
at the Ponca Quarry section. Large phospho-
micrite and biophosphomicrite pebbles (Plate
2, Fig. B) with few widely scattered ooids
characterize the Cason pebble populations
in the stratigraphically higher dolomitic shale
exposed at the Gilbert city limits and along
Arkansas Highway 87.

Cason phosphate pebbles have generally
the same sizes, tabular and equant shapes,
and abundance of borings as pebbles from
the Sylamore. In contrast to those of the
Sylamore, the Cason pebbles are character-
ized by numerous salients and reentrants
about hackly surfaces and dull to slightly
polished lusters. The sand-size pits are absent
from Cason pebbles and borings are filled
solely by equant sparry calcite cement or
finely crystalline dolomite and phosphatic
silt with some glauconite. Quantitative round-
nesses of Cason pebbles are lower than those
of the Sylamore; they average 0.39, which
corresponds to a subrounded form (Fig. 7).
In addition, Cason pebbles are somewhat
less spherical with sphericity values concentra-
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ted in the platy/bladed/elongate to compact-
platy/compact-bladed/compact-elongate spheri-
city classes (Fig. 12).

Origin of Sylamore Phosphate

It is apparent that the phosphatic grains
in the Sylamore have been reworked from
older phosphatized carbonates. There appears
to have been at least two periods of phosphate
replacement. The first affected the Fernvale
sometime before the deposition of the Cason.
Irregular patches of phosphate in the top of the
Fernvale at Barren Hollow might record this
earlier period of /n situ replacement of the
limestone (Plate 3, Figs. A, B). The chief
evidence, however, for a pre-Cason period of
phosphate replacement of the Fernvale is
the occurrence of detrital phosphate in the
Cason. The ubiquitous crinozoan biophos-
phomicrite, the most common lithology
among phosphate pebbles in the basal Cason,
is texturally similar to the areas of phosphatiz-
ed Fernvale (Plate 3, Fig. B).

The phosphomicrite and biophospho-
micrite pebbles in the Cason are from an
unknown source. No suitable parent lithology
is known from the Fernvale. Their origin is
probably one or a combination of the follow-
ing. 1) crinozoan biophosphomicrite pebbles
whose texture has been completely obliterated
by phosphate replacement; 2) pebbles derived
from rocks deposited after those now repre-
sented by the uppermost Fernvale in the
region, but whose layers were removed by
pre-Cason erosion; 3) (especially for phospho-
micrite with sparse ooids) pebbles that were
originally intraclasts derived from depositional
sites of ooid-bearing lime mud like those
known to have been associated with the deposi-
tion of the Cason phosphatic beds in the
Batesville district (Craig, 1975b). Replacement
of such intraclasts could have been accomplish-
ed during the second period of phospho-
genesis.
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The second period of phosphate replace-
ment affected the Cason oolitic limestone as
evidenced by the phosphatized layers of this
lithology in the Cason at Big Creek and Ponca
Quarry. Additional phosphate replacement of
the Fernvale could have taken place also during
this time, producing phosphate layers contain-
ing oophosphomicrite  above crinozoan
biophosphomicrite like that found at the
Big Creek section.

The Sylamore phosphate pebbles show a
greater variety of types than those of the Cason
because the second period of phosphate
replacement, which affected the Cason, provid-
ed additional lithologies for reworking
(oophosphomicrite and oophosphomicrite/
crinozoan biophosphomicrite). Thus, sources
for the Sylamore phosphate include both
Fernvale and Cason bedded phosphate, which
would provide first-cycle grains, and Cason
phosphatic pebbles, which would provide
second-cycle grains. The slightly greater spheri-
city and polish of the Sylamore pebbles in
comparison with the Cason pebbles might
reflect the second-cycle source, but it is more
likely that the Sylamore environment of
deposition simply provided a setting more
conducive to textural maturation.

The phosphate pebbles in the Sylamore
represent a lag concentrate that collected at
the base of a transgressive unit (Mississippian
Boone Formation) passing over a surface of
weathered Ordovician limestone, some of
which previously had been replaced by phos-
phate. As a result, the lithology of the pebbles
reflect the phosphate lithology in the under-
lying unit. For example, at Barren Hollow both
the basal Cason and Fernvale are present
beneath the Sylamore, and the Sylamore
pebbles are composed mainly of crinozoan
biophosphomicrite. At Ponca Quarry, where
the Sylamore is underlain by beds of phos-
phatic oolite in the Cason, Sylamore pebbles
are dominantly oophosphomicrite.

73

The degree to which phosphate pebbles
were concentrated in the Sylamore sand
depended on the availability of phosphate and
sand at different points along the transgressing
strandline. Abundant phosphate supply (i. e.,
shoreline exposure of phosphatized Fernvale
and/or Cason) and low sand supply (i. e.,
position relatively distant from stream mouths)
resulted in a thin detrital section with abun-
dant pebbles. Thus we find that in general,
phosphate pebbles are more concentrated
in thinner sections [e. g., Carver, Jasper (Plate
3, Figs. D, E), Ponca Quarry (Plate 4, Figs.
A—C)] than in thicker ones (e. g., South Syla-
more, Gilbert, Buffalo, Everton, and Big
Bluff). Of course, low sand supply and paucity
of weathered phosphate rock could lead to a
thin sandstone section with few or no phos-
phate pebbles, as is the case at the base of the
Chattanooga in northwest Arkansas. Middle
Ordovician supermature quartz arenite of the
St. Peter and Everton seems to have provided
the majority of quartz grains for the Sylamore
matrix sand.

Concentration of pebbles above the base
of the sandstone, such as at Jasper and Carver
Quarry, resulted from transportation of strand-
line concentrations to off shore positions
during periods of increased wave activity,
probably storms. These concentrations general-
ly have irregular bases that could be interpreted
as scour fills.

Summary

Although the texture of the Sylamore may
range between fine-grained sandstone and
conglomerate depending upon the presence of
phosphate pebbles, the mineralogy of the sand-
stone is remarkably consistent. The sand-size
fraction is dominantly well-rounded quartz and
detrital phosphate grains that are fragments of
phosphatized Ordovician limestones. The
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mineralogy remains consistent even where the
sandstone interfingers with black Chattanooga-
type shale. The detrital grains that comprise
the framework of the Sylamore were derived
from a source that seems to have been mineral-
ogically consistent throughout northern
Arkansas, namely the supermature quartz
arenites of the St. Peter Sandstone and Everton
Formation and phosphatized carbonates of the
Fernvale Limestone and Cason Shale. The
Sylamore-Chattanooga strata grade conform-
ably into the overlying Boone Formation, and
the sandstone of the interval fines upward
consistently throughout the region. It is our
conclusion that the regional petrography of
the Sylamore is supportive of the single trans-
gressive sandstone model of Swanson and
Landis (1962).

The overall consistency of the petrography
of the Sylamore enables it to be separated
from the sandstone of the Cason. Whereas
the Sylamore is a white to light-gray, siliceous
or calcareous, moderately well-sorted, sub-
mature, medium-grained subphosphoarenite
with well-rounded quartz, the sandstone of the
Cason is grayish green to yellowish green clay-
ey, dolomitic, moderately well-sorted, im-
mature, fine-grained subphosphoarenite with
subangular to angular quartz grains. It possesses
only minor amounts of well-rounded, medium-
grained quartz. The Cason is noticeably more

feldspathic and glauconitic, and can contain
layers of oolitic limestone. The Cason contains
a lesser variety of phosphate than does the
Sylamore. Its pebbles are dominantly of crino-
zoan biophosphomicrite and phosphomicrite.
It does not contain oophosphomicrite pebbles
as does the Sylamore. In addition, the Cason is
always superjacent to the Fernvale, whereas the
Sylamore may be superjacent to seven different
Ordovician and Silurian formations. Distin-
guishing between the pebbly green shale of the
Cason and green shale that in places occurs in
the Sylamore is difficult in the absence of sand-
stone. In such examples biostratigraphic
support with conodonts may be necessary.
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Petrography of the Sylamore phosphate
pebbles clearly indicates that they are rework-
ed fragments of phosphatized carbonate rock
from the Fernvale Limestone and Cason Shale.
ldentical x-ray diffractograms from Fernvale,
Cason, and Sylamore phosphate supports this
conclusion (Fig. 5). At lease two separate
episodes of /n-situ phosphatization occurred:
and earlier episode that phosphatized portions
of the Fernvale and later episode that phos-
phatized the oolitic limestone of the Cason
and possibly again affected the Fernvale. The
global tectonic orientation of the present site
of northern Arkansas during the Late Ordovi-
cian apparently was conducive to phosphatiza-
tion (Cook and McElhinny, 1979; Sheldon,
1980). During each phosphogenic episode this
site was between approximately 20° and 32°
south of the paleoequator (Ross, 1976) and
shallow epicontinental seas were adjacent to
predominately carbonate terrains that provided
only slight terrigenous material. A warm
equatorial current around this mostly southern
hemisphere landmass could have forced deeper,
cooler, nutrient-rich, therefore phosphate-laden
water, to upwell onto shelves subject to wester-
ly winds (Ross, 1976) through a latitudinally
directed seaway (Cook and McElhinny, 1979).
These factors in confluence would facilitate
phosphate replacement of originally calcium
carbonate sediment (Manheim, 1975; Sheldon,
1980).

After each episode of phosphatization,
subaerial exposure provided phosphatic debris
that collected as lag deposits at the base of the
overlying transgression. The lithologic variety
of phosphatic pebbles in the Sylamore is great-
er than that in the Cason because the Syla-
more had as its source phosphate-replaced
carbonates that formed during both periods of
phosphogenesis.

We conclude that the source rock for the
Cason was for the most part the Fernvale
Limestone and exposed Precambrian rock of
the St. Francois Mountains, the latter of which
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contributed first-cycle detrital grains. Middle
Ordovician supermature quartz arenites provid-
ed only a minor source, apparently because
they were covered by younger Ordovician
strata. Deeper erosion prior to the Sylamore
transgression removed these younger strata
from broad areas of northern Arkansas, expos-
ing the Middle Ordovician quartz arenites,
which, along with remnants of the phosphatiz-
ed Fernvale and Cason to the south, served as
source material for the Sylamore Sandstone.
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EXPLANATION OF PLATE 1
(All figures are photomicrographs of thin sections.)

Section BH, x34. Subphosphoarenite from a thin Sylamore section, with bimodal
distribution of well-rounded quartz, poikilotopic calcite and small, subordinate
patches of fine-grained dolomite. Arrows point to crinozoan biophosphomicrite
fragments.

Section RC, x34. Subphosphoarenite from a thin Sylamore section with well-rounded
quartz and well-rounded to angular phosphomicrite grains in anhedral sparry to
poikilotopic calcite cement.

Section BH, x34. Cason subphosphoarenite with angular and some rounded quartz in
dolomitic, clayey matrix and cement. Contains angular crinozoan biophosphomicrite
granule; note arrow points out truncated crinozoan skeletal fragment along margin of
clast.

Section BH, x34. Cason subphosphoarenite with angular to subrounded quartz in
dolomitic, clayey matrix and cement. Contains numerous fine sand-size phospho-
micrite or crinozoan biophosphomicrite fragments and fragmented phosphatic brachio-
pods.

Section C, x34. Pebbly subphosphoaranite of thin Sylamore section with well-
rounded quartz, oophosphomicrite pebble, solitary phosphate ooid, and crinozoan
biophosphomicrite granule in poikilotopic calcite cement. Notice arrows point out
pebble-margin truncation of ooids in oophosphomicrite pebble.

Section C, x34. Pebbly subphosphoaren<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>