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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
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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
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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.
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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
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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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62



SYLAMORE CASON

0.27
D
0.61
| 0.30
C ) b
0.62 0.48
O
0.55 046

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.
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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 subphosphoarenite of Sylamore with well-rounded quartz,
oophosphomicrite pebble, and granule-size phosphomicrite and crinozoan biophospho-
micrite fragments within detrital clay matrix and fine sparry calcite cement. Notice
detrital clay in lower left adjacent to oophosphomicrite pebble with truncated allo-
chems. Arrow indicates margin of pebble,
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Figure A,

Figure B.

Figure C.

Figure D.

Figure E.

Figure F.

EXPLANATION OF PLATE 2

Photomicrograph of Sylamore phosphate pebble. Section J, x28.8. Lithology of
oophosphomicrite pebble that contains a subrounded crinozoan biophosphomicrite
granule.

Photomicrograph of Cason phosphate pebble. x34. Lithology of biophosphomicrite
pebble from Cason exposure at Gilbert city limits. Note burrow-mottied texture of
phosphomicrite matrix and fragments of phosphatic brachiopods, silt-size quartz,
and solitary ooid.

Photomicrograph of Sylamore phosphate pebble. Section J, x34. Lithology of
quartzose phosphomicrite pebble. Note burrow-mottled texture with clustered well-
rounded quartz.

Photomicrograph of Sylamore phosphate pebble. Section J, x34. Lithology of crino-
zoan biophosphomicrite pebble. Crinozoan framework recognized by the porous,
granular microtexture.

Negative print of Sylamore pebble thin section. Section C, x8. Pebbly subphospho-
arenite of Sylamore with oophosphomicrite/crinozoan biophosphomicrite pebble.
Crinozoan biophosphomicrite lithology and oophosphomicrite lithology in sharp
contact in lower right. Note three distinct ooid layers. Arrows indicate oophospho-
micrite/crinozoan biophosphomicrite contact.

Photomicrograph of oophosphomicrite/crinozoan biophosphomicrite, in an erosional
remnant of phosphatized limestone on top of the Fernvale. Section BGC, x34. Sharp
contact between phosphatized oolitic limestone of the Cason and the phosphatized
crinozoan limestone of the Fernvale. Notice truncation of crinozoan bioclasts along
contact, Arrows indicate contact.
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PLATE 2




Figure A.

Figure B.

Figure C.

EXPLANATION OF PLATE 3

Photomicrograph of Fernvale, Section BH, x34. Cemented rubble zone in the upper
portion of the Fernvale caused by karstification of the limestone. Note crinozoan
biophosphomicrite fragment of in situ phosphatized Fernvale and the interstitial
phosphatic silt mixed with coarsely crystalline crinozoan fragments of unphosphatized
Fernvale. Arrow indicates crinozoan biophosphomicrite fragment.

Photomicrograph of phosphatized Fernvale, Section BH, x34. Crinozoan biophospho-
micrite at the top of eroded Fernvale surface directly beneath the Cason at Barren
Hollow. Coarsely crystalline calcite fills vugs surrounded by cryptocrystalline isopach-
ous phosphate cement.

Photomicrograph of phosphatized Fernvale, Section BGC, x34. Arrow indicates
coarsely crystalline calcite. Crinozoan biophosphomicrite of phosphatized Fernvale
with coarsely crystalline replacement calcite filling vugs in phosphatized limestone.
From phosphatized limestone of the Fernvale directly beneath truncation by phospha-
tized oolitic limestone of the Cason (Plate 2, Fig. F).

Figure D&E. Roadcut exposure of Sylamore Sandstone at Jasper. Sylamore in disconformable

contact with dolomitic quartz arenite/sandy dolostone of the Everton. Note various
distributions of phosphate pebbles within Sylamore. Arrow in Figure D points to
Sylamore/Everton contact.
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Figure A.

Figure B.

Figure C.

Figure D.

EXPLANATION OF PLATE 4

Section PQ. Quarry face exposure at Ponca of detrital interval which includes strata
of both the Sylamore and Cason. Karstified, undulose surface of the Fernvale is visible
directly beneath the detrital interval. Cason strata is preserved in lows upon this
surface. Conformable contact with overlying St. Joe. Arrow indicates Sylamore/Cason
contact.

Section PQ. Close-up of the Cason-Sylamore interval. Sylamore contact directly
above the end of the hammer handle. Cason is composed of conglomeratic, dolomitic
siltstone, sandstone, and shale overlain by phosphatized oolitic limestone. Hard crust
of oophosphomicrite protects the underlying detrital strata of the Cason. Superjacent
Sylamore, above the hammer handle, is an argillaceous, conglomeratic subphospho-
arenite,

Section PQ. Close-up of Sylamore-Cason contact. Conglomeratic Sylamore contains
numerous oophosphomicrite pebbles in addition to other pebble textures. Top of
Cason oophosphomicrite layers approximately one inch above lens cap.

Photomicrograph of Sylamore-Cason oophosphomicrite contact. Section PQ, x34.
Subphosphoarenite of Sylamore with well-rounded quartz, few solitary phosphate
ooids in calcite cement in contact with Cason oophosphomicrite layers in lower left
hand corner. Arrows point out contact.
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THE GEOLOGIC SIGNIFICANCE OF TEXTURES OF PALEOZOIC CHERT AND
NOVACULITE IN THE OUACHITA MOUNTAINS OF ARKANSAS AND OKLAHOMA

By

W. D. Keller1, Charles G. Stonez, and Alice L. Hoersch3

Textures of chert and novaculite observable
in scanning electron micrographs, (SEMs) are
useful as a practical geologic thermometer for
estimating the maximum temperature to which
those silica rocks have been subjected to during
and since deposition. Such information may
then be applied during exploration for hydro-
carbons, i. e., estimating temperatures of
maturation or degradation, and in search for
metallic and non-metallic minerals whose
deposition or concentration may be tempera-
ture related.

The most extensively studied large geologic
area, known to us, that illustrates the occur-
rence and application of chert-novaculite
textures in relation to their thermal history is
in the Ouachita Mountain fold belt in Arkansas
and Oklahoma (Keller, Viele, and Johnson,
1977). Within a combined regional and contact
metamorphic setting these Paleozoic cherts
and novaculites show a sequential range in
textures (in the same formation) from crypto-
crystalline, anhedral quartz in the nonmeta-
morphosed chert and novaculite (Fig. 1) to
coarse euhedral, polygonal, triple-point quartz
crystals, as in Arkansas honestone (Fig. 2) and
even coarser texture in xenoliths where the
crystal diameters may exceed 100 um.

Department of Geology, University of Missouri-Columbia
Columbia, MO 66211

Arkansas Geological Commission, 3816 West Roosevelt
Road, Little Rock, AR 72204

Department of Geology, LaSalle College, Philadelphia, PA
19141,
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These textures, moreover, can be morpho-
logically correlated with the textures and
crystal sizes developed in chert recrystallized
at a contact metamorphic aureole on the lIsle
of Skye, Scotland, where classic metamorphic
mineral suites from talc, through tremolite,
diopside, and forsterite grades are represented
(Hoersch, 1981; Keller, Stone and Hoersch,
manuscript in preparation). Based on textural
morphology and crystal sizes, representative
SEMs of textures in rocks from Arkansas that
are textural counterparts to those from Skye,
are illustratively shown in Figures 3 to 7. These
range in mean apparent diameters progressively
from approximately 0.9 um in talc grade, to
1.5 um in tremolite grade, 5 um in diopside
grade, 7.3 um in forsterite grade, all approxi-
mate values, to 100 um or more in periclase
grades.

To further show the areal distribution of
the crystal sizes in the chert-novaculite Ouach-
ita fold belt, a map was prepared using numeri-
cal data obtained from SEMs of many speci-
mens of Paleozoic chert-novaculite collected
from outcrops in the Ouachita fold belt. From
the SEMs, the mean apparent diameters of the
triple-point quartz crystals were measured
along transects across the SEMs, and were
plotted by isopleths, thus showing the textural
sizes in the fold belt. The map, Figure 8,
defines a linear 25—65 km (15—40 miles) wide
belt that extends from Little Rock, Arkansas,
for about 250 km (155 miles) west to Broken
Bow, Oklahoma. Within this belt, the crystal
sizes increase from the margins to the core.
Two anomalies of coarse crystallinity are also
present, one near Little Rock, where the
crystals are about 35 um in diameter, and



another near Broken Bow, where the crystals
are 15 um in diameter. This textural belt
encompasses the most intense predominantly
Late Paleozoic structural deformation, and
Mesozoic vulcanism, in the Quachita Moun-
tains. Previous studies have interpreted the
rocks in the core of the regional fold belt to
have attained a maximum metamorphic grade
in the zeolite to lower green schist facies.

Cherts and novaculites adjacent to Magnet
Cove, site of a Cretaceous age pluton in the
eastern Ouachita Mountains of Arkansas,
illustrate an overprinting of polygonal triple-
point texture. Crystal sizes range from a back-
ground value of about 5 um (talc grade) in
chert about 305 m (1000 feet) from the
pluton, to over 100 um (periclase grade) from
near the contact. Private drilling operations
indicate that the pluton contact dips about
45° peneath much of the sedimentary rock
that locally exhibits anomalous crystallinity.
Homogenization temperatures of vein quartz
determined by Jackson and Nichols (1973,
personal communication) show a temperature
gradient along this profile of slightly above
200° C in Quartz 4500 m (14,500 feet) from
the pluton to about 440° C near the contact.
Novaculite xenoliths in the adjoining Potash
Sulphur Springs intrusive are also very coarse
in texture, 100 um or larger, as found in peri-
clase metamorphic grade (temperature approxi-
mately 760°C) at Crestmore, California
(Carpenter, 1967).

The triple-point texture and coarseness of
chert and novaculite are obviously related to
the degree of thermal metamorphism brought
about by various heating events (Spry, 1969).
They were developed in both regional and
contact metamorphism, but the changes due to
individual agents, namely temperature, physical
deformation, time, depth of burial, and miner-
alizers have not yet been separately resolved.

In addition to the use of triple-point
texture in chert-novaculite for estimating rock
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temperatures, some of the coarsely recrystal-
lized rocks themselves have special economic
value. The world-famous Arkansas honestone
owes its remarkable blade-sharpening proper-
ties to the natural cutting edges of its micro-
crystals of quartz as in Figure 2, when the
stone is processed to a plane working surface.
Moreover, the edges are continually renewed
with undiminished efficiency as the working
surface of the stone is worn down during use
which thereby exposes new edges. Alternative-
ly, where weathering has partially disintegrated
the novaculite it becomes a potential deposit of
“soft-lump’’ ore (Figs. 9 and 10) from which
industrial tripoli powder can be produced by
further disaggregating either with, or without,
crushing the individual grains, and separating
them into size fractions (Keller, 1978).

In summary, by using SEM techniques,
very small quantities of chert-novaculite from
the Ouachita Mountains can serve to identify
areas that have undergone elevated rock
temperatures resulting from deep burial, mech-
anical stresses, intrusions, hydrothermal exhala-
tions, and other thermal events, and can be
used as a guide in exploration for metallic and
non-metallic mineral deposits in those areas.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Scanning electron micrograph (SEM) of Arkansas Novaculite at Atoka, Oklahoma,
that shows fine-grained, anhedral mosaic quartz typical of sedimentary chert. The
scale bar represents 1 um, magnification 6000X.

SEM of honestone-quality Arkansas Novaculite showing polygonal, triple-point tex-
ture, Collected from a quarry near (east) Hot Springs, Arkansas, 2000X.

SEM of talc-grade texture (Arkansas counterpart to Skye), Arkansas Novaculite
from Highway 376, SE NE , sec. 11, T. 3 S., R. 30 W., Polk County, Arkansas,
5000X.

SEM of tremolite-grade texture, Arkansas Novaculite, south of Shady Lake, in the
NW SE ,sec. 31, T.4S., R. 28 W,, Polk County, Arkansas, 4800X.
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Figure 5.

Figure 6.

Figure 7.

Figure 10.

SEM of diopside-grade texture, Arkansas Novaculite, from a quarry in the NW SW
sec. 9, T.3S., R. 16 W,, Saline County, Arkansas, 3000X.

SEM of forsterite-grade texture, Arkansas Novaculite, Reyburn Creek gap in the
center of SE%, sec. 13, T. 3 S, R. 17 W,, Hot Spring County, Arkansas, 2000X.

SEM of periclase-grade texture, xenoliths in the intrusion at the Union Carbide
Vanadium mine, Potash Sulphur Springs, Arkansas, 200X.

SEM of partially weathered and disintegrated, ‘‘soft-lump’’ ore from the tripoli deposit
of the Malvern Minerals Company, 3000X.
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Figure 9.

Open-pit, tripoli (“Novacite”) mine of the Malvern Minerals Company, Garland
County, Arkansas. The stratigraphic section is inverted here; the white tripolitic,
upper member of the Arkansas Novaculite is at the base of the deposit, the dense
novaculite of the lower member is at the top, and the dark shale of the middle member
is between them.
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MISERITE, A REVIEW OF WORLD OCCURRENCES
WITH A NOTE ON INTERGROWN WOLLASTONITE

By

Charles Milton

U. S. Geological Survey, Reston, Virginia
The George Washington University, Washington, D. C.

22092 and
20052

ABSTRACT

Miserite with variable composition but essentially K(Ca, Ce)4 Si5013(0H)3 was first found
in Arkansas and has since been reported from Quebec, Wisconsin, and six localities in the
(Asiatic) USSR. It is generally associated with calcareous sediments metamorphosed by alkalic
intrusives; and in Arkansas and the USSR is intergrown with wollastonite. New analyses of the
Arkansas miserite and wollastonite are given, with X-ray powder patterns. Optical, chemical,
and X-ray data from the literature of other occurrences show the similarities and differences of
miserite from diverse localities. The recent and definitive crystal structure determination of
miserite from Quebec, by J. Douglas Scott has defined the chemical and physical parameters of

miserite.

INTRODUCTION

Miserite, essentially a hydrous fluoro-sili-
cate of calcium and potassium with minor and
varying rare-earths, niobium and other cations,
has been a problematic mineral from its first
discovery in Arkansas by J. F. Williams (1891)
almost a century ago. The first major revision
of its composition (and change of name) was
made by W. T. Schaller sixty years later (1950)
and only recently has the crystal structure of
miserite been finally determined by Scott
(1976). For many years it was known only
from the one Arkansas locality; but in the last
quarter century it has been found in Quebec
and Wisconsin and in six localities in the
USSR. This paper presents a summary of what
is now known about miserite, with new analy-
ses and X-ray powder data for the Arkansas
miserite and its associated wollastonite; and
of the two newly discovered occurrences in
North America. Because of the relative in-
accessibility of much of the literature relating
to the Russian occurrences, extensive reference
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to the latter is included in this report.

This report, it is hoped, wili serve two
purposes: first, as a compendium of the litera-
ture about miserite, which may be of use to
mineralogists concerned with this mineral, and
second, to make known to mineral collectors,
especially those in Arkansas, the history and
properties, in some respects unique, of one of
the more noteworthy of Arkansas minerals.

HISTORICAL REVIEW

Miserite was first observed by J. Francis
Williams (1891) at Potash Sulfur Springs,
Arkansas. Williams reported it as a ‘‘pink
variety of wollastonite.”” Based on erroneous
analytical data (Table 6) he proposed a
formula 5(Ca,Na5y)Si03 + aq. with Ca:Nap =9,
and the name natroxonotlite.

The name miserite was given by W. T.
Schaller (1950) in honor of Hugh D. Miser.



Schaller re-analyzed the mineral (Table 6) and
derived a formula KCay4Sig043(0H)3, therefore
discrediting the name natroxonotlite. He
also presented the first X-ray powder diffrac-
tion pattern (Table 3).

Prior to 1955, |. V. Kupriyanova discover-
ed the first occurrence of miserite in the USSR
in the Aldan Massiv, east of Lake Baikal (Fig.
1, Locality 2). Kupriyanova and Vasil'eva
{1961) described it as being rich in rare earths
(7.52 wt. %) and termed it therefore “rare-
earth miserite,’”’ none having been then report-
ed in the Arkansas miserite. It is found in
metasomatic rocks composed of microcline,
albite, and aegirine augite, in sheaf-like or
parallel aggregates, also as tabular crystals; and
alters to an aggregate of calcite, quartz, and
allanite. X-ray powder data and chemical
analysis were given. Later Rudnitskaya (1970)
described miserite from Aldan Mesozoic
intrusions, giving a new analysis. It is not quite
clear whether this occurrence is the same as
Kupriyanova’s or not. However, Demchenko
(1973) did restudy Kupriyanova's miserite,
giving a new analysis, but no further X-ray
pattern.

The second discovery of miserite in the
USSR was by Ruzhov and Moleva (1960) in
1955, in the Khodzha Ahchan alkalic massiv,
Alai Range, Kirghiz SSR (Central Asia) (Fig.
1, Locality 3). They gave chemical and X-ray
data. The occurrence was re-studied by
Ulyanova and llinskii (1964).

The next discovery was in 1958 by P. S.
Kozlova (1962) in the Talaask Range, east of
the Aral Sea in western Siberia (Fig. 1, Locality
4). She gave chemical and X-ray data.

Kravchenko and Bykova (1967) reported
the discovery in 1959 of miserite in Southern
Yakutia, eastern Siberia (Fig. 1, Locality 5).
Besides chemical and X-ray data, they give an
infrared absorption spectrum.
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Arkhangel’skaya (1968) reported miserite
from an albite-rich quartz microcline granite
southwest of Lake Nichatka in the Olekma-
Vitim Highlands, in eastern Siberia (Fig. 1,
Locality 6). X-ray powder data (Table 5) are
given, but no analysis. It forms rosettes and
sheaves of radial spindle-shaped grains, and less
commonly tabular crystals; sp. gr. 2.85, H ~ b,
It shows replacement by an unknown white
powdery substance.

About 1970 L. G. Berry and several of his
students in Queens University, Ontario, identi-
fied miserite from Kipawa, Quebec (Fig. 1,
Locality 7).

In 1972 Berry, Lin, and Davis published
an abstract giving preliminary data on the
Kipawa miserite. Slightly revised, this data
appeared on JCPDS (X-ray powder diffraction
file) Card No. 22—806. All this was made
obsolete by the new data of Scott (1976).

Semenov, Duzmatov and Khomyakov
(1973) described miserite from skarns of the
Darei Piez alkalic massiv in Turkestan (Fig. 1,
Locality 8), giving an analysis (Table 8 ), and
physical properties but no X-ray data.

Scott gives crystallographic data for the
Quebec, Arkansas and three USSR miserites,
with slight variation in cell constants and
density, and rare earth content varying from
0.0 (Ruzhov and Moleva, 1960) to 7.47 per-
cent (Kipawa, Quebec). As determined by
Scott, the symmetry of miserite is triclinic,
space group P1. To to solve the nearly century-
old enigma of the miserite structure, Scott
devoted ‘‘four years of painful trials’’ before
success was achieved.

D. E. Appleman (1978, personal communi-
cation) re-refined the X-ray powder data of
Scott on the Quebec miserite, and that of
Milton (this paper) on the Arkansas and
Wisconsin miserites (Table 3), obtaining
closely agreeing unit cells for all three (Table
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4); and similar close agreement is shown by the
three USSR miserites cited by Scott.

In the last thirty years then miserite has
been recognized in six widespread USSR
localities, and most recently in two more
North American localities, in Quebec and
Wisconsin. The unusually large crystals from
Quebec afforded Scott cleavage fragments
which made possible his structural study which
has finally yielded precise knowledge of the
unit cell. Until its complex structure was
finally unraveled, each new discovery of miser-
ite led to generally futile attempts to establish
the correct chemical formula for the mineral.
But now that the structure is understood,
with each possible substituting atom assighed
its proper place, it may be assumed that,
although further discoveries of miserite will
undoubtedly occur, the fairly copious contro-
versies in the literature will have been resolved.

PHYSICAL PROPERTIES — MORPHOLOGY

Because of the fibrous structure of the
mineral and its intimate intergrowth with
associated minerals, wollastonite especially, it
was for many years difficult, if not impossible,
to obtain a pure sample for analysis or defini-
tive crystallographic study. However, with
great pains, suitable material for chemical and
X-ray powder pattern was obtained from the
Arkansas rock; and in recent years, massive
miserite has been found in Quebec, Wisconsin,
and possibly at least one USSR locality,
permitting single-crystal X-ray study, if not a
representation (crystal drawing) of the external
morphology.

Optical data are given in Table 1; and fluo-
rescence and phosphorescence, in Table 2.

Professor L. G. Berry (written communica-
tion, Feb. 10, 1978) notes that in the Kipawa,
Quebec miserite no terminated crystals were
found; there are cleavage pieces up to nearly

two inches (5 centimeters) in maximum
dimension, but (the rock) is nowhere vuggy,
and the miserite is in tight contact with amphi-
bole, eudialyte, and other minerals. Dr. J.
Douglas Scott (written communication, Feb,
17, 1978) also notes that he knows of no
euhedral free crystals of Kipawa miserite.
Crystal outlines can be seen in rock slabs, but
only cleavage fragments can be removed. Nor
have any of the Russian authors given any
information as to external morphology differ-
ing from that of the North American localities
(fibrous or massive), or given any picture of

" single crystals.
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Some difficulty was found in precisely
locating the six USSR miserite localities from
their published descriptions. Figure 1 (Map),
locates three in south central Siberia, and three
in eastern Siberia.

Fluorescence and phosphorescence of Miserite
and Wollastonite

The author of the brochure listed in the
References as Anonymous (1969) refers to the
fluorescence of the Arkansas miserite as
follows (p. 18):

““This mineral is probably the rare-
est authenticated fluorescent mineral
discovery of recent years . . . Some
specimens have the typical green
response of the rare earths with
unfiltered ultraviolet.”

However, somewhat different results were
obtained by Mr. Pete Dunn, mineralogist of the
U. S. National Museum, who found that (per-
sonal comm.) the miserite fluoresces feebly or
doubtfully in violet pink both in long and
short wave, and wollastonite pink cream in
short wave, strong creamy yellow in long wave.
Neither mineral shows phosphorescence, short
or long wave.
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TABLE 2. (from Anonymous, 1969)

Fluorescence and phosphorescence of miserite and wollastonite

Miserite

Short wave

Fluorescence cream to cream yellow

with a slight greenish cast (p. 18)

also shades of red (p. 31)
Phosphorescence
Long wave
non fluorescent (p. 18)

phosphorescence

Schaller (1950) briefly describing the
Arkansas miserite, did not refer to fluores-
cence. However, his note was given some years
later to D. L. Hughes, Union Carbide geologist,
who gave it to the editor of Rocks and Minerals
(Anon., 1972) who noted a “bright yellow"
fluorescence. Possibly both he and others may
have observed the yellow fluorescence of inter-
grown wollastonite.

CRYSTALLOGRAPHY

The unit cell constants of the Kipawa Lake
Quebec miserite have been determined from
Debye-Scherrer X-ray study (Berry, Lin, and
Davis, 1972). Scott (1976) found a 3 mm. long
cleavage fragment from a crushed specimen of
Kipawa miserite; and succeeded in using this
for a crystal structure determination. Its chem-
ical composition is given in Table 6. Its struc-
ture is described by Scott (1976) as follows: Its
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Wollastonite

“shades of orange” (p. 31)

“shades of yellow’’ (p. 32)

dull orange (p. 18)

lavender pink to dull red

dull orange (p. 18)

structure is “‘characterized by the presence of
three-membered sub-chains of silica tetrahedra,
similar to those of wollastonite, but having all
tetrahedra sharing three corners. Four such
sub-chains link to produce a closed quadruple
Si1903g chain composite, infinite in extent
parallel to ¢ and centered on each corner in
[001] projection. These pipes display almost
perfect mmm symmetry and are crossed-linked
parallel to a by K (potassium) atoms, adjacent
pipes being displaced vertically by exactly c/2.
Edge sharing columns of Ca polyhedra bonded
to each other and to independent Si»07 groups
form a slab infinite in extent in a and ¢, which
falls between the pipes and connects them in
the b direction. ... The miserite structure is a
pyroxenoid derivative, the structural frame-
work of which is described by the ideal
formula KCag(Sin07) (Sig045) (OH,F).” Two
such units, (the unit cell) repeated in three
dimensions, form the miserite crystal structure.



TABLE 3. --— INDEXED X—RAY POWDER PATTERNS, THREE NORTH AMERICAN LOCALITIES

Arkansas Wisconsin Quebec
Schaller (19560) Milton* (1978)  Appleman* (1978) Miiton* (1978) Appleman* (1978) Scott (1976) Appleman*(1978)
L 4 4 Y%bs Y g oo Yobs  Yemle  hk L Yobs  Yeale hki Yemlc bk
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— _ _ __ _— — _ _ 5 7.266 7.295 110 7291 {10
_— - —_ — S — w 6.852 6.876 001 _— - _— - — -
— e w 5172 5.183 030 mw 6.195 5.198 030 10 5193 5.189 030 5186 030
_ - _ —_— - —_ w 5051 5073 021 _— - _— - —_ —_
_— - —_ _ —_ —_ _— _ _ 10 5.018 4985 130 4983 130
_— - s 4688 4694 210 _ - _ S 45 4681 4691 210 4689 210
- —_ _ _ _ _— _ —_ 5 4594 4608 200 4606 200
_— - _— — S —_ ms 4496  4.480 221 _— - _ - — —_
_— - —_ —_ —_ _ mw 4433  4.463 1m _— - _ - — —
_— - vww 4408 4390 220 _— - —_ _ 8 4374 4383 220 4382 220
_— —_ —_ —_ —_ ms 4211 4214 031 _— - —_— = —_ —_
_— = w 4160 4156 130 _— —_ —_— 15 4175 4168 130 4165 730
—_— - w 3893 3.887 040 ms 3.908 3,898 040 35 3887 3.892 040 3.890 040
—_ vs 3445 3453 122 w 3484 3478 122 50 3469 3.471 122 3473 122
—_— vs 3339 3343 211 ms 3.361 3.356 211 45 3357 3352 211 3350 211
—_— e — —_ _ —_ _— = — —_— 80 3.179 3177 122 3176 122
—_— - —_ - —_ —_ _— - _ _ 80 3.166 3.169 132 3170 132
vs 315  vws 3.144 3.140 310 ws 3.149  3.147 310 90 3.140 3.141 310 3.139 310
— e _ _ —_ —_— —_— - _ —_— 64 3.106 3.113 050 3.112 050
_— e vs 3090 3089 022 —_— - — — 60 3.100 3.109 022 3.108 022
m 3.07 — _— - - s 3,033 3.076 300 56 3.072 3.073 300 3.071 300
8 204 —— S —_ —_— vs 2942 2931 330 57 2922 2922 330 2921 330
_— - vs 2870 2875 260 _— - — —_ 25 2873 2870 250 2870 250
mw 282 w 2.800 2810 032 s 2804 2824 032 55 2.826 2825 032 2.826 032
mw 278 —— _ - — _— - —_ —_ 40 2776  2.780 150 2778 150
m 268 —— 2663 2669 320 $ 2682 2677 320 45 2677 2675 320 2673 320
_ - —_ —_ —_ —_ _— —_— —_ 5 2641 2644 160 2643 160
— = w 2481 2504 151 w, 2501 2515 151 40 2509 2511 151 2510 151
— - — — — — —_ - —_ — 5 2454 2456 350 2455 350
_— - s 2373 2373 412 vw 2367 2.382 372 65 2377 2377 312 2.377 412
— == — - —_ —_ _— —_ —_ 5 2362 2.363 250 2.361 250
_— - —_ —_ —_ - — - —_— —_ 8 2346 2351 410 2350 410
U — ww 2301 2302 400 ms, 2.308 2.308 400 10 2304 2304 400 2.303 400
e T— — — — — S L —_ —_— 8 2289 2289 430 2.288 430
_— - vww 2242 2237 162 —_— - _ — _— - _ - — —
— -— - — — — _— - —_ 5 2227 2224 070 2223 070
—_— - — — — S — - —_ 2 2220 2.222 360 2221 360
e - —_ —_ —_ _— —_ _ 4 2195 2200 340 2198 340
—_— - w 2159 2160 152 _— - —_ _ _— — S —_ -
mw 210 s 2097 2096 062 ms 2104 2107 082 43 2103 2.102 062 2102 062
—_— s 1964 1964 322 ms 1974 1972 322 40 1968 1970 322 1.969 322
e — w 1910 1917 332 _— - —_ —_ 35 1922 1922 332 1921 332
—_— - vs 1832 1831 3274 ms 1848 1844 214 60 1845 1844 214 1844 214
— - w 1.761 1759 352 _— —_ _ E—— _— - —_— J—
— == vww 1715 1.713 520 —— —— — — _— — —— —
m 1672 s 1667 1667 202 8 1675 1.673 292 66 1667 1.667 292 1.667 292
—_— - - - —_ — w 1642 1642 182 20 1641 1642 182 1641 182
— - w 1620 1.621 541 _— - —_ —_ _— — _ - — —
— —— s 1579 1580 642 w 1589 1585 542 50 1.689 1585 542 1584 542
------ —_ 1565 1565 630 w 1566  1.568 630 10 1564 1563 630 1563 6230
—_— - — —_ - —_— w 1544 1544 391 —_— - _— - —_ .
- - — - _ —_ w 1530 1530 273 _— — _— - —_ —
—_— - ww 1522 1522 432 _— - — — _— - _— - _ —_
e vww 1517 1517 1101 _— - — _ _— _— — — —_
—_— —_ - - i w1444  — _ _— _— - — —
—_— - w 1417 — — w 1423  —— _— _— _ - — _
_— = w 1322 —— _ vw, 1310 —— _ _— - — —_ —_
- - w 1280 —— —_ w1295 —— _ _— _—_ - —_ —
- — vvw 1.261 - - w 1.265 — —_— —_— - — —_— —_— —
— —— vww 1.215 — —_ v — —_— _— —— —_— —_— — —
—_ - ww 1201 —— _ _— - —_ —_ _— - _— —_ —
S — vww 1177 — — S —_— —_— _— _— - —_ —_

* -~ Unpublished X-ray data



TABLE 4. — Unit cell data (D. E. Appleman,! 1978

Quebec

(This study)
Scott (refined)

(Can. Min. 1976)
Scott (unpublished)*

a 10. 100 ( 5) A 10.098 ( 5) A

b 16.014 ( 7) 16. 007 ( 6)

c 7.377 ( 5) 7.376 ( 4)
96925’ ( 3) 96927" ( 3)

111°09" ( 3) 111°10° ( 3)

76°34' ( 3) 76932 ( 3)

1081. 88 1080. 7

Arkansas

Wisconsin

(This study)

(This study)

( 7) A3

10. 104 ( 9) A 10.13 ( 2) A
16. 015 (13) 16.05 ( 3)
7.323 ( 6) 7.38 (1)
96°35" ( 4) 96938’ (10)

111910’ ( 5)
76216’ ( 5)

1073. (1

111°11° (11)
76922 (12)

1086. ( 2

1. D. E. Appleman has kindly computed unit cell data for the three Northern American miserites; his data agree closely with
those of Scott for the Quebec miserite, and ail three give indeed very similar unit cells,

*  Limits in parentheses and cell volume from L. G. Berry (Personal comm. June 23, 1982).

These major elements form a complete, self-
consistent framework of slabs and pipes
. .. the miserite structure, in effect, functions
as a kind of atomic sieve, accepting and, by the
different natures of the assorted sites, poten-
tially sorting the minor elements which perco-
late through it.”

Further Scott (1976) notes that the miser-
ite structure is the first known representative
of a Zoltai Type 5 structure. Zoltai (1960)
proposed a classification of minerals with five
types of tetrahedral structures, basically built
up from a unit consisting of four oxygen
ions tetrahedrally enclosing a central cation,
Si, Al, B, etc. Such structures in nature were
known for only four recognized types.

(1) Isolated groups of tetrahedra such as
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olivine, garnet, sphene, apatite,

gypsum, epidote

(2) One-dimensionally non-terminated
(chains) such as pyroxenes, amphiboles,
wollastonite, tourmaline

(3) Two-dimensionally non-terminated
(sheets) such as apophyllite, micas,
chlorite, datolite

(4) Three-dimensionally non-terminated
(frameworks) such as scapolite, soda-
lite, analcite, feldspars, leucite, beryl,
natrolite, quartz, nepheline, sphalerite,
fluorite

and



TABLE 6. —— X—RAY POWDER PATTERNS, 5 MISERITE LOCALITIES, USSR (SIBERIA)

Aldan Massiv (Intrusive) Olekma-Vitim
east of Lake Balkal Alay Range Kirgiz SSR Talassk Range Southern Yakutia Highlands
(Kupriyanova and (Rudnitskaya, (Ruzhova and (Ulyanova and (Kravchenko and (Arkhangsels'kaya,
Vasil’'sva 1961) 1970) Moleva, 1960) Hinskii, 1964) (Kozlova, 1962) Bukova, 1967) 1968)

I d | d | d | d I d | d | d
_ —_ 9 1564 _ - _— —_ _ — —_ —
5 5068 3 507 1 509 _— — — = — —

5 4 661 3 4.65 1 457 1 459 3 4.65 —_— —_
— — - 2 1 am 1 4.19 —_ — —

3 3.811 4 384 4 3.81 2 3.87 3 3.90 — —_—
i -— - = - 2 366 —_— —

2 3618 —-  —— e e _— = — —_— S — —_— —

a 3,446 5 344 ——  —— _— - —_ — 5 3.50 4 (3.47)

8 3.307 — _ 5 3.3 — —_ 10 3.33 6 3.34 10w 3.13

10 3.112 10 3.13 10 3.10 10 3.13 10 3.14 10 3.13

4 3.032 6 3.06 _— _— 6 3.01 —_—

7 2911 8 294 -é- 557 5 293 8 291 9 292 5 293

3 2814 . —_ __ Z 5 2788 — — S 6 2.80

3 2.761 8 277 9 2.73 —_ — 5 2.77 6 2.78 — —_

5 2.662 8 2,65 8 263 7 2.656 5 2,66 9 2.65 6 2.68

2 2.485 - —— 1 245 3 244 2 247 1 2.49

4 2.377 - — —_ — —_— —_ 6 2.36 3 238
— —_ 6 234 4 233 3 2.34 — = - =

2 2.280 4 2,29 4 2.27 4 2,28 2.28 1 (2.28)
— i 1 215 _ == -— = —_ -

5 2.087 2 2.08 5 2.08 6 2.097 4 2.09 6 2.09 5 2,09

5 2.964 ——— — 2 1.967 —_— —_— 3 1.973 6 1.95 4 1.955

4 1.922 — —_ 2 1.916 — - ‘: :Ilg]’g 5 1.91 —_ —_

6 183 . __ 5 1827 -—— —_ 4 1815 6 182 5 1.843
—_ — 3 1752 1 1754 —— - - - 3 175 —_— _—
_— i 1 1699 —— — — SR —— — —

9 1.661 2 1.673 8 1.667 9 1.680 10 1.667 9 1.66 6 1.660
— — - = 1 163 —— —_— - SR — - —

5 1.678 7 1.688 1.674 3 1.681 6 1.57 3w 1.580

3 1567 - == 1 15562 —_ — _— = — -

3 1637  —- - —— = 3 1.542 _— - _— -
— —— 6 1520 —— —_— 1 1.622 _— — 2 1.526
— — e D 1 1514 _— == 2 1514 = .
— —— e e —m e 1 1.456 _— - —_ —
— — 8 1.440 1 1.440 1 1.442 3 1.443 —_— —_—

5 1415 2 1413 4 1413 ] 14156 3 1.408 2 1412
5 1.367 - —— 1 1.382 7 1.371 3 1374 — —
_— = - 1 1351 - == — == 2 1.347

5 1.320 — —_ 2 1318 3 1.321 3 1.317

4 1.281 3 1.293 % }gg% 4 1.289 3 1.289

3 1250 4 1263 3 1250 7 1266 3 1.253
- [ 1 1.230 - =

2 1.211 6 1.212 1 1.213 1 1.216 —_ —

6 1.197 ——— — 3 1.200 7 1.199 3 1.199

1 1.180 —— - — — 6 1.182 — —

1 1.166 — —_— 2 1.164 — — 2 1.166

1 1.163 1 1162 —— —_— 7 1.162 —_ —

— _— 1 1.123 _— _— -
_— — 1 1114 7 1.114 —_ -

3 1.103 7 1.098 3 1.102 1 1.102
. S 4 1090 3 1.091 _— -

—_— — 1 1.083 7 1.082 —_— —_—
_— — 1 1.063 _— — S

2 1.036 6 1.043 7 1.044 1 1.043
-= — -— - 6 1.034 _— ==
e — 5 1010 4 1.011 —

2 1.006 1.005 4 1.005 2 1.004

2 0.991
2 0.980
2 0.916
1 0.877
2 0.862
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Si0
Nb205
Al203
Fe203
Fe0
TiO,
RE,‘,O3
Mg0
MnO
Ca0
Sr0
Ba0
Na,0
K,0
H,0

co

Cl

8,03
L|20
P20

Table 6. ——Analyses of miserites from Arkansas (4), Wisconsin (1) and Quebec (1).

Arkansas Wisconsin Quebec
A B c D E F
Williams Schaller Milton Medaris, et al.* Medaris, et al. * * Scott * * *
(1891) (1950)  (1974) (1978) (1978) (1976)
5096 4926 4922 50.3 484 50.18
— _— 333 — — —
_— 081 — — — 0.60
_— 042 026 (total Fe)3? — — —_
1.69 0.06 —_— (total Fe) 0.29 0.31 0.14
—_— 043 055°° Be 5 ppm —_— 0.17 —
_— — 23 Bi 150 ” nd nd 7.47
0.57 — — ¢ 30 " —_— — 0.37
1.40 0.28 05438 cu 200 0.44 1.68 0.45
3672 3663 3388 pb s0 335 306 31.00
— — 06836 sc 0 * _— 0.40 —
—_— _— —_— Sn 200 " —_— —_— —_—
441" 0.96 011 Vv 300 " 0.02 0.25 0.81
090" 6.09 6136 2z 70 ~ 7.03 6.55 5.58
2.74 (ign.) 65.17 157 not detected — — 0.55
_ —_— 10’ Ag Au Cd Co Ge Hf  —— — _—
— — 218 In L Ni Pd Pt Re —— 3.77 2.04
_— — — SbTaTe Th U W —_— 0.05 _
— —_— 002° zn — _— —
— 0.02 —_— — _— —_—
— — — 0.31 0.20 —_—
99.39 100.02 100.42 1919 —352; 99.19
~Fy=0 09 —F=0 .87
99.62 98.32
Y,0, 0.94 3.34
La0, 043 0.59
Ce,0, 0.43 (Ce0,) 1.00
Pr,0; — (Prg0,,) 021
Nd 0, 0.20 0.86
Eu203 0.02 (Eu0) 0.04
Dy,0, —_ 0.59
Er,0, _— 0.31
Tmy0, 002 0.03
Yb,0, 0.08 0.47
Lu203 - 0.04
Ho,0, 0.03 .
Sm,‘,O3 0.14 —
Gd,0, _— .
Tb,0, —_— .
T 229 747
Density 2.84 2.89'0 —_— —_— 2.926

* By electron probe (average of three analyses).
** By electron probe (average of four analyses).
*** This analysls supersedes earlier analyses by Berry, Lin, and Davis (1971). F=0 correction supplied by Charles Milton.
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TABLE 6 NOTES

“Pink wollastonite,” ‘natroxonotlite’” (Williams, 1891,
p. 457. Potash Sulfur Springs, Arkansas, Analyst, R. N.
Brackett.

1As published; presumably a typographic error. As noted
by Schaller, 1950, p. 914, the values for Na,0 and K20
should be interchanged. The formula assigned was
5( 2 Ca+ Na,) SI0, + aq.

Miserite (Schaller, 1950, p. 316). Analyst, W. T, Schaller.
Potash Sulfur Springs, Arkansas. The formula assigned
was KCa45550 (OH) This analysis omitted fluorine
and carbon dloxlde also rare earths (probably weighed
as Ca0) and niobium oxide.

The analysis B (Schaller, 1950) is the ‘‘average of
two closely agreeing recalculated analyses of miserite,”
one ‘“‘by fusion with Na C03,” the other by acid decom-
position.’” The former is the analysis cited by Semenov
etal., 1973,

Miserite Potash Sulfur Springs, Arkansas (this report).
B. Ingram and J. L. Harris, U. S. Geological Survey,
Reston, Va., analysts.

“)

“Determined spectrophotometrically as molybdenum
blue after decomposition of 5ang samples by fusion
with NaOH.

3Approximately 100 mg of sample was decomposed
with HF - H SO4 and the solution was diluted to a
definite volume. The Nb in the miserite sample was
hydrolyzed and the solution fiitered prior to dilution,
Aliquots of these solutions were used to determine
Ti, Fe, total R 0 , Mn, Ca, Sr, Na, and K in each sample
where applicable. The hydrolyzed Nb from the miserite
sample was ignited and weighed as Nb205.

4Determined spectrophotometrically, Fe with o-phenan-
throline and Ti with Tiron.

5Tcotal R,0., was determined gravimetrically after making
a double precipitation with NH,0H. Total RE 03 was
calculated by difference from total R203 by subtracting
Ti02 and Fe203.

Atomic absorption methods were used for these deter-
minations.

7A 100-mg sample was rmxed with V20 and ignited
in a tube furnace at 900°C in an atmosphere of 0,.
The H20 and 002 released were absorbed and weighed.
8A 6504ng sample was fused with N32003—Zn0 and the
fusion mixture leached with H,0. F in the leachate was
determined without separation using a fluoride specific
ion electrode.

9This and the rare earth trace element determinations
were spectroscopic.

10Determined by John Marinenko (U. S. Geological

Survey) using a pycnometer and tetrachlorethylene
as the displacement liquid.
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The Arkansas miserite analysis ﬁ_o2mputad to a
formula (K,Na) 778 (Ca, Sr, Mn, Fe R. E)
(Si,Nb,Ti) (OH, OCO which com-

13,000
pares w:tE gchallers anal sis, ame%y (?( Na) (Ca

Mn, )3 531(So Al, Fe' Tl)4 549013 000(0 3 094

Miserite, Potash Sulfur Springs, Arkansas, Gordon
Medaris, analyst.
Microprobe, average of 3 analyses.

Miserite, Wausau, Wisconsin, Gordon Medaris, analyst.
Microprobe, average of 4 analyses.

Miserite, Temiscamingue County, Quebec

Two analyses, respectively ‘‘wet chemical’” and
“microprobe’’, are given in Berry, L. G., Lin, Hsi-Che,
and Davis, G. C., 1972, Card 22-808 XRPD, gives
“‘average of two analyses (in atoms per ceil).” The form-
ula is given as (Ca,K,Na,Al,Y etc.)Si0,,. These are super-
seded by a third analysis (Scott, 1976) cited in Table 6;
a combination of ““microprobe and wet analyses’’ gave
an average composition of Y0.56 R.E.o_45 Nao_50

Map.18M"0p 12 Alp22 K226 C210.54 Sits02 044
(OH)2 F,0.6 H,0 simplified (Scott, personal communi-
cation, 1976) to the "ideal formula” KCa (Si207)
(S; )(OH)F where denotes an “empty site”’ that
may 1be partially filled by yttrium and other minor
constituents.



(5) mixed (or which miserite is the first
and only known representative).

Essentially, the Type 5 Zoltai structure
shown in miserite exhibits both Type 2
(chains) and Type 1 (isolated groups) linked
together to form the composite (mixed) Type
5 miserite structure.

In general, this description with but little
modification is applicable to the Arkansas and
other miserites, allowing for very minor differ-
ences in cell size and ionic substitutions.

Ghose and Wan (1979) described agrellite
Na(Ca,RE)5Sig01oF as a “layer structure with
silicate tubes,” first recognized in 1971 in the
mineral fenaksite FeNaKSi40qqg. Ghose and
Wan find such a structure in narsarsukite
Na2(Ti,Fe+3)Si4(0,F)H and three other rare
silicate minerals, besides in miserite. However,
L. G. Berry (personal communication, June 23,
1982) observes that ‘it seems certain that
agrellite does not represent a Zoltai type 5
structure, so | believe that Scott’s statement
is still true. . .."”

Agrellite, it may be noted, occurs with
miserite in Quebec and Wisconsin, but has not
been observed in Arkansas.

CHEMISTRY

Altogether, there are four analyses of the
Arkansas miserite, one of the Wisconsin miser-
ite, thee of the Quebec miserite and six from
Siberia, USSR. These analyses are shown in
Tables 6 and 7 which are followed by Notes
on the analyses.

The Arkansas miserite is relatively high in
Nb: 3.3 percent Nb205; others less than 1
percent. The rare earth content is relatively
low, 2.3 percent, one other as low as 0.48 per-
cent, others up to a reported 9.09 percent.
Where rare earths are high (Talas Mt., USSR
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and Quebec) yttrian earths exceed the lantha-
nides. Otherwise, miserite from its various
localities shows but minor variation in com-
position from locality to locality, by ionic sub-
stitutions; and accordingly for each locality,
the unit cell dimensions and corresponding
powder pattern, and physical properties, may
vary slightly.

USSR occurrences of miserite

As shown on Figure 1, there are five
reported localities for miserite in the Soviet
Union, all in Siberia. Mrs. Janina Block
(personal comm.) has kindly read the original
accounts, and the map locations are hers.

Scott (1976, p. 524—5) cautions that the
Russian analyses for OH and F are probably
unreliable, because the conventional thermo-
gravimetric methods of analysis employed
would not distinguish between these expelled
anions. For the Quebec miserite,an “‘improved”
method was applied; and for Arkansas, the
analysis of Ingram and Harris is probably as
close to the actual truth as current analytical
skill can produce.

WOLLASTONITE

The white prismatic wollastonite inter-
grown with miserite at Potash Sulfur Springs,
Arkansas, was first analyzed by Brackett
(Williams, 1891); and again recently by Ingram
and Harris. Both analyses are shown in Table
9. An X-ray powder pattern is given in
Table 10 with the pattern of pure CaSiOg
(synthetic) for comparison; also, the pattern
of a USSR wollastonite associated with
miserite (Rudnitskaya, 1970). She does not
give a complete chemical analysis of this
wollastonite, but spectrographic determina-
tions show Mn, Na o.n percent, Mg, Al, Cu,
Sr, Ba, La, Ce o.on percent, Ti, Zr, Y Yb
o.oon percent, and Ag o0.0o0n percent. Pre-
sumably the minor differences in the respective
X-ray powder patterns reflect these differences



TABLE 7. —— ODDO-HARKINS RULE — RARE EARTH ABUNDANCE

It may be noted that in the Arkansas and Quebec miserites the rare earth abundances conform to the Oddo-Harkins
Rule——that even atomic numbered lanthanides generally occur more abundantly with their odd numbered immediate neighbors.

Thus in the Arkansas and Quebec miserites, we have:

Oxide Element At No.
L5203 57
Ce203 68
Pr,‘,o3 59
Nd203 60
Pm203 61
Sm203 62
Eu203 63
Dy203 66
Ho203 67
Er203 68
Tm203 69
Yb203 70
Lu203 VAl

*anomalous — error?

in minor element composition. The Arkansas
wollastonite is Cag46Mn016Fe004Sr004

Na 021K 0035i1.00493.000-

Both in the Kipawa, Quebec, carbona-
tite (Scott, 1976) and at Wausau, Wisconsin
(Stephen Guggenheim, personal communica-
tion, 1976) the massive miserite occurs with
agrellite, a complex silicate ideally NaCap
Si4O1OF (Gittins, Brown, and Sturman, 1977),
whereas in the Arkansas, and probably all the
reported Siberian localities, it is fibrous and
associated with wollastonite, CaSiO3.

Ulyanova and lliinskii (1964) point out the
chemical relationship of wollastonite, pectolite,
and miserite thus

wollastonite Cag [Siz0g]
pectolite NaCap [Si30gOH]
miserite KCay  [Si30gOH]
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Wt. percent

Arkansas Quebec

0.94 3.34

0.43 0.59

0.43 0.95 09203 (1.00 Ce02)
— 0.20 Pr203 (0.21 Pr6011)
0.20 0.86

0.14 —_

0.02 0.04 Euzo3 (0.04 EuO)
- 0.59

0.03* —

- 0.31

0.02 0.03

0.08 047

—_ 0.04
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TABLE 8 NOTES

Kupriyanova and Vasileva, (1961, p. 144); Aldan Massiv,
Micheev (1967) is cited for the formula HKCaZSISOQ;

they propose (K0.86N‘0.1 3) (Ca3 68 Srm)gMno_05

Mg 05 R-E-0.04 Fe0.08" S'5.62 Alo.31 Tlo.07 (0-15.00
Fy 05072 H,0 essentially KCa,Sig0y F-nH,0.

Rudnitskaya, L. S., (1970, p. 182); Aidan Massiv.

The summation 10131 appears to be incorrect; it
should be 101,26, and likewise 99.60 (after oxygen
correction for fluorine) should be 99.564. The formula

proposed is ‘K1.04N!0.20NC’4_53 H'E'O.M)(s'e.oo
Tio.07%10.07'%16!0"1.40F 1 60115 H0-

Demchenko, V. S, (1973); Aldan Massiv.

Ruzhov and Moleva, (1960, p. 396).
Khodghaakchan Massiv, Alay Range, Kirgiz SSR. (39°
40'N 71°00°E)

2“due to mechanical admixture of iron oxide.” The
values in parentheses are spectrographically determined.
The formula is given as: K‘.J 84Na° 18034 07SIBO13
(OH)2.85F0.29 or (K,Nu)C|4SI5013(OH,F)3 correspond-
ing to that proposed by Schaller, 1960,

M

E. Kozlovs, (1962, p. 202); Talassk Mt. Range (42° 30’

N, 70é 30’ — 74° 00’ E). The formula assigned is:

(Ko.69 Nao.22" (Ce3 64 P-E-g 34Mng 12Mdg g5)(Si.Alg
045 (°H1.62 Fy 38) or (K, Na) (Ca, R.E., Mn, Mg),

(S, Al)g04 3 (OH,F).

Kravchenko and Bykova, (1967, p. 165), Southern
Yakutskia, Siberia (Yakokut 58°32'N 125°44’E).
The proposed formula is (K0 86Nao13)(Ca3 8850.09

Mng 06 Mg o5 R-E-g 04 Fep 0g! (Sl5 82 Alg 31 Tl 07’

(015F1,05)0.72H,0, or KCagSig0y5F nH, 0.

Semenov, Duzmatov, and Khomyakov, 1973. They
suggest the formula KCa5 836017 F (Z =3)or
KCa456016F.



TABLE 9. — 2 analyses of wollastonite from Arkansas

(K)
(Williams, 1891)
R. N. Brackett, analyst

Si02 51.93
FeO 2.03
Mg0 0.44
MnO 2.08
Ca0 4255
ign 1.23 Sr0
N520
100.26 K20
Sp.gr.

2,3,4,5, 10 See corresponding notes

Analysis C (miserite, Arkansas)

(this report)
Blanche Ingram, analyst,
U.S. Geol. Survey

Joseph L. Harris, U. S. G. S.
(spectrographic) analyst

51 .42 Si 10 percent
0.28 (total Fa):‘l'4 Fe 0.2 "
- Mg 0.03 '’
0.96%° Mn 20,000 ppm (2.0%)

45.23'!5 Ca 10 percent
0.303’5 Sr 5,000 ppm
1.1 38 Na 1 percent
0.243° K N.D.

99.5 Al 0.0015 "
2011 Ti 0015 "

As11 N.D.
B 50 ppm
Ba 100 "
Be 3 "
Pb 10 "
Nb 700 "
7 "
150 "
Ce 100 "
La 70 "
Yb 15 "
Cu 18 "
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Arsenic not detected. The 0.1% as

reported previously in the Arkansas

wollastonite (Milton, 1973) is an error.



TABLE 10. —— X—ray powder data, wollastonite from Arkansas, synthetic, and Siberia

Arkansas Synthetic Siberia
(Milton, this report) JCPDS 29-372 {Rudnitskaya, 1970)
i d iR d hk L g
] 7.724 50 7.68 100
vww 5.473 40 6.47 101
vww 4.966 —_ — -
vww 4693 - - -
— —_ 20 448 11 - -
vw 4,058 20 4,06 111 - —
vs 3.850 60 3.838 200 8 3.76
vs 3.602 70 3.5610 201 6 3.49
— 20 3.410 21 — —
vvs 3.323 80 3.312 102 10 3.27
—_— — 40 3.228 201 — —
vww 3.181 40 3.195 21 — -
—_— - 40 3.167 021 - —_
vvs 3.098 70 3.080 210 —_ —
—— — 20 3.002 120 4 3.03
vs 2,989 100 2976 220 10 294
w 2919 20 2.893 112 —_ —
vww 2.806 20 2.804 121 —_ —_
e — 40 2.790 221 —_ -
s 2.730 20 2.750 211
—_— — 40 2.712 121,112+
- — 20 2,588 310
20 2572 300
[ 2.662 50 2,553 122
- - 40 2.622 022 —_ —_
— - 20 2,510 311 — —
s 2.483 60 2470 202 - —_
- — 40 2445 130 2 245
[ 2.349 50 2.346 222 - ——
— —_— 40 2,338 003 - -
—— J— 60 2,330 301 - -
vs 2.304 60 2,295 103 3 2.31
— —_ 20 2.274 5 2.28
—— — 40 2.209 - —
[ 2183 70 2179 — ——
vww 2,093 40 2.161 4 2.14
vw 2.028 60 2,017 — —
—_— - 20 1.993 - —_
w 1.984 40 1.978 — -
— - 40 1.969
- —— 20 1.933
w 1.922 40 1914
vw 1.886
vw 1.860
vw 1.834
w 1.801
s 1.760
s 1.724 8 1,703
vvw 1.663 —_ _
$ 1.609 6 1.692
w 1.637 _ —_
w 1.482 3 1.474
w 1.461 7 1.445
w 1.392 —— —_—
8 1.364 7 1.351
vw 1.344 — —_—
vvw 1.301 —_— —_—
vw 1.282
vw 1.270
vw 1.243
w 1.216
vww 1.196
w 1.176 6 1.168
vww 1.151 _ —_—
vw 1.143 —_— —_

114.6 mm camera, Cu/K , Ni filter
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NORTH MOUNTAIN MINE — GOLD?

Gary P. Sick
Geologist, Ouachita National Forest

ABSTRACT

The North Mountain Mine in Montgomery County, Arkansas has been mined intermittently
for manganese since 1886. Recent interest in this property is for gold and silver. Assays done for
a Forest Service, U. S. Department of Agriculture, validity examination of the property display
gold and silver values characteristic of the background, relatively low values in the Quachita

Mountains.

INTRODUCTION

The North Mountain Mine is in the Ouach-
ita National Forest, Section 10, T. 4 S., R. 27
W., Montgomery County, Arkansas. Also
known as the Stenger Mine, its mineral poten-
tial was vigorously promoted by Mrs. Mabel
C. Stenger from about 1944 through the
early 1960's. She and her husband, as well as
some of their employees, lived in small resi-
dences just below the present adit. Remains of
some of these residences are still in evidence.

Literature suggests that the earliest produc-
tion from the mine was about four tons of
manganese in 1886, with subsequent manga-
nese production during World War | and for a
brief period in 1958--1959 (Stroud, et al.,
1969). In spite of Mrs. Stenger’s promotion,
any mineral production from the property
other than manganese is undocumented. In
recent years, the mine has become somewhat
of a curiosity, a favorite for collectors and
students. Additionally, groups and individuals
have filed numerous, often conflicting mining
claims on and around the property for copper
and manganese, (which are known to occur),
and gold or silver (whose occurrence is
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questionable). ‘‘Arkansas Geological Survey,
County Mineral Report 3’ lists the results of
assays performed by W. F. Manglesdorf on
samples from the North Mountain Mine.
No silver values were detected; gold values
ranged from none to 0.4 oz./ton, and copper
values ranged from 0.02% to 9.5%. More
recent assays on samples from this site by
the Arkansas Geological Commission show
no extraordinary gold or silver values, and
none as high as the 0.4 oz./ton noted in
the Manglesdorf assays.

VALIDITY EXAMINATION

Recent prospecting by Callahan, Exxon
Minerals, Texasgulf-Western, and other compa-
nies in the Garland, Montgomery, Polk County
area has stimulated a renewed public interest in
the possibility of gold and other precious
elements in the Ouachita Mountains. The
presence of mining companies and activi-
ties of various promoters, coupled with gold
market values often in excess of $400 per
troy ounce, have piqued public awareness,
even to the extent that an article on gold in
the Ouachitas was published in the June 12,
1983 edition of the ‘‘Arkansas Magazine.”



EXPLANATION

Ms STANLEY SHALE
MDa NOVACULITE
Smm MISSOURI MOUNTAIN SHALE

X

CONTACT LINE
FAULT LINE
NORTH MOUNTAIN MINE

GEOLOGIC MAP OF NORTH MOUNTAIN MINE AREA

The North Mountain mine is one property
purported by local miners to contain ““high”
gold and silver values. Since this property is on
National Forest lands, it is subject to examina-
tion and evaluation for the purpose of mining
claim validity determination. Forest Service
geologists conducted a validity examination
on May 24-—-26, 1983.

Sampling methods consisted of taking
bulk samples from vertical trenches cut at three
locations in the spoil pile at the mouth of the
adit, and two bulk samples on a 15 foot square
grid. About one-half pound of sample per
sample point of the grid was taken across the
surface of the spoil pile. American Interplex
Corp., Little Rock, Arkansas, using standard
sample preparation, atomic absorption, and
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induction furnace techniques as%ayed the two
grid samples and two of the trench samples.
Table 1 presents the results.

Table 1 —- American Interplex Results
(ppm = mg./kg.)

Grid1 Grid2 Trench 1 Trench 2

Gold, ppm 0.05 0.05 0.05 0.05
Silver, ppm 0.73 20 1.2 0.52
Lead, ppm 68 32 32 34
Zinc, ppm 120 73 100 78
Manganese,% 0.54 0.07 0.33 0.43
Total Suifur,% 0.18 0.42 0.37 0.1

(Samples contain only a trace of sulfur ih sulfide form.)



Lindroos Laboratories, Tombstone, Arizona
assayed the third trench sample. Fifty pounds
of sample were barrel-tested for cyanide
amenability with controlled pH and controlled
cyanide for 72 hours. Head and tail assays were
done by both chemical and fire methods (Table
2).

Table 2 - Lindroos Results

Head Tail
Silver, 0z./T. .04 .02
Gold, 0z./T. 022 .018

The barrel-test indicates that approximate-
ly 50.0% of the silver and 18.2% of the gold are
recoverable by cyanide leaching, or a poor
amenability. Lindroos attributes this, in part,
to the carbonaceous nature of the sample. The
assays in Table 1 show gold values less than
.0015 0z./T. and silver values ranging between
.015 0z./T. and .058 0z./T. There is a favorable
comparison between silver results from two
different firms, using different analytical
methods. Gold values differ by about one order
of magnitude, not a significant departure
considering methods and the extremely low
gold content.
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CONCLUSIONS

Assay results from five bulk samples of
the spoil pile at the North Mountain Mine do
not show any anomalous values for gold or
silver. Additionally, amenability of the ore is
so low that even a richer ore would have
limited profit potential due to low recover-
ability. These results fall within the range of
gold and silver values reported by Comstock
(1888) and others at various locations through-
out the Ouachita Mountains. The results are
unremarkable.
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ARKANSAS NOVACULITE: INDIANS, WHETSTONES, PLASTICS AND BEYOND
By
Charles T. Steuart1, Drew F. Holbrookz, and Charles G. Stone3

ABSTRACT

The Arkansas Novaculite of Devonian and Mississippian age is the most distinctive formation
in the central Ouachita Mountains of Arkansas from the standpoint of both topography and lith-
ology. The Formation typically forms precipitous, narrow ridges (hogbacks) which reflect the
steepness of dip and the resistance and thickness of the rock units. The Arkansas Novaculite varies
from less than 200 feet thick in the north to locally over 800 feet thick in the south and crops out
over an east-west distance of 360 km (200 miles) in the Ouachita Mountains of Arkansas and
Oklahoma. Most of the rocks of the Formation are highly siliceous with novaculite predominating,
and lesser quantities of chert, siliceous shale, conglomerate and rarely sandstone. Novaculite is
commonly defined as a homogeneous mostly white rock, translucent on thin edges with a dull to
waxy luster and composed almost entirely of microcrystalline quartz. The word novaculite comes
from the Latin word novacula, meaning razor hone. This term was first used by Richard Kirwan
in his mineralogy text of 1784.

The origin of novaculite remains controversial but we believe it was a primary silica derived
mostly from the alteration of submarine volcanic-rich materials, with numerous fine biogenic
components and some minor clastics (derived mostly from foreland facies via turbidity currents)
and deposited as an amorphous siliceous ooze in the deep Ouachita trough. It was subsequently
converted to microcrystalline quartz during diagenesis by the compaction of the overlying rocks
and the intense Late Paleozoic Ouachita Mountain tectonism,

In the central and southern portions of the region three divisions of the Formation have been
defined: A Lower Division predominantly of light-colored novaculite; a Middle Division of inter-
bedded dark chert and shale; and an Upper Division of massive often calcareous novaculite. In
the northern exposures the Formation is thinner and contains more black chert and shale, chert-
shale conglomerate, sandstone and less novaculite. The massive novaculite of the Upper and Lower
Divisions is a source of high purity silica (99+%).

Indians were the first to use novaculite. They made their various tools and hunting imple-
ments from the weathered broken rock until they learned the quarrying techniques. The first
white men in the area recognized the use of novaculite for sharpening their tools and knives;
previously whetstones were obtained in small quantities from Europe. To this day whetstone is
quarried mostly in areas which the Indians and possibly the Spanish previously worked. Some
of the current mining practices have changed very little from those of the early quarryman.

In areas where the novaculite of the Upper Division is poorly cemented, this friable tripolitic
material has found applications in such uses as an abrasive, as a filler or extender in paints, plastics
and other purposes. Some of the dense novaculite is suitable as a filler in fire bricks and also in
plastics. Because some of it has the tendency to decrepitate when heated not all novaculite can be
used for these applications.

Several quarry operators are crushing novaculite for road, concrete, and other aggregate. This
use was formerly rather limited due to the abrasiveness of the novaculite on crushing and screening
equipment. Further potential uses of novaculite are speculative but include application of high
purity silica in the production of silicon metal for solar cells, seed or ‘“growing’’, and fusing quartz
for electronics.

Malvern Minerals Company, Hot Springs, Arkansas
Consultant, North Little Rock, Arkansas
Arkansas Geological Commission
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INTRODUCTION

For many years siliceous rock in the vicin-
ity of Hot Springs, Arkansas has been used as
whetstones. In his book on the geology and
physical features in Missouri, Arkansas and
surrounding areas, Schoolcraft (1819, p. 183)
named the rock novaculite, a term that had
been in use for sometime to describe a fine
quality of whetstone, In 1892 Griswold pub-
lished a comprehensive report on the very fine-
grained siliceous rocks of the Ouachita Moun-
tain region in Arkansas entitled Whetstones and
the Novaculites of Arkansas. He mapped these
rocks and called them the Arkansas Novaculite,
but he included what is now known as the
Bigfork Chert in the unit. It was Purdue in
1909 that named the group of siliceous rocks
lying between the Stanley Shale and the
Missouri Mountain Shale as the Arkansas Nova-
culite. Other workers identified the Arkansas
Novaculite in McCurtain County, Black Knob
Ridge, and Potato Hills in southeast Oklahoma.
The Arkansas Novaculite is comprised largely
of novaculite, lesser amounts of shale and
conglomerate, and a few thin sandstone beds.
This report is concerned particularly with those
deposits of novaculite that are the source of
current tripoli, whetstone and rock aggregate
production and that are a potential source of
these and other industrial mineral products.

DEFINITION OF NOVACULITE

When the term novaculite was first applied
to the rock found in the vicinity of Hot
Springs, Arkansas, it referred to a white silice-
ous rock whose textural characteristics and
hardness made it particularly suitable for
whetstones. Griswold (1892, p. 89) in fact
described the fine-grained whetstone known
as Arkansas Stone as a “‘true novaculite satisfy-
ing all the necessary conditions regarding
homogeneity, grittiness, finely granular struc-
ture and siliceous composition, it is translucent
on the edges and has a marked conchoidal
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fracture.” As mapping of these remarkable
rocks was extended throughout the Ouachita
Mountains, the term novaculite was retained to
describe them despite the fact that they show-
ed some variation in both physical and chemi-
cal characteristics from place to place. Keller
et al. (1977, p. 843) proposed that the use of
the word novaculite be restricted to a petro-
logic name for a thermally metamorphosed
chert which shows polygonal triple-point
texture,

To accommodate these variations, novacu-
lite is here defined as a homogeneous, mostly
white or light-colored rock, translucent on thin
edges, with a waxy to dull luster, and almost
entirely comprised of microcrystalline quartz,

ORIGIN OF NOVACULITE

The subject of the origin of the novaculite
in the Arkansas Novaculite has intrigued geolo-
gists ever since the rock was first identified; not
only because of its unusual texture, but also
because it is essentially pure silica that occurs
in massive layers over a very broad area. At the
time that Park and Croneis (1969) published
their version of the origin, thirteen alternatives
had already been proposed. They grouped
those theories into three categories; direct
precipitation of silica by chemical and/or
organic means; replacement of non-siliceous
deposits; and recrystallization and silification
of volcanic-rich material. As a result of their
studies of both the Arkansas Novaculite and
the Caballos Novaculite of Texas, they pro-
posed that novaculite was formed from organi-
cally precipitated silica particles in the 1 to 10
micrometer range, and that the ultimate tex-
ture was the result of diagenetic processes.
Lowe (1975) has agreed that siliceous organ-
isms were the local source of the silica in the
novaculite, but proposed further that volcan-
ism away from the immediate sites of accumu-
lation may have provided much of the primary
silica. Most investigators, including McBride
and Sholes (1975), have considered the Arkan-



sas Novaculite as a deep-water marine deposit,
whereas Folk (1973) and a few others give
evidence that some, if not all of the Formation,
represents a shallow marine (mostly peritidal)
deposit. We are strongly in favor of a deep-
water marine origin for the respective Arkansas
Novaculite facies that crop out in Arkansas
and Oklahoma.

DESCRIPTION OF
ARKANSAS NOVACULITE

The Arkansas Novaculite crops out along
the borders of the Benton-Broken Bow Uplift
in Arkansas and southeastern Oklahoma and at
Potato Hills and Black Knob Ridge in south-
eastern Oklahoma, a distance of some 320 km
(200 miles) (Fig. 1). The Formation varies in
thickness throughout its outcrop area. It
attains its maximum thickness, 950 feet, near
West Hanna Mountain in Polk County, Arkan-
sas. It thins rather gradually both eastward and
westward from this point, but it thins very
rapidly northward. Miser (1917) subdivided
the Formation into three lithologic divisions
based on the exposures at Caddo Gap, Arkan-
sas; a Lower Division of almost entirely massive
white novaculite, a Middle Division of inter-
bedded dark chert and shale, and an Upper
Division of massive mostly calcareous novacu-
lite (Fig. 2).

Very few fossils have been found in the
Arkansas Novaculite. Findings thus far have
been limited mostly to conodonts, sponge
spicules, radiolarians, and spores. Hass (1951),
on the basis of conodont studies at Caddo Gap,
placed the Lower Division of the Formation,
and all except the upper 28 feet of the Middle
Division in the Early or Middle Devonian. The
remainder of the Middle Division and all of the
Upper Division were defined as Early Mississip-
pian in age. The contact between the Arkansas
Novaculite and both the underlying Missouri
Mountain Shale and the overlying Stanley
Shale are conformable.
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The Ouachita Mountains are a product of
extensive folding and thrust faulting followed
by erosion. This intense deformation resulted
in the folding and fracturing of the novaculite
beds as well as the variation in the attitude of
these beds at different places. Along the south-
ern belt of the exposures of the Formation,
particularly, the massive novaculite of the
Lower Division forms the steep-sided ridges of
the region. The Middle Division cherts and
shales underlie very narrow adjacent valleys,
the thinner bedded less resistant novaculites of
the Upper Division are frequently expressed
as a series of low knobs paralleling the main
ridges.

The relative proportions of each constit-
uent (novaculite, chert, and shale) of the
Arkansas Novaculite vary throughout the out-
crop area. The thicker shale-free sections of
novaculite, which are the particular concern of
this report, are restricted to the Upper and
Lower Divisions along the southern and central
outcrop belt, specifically that segment of the
outcrop belt within the area outlined by the
row of dots on Figure 1.

Lower Division

The Lower Division of the Formation
contains the thicker sections of novaculite that
form the most prominent ridges and outcrops.
This division in the southern outcrop belt is
comprised of massive novaculite in beds 4 to
30 feet thick with the thicker beds being near
the top. The novaculite is white, gray, or light
brown, with black and reddish-brown beds in a
few places. Near the base of the division the
massive novaculite is often slightly calcareous,
and it is the leaching of the calcite rhombo-
hedra that developed the Washita variety of
whetstone texture found in some of the nova-
culite near Hot Springs. Laminations are
present throughout the Lower Division nova-
culite but they are particularly prominent near
the base. Jointing is common, the most pre-
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valent set being normal to the bedding and
joints are frequently filled with quartz. A few
very widely spaced thin shale beds are present,
and in places thin quartzitic sandstone beds
occur near the base of the Lower Division. A
submarine slurried conglomeratic interval is
often present at the top of the Lower Division.

Upper Division

The Upper Division of the Formation is
generally thinner than the Lower Division,
attaining a maximum thickness of 120 feet at
Hot Springs and thinning abruptly to the north
and gradually to the south and west. This divi-
sion is either absent or more likely represented
by a more shaly and conglomerate facies in the
northern outcrop belt except near Little Rock.
Beds are even to irregular and up to four feet
thick. It consists chiefly of massive novaculite
that when fresh is light gray to bluish black and
generally resembles the novaculite of the
Lower Division. In much of the area, however,
the Upper Division novaculite is calcareous,
and it has weathered to a light-brown or buff-
colored punky rock with a gritty texture
giving it the appearance of a porous siltstone,
Weathered novaculite varies from a firm,
slightly porous rock to tripoli depending on
the percentage of carbonate present in the
original rock. The carbonate in the fresh nova-
culite, which can constitute up to 30 percent
of the rock, may be rhodochrosite, calcite,
manganiferous calcite, or ankerite. In fact, it
is the manganese-bearing carbonates that are
a prominent source of the manganese ores and
associated minerals found in both the Upper
and Lower Divisions of the Arkansas Novacu-
lite in the southern outcrop belt.

NOVACULITE QUARRYING
BY THE INDIANS

The first use of novaculite was by the
various Indian tribes that quarried it in large
quantities for making tools and weapons. The
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many thousands of tons of novaculite that
were mined by the Indians came mostly from
the southern Ouachita Mountains, but notably
near Hot Springs, Arkansas, an area considered
a neutral zone by the tribes because of its
renowned healing waters. Much of the denser
and harder novaculite was ideal for making
tools because it typically broke into very sharp
angular flakes. Mining techniques used by the
Indians included: (1) the building of a fire
adjacent to a suitable ledge or crevice and the
ensuing heating of the rock would create
flaking when doused with cold water, and
(2) the hammering, prying and breaking of
the rock with more resilient stones and other
materials. This rough rock was then ““blanked”’
at the site and then removed to their various
encampments for further processing. Novacu-
lite was a valuable trade item for the Indians
who bartered it throughout the Mississippi
Valley region.

TRIPOLI

The term tripoli is used in this report in the
geologic sense rather than as a trade term, and
it refers to a microcrystalline, finely particu-
late, more or less friable form of silica. In the
Ouachita Mountain region of Arkansas and
Oklahoma, the tripoli deposits have been form-
ed by the leaching of calcium carbonate from
the Upper Division of the Arkansas Novaculite.
Tripoli deposits and prospects occur in four
general areas of novaculite outcrop (Fig. 3).
East and northeast of Hot Springs, tripoli float
and outcrops occur on the flanks of the nova-
culite ridges in T. 2 S., R. 18—19 W., Garland
County, Arkansas and the only currently active
tripoli mines (Malvern Minerals Company) are
located in this area. Another Malvern Minerals
Company prospect is located to the west in
Sec. 24, T. 3 S., R. 23 W., near Sunshine in
southeastern Montgomery County. Further
west at Blocker Creek are two quarries recently
operated by Robert B. McElwaine for buffing
compounds in Sec. 1, T. 56 S., R. 27 W., Pike
County, Arkansas that mark the eastern end of
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a tripoli trend that continues practically
uninterrupted for 7% miles to the west. In this
same general area just west of the Blocker
Creek deposits is a mile long trend from which
a small tonnage of tripoli was produced at a
quarry by Mr. McElwaine near Shady Lake in
the NE% SW% Sec. 26, T. 4 S., R. 29 W, Polk
County, Arkansas.

The fourth area is near Bog Springs, Arkan-
sas in the NW% NW% Sec. 16, T.5 S., R. 32
W., Polk County, near the Arkansas-Oklahoma
border. This locality is the beginning of a
tripoli occurrence that extends westward a
distance of 5 miles into Oklahoma. Also in
Oklahoma, tripoli float has been found along
the outcrop of the Upper Division of the
Arkansas Novaculite in Secs. 19, 20, and 21,
T. 2 S., R. 25 E., just north of the Broken Bow
Reservoir and east of the reservoir in Secs. 4,
5,6,and7, T.4S., R. 27 E.

Exploration and Mining

The tripoli beds are confined to a specific
stratigraphic horizon, the Upper Division of the
Arkansas Novaculite, that frequently has a
characteristic topographic expression, a series
of low knobs or ridges that parallel the higher
main novaculite ridges. Exposures in stream
beds and punky, vuggy, usually tan to red in
color float blocks are relatively common, and
all these factors combine to simplify explora-
tion. The procedure generally used is to bull-
doze off the shallow soil and vegetation cover
to determine the width and quality of the
material, and, if justified, drill to ascertain the
depth of the deposit. Open-pit mining methods
are used. Both overburden and tripoli must be
drilled and blasted, and scrapers, front-end

loaders (track hoes) are used to remove the

overburden and mine the tripoli.
Character of the Tripoli

The tripoli deposits range from inches to
over 100 feet in true thickness. There is a wide
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range of hardness in the individual beds that
constitute the tripolitic zone reflecting the
variation in carbonate content of the
unweathered novaculite. The beds vary from
material that can be crumbled by hand to hard
unweathered non-calcareous novaculite layers.
The tripoli consists of cryptocrystalline quartz
grains or aggregates of grains more or less
firmly bonded together.

The range of particle size of individual
quartz grains is from 1 to 10 micrometers, and
the quartz particles are essentially equidimen-
sional. The color of the tripoli varies consider-
ably even within the same deposit and includes
white, cream, tan and brown, with white being
the least prevalent and most desired. Discolora-
tions in the tripoli mostly represent minor
quantities of iron and manganese oxides form-
ed during surficial weathering.

Malvern Minerals Company
Tripoli Deposits

At this time Malvern Minerals Company is
the only active producer of tripoli in Arkansas.
They have one active mine and two active
prospects. The active mine, located in the NE%
NW% Sec. 21, T. 2 S.,, R. 18 W,, Garland
County, has been in operation since 1947. The
deposit is situated on the flanks of an over-
turned fold so that the tripoli (Upper Division)
is overlain by shale of the Middle Division and
massive novaculite of the Lower Division of
the Arkansas Novaculite (Fig. 4). The tripoli
bed is 40 - 50 feet thick, dipping from 32 to
45 degrees to the northwest. The hard nova-
culite overburden of the Lower Division is
drilled, shot and loaded by track hoes onto
dump trucks. The shaly Middle Division
member is stockpiled for future use. In most
cases the tripoli can be dug with track hoes and
does not need to be drilled or shot. All of the
mining and trucking to the plant is done by
contract. At the plant beneficiation consists
of drying, grinding, and classification, both
by air and screen.



The latest and most active prospect, refer-
red to as “South Mine,” is located in the SE%
NE% Sec. 34, T. 2 S.,, R. 18 W., Garland
County. The second prospect is referred to as
“Sunshine Mine” and is located in the NW%
SE% Sec. 24, T. 3 S., R. 23 W., Montgomery
County. Interestingly the formations at the
operating mine and the two prospects are over-
turned to the south.

The particle sizes range from about 1 to 7
micrometers according to Keith and Tuttle
(1952). Seventy-five percent by volume of the
tripoli produced by Malvern Minerals Company
is used as a filler or extender. The remaining
twenty-five percent is used in specialized
abrasive applications. Bush and Stroud (1979)
indicate there were about 15,500 short tons of
tripoli produced that had an estimated value of
over $600,000. Production in 1982 was
approximately 14,000 short tons and no
estimated value is available.

WHETSTONES
History

The word novaculite comes from the Latin
word novacula, meaning razor hone. Richard
Kirwan in his mineralogy text of 1784 is attri-
buted with the anglicizing of this word
(Griswold, 1892, p.27).

The first authentic mention of whetstones
in America concerns those of Arkansas. Discus-
sion is made in a letter written by Mr. Bringier
of Louisiana in 1818 (Griswold, 1892, p. 19)
about a quarry of honestone which had been
worked for several years, a few miles about the
“Cove of Wachitta’ which is now Magnet Cove.

Another early account is given by
Schoolcraft (1819) in which he stated “‘a
quarry of this mineral (novaculite), three miles
above the Hot Springs of Washita, has often
been noticed by travelers for its extent and
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excellency of its quality. It appears to
me, from external character, to contain less
alumine and more silex than the common nova-
culite, and, hence, perhaps, its superiority.”’

From 1891 - 1918 when Norton-Pike Com-
pany bought several hundred acres of land in
the QOuachita Mountains near Hot Springs,
there have been numerous quarries operated
for several grades of whetstones. Most of the
processing of the novaculite quarried to whet-
stone was done elsewhere in various out-of-
state plants, mainly in Worcester, Massachu-
setts and Littleton, New Hampshire,

In 1962 Hiram A. Smith constructed a
whetstone processing plant near Hot Springs,
and at least one facility has been located in the
area since then. The Smith's Whetstone Com-
pany is currently the largest producer of nova-
culite whetstones in the United States. There
are some eight additional firms that produce
and process whetstones in the Hot Springs area;
these include: Pioneer, Arkansas, Wallis,
Frontier, Halls, Dan’s, Poor Boy, and Rigid.
The Norton Company presently transports
much of their raw stone to a New Hampshire
plant for processing, but they also sell uncut
whetstone to local processers. There are signifi-
cant quantities of whetstone quarried in the
area by individuals who process and sell some,
but sell most of their product to local process-
ing firms.

Location of Deposits

The main area of active whetstone mining
is located just northeast of Hot Springs (Fig.
5). Most of the mining and exploration has
been confined to two areas: (1) T. 2 S., R. 18
W. and (2) T.2S., R. 19 W,, Garland County.
Recently a small tonnage has been produced
from deposits in Pike and Montgomery
Counties. Nearly all of the commercial whet-
stone rock deposits are confined to massive
novaculite in the lower part of the Lower
Division of the Arkansas Novaculite.
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for Walter D. Keller, University of Missouri-Columbia.



Exploration and Mining

The area where whetstone rock is mined is
one of steep, densely-wooded hills. Good
outcrops are scarce, because the hillslopes
where the whetstone rock layers occur are
usually covered with novaculite debris.
Furthermore, these whetstone layers are some-
what less resistant to erosion than the adjacent
novaculite. From experience the miners know
the approximate elevation on a particular
hillside where the whetstone rock layers are
likely to occur. They first clear the selected
site with a bulldozer, and, if the rock looks
promising, the exposure is drilled and shot.
Quarrying follows if the quality of the rock
persists. Quarrying consists simply of hand
drilling and blasting using black powder,
because of its low velocity. A follow-the-ore
concept is used in quarrying the whetstone
rock; following along the strike and dip of the
bed until the quality of the rock deteriorates,
or quarrying becomes too expensive.

The quality of a particular whetstone rock
layer (lead) may vary both along the strike and
the dip of that layer. Individual leads are
narrow varying from 6 to 35 feet, but they
may persist up to 900 feet along strike. After
the rock is partially broken it is then carefully
quarried usually by hand tools but track hoes
and other equipment may be employed.
Blocks are then trimmed to a roughly equi-
dimensional shape weighing 10 to 20 pounds in
most varieties. They are then hand sorted for
further quality evaluation before shipment to
the plant for processing. Quartz veins, cavities,
cracks or fractures, laminations, styolites, and
lack of uniform texture are all a basis for
rejection.

Characteristics of the Whetstone Rock

Whetstone-grade novaculite or whetstone
rock, as it is called here, is found in the lower
part of the Lower Division of the Arkansas
Novaculite. These particular layers of novacu-
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lite are especially suited for whetstones because
of their porosity, uniformity of texture, and
the sharp edges of the minute quartz grains
making up the rock. The porosity is due to
rhombic cavities from which carbonate has
been leached during weathering. Uniformity of
texture implies not only uniformity in the size
of the individual grains but more especially a
uniform distribution of the cavities throughout
the rock. Individual quartz grains present
sharp edges because the grains are not rounded
but rather are closely packed in a mosaic
texture, the individual grains exhibiting poly-
gonal shapes in cross section (Fig. 6).

In the sharpening process small micro-
quartz particles bounding the pore spaces
break off preventing the pores from being
filled with steel particles which would cause
the stone to glaze over. Several varieties of
whetstones are manufactured under different
trade names, and the essential difference
between them is a difference in porosity. Thus,
the hard Arkansas Stone has a porosity of 0.07
percent, while the more rapid-sharpening
Washita Stone has a porosity of 16 percent.
The increased porosity in the Washita Stone
is due not only to a greater frequency of
rhombic cavities but also to an increase in the
size of the individual cavities. This variation in
porosity is reflected in a difference in luster in
the two stones. Thus, the denser hard Arkansas
Stone is characterized by a waxy luster while
the more porous Washita Stone has the dead
appearance of unglazed procelain.

Whetstone Processing

Quarry blocks are sawed into desired
shapes with a diamond saw using cutting oil
or solvent as a lubricant. These shapes are then
finished on a lap with carborundum powder,
given a final visual quality-control check, then
packaged and shipped. Only about 5 percent
of the blocks quarried end up as finished
whetstones.



The five types of stones produced for

market are listed in order of decreasing

porosity:

Trade Names Use

Washita Stone for rapid sharpening

Soft Arkansas for general all around
sharpening

Hard Arkansas for polishing a blade to
a very fine edge

Translucent for polishing to the
finest possible edge

Black Hard ditto, and miscellaneous

ROCK AGGREGATE

Stone for rock aggregate is widespread in
the OQuachita Mountains. Novaculite has
generally been bypassed for aggregate uses in
past years mostly because of its abrasiveness
in various crushing processes. Recently it has
been quarried in significant quantities in
Arkansas as a result of an increased demand for
rock aggregate and the development of more
effective crushing techniques (Fig. 7).

Novaculite has been mined and crushed for
concrete aggregate, road construction, railroad
ballast, high-silica refractories and other uses.
Production of novaculite used for construction
and other miscellaneous purposes has not been
segregated from Arkansas’s total output of
stone except for the period 1941-1949 when
760,000 short tons valued at about $420,000
were produced. In recent years, as much as one
million short tons has been quarried annually
at a value from about $3 to over $5 per ton.

Five quarries are currently operated for
commercial rock aggregate mostly in the
massive, dense novaculite of the Lower Divi-
sion of the Arkansas Novaculite. These quarry
operations include: The Walker Stone Com-
pany in Sec. 6, T. 5 S., R. 31 W,, at Hatton in
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Polk County; the Mid-State Construction and
Materials Company in Sec. 21, T. 4 S,, R. 20
W., north of Bismarck in Hot Spring County; in
Sec. 9, T.4S., R. 17 W,, north of Malvern in
Hot Spring County; and in Sec. 14, T. 3 S,,
R. 18 W., near Lake Catherine in Garland
County; and the West Construction Company
inSec. 9, T.3S., R. 16 W., near Glen Rose in
southwestern Saline County. In recent years
novaculite has also been mined for rock
aggregate in Sec. 34, T. 3 S.,, R. 17 W,, at
Butterfield; in Sec. 8, T. 3 S.,, R. 16 W,, in
Hot Spring County; in Sec. 36, T. 2 S., R. 17
W., in Saiine County; in Sec. 26, T. 2 S., R.
18 W., in Garland County; and in Sec. 19,
T. 1 N.,, R 13 W,, near Little Rock in Pulaski
County.

Exploration and Mining

Most of the novaculite rock aggregates
occur in the massive, dense, cryptocrystalline,
highly fractured and often steeply tilted beds
of the Lower Division of the Arkansas Novacu-
lite which characteristically forms the tall
jagged peaks or hogbacks in the southern and:
central portions of the region. Massive novacu-
lites are initially examined and tested at the
surface in areas adjacent to transportation
and/or industrial facilities. Upon the establish-
ment of a quarry site there is close attention
directed initially towards drilling and blasting
procedures to insure the desired breakage of
the rock. Typically the rock has a primary
crush to about a 6-inch size and a secondary
crush to various smaller screened sizes that
include some by-products. It is then stock-
piled in storage bins and transferred to loading
facilities. Typically conveyors connect the
crushing and screening systems. It is reported
that most crushed novaculite meets the various
specifications set for highway aggregates-
including-asphalt, concrete and road subbase.
The high anti-skid characteristics of some
novaculite adds considerable potential for
partial application to other highway aggregates.
Additional uses of novaculite are as railroad
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Figure 7. Outcrop map of novacullite (black lines) showing rock aggregate quarries.

Table 1. —Typical Chemical Composition of Ebony NovaciteR

550 MESH 20 MICRON 10 MICRON
Silica SiO, 63.15% 58.00% 60.40%
Carbon (o 3.24% 3.09% 3.37%
Sulphur S 0.13% 0.08% 0.07%
Aluminum Oxide Al03 19.16% 21.06% 22.40%
Ferric Oxide Fe;03 2.29% 2.29% 2.15%
Titanium Oxide TiOy 1.80% 1.40% 1.70%
Calcium Oxide Ca0 0.25% 6.88% 2.00%
Magnesium Oxide Mg0 0.15% 0.45% 0.38%
Total Loss on Ignition 10.25% 8.75% 9.75%
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ballast, rock aggregate fill in dams, dikes and
many other constructional purposes.

Reserves and Outlook

Reserves of massive novaculite represent
many billions of tons; however, novaculite
located near railroads and other transportation
facilities is less abundant. It is likely that
exploitation of novaculite for rock aggregates
will continue to expand in or near the areas
presently established and that except for local
needs the cost of transportation will be pro-
hibitive for many other locations.

OTHER USES

The Quachita Sand and Gravel Company
obtains a dense translucent novaculite from
their quarry in Sec. 6, T. 3 S., R. 16 W., north
of Magnet Cove in Hot Spring County for a
number of purposes. First a highly selected
rock is used for whetstones, next large ““rough”’
blocks are shipped to various dealers for
unknown purposes, the remaining material
is then crushed to 3/4"” — 2 1/4"” and sold
mostly for use as a filler in fire brick. This rock
is further crushed and screened by the brick
manufacturers for application in various
products. Not all novaculite in the region is
ideal for fire brick uses since some of it decrep-
itates at high temperatures. The Ouachita Sand
and Gravel Company also sells some crushed
novaculite to the Buffalo Stone Corporation in
Hot Springs who further process it in sizes
from 1/16” — 2" for use as a polishing and
grinding media.

The Malvern Minerals Company is currently
mining, processing, and marketing quantities of
a variety of black siliceous shale as Ebony
NovaciteR from the Middle Division of the
Arkansas Novaculite from their tripoli mine in
the NE% NW% Sec. 21, T. 2S., R. 18 W,, in
Garland County. This material is used in indus-
try as a black silica pigment in various resinous
mediums. Studies are being further conducted
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on its potential use as a black pigment or an
extender since it offers superior rheological
features as compared to many other black
pigments that often have higher surface areas
and sorption properties. The typical chemical
composition of Ebony NovaciteR shown in
Table 1 is published by permission of the
Malvern Minerals Company.

An increased demand for novaculite in
refractory and in polishing and grinding uses
is likely. Since some of this rock is rather
unique in occurrence, more selective mining
and processing is required. An expanded use of
Ebony NovaciteR as a pigment and filler
in various products is anticipated by the
Company.

FUTURE CONSIDERATIONS

Crushed dense novaculite has numerous
other potential applications; namely, for any
purpose requiring an essentially pure silica rock
with but minor undesirable chemical impuri-
ties; and high physical properties.

In recent years some investigations have
taken place concerning the application of
crushed novaculite for interlayered sequences
with plastics. It reportedly would provide a
binding and add other physical qualities to the
material upon application with rather intense
heat. From our brief tests it has been deter-
mined that decrepitation takes place in some of
the coarsely crushed novaculite but rarely in
the finer mesh sizes. Studies have also revealed
that some of the novaculite, especially recrys-
tallized types, does not appreciably decrepitate
or spall during the application of heat for pro-
cessing. In an open report in August, 1980,
Robert B. McElwaine states that testing done
on the Blocker Creek tripoli indicates that it
meets the qualifications for uses as semi-
lightweight aggregate in concrete blocks, as a
non-polishing skid-resistant aggregate in asphalt
highways, and others.



Chemical analyses of quarry and outcrop
samples (Fig. 8) reveal that novaculite has a
vast potential as a high-silica rock resource
(Table 2). The electronics applications are
developing and the scope is tremendous. Sur-
face modification of high-purity silica is now a
reality and there are many potential uses. High-
purity silica has application for making silicon
metal and possibly in the growing of quartz
crystals from seed. Billions of tons of dense
novaculite have yet to be tapped by the rock
aggregate industry. An expanded demand for
microcrystalline quartz is anticipated in the
next decade and the Arkansas Novaculite of
Arkansas and Oklahoma should make impor-
tant contributions to these expected needs.
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APPENDIX

COMMERCIAL USES OF
BLACK HARD ARKANSAS STONE

By

Marc H. Dilatush
Arkansas Whetstone Company, Inc.

As with other types of Arkansas Whet-
stones, the primary uses of Black Hard Arkan-
sas are for sharpening knives and honing metal
surfaces. However, Black Hard Arkansas is
unique because it has a very uniform density
and honing quality. The specific gravity of
2.66 makes it the most dense of Arkansas
Whetstones and the extremely fine recrystal-
lized structure allows it to hone to an extreme-
ly smooth finish on metals. Because of the
qualities it is suited for some applications
better than any other material.

One of the interesting uses found in recent
years is for polishing electronic microcircuit
dice pedestals. The microcircuits are manu-
factured by duplicating a particular circuit
thousands of times in one large sheet. The
individual circuits are then cut from the large
sheet and are called ‘“‘dice’’. Although the
method varies somewhat, the dice must be
connected to other circuits or pin connections
before encapsulation. Some methods require
that the dice be placed on a small pedestal for
manual connection under a microscope with
ultrasonic welding devices. In order to mini-
mize damage to the dice, the pedestal must be
extremely smooth with no burrs. A small
Black Hard Arkansas stone is excellent for
removing burrs and polishing the pedestal
without leaving grit or mineral deposits.
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Figure 8. Map of eastern part of Ouachita Mountains (stippled area) showing outcrop of Arkansas Novaculite
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Table 2. —Chemical Analysis (in Percent) of Arkansas Novaculite Samples and Additional Data
On Samples (See Figure 8 for Location Map)

Sample
Number

DU D WN -

Sample
Number

OV EWN =

SiOz

99.03
99.18
99.07
99.19
99.19
99.16

True Thick-
ness (Feet)

130
100
249
105
210

60

AI203 MnO
042 0.01
0.26 0.07
0.25 0.01
0.19 0.03
0.25 0.01
0.27 0.04

Division of

Fe203

0.07
0.09
0.29
0.19
0.14
0.16

Arkansas Novaculite

Lower
Bottom of Lower
Remainder of Lower

Upper
Lower
Lower

Abandoned quarry, NW%NWY Sec.
Caddo Gap outcrop, SW4USEY% Sec.
Caddo Gap outcrop, SW%SEY% Sec.

Tio,

0.02
0.02
0.02
0.01
0.02
0.02

CaO

0.03
0.03
0.03
0.03
0.02
0.03

MgO

0.03
0.02
0.02
0.02
0.02
0.03

Nﬂzo

0.004
0.003
0.003
0.003
0.003
0.002

Location

Caddo Gap outcrop, NW%NE Y% Sec.
Butterfield quarry,
Lawson Rd. outcrop, NE%SEY% Sec.

SWY%UNEY% Sec.

6,T.5S., R.
18, 7.4S.,R.
18, T.4S. R.
19, T.45S. R.
34, T.3S., R

K0 Lol
0.10 0.29
0.03 030
005 0.26
005 0.29
0.05 0.30
0.01 0.28
31 W, Polk Co.

24 W., Montgomery Co.
24 W., Montgomery Co.
24 W., Montgomery Co.
17 W., Hot Spring Co.
19, T. 1 N, R. 13 W:, Pulaski Co.
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Another interesting application which has
been used for many years is for testing the
purity of gold. A particular variety of Hard
Black Arkansas which is solid black with no
discolorations or other non-uniformities is used
to remove a very small amount of gold for test-
ing. The gold is scratched on the stone and
then acids are applied to the scratch and the
reaction is observed to determine the purity.
The stone is sold in a kit, with the proper acids
and instructions,

Many stones are cut in special shapes for
wood carving tools, gunsmiths, watch and
clock repair and manufacture, as well as
reciprocating and jet engine repair, and tool
and die work, Any application which requires a
highly polished lightly honed metal surface can
use a Hard Black Arkansas stone,
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ABSTRACT

The Blakely Sandstone south of Lake Ouachita in eastern Montgomery and western Garland
Counties comprises about 720 feet (220 m) of shale, sandstone and siltstone in that order of
abundance. The formation can be divided into a lower (basal) sandstone division with maximum
thickness of 160 feet (46 m), a middle shale division, and an upper sandstone division with
maximum thickenss of about 200 feet (60 m). Thin, interbedded siltstones are typical of all
three subdivisions. Sandstones, which comprise 20% to 25% of the formation are typically
quartz-cemented or calcite-cemented quartz arenites, sublitharenites, or litharenites (sedarenites).
Well rounded quartz grains form the dominant matrix constituent of most sednaenites; lithic
clasts include fragments of chert, siltstone, sandstone, and micritic and pelletoidal limestone.
Ages comimon to seven graptolite species from the middle shale division suggest a lower Middle
Ordovician age for that part of the formation. Paleocurrent determinations, lateral facies changes,
trace fossil evidence for a bathyal to abyssal ichnofacies, and the probable presence of partial
Bouma sequences, grain flow and debris flow deposits offer strong collective evidence that
Blakely sediments were derived from a northern source and were deposited in deep water,
possibly as a submarine fan.

INTRODUCTION

The Blakely Sandstone (Middle Ordovician)
crops out over much of the Benton Uplift as
low, narrow, complexly folded ridges (Fig. 1).
The focus of this paper is an area of outcrop
south of Lake Ouachita in eastern Montgomery
and western Garland Counties. Here, the
formation is well-exposed, relatively contin-
uous, and its structure comparatively simple,
consisting of two sets of easterly plunging,
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macroscopic folds separated by linear, north-
east and east-trending ridges. The area of
investigation is about 14.5 miles (23.2 km)
long and is, in part, bounded on the north by
a sequence of structurally complex Lower
Ordovician rocks mapped by Soustek (1979).
The western edge of the study area coincides
with the boundary of the Bonnerdale 7.5
minute quadrangle west of Little Mazarn
Mountain in Sec. 18, T. 3 S., R. 23 W. The
eastern limit is the eastern edge of Sec. 20,



Hot Springs

s o
-t ) >
=~ Norman_ [~ Crystal Springs

Black Spflngou

Figure 1. Generalized geologic map of the Benton Uplift and adjacent parts of Arkansas, show-
ing the location of the area covered in this paper. The solid line represents the approxi-
mate outcrop limits of the Arkansas Novaculite (Devonian-Mississippian) and defines
the boundaries of the Benton Uplift. Major outcrops of the Blakely Sandstone are
shown in black. After Haley and others, 1976,

T. 2 S, R. 21 W. in the Crystal Springs 7.5 units south of Lake Ouachita is limited to
minute quadrangle. Within this area (Fig. 2) studies by Brieva (1963) and Buthman
we have mapped the Blakely Sandstone and (1982a, 1982b, 1982c), although Pitt and

adjacent parts of the conformably underlying others (1961) included these formations in
Mazarn Shale (Lower Ordovician) and the their broader-scale paper on the rocks of the
conformably overlying Womble Shale (Middle Ouachita core. Buthman’s (1982a) investiga-
Ordovician). tion included the area between Black Springs

(Fig. 2) and the western boundary of Little
Miser and Purdue (1929, p. 25, 26, 29) Mazarn Mountain. It should be considered a
have outlined the early work that resulted in comparison study to Stolarz (1982), upon
recognition of the Blakely Sandstone as a which this paper is based.
distinct unit and led to a major revision of the
stratigraphy of Lower Paleozoic rocks in the

Arkansas Ouachitas. More recently, extensive DISCUSSION OF MAJOR

mapping of the Benton Uplift and adjacent STRATIGRAPHIC UNITS

areas has been conducted by personnel of the

Arkansas Geological Commission and the All rocks exposed in the study area are
United States Geological Survey (Stone and Lower to Middle Ordovician sedimentary rocks
others, 1973; Haley and others, 1976; Arkan- (Fig. 3) with the exception of minor occur-
sas Geological Commission, 1977). Detailed rences of vein quartz of probable Pennsylvan-
work on the Blakely Sandstone and adjacent ian age (Miser, 1959) and a thin lampro-
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Geologic map of the Blakely Sandstone and adjacent formations in eastern
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Montgomery and western Garland Counties.

and Haley and others (1976).

Figure 2.



AGE ROCK UNIT and map symbol K
Atoka Formation Pa 27,000
Pennsylvanian Johns Valley Shale Piv 1500
Jackfork Sandstone PJ 6000
Mississippian Stanley Shale Ms 8500
Devonian Arkansas Novaculilte MDa 950
Missouri Mountain Shale Smm 250
Silurian Blaylock Sandstone Sb 1500
Polk Creek Shale Opc 175
Bigfork Chert Obf 800
wWomble Shale ow 3500
Blakely Sandstone Oby 700
Ordovician Mazarn Shale om 1100
Crystal Mountain oOcm 850
Sandstone .
Collier Shale Oc 1000+
Figure 3. Paleozoic stratigraphic column for the

Ouachita Mountains. Modified from Stone, Haley,
and Viele (1973).

phyre sill probably intruded during early Late
Cretaceous time (Stone and others, 1981).

Mazarn Shale

The Mazarn Shale underlies the Blakely
Sandstone and overlies the Crystal Mountain
Sandstone along conformable, gradational
contacts. |t comprises about 1,100 feet (335
m) of dark, locally banded shale with minor
amounts of interbedded sandstone, siltstone
and limestone. Where present, the banding is
caused by alternating layers of black and
gray-green shale, typically less than 1 inch
(25 cm) to 3 inches (7.6 cm) thick. Thin
section analysis of the layering indicates that
the black layers contain more silt-size detrital
quartz and more siltstone laminations than
the green. Although common in the Mazarn,
banded shales also occur in the Blakely and
Womble Shale (Miser and Purdue, 1929, Plate
6A) which limits their use as a stratigraphic
indicator.

Zones up to several feet thick containing
thin (1 - 4 inches), cross-laminated, gray silt-
stones interlayered with shales are common in
the upper parts of the Mazarn Shale (Fig. 4).

Mazarn limestones are micritic and partially
recrystallized, black when fresh, and weather
to dark blue or steel-gray. They are lensoidal to
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Figure 4. Small-scale crossbeds, resembling climbing
ripples, in a thin siltstone layer, upper Mazarn Shale.
Pencil for scale.

evenly bedded and range in thickness from less
than 1 inch (2.5 cm) to 6 inches (15 cm). The
limestone beds are interlayered with black
calcareous shales up to several inches thick and
with yellow-brown calcareous siltstones that
average less than 1 inch (2.5 cm) thick. The
limestones typically lack sedimentary struc-
tures but occasionally contain small-scale
trough crossbeds in erosion resistant zones near
the middle and upper parts of the formation.

Sandstones can be found throughout the
Mazarn Shale. They are very fine to medium
grained, gray to tan, and locally weather to a
reddish-brown. Most beds are less than 6 inches
(15 cm) thick, but occasionally reach 10 feet
(3 m) in thickness. Typical contacts with the
surrounding shales and siltstones are sharp.
Thicker sandstone beds are massive and not
laterally extensive. The thinner beds locally
show parallel laminations, small-scale cross-
beds, and sole marks such as flute and groove
casts.

Blakely Sandstone

The principal reference section of the
Blakely Sandstone is located at Blakely Moun-
tain Dam 12 miles northeast of Hot Springs,
Arkansas. The formation overlies the Mazarn



Shale and is overlain by the Womble Shale
along a gradational contact.

According to various workers (Miser and
Purdue, 1929; Pitt and others, 1961, Sommer,
1971, Stone, Haley, and Viele, 1973) the thick-
ness of the Blakely Sandstone is 450 to 700
feet (137 to 214 m). The senior author measur-
ed one complete stratigraphic section through
the formation along Walnut Creek in the SW%,
Sec. 32, T. 2 S., R. 22 W. and one partial sec-
tion in the center of the NW%, SW%, Sec. 20,
T. 2 S.,, R. 21 W,, finding thicknesses of
approximately 720 feet (220 m) and 510 feet
(156 m), respectively (Fig. 5, sections A and
C). A second partial stratigraphic section 67
feet (20 m) thick from the upper Blakely Sand-
stone has been measured in the E',, NE%, SE%,
Sec. 17, T. 3 S., R. 23 W. (Fig. 5, section B).

Figures 5 and 6 indicate that sandstones are
most abundant near the base and top of the
formation, a fact noted by Miser and Purdue
(1929, p. 29 and 30) and implicit in Buthman'’s
(1982b) Figure 10. The presence of these
sandstone-rich zones separated by a thick
section of shale produces the ‘“‘double hog-
back’ ridge noticeable in several parts of the
map area. For purposes of discussion we will
refer to these zones informally as the lower
sandstone, middle shale, and upper sandstone
divisions.

The lower sandstone division is composed
of thick beds of massive sandstone interbedded
with shale and siltstone (Fig. 5). The division
can reach thicknesses of about 150 feet (46 m)
but is typically much thinner. Throughout the
map area, the lower sandstone division is found
to pinch out laterally and reappear, possibly
due to depositional processes. When present at
a low angle of dip, the lower division forms one
of the double hogbacks of the Blakely ridge.

The middle shale division is composed pre-
dominantly of shale and siltstone with several
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sandstone units of variable thickness (up to 6
feet or 2 m) scattered throughout (Fig. 5). This
division varies in thickness from 250 to 450
feet (76 to 137 m) and is found over the entire
map area (Fig. 6).

The upper sandstone division is about 200
feet (60 m) thick and is the principal ridge
former. This division consists of thick, massive
sandstone with some interbedded shale, silt-
stone, and thin sandstone. West of the map
area the upper sandstone division is interpreted
to thin and eventually pinch out (Fig. 6).

The shales of the Blakely Sandstone
comprise 75 to 80 percent of the formation.
The shale occurs in alternating green and black
layers, typically thicker than those of the
Mazarn Shale. Green bands in the Blakely
shales range up to 6 inches (15 cm) thick and
black bands reach thicknesses of 1 to 3 inches
(7.6 cm).

Petrographic study of the Blakely shales
indicates that the black layers contain more
silt-sized detrital quartz than the green layers.
Some black layers also show thinly laminated
layers of silt-sized quartz. Units of black shale
up to tens of feet thick that contain thinly
laminated interbeds of pyritic siltstone can be
found in the middle shale division of the
formation.

Siltstones are commonly found throughout
all three divisions of the Blakely Sandstone
(Fig. 5). The siltstone layers, similar to those in
the Mazarn Shale (Fig. 4), are gray, quartz rich,
up to 3 inches (7.6 cm) thick, and interbed-
ded with shale. Numerous beds display flaser
bedding typically defined by black lamina-
tions within crossbeds. The flaser beds, when
well developed, serve as geopetal indicators.

The sandstones of the Blakely Sandstone
comprise 20 to 25% of the entire formation.
They are most abundant in the upper sand-
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Figure5. Measured sections in the Blakely Sandstone. A) Section along Walnut Creek in the
center of the SW%, Sec. 32, T. 2 S., R. 22 W. B) Partial section from the upper sand-’
stone division, E%, NE%, SE%, Sec. 17, T. 3S., R. 23 W. C) Partial section measured

in the center of the NW%, SW%, Sec. 20, T.2S., R.21 W.
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Figure 6.

Generalized facies diagram showing: inferred lateral variations of sandstone units in

the upper Mazarn Shale and the three informal divisions of the Blakely Sandstone.
Datum is the base of the Blakely Sandstone.

stone division and least abundant in the middle
shale division. Sandstone beds range in thick-
ness from several inches up to 8.0 feet (2.5 m),
but occur in sets up to 27.0 feet (8.2 m) thick
in the upper sandstone division (Fig. 5A). The
majority of the sandstones are well indurated,
silica cemented, gray or black quartzarenites
that locally weather brown and look very much
like metaquartzites. Other sandstones are high-
ly weathered, brown, friable and were inter-
preted to have been originally cemented with
calcite by Miser and Purdue (1929). These two
varieties of sandstone, the silica- and carbonate-
cemented arenites, are very fine to coarse grain-
ed, well sorted, and contain minor amounts of
chert, secondary limonite, pyrite, and quartz
vein fillings. These sandstones are generally
massive, but sedimentary structures such as
parallel laminations and trough and planar
cross bedding are occasionally present.

The Blakely Sandstone also contains
granule to cobbly sedarenites (Folk, 1974).
Granule to pebbly sedarenites can be found
throughout the formation, but cobbly sed-
arenites are restricted to the upper sandstone
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division (Table 1). Clasts of chert, siltstone,
sandstone, and micritic and pelletoidal lime-
stone comprise the coarse and some of the fine
grain size fraction of the sedarenites (Figs.
7c¢ and 7d). The larger clasts are angular, very
elongate, and range up to several inches in
length. Well rounded quartz is the dominant
constituent of the matrix. These rocks are
typically gray or black and weather to brown
or bluish-black. The pebbly sedarentites can
display both normal and inverse graded bed-
ding and parallel alignment of clasts.

Petrography of Selected Sandstones

Nine samples (five from the lower division
and four from the upper division) were collect-
ed from Blakely sandstone beds for detailed
petrographic study. In each sample 100 to 200
grains were identified and measured for size,
roundness and sphericity. The texture, cement
type and quartz: feldspar: lithic fragment ratio
of each rock was also determined and the
results tabulated in Table 1. According to
Folk’s (1974) classification (Fig. 8) the samples
include five quartz arenites, two sublithare-



Crain Size Rock Name
Sise with] QiPiL of (Polk
Bed most Pramework Texture Classification)
Sample | Formation | Thickness| Range grains Grains (%) | Cement Roundness Sphericity
Very fine Rounded Subequant -
190 Lower 7.0° o Mediun 921018 | quartz to to Sublitharenite
coarse angular elongate
0.5° Silt Well rounded Very equant .
1853 | lower to to Pine [96.5:1013.5 | Quarts to to Quartz arenite
1.25 medium subangular Very elongate
Silt Rounded Very equant
18538 I‘?;;" 5.0" to Pine 971112 | Quartz to to Quartz arenite
medium subangular |Very elongate
Very fine Rounded Very equant
18531 "I‘fg;‘ 8.0° to Medium |95.510.5:4 | Quartz to to Quartz arenite
coarse subangular Yery elongate
Very fine Well rounded Very equant .
185332 | UpEeT 3.5 to Medium [97.5:0:2.5 | Quartz to o0 Quartz arenite
coarse angular elongate
Lower Silt to Well rounded Very equant
124A UsD 3.3 very Medium 4910151 Calcite to to Sedarenite
coarse very angular {Very elongate
Middle Very fine Quartz Well rounded Very equant
221 USD 1.7 to Medium 3510165 and to to Sedarenite
pebbles calcite angular Very elongate
Silt Rounded Equant
154 "{;gs" 3.0" to Silt 99.510.510 | Quartz to to Quartz arenite
fine angular Very elongate .
Upper 511t Very fine Rounded Very equant
72 0$D 2.0" to to 94.5:312.5 | Quartz to to Quart:z arenite
medium fine angular elongate

Table 1.

Summary of petrographic analyses of 9 sandstones from the Blakely Sandstone.

LSD = lower sandstone division; USD = upper sandstone division. Sample localities

listed in Stolarz (1981, Appendix 1).

nites and two litharenites (listed as sedarenites
in the table). The photomicrographs in Fig. 7
illustrate the typical textures of two quartz
arenites (Figs. 7a and b) and one sedarenite
(Fig. 7), a litharenite containing sedimentary
rock fragments. Figure 7d shows a large clast of
pelletoidal limestone in a calcareous sandstone
matrix.

Graptolites and Trace Fossils

Black graptolite-bearing shale collected
from the upper part of the middle shale divi-
sion in the center of the NW%, SW%, Sec. 20,
T.28S., R. 21 W. yielded the following identi-
fiable fossils:

Cryptograptus antennarius

Cryptograptus tricornis mut.
insectiforms

Didymograptus cf. D. euodus

Dictyonema ritilineatum

Phyllograptus anna

Phyllograptus nobilus

Tetragraptus cf. T. quadribrachiatus

The age common to all of the above species
and, therefore the age of the upper part of the
middle shale division is lower Middle Ordovic-
ian. This agrees with the age determined by
Berry (1960) and Ketner (1980), but is slightly
younger than that determined by Miser and
Purdue (1929) and Repetski and Ethington
(1977).

A very low diversity assemblage of trace
fossils was found at the tops and bottoms of
some thin sandstone beds. The trace fossils
that could be identified are the horizontal feed-
ing burrows Planolites. Buthman (1982a) has
reported the horizontal feeding burrow
Nereites in a shale sample from the Blakely
Sandstone. These two fossils suggest a Nereites
(bathyal to abyssal) ichnofacies (Frey and
Seilacher, 1980).

Womble Shale

The Womble Shale crops out across the
southern part of the map area in gradational
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Figure 7.

coarse quartz grains and chert fragments; sample 18351, 20X

Photomicrographs of sandstones from the Blakely Sandstone.

a) Quartz arenite

with very fine to medium quartz grains, quartz overgrowths, and strong undulose
extinction; sample 18358, 40X. b) Quartz arenite with well rounded, very fine to

¢} Sedarenite

(litharenite) composed of well rounded quartz grains and angular to rounded micritic
limestone fragments; sample 221, 20X, d) Large clast of pelletoidal limestone cement-
ed with sparry calcite and surrounded by grains of well rounded quartz and micritic
limestone fragments; 20X. All photomicrographs taken under crossed-nichols.

contact with the underlying Blakely Sandstone.
The formation consists of about 3,500 feet
(1067) m) of dark shale with minor amounts of
interbedded sandstone, siltstone and limestone
(Stone and others, 1973).

Although dark shale, typically containing
thinly laminated to thinly bedded gray silt-
stone, is volumetrically dominant, some gray-
green to black banded shale is present toward
the lower parts of the formation (Miser and
Purdue, 1929). Banded shales are not as
abundant in the Womble as they are in the
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Mazarn and Blakely Formations.

Sandstone beds can be found throughout
the Womble but appear to be concentrated
near the base of the formation. They are typi-
cally gray, quartz-rich, very fine to medium
grained, thin to medium bedded, and locally
lensoidal.

Black, micritic, siliceous, thin to thick
bedded, locally ienticular limestones inter-
layered with black, calcareous shales are
concentrated in the upper 60 to 80 feet (18 to
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Figure 8. Ternary diagram of sandstone composi-
tions from the Blakely Sandstone. Classification
after Folk (1974).

25 m) of the Womble Shale. Carbonate beds of
similar composition occur sporadically in the
lower parts of the formation in which shale is
the volumetrically dominant rock type.

Based on their analysis of conodont and
graptolite assemblages, Repetski and Ethington
(1977) assigned a Lower to Middle Ordovician
age to the Womble Shale. Berry (1960) and
Ketner (1980) have suggested that the age of
the Womble is Middle Ordovician. The latter
determination better supports our suggestion
of a lower Middle Ordovician age for the
Blakely Sandstone.

ENVIRONMENTS OF DEPOSITION

Two distinct environments have been
suggested for the deposition of the Blakely
Sandstone. Various workers (Miser and Purdue,
1929), (Brieva, 1963; Davies and Williamson,
1976 and 1977) have interpreted the forma-
tion to be a shallow water marine deposit.
Specifically, Davies and Williamson suggested
that the rocks were deposited as sublittoral
sheet sandstones on a shallow marine shelf. In
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contrast, other workers (Haley and Stone,
1973; Keller and Cebull, 1973; Morris, 1974)
determined the Blakely Sandstone to consist
of proximal turbidites or watery slides deposit-
ed on an unstable slope in deeper water.

Davies and Williamson (1976) state that the
saridstone beds do not show abundant sedi-
mentary characteristics indicative of turbidity
currents, fludized sediment flows, or grain
flows citing the low percentage of graded beds
and Bouma sequences and the abundance of
sharp upper surfaces on individual beds. They
also indicate that the Ordovician sediments of
the Ouachita Mountains may have been deposi-
ted some 310 miles south of the northern
paleoshoreline of the Ouachita trough. For this
reason, they suggest that the Blakely Sandstone
must have had a southern source and a paleo-
shoreline that lay south to southwest of the
present Ouachita Mountains.

Morris (1974) did not cite detailed sedi-
mentological evidence for a depositional
environment but indicated that parts of the
Blakely Sandstone very closely match Walker’s
(1967) description of proximal turbidites and,
therefore, probably have a similar origin.
Morris (1974) also stated that the source of
the Ordovician sediments was the cration to
the north of the Ouachita trough.

We have considered both depositional
models and tend to favor a deep water turbi-
dite and submarine fan model for the follow-
ing reasons:

1. Paleocurrent data. Figure 9 is a rose
diagram and geologic map showing the dis-
tribution of paleocurrent directions in the
Mazarn Shale and Blakely Sandstone after
the beds were rotated to a horizontal and
stratigraphically upright position. The
paleocurrents trend from southeast to
southwest and suggest a northern source
and/or southward transport for the sedi-
ments. These data favor Morris’ (1974)



Figure 9. Areal distribution of paleocurrent direc-
tions from flute casts and forset crossbeds in the
Mazarn and Blakely Formations.

northern sediment source and turbidite
depositional model over those that require
a southern sediment source (also see
Buthman, 1982, Figs. 7 and 8).

2. Sole marks. Some thin-to-medium
bedded sandstones in the map area contain
sole marks such as flute and groove casts.
Selley (1976) stated that such sole marks
are characteristic of, but not restricted to,
turbidite facies.

3. Presence of possible partial Bouma
sequence divisions. Many of the thin-
bedded sandstones and siltstones in the
map area display parallel laminations
and/or ripple crossbeds possibly represent-
ing divisions B and C of a Bouma sequence
(Fig. 4) in distal turbidites. Some beds
show a vertical change from parallel lamina-
tions to micro-cross laminations and
rippled beds.

The thicker, massive sandstones of the
Mazarn and Blakely Formations may
represent division A (massive and graded
sandstone beds) of a Bouma sequence,
based on the occasional presence of graded
subunits and load casts. These rocks may
have been deposited as proximal turbidites,
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and the sharp upper contacts of numerous
sandstone beds couid be attributed to
winnowing by bottom currents.

4. Presence of possible grain-flow and
debris-flow deposits. Rocks interpreted as
grain-flow and debris flow deposits
(Middleton and Hampton, 1976) have been
found at several locations in the map area,
particularly in the upper sandstone division
of the Blakely Sandstone. These rocks may
represent gravity induced sediment flows
down a submarine canyon or other paleo-
slope.

5. Facies variations. Figure 6 shows the
inferred lateral and vertical facies variations
of the major sandstone units in the upper
Mazarn Shale and Blakely Sandstone. This
figure is an east-west cross section looking
north at an oblique angle towards the
suggested paleoslope of the Ouachita
trough. The facies variation depicted could
be the result of coalescing and overlapping
submarine fans or turbidite deposits.

6. Trace Fossils. The trace fossil Nereites
found by Buthman (1982a) indicates a
deep-water Nereites ichnofacies (Frey and
Seilacher, 1980).
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THE UPPER JACKFORK SECTION, MILE POST 81, 1-30

ARKADELPHIA, ARKANSAS

Denise M. Stone1, David N. Lumsden

By

2

Charles G. Stone3

INTRODUCTION

A readily accessible 440 foot section of the
upper Jackfork Sandstone crops out along
Interstate 30 near Arkadelphia, Arkansas. This
section is frequently visited by geology field
trip groups because it is an excellent example
of a Ouachita facies turbidite sequence. Despite
its renoun, it has never been described in detail.

This study presents a measured strati-
graphic section of this exposure, and an inter-
pretation and discussion of its depositional
environment. The section is subdivided by the
megascopic appearance of rock type, grain size,
sedimentary structures, vertical distribution of
bed thicknesses and cyclicity. Based on these
sedimentary attributes subdivisions are then
assigned to an appropriate submarine fan
subenvironment.

The outcrop is on the west side of Inter-
state 30 between Exit 83 (Friendship) and Exit
78 (Arkadelphia, Hot Springs) at the Mile Post
81 marker point (Fig. 1). Although there is an
exposure on the opposite side of the interstate,
it has less section and is not described here.
The outcrop, hereafter called ''Mile Post 81", is
part of the “Friendship Section”, a term used
among local geologists.

1. Present address: Superior Qil Company, P. O. Box 4552,

Houston, Texas 77210.

Department of Geology, Memphis State University,
Memphis, Tennessee 38152,

Arkansas Geological Commission, 3816 West Roosevelt
Road, Little Rock, Arkansas 72204,

2.
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This section has received special attention
in recent years by the Shell Development
Company and more recently other companies
in their training research programs studying
deep-water clastic deposits. This led to a report
in 1975 by Thomson and LeBlanc who first
briefly described submarine fan channels
(5 distinct) at the Mile Post 81 section.

The Jackfork Sandstone is Pennsylvanian in
age (Miser, 1934 and Gordon and Stone,
1977). It overlies the Mississippian age Stanley
Shale and is overlain by the Pennsylvanian age
Johns Valley Shale (Fig. 2a). The Jackfork
forms a portion of a thick sequence of Carbon-
iferous age clastic sediments that was deposited
as a shelf to siope complex in the Ouachita
Trough and environs (Fig. 2b). Cline (1960),
Walthall (1967), Morris (1971a, 1971b, 1974a,
1974b, 1977a, 1977b), Chamberlain (1971),
Thomson and LeBlanc (1973), Graham et al.
(1976), Lock (1979), Stone et al. (1981), and
many others have established that the Ouachita
facies represent deep marine continental slope
rise sediments deposited largely by submarine
fan processes.

GEOLOGY OF THE SECTION

The Mile Post 81 section has a true vertical
thickness of 440 feet. It dips 43 degrees to the
south and strikes N78E. The entire section is in
the upper Jackfork Sandstone, although
neither top nor bottom formation contacts are
present at this exposure. Boyd Haley (personal
communication) indicates that this section lies
stratigraphically 700 feet above the DeGray
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Dam Spillway section located 10 miles to the
west, and 500--600 feet below the Johns
Valley Shale.

A measured columnar section of the Mile
Post 81 outcrop is presented in Figure 3. Two
lithologies dominate the section, dark gray to
blue-gray shales and buff to light brown sand-
stones. Measurement started at the north-
eastern end of the outcrop at the base of a
thick massive bed of conglomeratic sandstone
that contains abundant shale clasts towards the
top. This begins what we have interpreted to be
9 submarine fan channels and one depositional
lobe. Each fan channel is composed of at least
two of the following stratigraphic subdivisions,
active channel fill, partially abandoned channel
fill, and abandoned channel fill. This interpre-
tation was made following a close examination
of lithology, vertical distribution of bed thick-
nesses, and sedimentary features. The latter
allowed an evaluation of the relative energy
of the depositional environment.

The top of the measured section is to the
southwest and is marked by prominent reddish
breccia along a fault plane. Approximately
50 ft. (15 m) of somewhat distorted sand-
stones and shales are present above this fault.
Two intermittent springs are also present, one
at 130 ft. (40 m) and a second at 315 ft.
(96 m) above the base. Six reverse faults are

observed but these appear to be of local extent.
Two prominent joint sets are perpendicular to
bedding and form a diamond pattern on
exposed bedding surfaces.

RECOGNITION OF ENVIRONMENTS

The character and vertical variation of
lithologies at Mile Post 81 is readily interpret-
able using Walker's (1978) model (Fig. 2c).
This model combines the pioneer work of
Bouma (1962) with recent stratigraphic studies
of Mutti (1974) and Ricci Lucchi (1975) and
the work on modern depositional systems such
as that of Normark (1978). The importance of
this model in stratigraphic studies is illustrated
by the work of Wilde et al. (1978). Steeply
sloping submarine canyons are incised into the
slope-shelf adjacent to the area of submarine-
fan deposition and are floored with slumped
debris flow deposits. Sediment charged
currents that spasmodically surge out of these
canyons initially erode the underlying soft
sediments and then, as their energy wanes,
deposit a sequence of sediments whose grain
size and sedimentary structures depend on
where in the fan the sediments ultimately
come to rest. The lateral pattern illustrated in
Figure 2c migrates with time, building the fan
upwards and forming a vertical succession of
facies that can be used to interpret which

e

Figure 2.

A. Carboniferous stratigraphy of the central Arkansas area. Only the upper portion

of the Arkansas Novaculite is represented. No vertical scale. After Gordon and
Stone (1977).

Idealized map showing regional depositional patterns in the Jackfork Sandstone
(without significant paleogeographic reconstruction). The position marked 81 is
the approximate location of the Mile Post 81 section, i. e. on the mid-fan close to
the inner (upper) fan. The location marked BR is the approximate position of the
Big Rock Quarry location, another frequently visited fan area. Revised by Stone
et al. (1981) from M. T. Roberts, CITGO Field Guide (1980).

A schematic model for submarine fan deposition showing the lateral and vertical
facies distribution (Walker, 1978). The probable position of the Mile Post 81
location is inside the marked box, i. e. in the area of suprafan deposition on the
mid-fan area.
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portion of the fan occupied the outcrop
location at a particular time.

Each submarine fan channel may be
generally described as a fining upward sequence
of interbedded sandstone and shale. Active
channel fill which occupies the base of each fan
channel is characterized by thick massive sand-
stone units containing sedimentary features
indicative of high energy turbidity flow. From
the base toward the top of each fan channel
the massive sandstone units thin and become
interbedded with siltstone and shale. These
interbedded deposits, the accumulation of
partially abandoned channel fill, reflect a
decrease in the sand carrying capacity of the
currents and an increase in the amount of silt
and clay material supplied to the environment.
Finally, the uppermost portion of the fan
channel is the abandoned channel fill. It is
recognized by thick accumulations of fissile
shale with thin siltstone and iron carbonate
layers. Thick turbidite sandstones are virtually
absent in this portion of the fan.

Within the active channel fill individual
sandstone beds with sharp upper and lower
contacts are commonly stacked in thicknesses
of 20-30 ft. *6—9 m) (e. g. at 55 to 75 ft.,
175 to 195 ft., 265 to 275 ft.) (Figs. 3 and 4).
Bedding is typically planar, but may have
considerable relief (Fig. 5). This relief (e. g.
at 62 ft.) is most likely due to scour, indicat-
ing that each sand bed was deposited by a
single advancing current. lrregular ripples
(at 265 ft. and 365 ft.) and large enigmatic
“bowl! structures’” (at 295 ft. and 365 ft.)
are also present.

High energy erosional features at litho-
logic contacts and or bedding planes are labeled
reactivation surfaces (Fig. 3). These surfaces
are evidence of a sudden change in the erosion-
al and/or depositional power of the turbidity
current. Deposition was in a sense ‘‘reactiva-
ted’”’ from nonexistence or a slower rate by the
introduction of one advancing current. This
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sudden surge of suspended sediment eroded
a fine undisturbed substrate, leaving scour
marks to be quickly filled by new material.
The lateral extent of each reactivation surface,
although unseen, directly corresponds with the
lateral extent of each turbidity current.

Although shale beds are rather sparse in
accumulations of active channel fill, some
sandstone beds do contain large shale clasts.
These are clasts of partially consolidated shale
substrate that were ripped up, transported and
eventually redeposited within the body of the
current transported sediment. During transport
they acquired their roundness and present
shape. At the Mile Post 81 exposure (at 20, 70
and 90 ft.) many shale clasts themselves
have been removed by weathering and erosion,
and only molds remain (Figs. 5 and 6). They
are typically located toward the top of a
sandstone bed and are up to 6 inches in
diameter.

Also occurring above some of these sand-
stones and grading upward into the shales are
rather numerous intervals of chaotic sand-
stone and shale often with carbonized plant
fragments that are considered of debris flow
origin. These beds are called ‘‘blue beds”
for their characteristic fresh color, but
upon weathering they become light brown.

Sandstones of the active and partially
abandoned channel fill are medium to fine
grain, moderately sorted sublitharenites. They
form approximately 58% of the Mile Post 81
section. Petrographic analysis of selected
samples reveals that the sandstone composition
averages 86% grains, 4% matrix, 4% quartz
cement and 6% spores. Grain composition
averages 92% quartz with minor amounts
of both rock fragments and muscovite mica.
Feldspar is noticeably absent in the thin
sections examined.

The number and thickness of shale beds
noticeably increases in the upper portion of
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A detailed columnar section with interpretation of submarine-fan depositional environments of the Mile
Post 81 section. The labeled subsequences represent subjective interpretations of the pattern of vertical
variation in the sandstone/shale ratio and are intended as guides to interpretation, not as formal uni

Figure 3.

Iscussion.

designations. See text forad
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continued.

Figure 3.



Figure 4.

Figure 5.

A sandstone ““packet’” 52 to 75 ft (16 to 23 m) above the base of the section. Note the
absence of shale, the rather massive bedding, lack of internal sedimentary features, and
sharp, undulatory contacts between adjacent beds.

Undulatory relief on the contacts between sandstone beds. In this case both the top
and bottom contacts have relief of up to 4 inches (10 cm). The mold of a large shale
clast is to the left, a partial mold still containing most of a shale clast is at the end of
the hammer handle, Hlustration of a unit 73 ft (22 m) above the base of the measured

section.
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Figure 6. Shale clast molds on the upper surface of a
sandstone bed 67 ft (20 M) above the base of the
section,

each submarine fan channel. These fine grained
quartz rich shales form 42% of the measured
section. They can be broadly divided into two
groups; 1) thin bedded shales and 2) thick
intervals of fissile shales. Differences between
the two are based on sedimentary features,
thickness, bedding and grain size.

Thin bedded shales occur as the upper
portions of graded beds. More specifically,
1 to 2 ft. thick dark gray beds fine upwards.
from sandstone to silty shale to thin bedded
shale. Deposits of partially abandoned channel
fill are identified by these graded beds. Some
exhibit partial Bouma sequences (Boumag,
1962), with A, B, C, and D divisions developed
(Figs. 8 and 9). The base of the sandstones are
typically in sharp contact with the subjacent
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Figure 7. Ternary diagrams of the grain composition
of sandstones in the upper Jackfork Sandstone at
Mile Fost 81 and the nearby location at the DeGray
Dam Spillway. Only the upper portion of the tri-
angles are shown, Mica forms the left pole rather than
the customary feldspar. Plus signs mark samples that
have 10% matrix. Although the overall composition
at- the two locations is similar, the differences in
average composition suggest a somewhat different
source.

shales and often exhibit sole marks. These
sole marks are much smaller in size however
than those of the active channel. Cross lamina-
tions are also present but diminish as each
bed fines upward. Current and interference
ripple marks may be seen where bedding planes
of silty shale are exposed (Fig. 10).

The graded beds were deposited by weaker
turbidity currents or those with a lower veloc-
ity and sand carrying capacity than their active
channel counterparts. Sandstones in the partial-
ly abandoned channel of each fan are therefore
finer grained and thinner than those of the
active channel. Waning turbidity currents with
a large suspended silt and clay volume thus
produced the graded bedding.

The second group; dark gray fissile shales
are found in continuous thicknesses of ten feet
or more {e, g. 100—140 ft.). These shales are
easily recognized because they weather to
splinters which form large accumulations of
talus at the base of each exposure. Interbeds of
slightly more resistant siltstone and siderite
are common. A low energy marine environ-
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Figure 8. Sandstones interbedded with silty shales at 200 ft (61 m) above the base of
the measured section. Noteworthy are the sharp contacts between the sandstones, the
interbedded silty shales, and the disrupted appearance of the silty shales.

Figure 9. A sandstone layer fining and becoming ripple marked upward at 188 ft (57 m) above
the base of the measured section,
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Figure 10. The upper surface of a sandstone bedding plane marked by large interference ripple
marks. This unit is 209 ft (64 m) above the base of the section. Jointing has resulted

in a rectangular edge to the bed.

ment relatively out of the path of turbidity
current flow is believed to be the site of deposi-
tion for these thick shales. Very slow hemi-
pelagic sedimentation over a long period was
responsible for much of their accumulation.

Between 320 and 330 ft. an interval of
coarsening upward sediment is present. Thick,
dark shales are interrupted by several thicken-
ing upward sand layers. We have assumed this
thickening pattern is that of an anomalous
depositional lobe.

SUBMARINE FAN DEPOSITION

Based on this examination of the Jackfork
Sandstone at Mile Post 81 we find that channel
sedimentation has occurred in 9 cycles, and
each cycle can be interpreted in terms of fan
processes. Each identified submarine fan
channel preserves a progression from high
energy to low energy deposition and a sedi-
ment record of vertical aggradation within each
channel. Thus, the relative amount of turbidity
current energy has controlled not only the
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distribution of coarse and fine grain sediment,
but the vertical succession of thick and thin
beds within each channel.

Coarse grain deposition took place in the
active channel over the flow paths of the
turbidity currents. Thick massive sandstone
was deposited with each successive current.
The lateral continuity of each bed was con-
trolled by the width and bottom tdpography of
the channel while the volume of sand entrained
by the turbidity flow was responsible for the
variation of resultant layer thicknesses. Other
variables such as channel slope, frequency of
turbidity currents and proximity to current
source also influenced the final stratigraphy
produced.

Each submarine fan channel may be con-
sidered analagous to a subaerial distributary
channel of a delta. As sediment fills each
distributary channel, the channel gradually
loses efficiency as a sediment conduit and
avulsion or channel switching takes place up-
slope. Turbidity currents follow a more effic-
ient flow path and the original channel is



abandoned. Each submarine fan channel at
Mile Post 81 has experienced this same history
of vertical aggradation, avulsion and final
abandonment. In the stage of final abandon-
ment the channel is no longer in the main
flow path of the turbidity currents. Locally
suspended fines and pelagic material, possibly
from nearby currents, accumulate without
interruption for an unknown amount pf time.
Then, given the right conditions, the abandon-
ed channel is reactivated or a new channel is
formed and the cycle is repeated. As mention-
ed the new cycle is marked by a reactivation
surface or a surface of erosional scour and an
abrupt change from thick shale beds to coarse
massive sandstones,

As seen in channels 1, 3, 4, and 5 (Fig. 3)
abandoned channel fill sections are absent
and the active channel massive sandstones rest
directly on partially abandoned channel fill.
This may be caused by either simple non-
deposition or powerful erosion of the abandon-
ed channel fill shales by the reactivating
turbidity current. In either case this points
out that the abandoned channel fill is not a
standard component of the system and there
is no ideal sedimentary cycle expected in sub-
marine fan channel deposits. Although fining
and thinning upward is expected, each channel
will vary according to numerous geologic
factors external to the environment of deposi-
tion. Trends in bed thickness, grain size, sedi-
mentary structures, etc. are recognizable
however, and allow us to find order and mean-
ing in the section.

We assume that the interval between fan
channels 6 and 7 is that of a depositonal lobe.
Several thickening and coarsening upward sand
layers within. this interval do not follow the
same cycle of channel deposition observed in
the rest of the section. As defined by Mutti and
Ghibaudo (1972) depositional lobes are broad
lenticular non-channelized sandstone bodies
enclosed by thinbedded shale fringe deposits.
They also commonly occur as thickening up-

" ward cycles superimposed on channel deposits.
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Since only one such anomalous interval was
observed at Mile Post 81, admittedly there may
be some debate as to its origin.

The Mile Post 81 section is a vertical record
of lateral channel migration across the surface
of a submarine fan. Figure 2c from Walker
(1978) presents a schematic diagram of the
lateral distribution of environments of a sub-
marine fan, implying no relative scale. After
studying the sedimentary section at Mile Post
81 in relation to these facies association
presented by Walker (1978), we believe that
the 9 submarine fan channels and one deposi-
tional lobe most probably were deposited in
the mid-fan, possibly suprafan lobe, environ-
ment. Both the fining and thinning upward of
sand and shale beds throughout the section are
consistent with Walker’s mid-fan facies associa-
tion. Also, the upper portion of the mid-fan
is where distributaries begin forming from the
upper-fan feeder channel. This is a most likely
location for channel switching to take place,
ultimately triggering lateral channel migration
and renewed deposition over abandoned
channels downslope.

SUMMARY

A 440 foot stratigraphic section of the
Pennsylvanian  Jackfork  Sandstone near
Arkadelphia, Arkansas was measured and
described. This section is an excellent example
of a QOuachita facies turbidite sequence. We
find the section to be composed of 9 sub-
marine fan channels and one depositional
lobe. Each channel is subdivided into at least
two of the following stratigraphic subdivisions:
active channel fill, partially abandoned channel
fill, and abandoned channel fill, and each may
be simply described as a fining upward
sequence of interbedded sandstone and shale.
Within each channel the sedimentary units fine
and thin upward indicating a progression from
high energy, high sand volume to low energy,
low sand volume turbidity currents moving



through the area. Deposition within each
channel continued until the channel could
no longer serve as an efficient sediment con-
duit. Channel switching then took place up-
slope and the original channel was abandoned.

The Mile Post 81 section is a vertical record
of lateral channel migration across the surface
of a submarine fan. According to the lateral
distribution of submarine fan environments
presented by Walker (1978), we believe the
section at Mile Post 81 was deposited in a
suprafan lobe environment of the mid-fan.
Deposition in this mid-fan environment has
occurred in 9 observable cycles, each represent-
ing one submarine fan channel and each sharing
common sedimentary attributes of lithology,
patterns of bed thickness, and sedimentary
features.
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ABSTRACT

Reconnaissance mapping of structural elements in the western Mazarn Basin between
Bonnerdale and Hopper, Arkansas, confirms north and northwest verging thrust faults as the
dominant structural features. Imbricate slices of Arkansas Novaculite, Stanley Shale and
Jackfork Sandstone were transported northward during the thrusting phase. Relatively early
syntectonic mesoscopic folds have been redeformed by later macroscopic folding. Rare south-
ward verging disharmonic folds are probably pretectonic in origin, having formed during
syndepositional slumping. Cleavage is local and poorly developed. Geometrically regular
fracture sets probably formed relatively late in the structural history of the region. A genetic
relationship between fracture formation and macroscopic folding appears to be mechanically
feasible for the western part of the area but invalid farther to the east.

INTRODUCTION

The Mazarn Basin is an elongate, east-west
trending intermontane valley bounded on all
sides by the folded and thrust faulted ridges of
Arkansas Novaculite (Devonian/Mississippian)
that comprise the ranges of the southern
Benton Uplift in Arkansas (Fig. 1, inset). Most
of the valley is floored by deformed flysch-
like sedimentary rocks of the Stanley Shale
(Mississippian). Rocks of the Jackfork Sand-
stone (Pennsylvanian) and Arkansas Novaculite
are exposed along Mazarn Ridge and Pigeon
Roost Mountain, respectively, in the central
and west-central parts of the valley. The
basin has been recognized as a complex
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syncline (Miser and Purdue, 1929) or synclinor-
ium (Viele, 1974).

Traditionally, the Arkansas Ouachitas have
been divided into three tectonic subprovinces:
the Frontal Ouachitas (Frontal Zone), Benton
Uplift, and Southern QOuachitas or Athens
Plateau. Haley and Stone (1982) have recently
proposed new divisions (tectonic belts) based
on their identification of seven distinct, intern-
ally deformed thrust plates. The thrust fault
that defines the boundary between their
Mt. Ida and Hopper Belts trends across the
northern part of the area described in this
paper, and we have informally designated it
the Hopper Thrust (Fig. 1).
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Generalized geologic map of part of the western Mazarn Basin showing areas mapped
by Evansin (left) and Ragan (right). Linear dot pattern shows thrust faults from Haley

and others (1976).

Figure 1.

Inset: location of study area in shaded pattern,
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This paper presents data and preliminary
structural interpretations from part of the
western Mazarn Basin between the villages of
Bonnerdale and Hopper, comprising parts of
the Norman, Caddo Gap, Bonnerdale, Lodi,
Glenwood, and Amity, Arkansas, U.S.G.S.
7.5 minute quadrangles. The data originated
during separate mapping projects conducted
by D. P. Evansin and V. S. Ragan in 1975
and 1976. The individual map areas are
shown in Figure 1.

Observations and measurements from the
South Fork Valley, Fivemile Creek and associa-
ted areas were extracted from Evansin’s (1976)
thesis and from his field notes. Structural data
from the Pigeon Roost Mountain area were
taken from the draft text and preliminary
geologic map of an uncompleted thesis by
Ragan. Interpretations of the structural geol-
ogy have been taken in part from the above
sources and are, in part, the results of addition-
al analysis and re-evaluation of the data.

SOUTH FORK VALLEY
AND ASSOCIATED AREAS (Evansin)

The South Fork of the Caddo River drains
‘the narrow, western extremity of the Mazarn
Basin between the merging ridges of the Caddo
and Cossatot Ranges (Fig. 1). A second tribu-
tary, Fivemile Creek, drains an area east of
the Caddo River at about the same latitude.
Evansin (1976) mapped the Stanley Shale in
both drainages as part of his larger study of
the geology between the eastern Cossatot and
southern Caddo Mountains. He referred to
the areas on both sides of the Caddo River
(including the Fivemile Creek drainage) as
the South Fork Valley. We will use that term
only for areas west of the Caddo River.
Discussion in this paper will be limited to
Evansin’s work on the Stanley Shale in the
Mazarn Basin and on local outcrops of that
unit in the Cossatot Range. The results of
his work in the Caddo Mountains have been
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reported elsewhere (Zimmerman and Evansin,
1982; Zimmerman, Roeder, Morris and
Evansin, 1982).

Thrust Faults

Thrust faults are the dominant macroscopic
structures in the western Mazarn Basin. Haley
and others (1976) have mapped the traces of
nine thrusts between Glenwood and Caddo
Gap (Fig. 1), including that of the Hopper
Thrust which Haley and Stone (1982) consider
to be a structure of regional significance.
These faults are difficult to observe in the
field, particularly in areas where a single,
monotonously interbedded unit such as the
Stanley Shale has been imbricated. For most
part, thrust faults have been mapped from air
photos with subsequent field checks. Stone and
Haley (personal communication) have noted
concentrations of quartz, calcite and/or dickite
filled fractures in close proximity to known
or suspected faults.

Evansin (1976) mapped a single thrust
zone in the vicinity of the Bird and Son quarry,
north of Fivemile Creek (Fig. 2). A number
of thrust slices ranging from abgut 5 to 20 feet
(1.5 to 6 m) thick are exposed in the quarry.
Fault planes strike WNW and dip southward
between 55° and 70°. Slip surfaces are locally
slickensided, indicating northward overthrust-
ing where the sense of transport can be deter-
mined, and are associated with north verging
drag folds (Evansin, 1976, Plates Il and IV).
Southward steepening of thrust surfaces in
the quarry suggests folding of the faults on a
larger scale. This sense of rotation (clockwise,
looking east) is compatible with the rotation of
structures noted by Zimmerman and Evansin
(1982) at Caddo Gap, some 2.5 miles (4 km)
to the northwest, and has long been considered
an important element of structural style in
much of the southern Benton Uplift.



Arkansas Novacuyllite
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Figure 2.

Generalized geologic map of the South Fork Valley, Fivemile Creek and adjacent areas
in the Cossatot and Caddo Mountains; modified from Evansin (1976, Plates VIl and

V).
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Figure 3.
Fork Valley,

Lower hemisphere, equal-area projections of poles to bedding planes from: a) South
b) Fivemile Creek area,

c) Stanley Shale outcrops in the Cossatot

Range, and d) Sweetwater Creek area. n = number of poles; inverted triangles (dels)
= eigenvectors; § = statistical fold (zone) axis.

There is no evidence that the high thrust
density observed at the Bird and Son quarry
is typical of the western Mazarn Basin as a
whole, and it is probable that the quarry is
located in a specific thrust zone. Nonetheless,

our observations of the overall deformation

between Glenwood and Caddo Gap suggest
that Haley and others (1976) have not over-
estimated the number of faults in that area.

Bedding Attitudes

Bedding typically strikes ENE in the South
Fork Valley and Fivemile Creek areas. South-
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ward dips predominate (Fig. 2; Evansin, 1976,
Plate 1X) although northward dips are not
uncommon. At least some of the dip reversals
occur near the leading edges of thrust slices.

Patterns of bedding attitudes in the Stanley
Shale are shown in Figure 3. These were
measured in the South Fork Valley, the Five-
mile Creek area, from outcrops of Stanley
Shale in the Cossatot Mountains, and along
Sweetwater Creek west of Glenwood. The over-
all structural pattern is similar in all four areas
and indicates the presence of large-scale folding
with varying amounts of eastward plunge. In
three of the areas patterns are diffuse, probably



Figure 4.

Lower hemisphere, equal-area projections of poles to possible cleavage planes: a) west

of the Caddo River (South Fork Valley and Cossatots), and b) east of the Caddo River

(Fivemile Creek area).

a result of the relative ductility of the Stanley
Shale during deformation and of the fact that
bedding measurements come from several
distinct folds, each of which varies from others
in orientation. The Sweetwater Creek data
(Fig. 3d) were taken from a single complex,
macroscopic, north-verging overturned syncline
between thrust-bounded ridges of Arkansas
Novaculite and show a more consistent pattern
of bedding attitudes.

Cleavage

Cleavage in the Stanley Shale of the west-
ern Mazarn Basin is poorly defined and local.
Slaty and crunulation cleavage become better
developed but still unevenly distributed in
pre-flysch rocks north of Caddo Gap.

Poles to surfaces that may represent
incipient slaty and/or fracture cleavage are
shown in Figure 4. Where present, these
surfaces typically occur at high angles to bed-
ding planes. Two entirely different patterns are
obvious from measurements taken east and
west of the Caddo River, suggesting that each
may represent surfaces of different origin.
Those west of the river are oriented nearly
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perpendicular to the dominant bedding strike
(compare Figures 4a, 3a, and 3c) and may
represent poorly developed a-c and/or [Ok1]
fractures (Hobbs, Means and Williams, 1976)
rather than cleavage. The pattern in Figure 4b
(from east of the river) is more likely to have
been produced by incipient axial plane cleavage
although [h01] fractures cannot be ruled out.

More data and additional observations of
relationships beyween such surfaces and other,
better defined structural elements must be
collected from the western part of the Mazarn
Basin before a complete evaluation of cleavage
development and distribution can be made.

Mesoscopic Folds

While not uncommon, fewer mesoscopic
folds were observed than might be expected
from the overall intensity of deformation that
affected the area.

Evansin (1976) mapped twenty such folds
in the Stanley Shale (Figs. 2 and 5a) and
divided them into three groups based on
morphology and relationships to adjacent bed-
ding. Tight folds with limbs subparallel to
relatively undisturbed strata were considered



Figure 5.

Lower hemisphere, equal-area projections of poles to axial surfaces (triangles) and B

axes (crosses) of mesoscopic folds in the Stanley Shale. a) 20 poles to axial surfaces
and 23 B axes from the South Fork Valley and Fivemile Creek areas; b) poles to

axial surfaces and B axes of 14 folds from the Pigeon Roost Mountain area.

Dels

are eigenvectors calculated from axial surface distributions.

to be syndepositional, probably related to
slumping. Folds of this type are common in
the flysch facies of the Ouachita Mountains
(Morris, 1974). Evansin also suggested that
disharmonic folds observed in the area might
be primary but could be equally well explained
by ductility contrasts and variable bedding
thicknesses in a tectonically deformed flysch
sequence that had retained appreciable fluid
pore pressure. The third and numerically domi-
nant fold type consists of monoclinic, north
verging structures produced during northward
thrust transport.

Poles to axial surfaces of 20 mesoscopic
folds (Fig. 5a) show a predominance of east-
west strikes and southward dips although five
folds strike NE—SW and four of these dip
to the northwest. The g axis constructed from
the pattern of axial surface attitudes plunges
22°/254° (22° to the SW) and could represent
the axis of a phase of macroscopic folding that
reoriented earlier mesoscopic folds. This axis
is significant only if south and southwestward
fold vergence is a function of tectonic rather
than syndepositional processes, an eventuality
that can be readily inferred but has not been
firmly established from field observations.
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Measured mesoscopic fold axes (B) typical-
ly plunge to the west and southwest although a
few easterly plunges were recorded. Axes are
distributed in a distinct girdle that further
suggests the probability of later macroscopic
folding (see following section).

Mesoscopic folds in the South Fork Valley
and Fivemile Creek areas are typically inclined
and plunging (Fig. 6) although a variety of
spatial orientations is represented.

Macroscopic Folds

Evidence for macroscopic folding of the
Stanley Shale can be inferred from patterns of
bedding and mesoscopic fold elements.

Bedding attitudes measured away from
known mesoscopic folds show both northward
and southward dips in all four areas illustrated
in Figure 3. B axes calculated by eigenanalysis
of the data in each equal-area net probably
represent axes of macroscopic folds of bedding
planes. For each of the areas analyzed, the
amounts and azimuths of g axis plunges are:
South Fork Valley, 41°/097° Fivemile Creek,
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Rickard (1971) diagram showing spatial orientations of 18 mesoscopic folds from the

western (Evansin) map area (solid circles) and 14 mesoscopic folds from the eastern

(Ragan) map area (open circles).

4°/090° Stanley Shale outcrops in the
Cossatot Range, 52°/082°, and Sweetwater
Creek, 5°%075°. All axes plunge in an easterly
direction. It is worth noting, however, that
the amount of plunge varies markedly in areas
east and west of the Caddo River. West of the
river, plunges are 41° and 52°, while to the
east, plunges diminish to 4° and 5°. This
apparently consistent variation suggests
broad-scale warping of macroscopic folds about
a north-south line roughly coincident with the
position of the Caddo River in the central part
of the western Mazarn Basin. In addition to the
latitudinal plunge variation there is evidence
of a longitudinal variation of macroscopic g
axes which show a consistent 16° change in
azimuth from north to south. This can be
illustrated by direct comparison of data
from the South Fork Valley (Fig. 3a) with
those from the Cossatot Mountains (Fig. 3c)
and by a similar comparison between data
from the Fivemile Creek area (Fig. 3b) and
from Sweetwater Creek (Fig. 3d). In both
instances, rotation of 16° about a vertical
axis brings the northern and southern macro-
scopic fold elements into close juxtaposition.
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This apparent counter-clockwise rotation of
folds in the southern areas can be explained in
one (or both) of two ways. The warp axis that
is reflected in the plunge variation discussed
above may swing from a north-south trend in
the middle of the basin to a SSE orientation in
the vicinity of the Cossatots. A more probable
explanation is that the trend of macroscopic
fold elements in the two southern areas has
been controlled by thrusting in the Cossatot
Range that trends ENE and brings slices of
relatively rigid Arkansas Novaculite into close
proximity, limiting the variation of structural
orientation in the more ductile Stanley Shale.

As mentioned in the preceding section, the
pattern of mesoscopic fold elements in the
South Fork Valley and neighboring areas
indicates subsequent macroscopic folding. Both
poles to axial surfaces and B axes are distribu-
ted along nearly orthogonal girdles.

The g axis constructed from the distribu-
tion of axial surfaces plunges 22°/254° (22°
WSW), an attitude inconsistent with the slight
to moderate eastward plunge of macroscopic



Figure 7.

folding inferred from bedding orientations.
It has been noted that five of the twenty meso-
scopic axial surfaces plotted in Figure b5a
strike northeast rather than essentially east-
west. Were these not present the remaining
mesoscopic folds would conform closely to the
macroscopic fold pattern defined by bedding
planes. There is no indication that all of the
northeast trending folds are of different origin
from the east-west trending structures. It is
probable that the differences in macroscopic
fold orientations inferred from bedding and
mesoscopic fold patterns reflect original
attitude variations of the latter.

Fractures

Poles to 65 well developed fracture and
joint surfaces in the Stanley Shale of the
South Fork Valley and Fivemile Creek areas
are shown in Figure 7a. In the absence of more
systematic  observations of relationships
between sets of fractures and other structures,
conclusions about the origins of the former
have been based on comparison of structural
geometries from equal-area plots and should
be considered speculative.

Lower hemisphere, equal-area projects to: a) 65 fracture surfaces in the South Fork
Valley and Fivemile Creek area, contours at 1.5, 4.6, 7.7, and 10.8% per 1% area.
b) 156 bedding surfaces in the Stanley Shale from the same areas. c) Close correspon-
dence between fracture sets and mesoscopic fold elements resulting from 22° clock-
wise rotation of fracture data. Possible geometrical identities of fracture sets are
indicated.

In Figure 7a, poles cluster in three fairly
strong and one fairly weak point maxima.
Regularity of the distribution pattern suggests
that the fractures were produced during a
relatively late phase of deformation and may
be genetically related to the macroscopic
folding discussed above. The distribution
of bedding planes in the Stanley Shale provide
the best indication of macroscopic fold orienta-
tion. Comparison of Figures 7a and 7b shows
no close correspondence between fracture
patterns and inferred fold orientation unless
all fracture data are rotated about 22° clock-
wise about a vertical axis. With rotation (Fig.
7c) the following correspondence can be infer-
red: east-west trending (northeast trending
before rotation), south-dipping fracture sur-
faces represent b-c extension fractures; north-
south trending, vertical surfaces represent
a-c extension fractures; and sets of east and
west dipping [0k1] surfaces correspond to
Stearns (1968) set 1 shear fractures, as indicat-
ed. Each fracture set is genetically linked to
the formation of large folds (Stearn, 1968;
Hobbs and others, 1976).
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The fact that rotation is required to bring
fracture and macroscopic fold patterns into
reasonable juxtaposition may be due to non-
parallel alinement of principal stress and
principal strain directions during the folding
phase, a condition that is not unusual in the
deformation of anisotropic materials. In
natural folds, fracture and joint orientations
are related to principal stress directions
(Stearns, 1968) while fold elements such as
axial surfaces reflect strain directions. In their
experimental study of buckle folding and
fracture formation in micritic limestone at
low to moderate confining pressures (equi-
valent to about 1 km to 8 km of overburden)
Handin and others (1972) found instances in
which axes of compressional and extensional
stress determined- from calcite twin lamellae

were inclined to fold elements by amounts

comparable to those suggested in Figure 7.
Whether these observations can be extrapolated
to folding on the scale of that found in the
South Fork Valley and Fivemile Creek areas
is unsubstantiated at present.

PIGEON ROOST MOUNTAIN AREA
(Ragan)

East of Fivemile Creek (Fig. 1), two north-
east trending, thrust bounded ridges, Mazarn
Ridge and Pigeon Roost Mountain, are
surrounded by imbricate thrust slices of
Stanley Shale. Rocks of the Jackfork Sand-
stone are exposed along Mazarn Ridge which
continues to the east of the mapped area
(Haley and others, 1976). Pigeon Roost
Mountain consists of novaculites, cherts and
shales of the Middle and Lower Divisions
of the Arkansas Novaculite. Conflicting inter-
pretations of the macroscopic structure of this
area have been given by Griswold (1892) and
Croneis (1930). Griswold suggested that
both ridges were part of a single, northward
verging, overturned anticline with the Arkan-
sas Novaculite along Pigeon Roost Mountain at
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its core, the standstones that should define
its southern limb having been removed by
erosion. Croneis considered each ridge to be
a separate overturned anticline. In his dis-
cussion of the barite deposits located at the
southwestern end of Pigeon Roost Mountain,
Scull (1958) accepted Griswold’s interpreta-
tion. We suggest, however, that more recent
mapping (Haley and others, 1976; Ragan,
this paper) favor the Croneis model although
a number of structural questions remain un-
answered.

Thrust Faulting

As in other parts of the western Mazarn
Basin thrust faults are the dominant macro-

" “scopic structures in the Pigeon Roost Mountain

area. Fault traces trend northeastward in the
southern part of the area but become more
arcuate in the vicinity of Mazarn Ridge and
Pigeon Roost Mountain (Fig. 1). Haley and
others (1976) mapped over a dozen thrust
traces in the area. Most of these were confirm-
ed by Ragan and were included on her prelim-
inary geologic map (Fig. 8) There are two
major exceptions. Haley and others mapped
a northeast trending fault through the interior
of Mazarn Ridge, subparallel to its bounding
thrusts, that was not confirmed by Ragan.
They also indicate that the lobate outcrops
of Arkansas Novaculite that define the south-
eastern edge of Pigeon Roost Mountain are
fault bounded. Ragan (Fig. 8) interprets
them as southeastward plunging folds.

Ragan reported the Upper Division of the
Arkansas Novaculite to be missing from the
southeastern flank of Pigeon Roost Mountain
(Fig. 8) and suggested that if the rocks had
been deposited in this area they must have
been removed by erosion or by thrust faulting
that brought the Stanley Shale into contact
with rocks of the stratigraphically lower Middle
Division. The contact is not shown as faulted
in Figure 8 because Ragan originally considered
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it to be gradational and favored the nondeposi-
tion hypothesis. We now consider the removal
of Upper Divison and some Middle Division
rocks by faulting to be a better explanation.

The differences in structural interpretations
indicate that there is still a good deal to be
learned about thrust faulting in the area and
underscore the need for additional detailed
field work in the vicinity of Pigeon Roost
Mountain and Mazarn Ridge.

Bedding Attitudes

Most bedding planes in the Pigeon Roost
Mountain area strike northeast and dip to the
south - attitudes that are entirely consistent
with northwestward thrust transport. Contour-
ed equal area nets from Ragan’s draft thesis are
shown in Figure 9 together with point diagrams
from the same areas plotted from bedding
attitudes taken from her preliminary geologic
map.

Poles to bedding planes in the Stanley
Shale from north and south of the Jackfork
and novaculite ridges (Fig. 9a) define a relative-
ly diffuse pattern dominated by northeast
strikes and southward dips. The pattern on
Ragan’s contoured diagram (Fig. 9b) is general-
ly comparable except for a strong point maxi-
mum in the northeast quadrant that records a
number of northwest striking surfaces that dip
between 10° and 50° to the southwest. Ragan
reported that no bedding attitudes on recog-
nized mesoscopic folds had been plotted on the
diagram. Only one bed with a comparable
attitude was recorded on her preliminary map,
and data from Mazarn Ridge and Pigeon Roost
Mountain fail to show an equivalent point
maximum. The apparent inconsistency pro-
duced by these southwestward dips cannot be
resolved with the information presently avail-
able.

Bedding attitudes from Mazarn Ridge
(Figs. 9¢c and 9d) and from Pigeon Roost

Mountain (Figs. 7e and 7f) are comparable,
showing a clear dominance of northeast strikes
and southwestward dips. Attitudes from
Mazarn Ridge are somewhat more variable,
and dips are generally shallower.

Eighteen bedding measurements from
Mazarn Ridge recorded on Ragan’s preliminary
geologic map are distributed in a pattern
nearly identical to bedding in the Stanley
Shale (compare Figures 9a and 9c). The eight
attitudes from Pigeon Roost Mountain
(Fig. 9e) are not sufficient to define a meaning-
ful distribution.

Mesoscopic Folds

As was the case in Evansin’s area farther
west, fewer mesoscopic folds than might be
expected were found in the Stanley Shale
surrounding Pigeon Roost Mountain (Fig. 5b).
The majority are northwest verging, mono-
clinic folds that face in the direction of tec-
tonic transport and probably formed during
thrust faulting. Ragan reported a small number
of folds with identical geometry that have
northwest rather than southwest dipping axial
surfaces and suggest that these were originally
north verging structures rotated into south-
ward vergence during a later phase of the
deformation. Other, clearly disharmonic south
verging folds were probably produced by
slumping soon after deposition.

Axial surfaces of mesoscopic folds in the
South Fork Valley and Fivemile Creek areas
strike predominantly east-west with the
exception of 5 anomalous structures with
northeast strikes. In the Pigeon Roost Moun-
tain area, axial surfaces show a more regular
pattern of ENE strikes consistent with the
trend of related thrust faults (Figs. 1 and 5b).
Measured B axes reflect a dominant northeast-
ward plunge (the average axis plunges 6°/067°)
and show less tendency to be distributed along
a girdle, in contrast to B axes to the west
(compare Figs. 5a and 5b). If the thrust faults
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Figure 9.

Lower hemisphere, equal-area projections of poles to bedding planes (So) in the Pigeon
Roost Mountain area. Point diagrams constructed from data taken from preliminary
geologic map and contoured diagrams from draft report by V. S. Ragan. Diagrams
contoured at 2, 4, 8, and 24% per 1% area. a) 76 poles to So, Stanley Shale; b) 175
poles to So, Stanley Shale; c) 18 poles to So, Jackfork Sandstone, Mazarn Ridge;
d) 103 poles to So, Jackfork Sandstone, Mazarn Ridge; e) 8 poles to So, Arkansas
Novaculite, Pigeon Roost Mountain; f) 65 poles to So, Arkansas Novaculite, Pigeon

Roost Mountain,
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in the two areas were parallel, the mesoscopic
fold patterns would be nearly identical except
for some differences in the direction of average
axial plunge.

Mesoscopic folds in the Pigeon Roost
Mountain area tend to be slightly to moderate-
ly inclined, upright structures with much less
variability in spatial orientation than compar-
able folds in the South Fork Valley and
Fivemile Creek areas (Fig. 6).

Macroscopic Folds

The presence of macroscopic folds is
indicated by overturned bedding and dip
reversals at the leading edges of thrust slices
(Fig. 8) and can be inferred from patterns of
poles to bedding planes and the distribution of
mesoscopic fold elements.

Sufficient bedding plane data are available
from the Stanley Shale to calculate a macro-
scopic fold axis that plunges 13°/071° (Fig. 9a).
Although based upon eigenanalysis of far fewer
points, bedding plane attitudes from the Jack-
fork Sandstone on Mazarn Ridge indicate a
similar direction and degree of axial plunge,
6°/066° (Fig. 9c). Ragan’s contoured diagrams
of bedding attitudes (Figs. 9b and 9d) confirm
the northeast trend of macroscopic fold axes
but indicate slight to moderate southwestward
rather than northeastward plunges: g = 30°
225° for the Stanley Shale and g = 10%239°
for the Jackfork Sandstone.

Poles to axial surfaces of mesoscopic folds
(Fig. 5b) also indicate a southward plunge
(B = 27°/247°) while the average orientation of
measured mesoscopic fold axes (8 = 6°/067°) is
nearly identical to the macroscopic axes
calculated from map data (compare Figs. 5b,
9a and 9c¢).

The information contained in Figures 5 and
9 clearly establishes a northeast-southwest
trend for macroscopic fold axes, a direction
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consistent with the orientations of most
thrust fault traces in the area. Differences in
the calculated azimuths and plunges of the
axes (from 16° to 43°) cannot be resolved
with the data presently available but in any
case are not great enough to affect the basic
interpretation of macroscopic folding.

Fractures

The contoured distribution of 98 poles to
fracture surfaces is shown in Figure 10. Strong
point maxima in the northeast and southwest
quadrants of the net probably represent a
conjugate set of shear fractures that dip to the
northeast and southwest and whose intersec-
tion plunges norhtwestward. A third and
considerably weaker point maximum indicates
a set of fracture surfaces dipping to the north-
west.

As in the case of fractures recorded from
the South Fork Valley and Fivemile Creek
areas, these fracture sets show no directional
correspondence to calculated macroscopic fold
elements unless rotated clockwise about a
axis.

vertical If rotated into juxtaposition

Figure 10. Lower hemisphere, equal-area projection
of 98 poles to fracture surfaces, Pigeon Roost Moun-
tain area. Contours at 2, 4, 8, 12% per 1% area.
Dashed great circle arcs = average attitudes of fracture
surfaces.



with inferred fold trends, the strong point
maxima could denote a set of [0k 1] shears and
the weak maximum could represent [h01]
extension fractures. In the Pigeon Roost
Mountain area, however, the rotation necessary
for the alinement of fold and fracture elements
exceeds 40°. It would be difficult to explain
so great a divergence between principal stress
and strain directions in an area in which there
is excellent evidence for overall colinearity
between thrust transport and folding.

SUMMARY

The results of structural reconnaissance
work in the western Mazarn Basin combined
with evidence from regional mapping by Haley
and others (1976) are summarized as follows:

1. North to northwest verging thrust
faults that displace imbricate slices of Arkansas
‘Novaculite, Stanley Shale and Jackfork Sand-
stone are the dominant large scale structures in
the western part of the Basin.

2. Secondary structures, including meso-
scopic and macroscopic folds, were produced
during northward thrust transport and are best
developed in Stanley Shale rocks. There is
evidence of macroscopic folding along Mazarn
Ridge and in the Cossatot Range (Evansin,
1976). Conflicting interpretations of the large
scale structure of Pigeon Roost Mountain
remain unresolved.

3. Structural styles in the western and
eastern areas mapped by Evansin and Ragan,
respectively, are essentially identical. Changes
in the general trends of thrust faults between
the two areas have reoriented secondary struc-
tures.

4. Most folds are overturned toward the
north or northwest. South verging disharmonic
folds are attributed to syndepositional slump-
ing. Other folds overturned to the south may
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have been rotated away from their original
northward vergence. There is no clear evidence
that such rotation has been extensively
developed in the western Mazarn Basin
although it is recognized in other parts of the
Benton Uplift.

5. There is ample evidence that meso-
scopic folds in the Stanley Shale have been
refolded during a later phase of macroscopic
folding. Although there was considerable
variability in the original orientations of the
earlier mesoscopic structures, it is probable
that both phases were essentially colinear and
may have been produced sequentially during
the same period of thrust transport.

6. Cleavage is poorly developed in the
Stanley Shale and no data were reported from
the Pigeon Roost Mountain area. There is no
apparent reason for the variation in cleavage
patterns east and west of the Caddo River. In
some cases incipient or poorly developed frac-
ture surfaces may have been mistaken for
cleavage planes.

7. The regularity of fracture patterns from
both mapped areas suggests that fracture sur-
faces have not been reoriented by subsequent
deformation, and, therefore, developed late in
the structural history of the region. It has been
assumed, but not substantiated, that the frac-
tures are associated with the relatively late
macroscopic folding phase. If this was the case,
non-alinement of principal stress and strain
axes during the folding must be called upon to
explain the lack of spatial correspondence
between the fractures and macroscopic fold
elements. While this may be a reasonable
explanation for the structural asymmetry in
the western area, it is not convincing when
applied to the eastern area owing to the degree
of non-alinement between stress and strain
directions required. It is possible that the
fracture sets are mutually unrelated and may
have developed during entirely different
periods in the history of the region.



8. A number of structural problems
remain to be solved in the mapped areas of the
western Mazarn Basin. Among others, these
include the possible presence of an additional
thrust fault along Mazarn Ridge, and the
nature of the Arkansas Novaculite-Stanley
Shale contact and the origin of the lobate
outcrop pattern on the southeast flank of
Pigeon Roost Mountain.

A NOTE ON DATA ANALYSIS

Most of the field data collected from the
Benton Uplift and adjacent areas in recent
years are scattered among a number of theses
completed during mapping projects by
graduate students from various universities.
These reports contain a wealth of information
about the spatial orientation of bedding, fold
elements, fractures, cleavage, strain markers,
current indicators, and other features of
interest to structural geologists and sedimen-
tologists. This information is potentially of
critical importance to the development of new
interpretations and syntheses of Ouachita
geology but will be of practical value only if
available in usable form.

A project to extract Ouachita field data
from reports and to classify and store them for
later use has been started at Southern lllinois
University at Carbondale. Similar efforts are
under way at other institutions. In our system,
data are separated and classified according to
type, location, stratigraphic unit, and source
and are filed in computer storage. Recall of
files for modification, combination with other
files, plotting, and geometrical, mathematical
and statistical analysis is quick and efficient.

Because of our primary interest in the
structural geology of the Ouachitas, the system
contains routine procedures for eigenanalysis
and for plotting data and eigenfunctions on
equal-area nets. In a typical case, data from a
stored file are used to construct a normalized
orientation tensor:

176

where N is the number of data, and
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is a matrix of direction cosine products summ-
ed over all measurements (Scheidegger, 1965;
Woodcock, 1977), |;, m;, and n; are the direc-
tion cosines defining the spatial attitude of
each field measurement in a geographically
based cartesian coordinate system (see Nielsen,
1983, p. 104). The eigenvalues and correspond-
ing eigenvectors of the orientation tensor are
calculated together with the equal-area net
coordinates of the eigenvectors.

Eigenvectors are related to the distribution
of lines in space and can be used to determine
quantitative best fit planes and lines to various
sorts of structural patterns on equal-area nets.
This takes the guesswork out of defining
n-girdles, § axes of folded surfaces, or average
vectors of any sort that formerly had to be
“eyeballed”’ into the point distribution or
determined qualitatively by much more
cumbersome contouring procedures. All of the
equal-area point diagrams used in this paper
were constructed by the series of steps outlined
in the preceding paragraph. Other applications
of eigenanalysis to structural and sedimento-
logical data have been discussed by Woodcock
(1977) and Nielsen (1983).
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