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LETTER OF TRANSMITTAL

Arkansas Geological Survey

LittLE Rock, ArK., Aug. 15, 1930.

Hox. HarvEY PARNELL,
Governor, State of Arkansas,
Little Rock, Arkansas.

Sir:
I have the honor to submit herewith the report, ‘‘The St. Peter
and Older ‘Ordovician Sandstones of Northern Arkansas,”’ by Dr.

Albert W. Giles, which contains a section on the economice possibilities
of the sandstones by Mr. E. E. Bonewits.

It has long been known that there are in northern Arkansas wide-
spread deposits of relafively soft silica sandstones of high purity.
These deposits are exposed over an area of approximately 750 square
miles and have a maximum thickness of about 200 feet. Up to the
present time information concerning their distribution, geology,
physical and chemical characteristics and their economic possibilities
has been more or less incomplete. Both in Missouri and Illinois, their
quarrying constitutes an industry of some magnitude and especially
for this reason it was believed advisable to make a detailed report on
the geology and economic possibilities of these sandstones in Arkansas.

Dr. Giles undertook the study of these sandstones in the sum-
mer of 1927 with the assistance of Mr. Bryan Parks and Mr. Eugene
Brewster. His work constitutes a valuable contribution to the knowl-
edge of these formations in northern Arkansas, particularly the St.
Peter sandstone, which has a wide distribution in Missouri, Illinois,
Wisconsin, Minnesota, and Towa. The mapping of a new member
of the Everton formation which Dr. Giles has named the Calico Rock
sandstone, 1s important economically and is an addition to the knowl-
edge of the stratigraphy of the north Arkansas region. From a more
general geologie standpoint, this report is a contribution to the knowl-
edge of the Ordovician sandstones of central United States.

The addition of a section on the economic possibilities of the
sandstones by Mr. E. E. Bonewits is an attempt to stimulate the devel-
opment of a new industry or industries in Arkansas which would
utilize the deposits. His conclusions are important and it is hoped
they will attract attention to the industrial possibilities of the region.

Respectiully submitted,

GEeOrRGE C. BRANNER,
State Geologist.
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ABSTRACT

Three sandstones of early middle Ordovieian (Buffalo
River) age are prominently developed and widely distributed
in the Ozark region of northern Arkansas. They are, named
from oldest to youngest, Kings River, Calico Roek, and St.
Peter sandstones. The Kings River sandstone is the basal
member of the Iiverton formation over a large area in the
western and central Ozark region except at places where
1t is underlain by the Sneeds limestone member of the Kver-
ton. The Calico Rock sandstone is conspicuously developed
in the central part of the region and lies stratigraphically
below the middle of the Everton formation. The St. Peter
sandstone overlies the Kverton unconformably and is the
most widely distributed of the three sandstones extending
from northwestern Arkansas to the Missigsippi Valley alluvial
plain.

The sandstones are normally white or light eream col-
ored, friable, and saccharoidal. Physically they are so sim-
ilar that it is impossible in hand specimens to distinguish one
from the others. The striking physical similarity that they
reveal in hand speeimens extends also to their larger field
relations. On weathering they yield rolling uplands capped
with a thin veneer of sandy and infertile soil, through which
project here and there picturesque ledges, turrets, and towers,
the “hoodoo rocks.”” They form steep slopes and precipi-
tous bluffs with fluted surfaces on valley sides. Typically
the sandstenes are massively bedded and laminated. Cross
bedding, usually fine, is a conspicuous feature of the sand-
stones. Ripples, normally of the asymmetric current pattern,
are developed in the three sandstones but are most conspic-
uous in the Calico Rock sandstene., Dips are gentle nearly
everywhere; in the western part of the region southward and
farther east south-southeastward, away from the central part
of the Ozark dome. The sandstones contain no fossils, but
their physical features and their association with sediments
of undoubted marine origin lead to the conclusion that they
arc of marine origin.

XII1
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In size the grains composing the sandstones exhibit a
large range. No samples screened left a residue on the 20
mesh sieve, and only about one-fourth of the more than 100
samples had weighable residues on the 28 mesh. The bulk of
the sand of all samples found lodgment on the 35, 48 and
100 meshes.  All samples had weighable quantities of ‘‘fines,”’
grams small ecnough to pass 100 mesh, and three-fourths of
the samples had weighable residues passing the 200 mesh. On
the whole the grain size of the St. Peter as well as that of
the Calico Rock and Kings River sandstones averages some-
what finer than the grain size of the St. Peter in Missouri
and farther north in the Mississippt Valley, indicative of
greater atfrition resulting from farther transportation from
the original source cf the sand 1n the pre-Cambrian mass of
northern United States and scuthern Canada.

Contrary to prevalent conception, the graing of the St.
Peter are dominantly angular, and this is true also of the Cal-
ico Rock graing. Only 10 per cent of the St. Peter grains
~and 14 per cent of the Calico Rock grains are rounded or
fairly well rounded, the remaining grains being subangular
or angular.

Pitting is a prominent feature of the grains both of the
Calico Rock and St. Peter sands. 1t is restricted largely to
the coarser sizes. About one grain in three of the St. Peter
and onc grain in seven of the Calico Rock sand arc pitied.
Pitting develops at points of contact of adjacent grains and
is attributed primarily to secondary enlargement by the addi-
tion of silica to the surfaces of the graius not in contact with
surfaces of neighboring grainsg and henee exposed to the pre-
cipitating activity of penetrating solutions, and secondarily
to chemical attrition at points of contact of mneighboring
grains. ‘

Secondary enlargement is a marked feature of all samples
examined both of St. Peter and Calico Rock sand. The silica
precipitated on the surfaces of the graing develops erystal
faces, which are clean and smooth and free from fractures,
chipping, pitting and frosting. Rhombohedral faces typically
terminate the grains, and prism facrs are developad about the
central parts of the grains. One or both forms may be
present. Frequently the central part of the grain is frosted
but its ends are terminated with rhombobedral faces. Some
graing are completely hounded by erystal faces; other grains
are partly bounded, the remaining surface being frosted. In
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grains larger than 100 mesh the erystal faces are due chiefly
to secondary enlargement. In grains smaller than 100 mesh
the erystal faces are in part secondary and in part inherited
from the original source of the sand. Many of these grains
and those passing 200 mesh are fragmeuts and flakes derived
from the attrition of the larger grains. The coherence of the
sandstones is attributed primarily to secondary enlargement.

Frosting is a conspicuous feature of the sand grains form-
ing the St. Peter and Calico Rock sandstones. The phenome-
non is, however, restricted almost entirely to grains coarser
than 100 mesh, particularly to those grains which are oblong,
egg-shaped, spindle-shaped, and lens-shaped. The coarser
grains with angular outlines are cither not frosted or only
partly frosted, On an average about 14 per cent of the grains
arc centirely frosted and 46 per cent partly frosted. The pro-
portion of grains originally frosted was unquestionably very
much larger, the marked decrease resulting from subsequent
secondary enlargement., The frosting is attributed to the
action of the wind in shifting the sand about the beach and
the adjacent upland before it was deposited in the invading
marine waters.

Chemically the three sandstones are remarkably similar
and significantly high in «ilica, selected samples, unwashed,
averaging about 99 per cent silica. Lime and magnesia are
either absent or are present in scarcely more than traces.
Iron averages under 0.2 and alumina about 0.25. The igni-
tion loss is only 0.25.

The purity, high silica content, cleanness, toughness, and
durability of the St. Peter, Calico Rock, and Kings River sands
recommend them for utilization in the manufacture of high-
grade glass produets, for metallurgical and chemical uses,
and for uses where high temperatures are encountered, par-
ticularly for steel molding purposes, for facing and annealing
and for furnace linings. Their toughness, degree of angular-
ity, and durability make the sands very satisfactory for frie-
tion and abrasive purposes. The average effective size and
umformity coefficient Lring the Arkansas sands well within
the range of sands successfully employed for filtration pur-
poses. The sands can also be successfully used in paving and
construetion where a high grade, fine-texteured sand is desir-
able. - And, finally, the sands are adapted to the many minor
nses where high siliea, elean, aud durable sands are employad.
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As a resource the Kings River and Calico Rock sand-
stones are untouched, and the St. Peter is being actively ex-
ploited in only one locality. Faech of the sandstones over large
areas possesses a thickness that is commoreially inviting, but,
unfortunately, iransportaticn facilities are unavailable in
large parts of the region. There are, however, a number of
localities near or on railroads, where the sandstones are
thick and extensively developed, that are recommended with
a view to exploitation. It is apparent that Arkansas has an
almost inexhaustible resource of high-grade sand, the exploi-
tation of which should furnish a constant source of income
for generations to come.

Note.—¥or abstract or the economic value of the sandstones sz2e page 169,
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COMMERCIAL VALUE OF THE SANDSTONES

Three sandstones of commercial value are found in
northern Arkansas. They are, named from the dldest to the
youngest, the Kings River, Calico Rock, and St. Peter sand-
stones. Of the three the St. Peter is by far of greatest eco-
nomic importance. It is the most widely distributed of the
three, it maintains a thickness that makes it commercially
attractive over a great areca, and it lies contiguous to trans-
portation facilities for long distances. The Calico Rock sand-
stone in the area of its development is inviting from a com-
mereial standpoint and close to transportation, but its area

1



2 ST. PETER SANDSTONE IN NORTHERN ARKANSAS

of development is restricted. The Kings River sandstone is
widely distributed, but in the area where it is sufficiently thick
to make it commercially inviting, transportation facilities are
not available. The distribution, geologic features, physical
and chemieal properties, uses, and areas favorable for com-
mercial development of the sandstones are described.

THE ST. PETER SANDSTONE
' FIELD WORK

During the summer of 1927 the mapping of the St. Peter
sandstone in northern Arkansas was continued after a lapse
of several vears. The project was inaugurated by the Ar-
kansas (eological Survey and carried out under the auspices
of that organization. The field party consisted of the writer
and Mr, Bryan Parks and Mr. Eugene Brewster, of the de-
partment of geology of the University of Arkansas.

The geographic distribution of the sandstone had pre-
viously been mapped in the northwestern part of the State
and the results published by the United States Geological
Survey.! During the summer and fall of 1928 the Yellville
quadrangle was remapped by Mr. E. T. McKnight of the
United States Geological Survey, the work being carried on
in co-operation with the Arkansas Geological Survey. The
results, so far as available, of that part of his work pertain-
ing to the St. Peter sandstone are incorporated in this report.
The work done in 1927 involved tracing the formation east-
ward from the castern limit of the Yellville quadrangle to its
disappearance beneath the Mississippt Valley alluvial plain.

NAME, AGE, AND REGIONAL DISTRIBUTION

The term ‘“St. Pefer sandstone’ was applied by Owen
in 1847 to exposures of sandstone along the Minnesota River
near St. Paul, Minnesota. This river was formerly known as
the St. Petér River.” In Arkansas for many years sandstone
of the same age was called the ‘“Key sandstone,’”” named for
the postoffice of Key, northeast of Fayetteville, in the north-
western part of the State. In northeastern Oklahoma it has
been called the *‘ Burgen sandstone.”” In Missouri the older ge-
ologists referred to the St. Peter as the “*Saceharoidal sand-
stone’’ or “‘Kirst sandstone.”’ It has also been known locally

iPurdue, A, H. and Miser, H. D., Eureka Springs-Harrison Folio, No. 202, Geo-
logic Ailas of the United States, Washington, 1916,

Adams, 1. 1., I'urdue, A. H., and Burchard, BE. ¥., Zinc and Lend Deposits of North-
ern Arkansas, Prof. Paper No. 24, U, 8. Geological Survey, 1904,

20Owen, 1), ., Sepate Executive Dacuinment No. 2, 30th Congress, 1st session,p.
169, 1847.
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in Missouri as the ‘‘Crystal City,”” ‘‘Pacific,”’ and ‘‘Cap au
Gres’’ sandstone’, _

The St. Peter sandstone is of early middle Ordovician
age. Table 1 shows the general stratigraphie succession of
the formations of the Ordovician system in the Ozark region
of northern Arkansas.

Table 1.—0Ordovician Section of Naorthern Arvkansas

. |
Age i Standard Time Scale % Formation
I i o o
=]
o
E'.‘:’. . C hal
gz Richmond ason shale
wd Fernvale limestone
-
o
, Kimmswick limestone
o Black River P ) '
.9 Plattin limestone
Lo o _ b AU —
EE R
© 3 Jasper limestone
AT Buffalo River (UJlrich) Joachim limestone
© St. Peter sandstone
Everton formation
. . e
g 5 Black Rock limestone
s | S Smithville limestone
gy 3 Beekmantown Powell limestone
~T 3 Cotter dolomite
© Jefferson City dolomite

The St. Peter sandstone is widely distributed in the upper
Mississippi Valley region. Mueh of the formation is buried
beneath later formations, hut it outerops loeally 11 the bot-
toms of valleys, on hill slopes, and on ridge tops. In some
localities its outerop may be.traced continuously for scores
of miles. Where the sandstone is buried its presence’ is
revealed in drill cores. From much of the Ozark region of
extreme northern Arkansas and southern Missouri the sand-
stone has been removed by erosion.

The mnorthern boundary of the St. Peter sandstone
extends througli southern Minnesota and Wisconsin into
northern Michigan. Its eastern limit is indefinitely known
because of its burial beneath later formations, but in general
it extends through eastern Michigan and Indiana into east-
orn Kentucky and Tennessee. Its southern boundary is gen-
crally considered as located in southern Tennessee, central
Arkansas and central Oklahoma but it may extend beneath
Gulf Coastal Plain sediments far south of this limit, Its

3Dake, ¢ L., The*Sand and Gravel Resources of AMissouri  Missouri Geol. Survey
Vol. XV, 23 series, p. 105, 1918, :
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DISTRIBUTION OF THE SANDSTONE o

western boundary extends northward from central Okla-
homa through western Missouri and Iowa into Minnesota.
It is believed to have extended formerly much farther west-
ward into the Great Plains region and northward to the Cana-
dian boundary, having been removed from these regions by
erosion. Rigure 1, originally prepared by Dake, shows the
general distribution of the St. Peter sandstone.’

DISTRIBUTION IN NORTHERN ARKANSAS

- The accompanying map (Pl I, in pocket) shows the
general distribution of the St. Peter sandstone in northern
Arkansas. It ocecurs in Madison, Carroll, Newton, Boone,
Searcy, Marion, Baxter, Stone, lzard, Sharp, and Independ-
ence counties, and has been reported in Lawrence County.’

The St. Peter sandstone does not crop out in the extreme
northwestern part of Arkansas. Tts most westerly known
outerop is on War Ragle Creek, northeast of Hindsville, in
Madison County. The sandstone crops out also near the heads
of the tributaries of Kings River south and southeast of
Rockhouse, in the northeastern part of Madison County and
in adjacent Carroll County. Farther east, in the Harrison
quadrangle, the formation is present as inliers, its discon-
tinuous outcrops oceurring in the lower parts of the valleys
of the larger strcams. In the western part of the Harrison
quadrangle, in Carroll County northwest of Osage, the for-
mation is present as a long, continuous ouferop on Osage
Creek. Kast of Harrison, in Boone County, the sandstone out-
crops along Hussar and Crooked creecks and underlies a large
area at Bellefonte. In the southern part of the quadrangle,
in northern Newton County, the formation is again found as
long, continuous outerops in the lower parts of the valleys of
Buffalo Fork and White River and their larger tributaries.’

Numerous outliers of St. Peter sandstone are also present
farther north, both in the Kureka Springs and Harrison quad-
rangles, these erosional remnants indicating the former wide-
spread extent of the formation in this region. The forma-
tion disappears entirely about the middle of the quadrangles,
but it probably originally extended over the entire Hureka
Springs-Harrison region to unknown limits beyond this
region, but during the long interval of later Ordovician, Silu-
rian, and Devonian erosion the formation was largely re-

4Dake, ¢ T., The Problem of the St. Peter Sandstone. Bulletln Missour! School of
Mines, Vol, §, No, 1, Plate III, 1321,

S Bureka Springs-Harrison Folio, p. 7.

tBureka Springs-Harrison Folio, p. 7 and maps.
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moved, except in small protected areas, so that in general in
this region the Sylamore sandstone, St. Joe limestone, and the
higher Boone limestone succeed unconformably the Kverton
and other formations older than the St. Peter.’

The St. Peter sandstone is widely distributed in the south-
central and southern parts of the Yellville region, forming
continuous outcrops along Buffalo River and its tributaries
in southern Marion, northern Searcy, and northeastern New-
ton counties.

The outerop of the St. Peter sandstone in the Mountain
Home quadrangle is limited essentially to the region south
of White River in northern Stone and southern Baxter coun-
ties. Its outerop is continuous in the escarpment south of
the river, and it has been traced up the valleys of Big Creek
and other tributaries that flow into Buffalo River from the
south and southeast. In southwestern Izard County, north-
east of White River, the sandstone is conspicnous near the
tops of the highest hills, such as Turkey Knob, Pilot Knob,
Twin Knobs, Devils Knob, and other residnals. Kast of the
Mountain Home guadrangle, in central Izard County, the for-
mation is represented only on the highest peaks and ridges,
the massive saccharoidal sandstone seen north of Melbourne
and elsewhere belonging to a lower horizon.

The formation is well developed in the northern part of
the Mountain View quadrangle. An outcrop several miles
long floors the valley of Roasting Iar Creek, in northern
Stone County. It caps the bluffs on both sides of White
River and extends up all the tributaries of that river in north-
eastern Stone and southern Izard counties. Farther ecast in
the Batesville quadrangle, along White River, the sandstone
descends to water level, and its outerop has been traced on the
north side of the river to the vicinity of Guion, in southern
Izard County. 1Tt is absent south of the river in this quad-
rangle, the steep southward dip carrying it beneath the bluffs
on that side of the river. The sandstone forms broad out-
crops in southern Sharp and northern Independence coun-
ties, in the northern part of the Batesville quadrangle.

The area east of the Batesville quadrangle has not been
surveyed topographically, but the sandstone was traced south-
castward for several miles, finally disappearing beneath the
gravels and sands of the Mississippi Valley alluvial plain
east of Walnut Grove, in Independence County. In this diree-

"Rureka Springs-Harrison Folio, pp. 7 and 18.
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tion the outerop of the formation gradually diminishes in
width, becoming less than one-half mile wide at the eastern
termination of its outerop. The lack of adequate base maps,
together with the wooded and rugged nature of the country,
prevented an accurate determination of the boundaries of the
formation both north and east of the Batesville quadrangle.
The problem is further complicated by the presence of a simi-
lar sandstone below the St. Peter and separated from it by
a narrow and irregular vertical interval, which in places ap-
parently absent.

In the preceding paragraphs the outerop of the sand-
stone 1s sketched in a general way, but the distribution of
the sandstone is much more general and extensive than the
fracing of its outcrop indicates. The sandstone undoubt-
edly persists, as a continuous formation underlying the
ridges between its outecrops on the valley slopes that bound
the ridges. Hence the sandstone is present, though buried
by later formations, in large areas in northern Arkansas.
Its northward extent is terminated by older formations
that appear in extreme northern Arkansas. It was origi-
nally present in this region but has been removed during
the prolonged period of erosion which this region has ex-
perienced. Mastward the sandstone probably continues be-
neath the Mississippi River alluvial plain, and southward it
eontinues beneath the Boston Mountains and Arkansas Val-
leyv and for an unknown distance beneath the Coastal Plain
of southern Arkansas and northern Liouisiana. Westward
the sandstone thins and may be absent locally, but it con-
tinues far into eastern and central Oklahoma, where it is
called the Burgen or the Wilcox sandstone.

THICKNESS

The St. Peter sandstone in Arkansas is very variable in
thickness even within short distances. Its thickness reaches
a maximum of 200 feet. The sandstone is buried in extreme
northwestern Arkansas but appears south of Eureka Springs
and thickens eastward, reaching its maximum thickness,
125 to 200 feet, in the Mountain View, Mountain Home, and
Batesville region.

On Kings River, in eastern Madison and southern Carroll
counties, the thickness of the formation ranges from 10 to
70 feet. In eastern Carroll County, on Osage Creek, its thick-
ness is generally 30 feet but reaches 100 feet northwest of
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Usage postoffice. On Crooked and Hussar creeks, east of
Harrison, in central Boone County, the formation is 10 to 20
feet thick. It is only 15 feet thick near Yardelle, in northern
Newton County, but farther west, on Buffalo Fork, it is
thicker, reaching a maximum of 150 feet south of Compton.’

The St. Peter sandstone is well developed and widespread
in the southern part of the Yellville quadrangle, in northern
Searcy and southern Marion counties, but the study of this
region, which is in progress at the present time, has not yet
reached the stage where precisc measurements are available.
The thickness of the formation is probably not materially
different from its thickness farther west, in the vicinity of
Jasper, and farther east, in northern Stone County, where
it varies in thickness from about 50 to 150 feet and averages
about 75 feet.

In Warner Mountain, in southeastern Marion County, the
St. Peter sandstone is 50 feet thick. Iarther east, in Stair
Mountain opposite Buffalo City, the thickness is the same.
This thickness persists in Matney Knob, in southern Baxter
County. In Sugar Loaf Mountain, in southwestern Tzard
County, the sandstone is 126 feet thick. It thins northeast-
ward to 90 feet in Pilot Knob and maintains about this thick-
ness in the neighboring Turkey Knob and Twin Knobs, north-
east of White River, in western Izard County. On Roasting
Har Creek, in northern Stone County, and on Big Creek and
other tributaries of Buffalo River, in eastern Searcy and
Marion counties and southern Baxter County, the formation
18 65 to 85 feet thick.

The formation is considerably thicker in the vicinity of
Svlamore and eastward to Guion, in southern Izard and north-
castern Stone counties. Thus; west of Boswell, on the oppo-
site side of White River, the sandstone is 150 feet thick, and
its thickness is the same across from Mt. Olive. Southwest of
Perrins Ferry it is 125 feet in thickness and about the same
thickness on Livingston and Sylamore creeks. Northwest
of Sylamore, on the river, its thickness is 135 feet. In Rocky
Bayou and at Guion the sandstone is 150 feet thick. The for-
mation thins northward from the river, having a thickness
of 100 feet on Lyons and Twin creeks and 115 feet east of
Candlestick Knob. At the heads of these ereeks it is generally
50 to 75 feet thick,

¥ Bureka Springs-Harrison Folio, p. 7.
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Faxrther east in the Batesville region, in northern Inde-
pendence County, its thickness is great but variable. Accord-
ing to Miser it 1s 200 feet thick on the west slope of Pine Moun-
tain, at least 75 feet thick 14 miles west-northwest of Wil-
liamson, 125 feet thick in the vieinity of Cushman as shown
by the log of the well at the Southern mine, and 120 feet
thick near Sandtown.' ,

"The variability in the thickness of the St. Peter sand-
stone is attributable to uneven deposition, post-depositional
differential settling, the unevenness of the eroded floor upon
which the sund was spread out in an advancing sea, and the
erosion that has in places stripped off its stratigraphic cover
and removed partly or entirely the underlying sandstone.

TOPOGRAPHIC EXPR.ESSION

Tlie outerop of the St. Peter sandstone is typically a pre-
cipitous slope (see PL-1I), the height of the bluffs in places
represcenting the full thickness of the sandstone and in others
inchuding beds of overlying and underlying formations.
These bluffs are conspicuons features along Buffalo Fork of
White River north and northwest of Jasper, and on the
south side of White River from Buffalo City eastward tfo
Sylamore. The vertical faces of the bluffs are fluted in many
places, and the upper edges of the sandstone at the top of
bluffs arz more or less rounded. Streams descending the
escarpments have carved narrow, V-shaped steep gorges.
(See PL. ' TIT.) The base of the sandstone is marked in many
places by springs. The water seeps downward through the
sandstone and then flows along the contact of the porous sand-
stone and impervious underlying limestone to places of exit.

Where the sandstone underlies considerable areas it vields
a thin, porous soil that is readily gullied to form a gently
rolling surface. Above this undulating surface rise isolated
knobs, ledges, pinnacles, towers, and turrets, some of them
fantastically carved and known locally as ‘“hoodoo rocks.”’
They are of sufficiently frequent occurrence to be a diagnostic
feature of St. Peter outerops, but unfortunately the Calico
Rock and Kings River sandstones, in the underlying FKverton
formation, display similar features, so that diserimination
between the outerops of these formations must in places be
made by other means.

" Miser, H. D., Deposits of Manganese Ove in the Batesville District. Arkansas. Bulle-
tin 734, U, 8. Ceoplogical Survey, p. 17, 1922,
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STRATIGRAPHIC RELATIONS

In the Ozark region of northern Arkansas the St. Peter
sandstone normally overlies the Kverton limestone and is
suceeeded upward by the Joachim limestone. The sandstone
is separated from the IFverton by an unconformity, but the
Joachim rests with apparent conformity upon the upper sur-
face of the sandstone.

During the interval preceding the deposition of the St
Peter sands the upper surface of the Kverton was profoundly
eroded and locally the formation was entirely removed, to-
gether with underlving beds. As a result the base of the St.
Peter in places rests upon the upper layers of the FKverton,
again upon the middle or basal layers of that formation, and
in places upon older formations below the Everton. Thus, at
the mouth of Piney Creek, in the Kureka Springs quadrangle,
the sandstone rests upon the Kings River member in the lower
part of the Fverton formation. In a small area on Osage
Creek, in the western part of the Harrison quadrangle, ¢ -
tral Carroll County, pre-St. Peter erosion completely removed
the Everton, S0 fhat the sandstone rests npon the Powell lime-
stone.”

It the Yellville region the formation underlvmo the St.
Peter evervwhere is mapped as the ‘‘Yellville formation,’’ a
term including the Cotter, Powell and Fverton formations.”
The upper surface of the ‘“Yellville’’ was much eroded before
the deposition of the St. Peter sands, so that the contact of
the St. Peter sandstone with the underlying formations 1s very
irregular. 1n Stone and Baxter counties and farther east
the St. Peter rests upon the Everton formation, which was
submaturely dissected previous to St. Peter deposition, so that
in places the St. Peter rests upon layers in the upper part of
this formation, and again upon layvers in the middle or lower
part of the formation. Locally, as near Melbourne, the sand-
stone rests upon the Calico Rock sandstone, the upper Kver-
ton having been entirely removed before the St. Peter sands
were deposited.

The Joachim limestone generally overlies the St. Peter
sandstone in the eastern part of the Ozark region, but west
of Newton County the Joachim is not known. In this region,
including Madison, Carroll and Boone counties, the St. Peter
is overlain unconformably by the Sylamore member of the

10 JSureka Springs-Harrison Folio, p. 1.
11 Adams, G. I, Purdue, A. H., and Burchard, E. ., Zinc and Lead Deposits ol
Northern Arkansas. Prof. Paper No. 24, i, 8. Geological Survey, Plates TV and 'V, 1904
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Chattanooga, by the Chattanooga shale itself, by the St. Joe
member of the Boone limestone, or by higher beds of the
Boone, On War Eagle Creek, in Madison County, and farther
north, on Kings River, the St. Peter is overlain hy the Syla-
more sandstone. This relationship continues into central Car-
roll County. Kast of Harrison aud at Bellefonte the Sylamore
is again present, overlying the St. Peter. 1In the southern part
of the Hatrison region, in northern Newton County, the Joa-
chim normally sueceeds the St. Peter.

In the Yellville vegion the St. Peter is overlain in places
by the Joaehin limestone, and in other localities by forma-
tions younger than the Joachim. Here, as elsewhere in Ar-
kansas, the Joachim succeeds the St. Peter conformably.
Where the Joachim is absent younger formations succeed the
St. Peter unconformably, locally with angular discordance,
Thus, according to MecKnight, on the cast side of Cabin
Creek the Joachim rests upon the St. Peter. Parks reports
the pl'csenée of Plattin limestone in the Rush distriet imme-
diately above the St. Peter sandstone.” In other localities
the St. Joe limestone or the Sylamore sandstone lies above
the St. Peter,

Kast of the Yellville region, on White River, Buffalo
River, and Sylamore and Livingston ecreeks, the St. Peter
is overlain by the Joachim limestone. In the Batesville area,
as mapped by Miser, the Joachim also everywhere succeeds
the St. Peter sandstone.”

CORRELATION

In Table 2 an attempt has been made to correlate the St.
Peter and adjacent formations with their generally accepted
stratigraphie equivalents in neighboring states. The St. Peter
‘of Arkansas is the equivalent, of course, of the St. Peter of Mis-
souri, 1llinois, lowa, Minnesota and other Mississippi Valley
states. In northeastern Oklahoma the St. Peter has been
called the Burgen sandstone, but that name has now been
ahandoned, since Ulrich considers the Burgen the equivalent
of the St. Peter.” Mrs. Edson has recently prepared a correla-
tion table of the Ordovician formations of Oklahoma and con-
cludes that the Wilcox sandstone is the equivalent of the Bur-
gen and St. Peter sandstones.” No equivalent of the St. Peter

12 personal conimunications.

18 Miser, H. I, Deposits of Mangnnese Ore in the Batesville District. Arkansas,
Bulletin 734, U. 8. Geological Survey, 1822,

4 {Mrich, I3, O., Boulders in the "“Caney’ Shale. Bulletin 45, Oklahoma Gealogical
Survey, 1927. ”

15 mdson, Fanny ., Ordovician Correlations in Oklahoma, Bulletin Am. Assoc. Petro-
tenm Geologists, Vol. X1. No. 9, pp. 967-975, 1927.
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one of the Ordovician sandstones outeropping in the Arbuckle
Mountains, and that hoth may correlate with the widespread

St. Peter sand in the upper Mississippi Valley.”’
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The Joachim normally overlies the St. Peter conformably
in Arkansas and Missouri. This formation is absent in Illinois
except in Calhoun County, where it overlies the St. Peter.
Elsewhere in Illinois the Platteville limestone, or its lower
member, the Glenwood shale, overlies the St. Peter. In Iowa
and Wisconsin the Platteville limestone normally succeeds
the St. Peter upward. In northeastern Oklahoma the Tyner
formation overlies unconformably the sandstone.

In Tlhnois, Towa, and Wisconsin, the Shakopee forma-
tion normally underlies the St. Peter, from which it is sepa-
rated by a pronounced stratigraphic break. In Missouri the
sandstone is underlain normally by the upper limestone beds
of the Fverton. The sams stratigraphic sequence is present
in the Arkansas Ozarks.

FOSSILS

Fossils are very rare in the St. Peter sandstone and those
found arc poorly preserved. None has been found in Ar-
kansas, although a considerable fauna has been reported from
the underlying Everton.® Dake has found fossils (gastro-
pods) at the top of the formation in southeast Missouri,” and
tubular cavities (Scolithus) near the middle of the formation.
These cavities have also been reported as occurring near the
top and near the middle of the formation in Illinois.” _

Sardeson has deseribed 28 species of fossils of marine
organisms found in southern Wisconsin near Dodgevilie and
St. Paul. Some came from necar the top of the formation, but
most of them were collected from three hiorizons well down in
the formation, 60 feet or more below the top. Pelecypods and
gastropods predominate in his collections. In addition there
are three species of cephalopods, three of brachiopods, a
sponge, and another form classified as a bryozoan. Sardeson
describes as follows the conditicns of preservation of the fos-
sils:

The fossils are found as casts of shells that have themselves been -
entirely dissolved without leaving even a stain of color or a trace of
caleium carbonate in the sand. 'The cavities left by the shells are
closed up by a consolidation of the sand in some manner, so that
generally little more than smooth cleavage planes remain to define
the fossils.

The fossilization itself is not strange, but it reveals to us, per-
haps, the reason that the St. Peter sandstone is so gwenerally unfossil-

1% mureka Springs-Harrigson Folio, p. 6.

7 Dake, C. L., The Problem of the St. Peter Sandsions. Bulletin Mo, School of
Mines, Vol. 6, No. 1, pp. 195 and 26, 1921,

8 Lamar, J, K., Geology and Economic Resources of (he 5it, Peter Sandstone of
Illinois. Illinois Geological Survey, Bulletin 53, p. 36 and footnoete references, 1928,
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iferous, viz: because the fossils have been destroyed since the sand-
stone was deposited. One might dig up many fossils without seeing
them, unless care be taken to prevent the casts from being erumbled.”

Indefinite tracings interpreted as fucoids (sea weeds)
have also been -found.” The rarity of St. Peter fossils prob-
ably finds a partial explanation also in the scarcity of life in
the shallow seas in which the sands were deposited.

MAJOR STRUCTURAL FEATURES

The St. Peter sandstone in northern Arkansas lies on the
southern and southeastern flank of the Ozark geanticline. The
dip of the sandstone nearly everywhere conforms to the strue-
ture of the fold. In Madison and Carroll counties and farther
east the dip is from one-half to five degrees in a southerly
direction. In the eastern part of the belt, from Stone and
Baxter counties eastward, the dip remains about the same in
amount but its direction is south-southeast and then south-
east. The steepest dip observed in this eastern seetion was
found near Sylamore, where the sandstone rapidly mounts
the hills toward the northwest with dips as high as 10 degrees.
Other local departures from the regional dip are not infre-
quent and represent small and gentle folds affecting the
sandstone togethér with the overlying and underlying strata.

Faults arc not uncommon in the Ozark Plateau of north-
ern Arkansas, and in places the sandstone has been involved.
Southeast of Rockhouse, in Madison and Carroll counties, the
St. Peter has been cut and offset in five places along the south-
west trace of a normal fault. Northeast of Harrison the out-
erop of the formation has been offset for nearly a mile along
a fault.

A plexus of faults occurs in northern Newton and north-
western Searcy counties, with east, northeast, and northwest
strikes. South of Compton, in Newton County, a series of
parallel faults repeatedly intersects and offsets the ounterop
of the St. Peter where it has been uncovered by erosion in the
valleys tributary to Buffalo Fork. North of Jasper an isolated
area of St. Peter lies north of a fault, and northeast of Jasper
a similar outerop of the sandstone has the same relationship
to another northeast trending fault. A long east-west trend-
ing fault is developed in the extreme northeast part of New-
ton County and extends eastward through northern Searcy
County to the vieinity of Tomahawk. Isolated outerops of
—_mdeson, . W., The St. Peter Sandstone. Bulletin Minn. Acad. Sci, Vol IV.

np. 64-88, 1910,
2 Prof. Taper 24, 11, 8. Geological Survey. p. 21,
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St. Peter are numerous along the north side of the fault, but
this formation on the south side of the fault is buried beneath
‘Boone lmestone, erosion having removed the overlying for-
mation, revealing the St. Peter on the north or upthrown side
of the fault. In the vicinity of Tomahawk isolated areas of
St. Peter are likewise bounded by faults of small displace-
ment. The throw of these faults is generally less than 300
feet.”

North of Rush Creck, in Marion County, near the eastern
boundary of the Yellville quadrangle, the outerop of the St.
Peter is bounded on the north for long distances by a north-
west-southeast fault. In southern Baxter County two miles
northeast of Big Flat, along a northwest trending fault on
Spring Creek, the outerop of the sandstone has been offset
about one mile.

Miser has mapped a fault with northeast trend, nearly
two miles long, about 2% miles northwest of Cushman. Tt
cuts across an inlier of St. Peter with downthrow on the
southeast side, narrowing the outerop of sandstone on this
gside. The maximum displacement is 200 feet. Two short
parallel faults, 250 feet apart, having an ecastward trend,
occur on Polk Bayou 4% miles ecast-northeast of Cushman.
The Joachim and Plattin limestones and the St. Peter sand-
stone are exposed in the belt between the faults, and the St.
Peter bounds the faults on the north and south. The rocks in
this belt have settled about 100 feet.”

The outerop of the formation appears normally to be
massive, with little or no evidence of stratifieation. In many
places, however, weathered surfaces, when viewed from a
distance, exhibit distinetlv massive bedding. In fresh ex-
posures the bedding may be marked by a faint color
banding. Such cxposures also may show brownish ferru-
ginous beds and greenish mud seams marking the position
of bedding planes. In general, the formation may be de-
scribed as massively but not conspicuously stratified.

Some outerops show marked eross-bedding, but this
structure is neither striking nor conspicuous. The false
beds are usually several feet i length, rarely steep, and
never intricate in arrangement. They generally exhibit the
relatively simple arrangement of water-laid sands, rather
than the complexity of eolian deposits.

% Fureka Springs-Harrison Folio, p. 17. Prof. Paper 7. 8 (Geological Survey No. 24, .
Plate V. . : :
A Rulletin 734 U. 8. Geological Survey, pp. 48-19.
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MINQOR STRUCTURAIL FEATURILS

Ripple marks are comparatively rare in the St. Peter
sandstone. Thev were found in only a few places during the
recent field season. Dunkin has recently illustrated ripple
marks in the St. Peter near Guion.® The ripplés have the
undulatory outline produced by wave oscillation or the asym-
metric cross sections produced by water currents.

A peculiar feature of the St. Peter sandstone is the
rather common occurrence in it of pipes shaped like an in-
verted cone, which are believed to have been formed by the
solution of the underlying Kverton limestone before the St.
Peter sand was fully consolidated. The sand slumped in
hour-glass fashion into the solution cavity and became con-
solidated in that position, forming a cone-shaped structure
expanding upward. These pipes have been deseribed and
illustrated by Purdue and Miser.”

In the southern part of the Yellville region the sand-
stone loeally develops a vertical structure. Similar strue-
ture has been noted by Dake in Missouri and Lamar in
Illinois. The structure appears to represent vertical worm
tubes filled with sand.

Honeycomb weathering is developed at many places in
the upper portion of the sandstone. The pitted appearance
resulting from this kind of weathering has been attributed
to the presence of worm tubes, which cause the sandstone
to weather unequally.” '

Sun cracks, tensional features due to desiccation, are
sometimes observed in the St. Peter sandstone. No examples
of these features were seen during the recent field work in
Arkansas. Dake comments on the general absence of sun
cracks in the St. Peter, and Lamar cites examples found in
quarries in Illinois.”

ORIGIN

Two quite different ideas have long been entertained
regarding the origin of the St. Peter sandstone. Originally
it was held that all sedimentary rocks were marine in origin.
Later, with more intensive study of sediments, it was found
that many sedimentary rocks were not marine, but accumu-

% punkin, 12, D,, Mining and Preparvation of St. Peter Sandstone in Arkansas. Am.
Inst. of Mining and Metallurgical Kngineers, Tech. Pub, No. §5, p. 2, 1928,

2 Bureka Springs-Harrison Ifelio, p. 7.

#prof, Paper 11, 8, CGeological Survey No. 24, p. 2L.

2 PDake, C. L., The Problem of the St. Peter Sandstone. Bulletin Mo. School of
Minhes, Vol. ¢, No. 1, p. 194, 1921. TLamar. J. ¥, Geology and Economic Resources of the
8t. Peter Sandstone of Illinois. Tllincis Geological Survey, Bulletin 53, pp. 36-37, 1923,
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lated on land areas as the result of the action of wind,
glaciers, and rivers. As early as 1907 evidence was pre-
sented leading to the conclusion that the St. Peter was not
marine but eolian in origin. This opinion, however, was not
universally accepted. In 1917 Trowbridge, after many sea-
sons of work in the ‘‘Driftless Area’’ of Iowa and neighbor-
ing States, published his conclusion that most of the St. Peter
was marine in origin.” Dake has made the most exhaustive
study of the St. Peter. After a very detailed study of the
St. Peter, extending over a long period of time, he concluded
that the sandstone is principally of marine origin except
in some of the shore phases, that the source of the sand was
the pre-Cambrian erystalline rocks and the Potsdam sand-
stone exposed in the Canadian shield north and northwest
of the St. Peter basin, and that the sand was transported
by streams from its source area to the epicontinental sea,
in which it was deposited and distributed principally by
waves and currents. There may also have been minor dis-
tribution of beach sand by wind into dunes and related
deposits, which later were buried by the advancing sea. Dake
has summarized the evidence on which his conclusions are
based and a statement of them in summary form may be
found in his publication on the problem of the St. Peter
sandstone.”

Lamar has recently published the results of an elabor-
ate investigation of the St. Peter in Illinois.® He states that
the data obtained by his investigation tend to-corroborate
Dake’s conclusions. Additional corroborative evidence of
marine origin, he adds, is seen in seven features, as follows:

(1) Worm borings: In Chapter IIT worm borings are de-
seribed from the middle St. Peter of the Ottawa district. Similar
borings were also reported by Freeman. The borings are preserved
in sandstone, doubtless deposited by water, and are probably the
borings of marine worms, suggesting marine condltlons during at
least part of middle St. Peter time.

. {2} Ripple marks: The upper and lower St. Peter in north-
ern Illinois and the middle of the formation in Calhoun County
contain ripple marks, which are deseribed in Chapter ITI. These
are of the oscillation type commonly developed in shallow water.

(3) Desiccation or sun cracks: In Chapter IIT desiceation
cracks are described from the middle St. Peter in sandstone with a
high clay and probably a high colloidal silica content. The presence

# Trawbridge, A. C., The Origin of the St. Peler Sandstone. Iowa Academy of
Science, Vol. XXIV, pp. 171-175, 1917,

22 0p. cit., npp. 221-224,

? Lamar, J. B., Geology and Economie Resources of the St. Peter Sandstone of
Illinois. Illincis Geologtcal Survey, Bulletin 53, 1928
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of these cracks in well-stratified sandstone in horizontal and parallel
beds suggests temporary emergence and subsequent submergence
of water-laid sediments.

(4) Uniform character of clay: As suggested in Chapter
IIT the uniform character of the clay of the St. Peter is best explained
by postulating a prineipally marine origin for this material.

(5) Relation of bedding and ecross-bedding: Dake’s conten-
tion that bedding in the St. Peter is far more important than cross-
bedding is thoroughly confirmed from the detailed study of the St.
Peter of Illinois. This is thought to favor marine origin for the bed-
ded sandstone. Furthermore, such cross-bedding as is present in the
Illinois St. Peter is generally of the agqueons rather than the eolian
type.

(6) Similarity between the St. Peter sand and the New Rich-
mond sand: A comparison of the shape, size, degree of rounding,
frosting, and texture of samples of St. Peter sand and the New
Richmond sand from outerops in Illinois fatls to reveal any signifi-
cant difference between the two. Two unlabeled samples of these
sands would be indistinguishable. The sieve analysis of a sample
of New Richmond is given in the table of fineness tests (Table 10,
No. 59). The presence in the New Richmond formation of interbedded
limestone of marine origin suggests that the sandstone may also
be marine, and that sand of the physical character of the St. Peter
may accumulate as a marine deposit.

(7) Limestone and dolomite: The presence of limestone or
dolomite beds in the St. Peter of Lake, Cook, and Adams counties
indicates that in parts of Illinois at least some of the formation is
marine in origin and suggests that parts of the sandstone elsewhere
in the State may have had a similar origin.”

In Arkansas the St. Peter sandstone exhibits the same
structural and stratigraphic features as in Missouri, Illinois,
and elsewhere. The pertinent arguments, therefore, that
Dake, Lamar, and others urge in favor of the marine origin
of the sandstone in Missouri, Illinois, and elsewhere are
equally applicable when applied to the origin of the forma-
tion in Arkansas.

It would seem that the evidence gathered by several
careful students of the St. Peter points nnmistakably to the
marine origin of the greater part of the formation. The
sands of the St. Peter were derived from older formations
to the north and carried southward by strcams to be depos-
ited as sandstone lavers in a sea slowly advancing mnorth-
ward across the interior of North America.

Little 1s known about the climate of North America
during early Ordovician time, and any consideration of the
climate of that remote time must he largely theoretical. Tt is

* Op. cit.,, pp. 28-29.
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a reasonable assumption, however, that the area of St. Peter
deposition lay in the belt of prevailing west winds demanded
by the rotation of the earth, and there is little reason for
assuming that either the direction or the rate of earth rota-
tion has changed. It 1is also reasonable to assume that eyelonie
conditions prevailed then as now, but they were probably less
-pronounced, for there is no evidence of the marked tempera-
ture gradient in the two hemispheres which the earth now
experiences and with which the present abmnormally strong
eyclonie control of weather is infimately conneeted, particu-
larly during the winter, when the temperature gradient is
steepest. This consideration, coupled with the wide expanse
of lowlands lying west of the Mississippi region during early
Ordovician time, leads to the eonclusion that the prevailing
west winds were dry winds influenced by weak cyclonic con-
trol. As Dake points out, these winds would separate the
finer materials from the sands and carry these materials
eastward beyond the continental mass. This separation was
facilitated by absence of vegetation, which had evolved at
this early time into plants of a low order of organization
and which would have experienced difficilty in clothing a
surface watered by deficient rainfall. In turn the winds
drifted the heavier sands into the temporary and permanent
streams of the time, which also gathered sands from the riva-
lets developed during the heavy downpours characteristic of
a dry climate. In places on the shores of the advancing sea
and elsewhere over the interior region the wind drifted the
sands over local areas, forming sand plains and dunes. These
sands were incorporated by wave action into the layers of
sandstone forming in the waters of the shallow advancing sea.
Much of the sand was thus subjected to wind aection, which
accounts for its frosted character, and the preservation of
the frosting indicates that the sand was subjected to water
action for only a relatively brief period before burial by addi-
tional supplies of sands carried into the advancing waters.

GEOLOGIC HISTORY

At the close of deposition of the Kverton formation the
shallow sea which had been receiving sand and calcareous
mud to form the Everton beds withdrew probably south-
ward and the emerging land area was subjected to erosion.”
This period of erosion was of sufficient duration to remove

31 Bureka Springs-Harrison Folio, p. 18.
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completely the Everton from considerable areas in the Ozark
region, and to trench the formation deeply elsewhere. At
the same time underground water was forming caverns in the
limestone. It is probable that the entire Ozark region and
muech of the Mississippi Valley was land area at this time,
so that streams were actively removing formations older than
Everton where the Everton had not been deposited. Thus,
in Illinois the older Shakopee formation, which underlies the
St. Peter, was undergoing erosion at the same time that the
Tiverton and older formations were being removed in Ar-
kansas. During this period of erosion in Arkansas clay and
sandy soils accumulated as they do today on land surfaces
during the period of erosion of a region. The soil as rapidly
as formed was exposed to the action of the wind, which re-
moved the finer materials beyond the limits of the region.

This period of erosion was terminated by a readvance
of the sea from the south. The waters advanced slowly and
the waves removed whatever soil accumulations were en-
countered, the finer materials being transported by the agi-
tation of the water far back from the shore. The coarser ma-
terials were reduced to sand and much sand was obtained
from streams flowing from the north, as well as from winds
sweeping the beach and dry ad;acent surfaces. This sand,
in part rounded and frosted, was deposited to form the sand-
stone layers of the St. Peter. Reworking the beach materials
and depositing their burden back from the shore line the
waves slowly advanced across the Ozark region and north-
ward into the upper Mississippi Valley region, thus burying
the whole interior of the United States beneath the waters
of a shallow sea. The rate of deposition in such a shallow,
migrating sea doubtless varied considerably, but it was great-
est in the strip of sea water lying a short distance back of
the advancing waves.

As the waves advanced farther and farther inland the
sea waters were gradually cleared of their sand content and
received instead finer caleareous materials, which were depos-
ited as layers npon the sands to form the Joachim limestone.
‘‘Nevertheless, some quartz sand, like that in the underlying
beds of heavy sand, continued to be delivered to the sea and
was at places laid down with calcareous material and a small
amount of magnesium carbonate, which together produced
sandy limestone. At other places the sand was sufficient in
quantity to form sandstone that included but little calea-
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reous material. The paucity of fossils indicates that marine
life was then meager.””™

The deposition of the Jasper formatidon followed the close
of Joachim deposition. This formation is known only in the
central part of the Ozark region of Arkansas, near Jasper,
in Newton County. The Jasper beds were laid down in a
shallow and restricted sea, probably with southward outlet.
After Jasper deposition much of the southern Ozark reglon
appears to have been land undergoing erosion.

During the succeeding Ordovician period the eastern part
of the southern Ozark region was invaded at least four times
by the sea. And during the following Silurian, Devonian, and
Mississippian periods the Ozark region experienced frequent
incursions by the sea, alternating with long periods of erosion.
During these erosion intervals formations previously depos-
ited were partially or wholly removed from small or large
areas, so that the St. Peter sandstone and older as well as
younger formations may vary in thickness in small distances,
and locally may be absent where they have been completely
removed. These successive erosion intervals also explain
why the formations overlving the St. Peter may be of various
ages, from Joachim to early Mississippian, erosion having
removed older beds overlying the St. Peter before the young-
er beds that now overlie the sandstone were deposited.

LITHOLOGIC FEATURES
COHERENCE

In general the St. Peter sandstone of Arkansas is so
friable that it may readily be disintegrated by rubbing with
the fingers, and pieces in a mortar easily yield to the blows
of a pestle. But locally the sandstone is resistant, in fact,
it is so firmly cemented as to be broken with difficulty with
a hammer. Near Cave City, in southern Sharp County, the
sandstone recently exposed in road improvement is so firmly
resistant as to be almost a quartzite. Beds near Maxville,
in southwestern Sharp County, exhibit the same character,
vel . ljacent beds &re friable. A bed may also be hard and
resistant at one place and within a short distance be friable.
It is apparent that the coherence of the sandstone is vari-
able both laterally and vertically. This is true in weathered
outcrops as well as in fresh exposures. Its degree of coher-
ence, therefore, is a feature which does not seem to be con-

#2 mureka Springs-Harrison Folio, p. 18.
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trolled by weathering. Although the sandstone is resistant in
places, vet as a whole the formation is very friable, so that col-
lection of samples for making microscopic slides, performing
absorption tests, etc., where a considerable degree of coher-
ence is desirable, is difficult.

COLOR

Fresh exposures of the sandstone are white or light
cream-colored, but weathered surfaces in most places are
brown, due to infiltration of iron compounds washed down
the exposed surfaces from the overlying soil, or due to oxid-
ation of minute particles of pyrite locally but very sparingly
distributed through the sandstone.

Thin green bands are discernible in some exposures.
This color Dake attributes to the presence of clay contain-
ing chlorite. Yellow to brown ferruginous streaks and bands
are locally developed along joints and other fracture planes
in the formation. Rootlets penetrating the sandstone along
joints and horizontal seams from the soil above develop thin
horizontal and vertical carbonaceous bands, formed by the
decomposition of the organiec matter.

INTERBEDDED STRATA

The formation is not everywhere entirely sandstone but
here and there contains layers of other kinds of rocks. Pur-
due and Miger state that ‘‘a foot of sandy bluish-gray lime-
stone in the St. Peter sandstone, 40 feet from its top, is ex-
posed on Little Buffalo Fork, 3% miles northeast of Jasper.
It is possible, however, that this sandy limestone is the upper
part of the Fiverton and that the underlying 30 feet of mas-
sive friable white sandstone that is calcareous in thin lay-
ers 18 the Kings River sandstone member, but as a similar
calcareous sand near the base of the St. Peter has been seen
at a few other places in this part of the Harrison quadrangle
these beds are referred to the St. Peter.”””

Parks reports calcarcous sandstone overlain with shale
in the upper part of the St. Peter two miles north of Rush.
The shale and the limy sandstone are several feet thick.”

INTERSTITIAL MATERIAL

In those parts of the formation immediately adjacent
to soil a small amount of organic matter has been carried into

% Flureka Springs-Harrigon Folio, p. 7.
# Personal communication.
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the sand lavers. Iilsewhere organic matter is essentially ab-
sent. Iron is present locally in the formation as minute in-
clusions of pyrite” and as hydrated oxide of iron coating the
sand grains. This iron coating is secondary and may be due
to oxidation of pyrite or to leaching of overlying soil and
deposition of the iron oxide by downward penetrating rain-
water. This is a local phenomenon and is mainly limited to
the exposed portions of the sandstone subject to surface wash
from above and to the layers immediately beneath ferrugi-
nous soils. Horizontal bands a few inches thick of faintly red-
dish-brown sandstone, the so-called ‘‘iron seams,’’ have been
discussed by Dake, who considers the iron to be of secondary
origin, accumulated by oxidation at levels marking a position
of a former water table, which remained stationary for a con-
siderable period of time.”

Nearly all the analyses of the St. Peter sand yields
an appreciable amount of alumina. The alumina is a con-
stituent of clay present in the sandstone as ‘‘mud seams’ a
few ‘inches thiek, or in very small amounts as a partial coat-
ing of the grains, or as particles between the grains. In some
places the clay has been introduced through infiltration from
above subsequent to the formation of a soil cover which fur-
nished the source of the eclay, but generally the clay is prob-
ably to be regarded as an original constifuent of the forma-
tion. The general absence of conspicuous bedding in the for-
mation is in large part to be attributed to the absence of
clay seams, which serve to make the bedding a conspmuous
feature of many formations.

Lime and magnesia are revealed in scarcely more than
traces in nearly every analysis. They are present as carbon-
ates, and were introduced mainly at the time of formation
of the sandstone, although a part of the material may have
been introduced by underground water subsequent to the
clevation of the sandstone above sea level.

CLEANNESS

Cleanliness is an important property of sands, particularly
with reference to certain uses. The chief impurities are clay
or silt, organic matter, iron stain, and finely divided guartz
and other hard minerals. A simple method of detecting im-
purities i¢ to rub a little of the sand between the hands. A

3 Bulletin 734, U. 8. Geological Survey, p. 17.
™ The Problem of the St. Peter Sandstone, p. 139.
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perfectly clean sand will not soil the fingers. 1If a sand is
found to be dirty, the percentage of its impurity is determined
by washing. A sample of sand, after being thoroughly dried,
is weighed and placed in a pan of water and stirred vigor-
ously. It is then allowed to settle, after which the water is
decanted. This operation is repeated until the water, after
stirring, fails to show any turbidity. The water is then
poured off and the sample is thoroughly dried and weighed.
The loss of weight represents the impurities removed. The
following formula is applicable: '
W—W’
D= —— in which
W

D =Proportion of dirt

W =—=Weight before washing

W’'=Weight after washing

In samples of the St. Peter collected from unweathered
outerops the percentage of dirt is so low as to be almost or
quite inappreciable when measured by the method just de-
seribed. Yet much of the St. Peter sand that goes on the mar-
ket is washed, the process removing a large proportion of the
‘‘fines,”” some organic matter, and hydrated iron oxide.

TEXTURE

GENERAL FEATURES

The texture of the sandstone has been studied megascopi-
cally and microscopically. In the microscopic study a bi-
nocular with magnification of 30 diameters was used. A
number of thin sections were also cut for microscopic exam-
ination (Pl IV), but their examination revealed little beyond
the information gathered in the binocular study. The an-
gularity of many grains is brought out in their eross-sections,
as well as the indiseriminate mixing of grains of all sizes, a
characteristic feature of the sandstone everywhere.

The texture of the St. Peter sandstone is variable in
individual samples but monotonously uniform when the for-
mation as a whole is concerned. Iine and coarse grains are
indiseriminately mixed. Rarely do samples show grains
strikingly large or uniformly small. Mechanical analyses of
samples from different localities show few differences.

The sandstone is also remarkably uniform in texture
from the top to the base of the formation. Locally, as at



ARKANSAS GEOLOGICAL SURVEY BULLETIN 4 PLATE LV

5

MICROSCOPIC VIEWS OF THIN SECTIONS OF ST. PETER SANDSTONE AND OF ST.
PETER SAND ~

No, 1, from near middle of formation, near Maxville, southwest Sharp county;
No. 2, from near top of formation, south of Cave City, northern Independence county;
No. 3, from near base of formation, near Maxville, southwest Sharp county; No. 4, from
near middle of formation, south of Cave City, northern Independence county; No. 5,
from near base of formation, near Calamine, eastern Sharp county; No. § heavy min-
erals in the 8t. Peter sandstone.
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Ghiion, certain parts of the formation vield materials of more
desirable sizes for certain industrial purposes, but the differ-
ence in texture between these layvers and layers above and
below is slight.

COLLECTION OF SAMPLES

A large number of samples collected from the formation
across northern Arkansas were sereened. Unfortuately, most
of the samples had fo be collected from surface outerops with
limited exposures, since active exploitation of the formation
has been undertaken in only one locality. The samples were
collected where the rock appeared fresh and unstained by
surface wash and from the part of the outerop that appeared
typically to represent the texture of the rock for the locality.
Trenching of the formation from top to bottom was not
resorted to because of limited time at the disposal of the
collector.” There was also the additional factor involved in
the difficulty of finding complete sections of the formation
and of removal of decayed and staimed surfaces of the rock
from the sections. The mechanical analyses therefore repre-
sent but a very limited fraction of the vertical thickness of
the formation.

MECHANICAL ANALYSES

The samples collected were filed in drawers in the labora-
tory cabinet, each sample labeled with its field number. When
ready for study the sample was crushed in a mortar with a
small, light wooden mallet. Many samples, however, required
no such treatment, the friability of the sandstone leading to
their disintegration during their collection in the field. Kach
sample was next dried in an eclectric oven and a definite
quantity of it was weighed and screened.

The sieve analyses were made with Tyler Standard
sereens,” nested in a mechanical agitator driven by an elee-
tric motor and shaken for four minutes. In Table 3 the
sizes of screens used and their dimensions are given.

Most of the samples were collected by Bryan Parks of the Arkansas Geol. Survey.
38 Described in Catalogue 48, W. 8. Tyler Company, Clevelund, Ohio, 1924,
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Table 3.—Constants for Tyler Standurd Screen Scule Sieves™

[Arranged According to Sieve Openings]

Apertures Tyler Standard
scereen Scale Sieves

Sieve
Inches
1 in, © 1050
34 in. 0.742
15 in, 0.525
3% in. 0.371
3 m 0.263
4 m 0.185
6 m 0.131
8 m 0.093
10 m 0.065
14 m 0.046
20 m 0.0328
28 m 0.0232
35 m 0.0164
48 m .I 0.0116
6b m 0.0082
100 m 0.0058
150 m © 0.0041
200 m 0.0029
270 m 0.0014% |

Millimeters

56.67
18.85
13.33
9.423
6.680
4.699
3.327
2.362
1.666
1.178
0.833
0.589
0.417
0.295
0.208
0.147
0.104
0.074

(.037

Average Diameter of

Product
Inches Millimeters B
0.896 22.76
0.634 16.09
0.448 11.377
0.317 8.052
0.224 5.690
0.158 4.013
0.112 2.845
0.079 2.014
0.056 1.422
0.0394 1.000
0.0280 0.711
0.0198 0.503
0.0140 0.356
0.0099 0.252
0.0070 0.178
0.0050 0.126
0.0035 0.089
0.0022 0.056

*Assumed.

3w, S, Tyler Co., Cleveland. Ohio, Catalozue 48, p.

et
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Table 4 illustrates the method emploved for recording
the results of the sieve tests and the results of the subse-
quent computations.

Table 4.—Results of Screen Tests and Computations in Mechanical Analyses
of Sand of St. Peter Sandstone

(Sample No, 2i1-A;

weight of sample 100 grams)

SCREEN SCALIL
(Ratio= Vv 2)

TIME OF SsHAKE, 4 MINUGTES

Uni-

Effective .

Mesh ner | Retaine | e Pen formity FIgEUve - fotnE
1w | P R | J .
14 e | ! l |
B 20 o 3 . I
28 035 | 038 | 038 | | |
35 358 | 3563 | 396 | I
" 48 R8T ) 8T8 [ 1874 | i |
65 25.76 | 23.76 | 3850 | O |
100 42.34 | 4234 | 80.84 | | |
150 C1592 ¢ 1592 | 96.76 | | |
200 276 |7 276 | 9952 | | |
Pan 0307 1 030 | 9982 |« | | o
Total 99.82 | 93 827 99.82 | 1 63“'| T 0125 | 1.92

Sixty-three samples of sand from the St. Peter sand-
stone were screened. Of this fotal 54 samples were selected
as typical of the St. Peter sand in Arkansas. The essential
facts regarding these samples are shown in Table 5, together
with the locality and position in the formation where the
sample was collected. The terms ‘‘base of formation’’ or
“‘near base of formation,”” and ‘‘top of formation’’ or ‘‘near
top of formation,”’ appearing in Table 5 mean that the
sample was collected within five feet above the base or five
feet below the top of the formation, respectively. The ver-
tical positions from which other samples were collected are
indicated in the table. Figures 2, 3, 4, 5, 6 and 7 (pp. 28-33)
graphically illustrate many of the analyses.

SIZES OF THE GRAINS

Range in size.—In all samples the grains were small
enough to pass the 20-inch mesh. Kighteen samples eontained
grains large enough to remain on the 28 mesh after four
minutes of shaking. All samples showed a considerable resi-
due on the 150 mesh, and 46 samples had weighable quantities
on the 200 mesh. Of the 54 samples 31 left a weighable
residue in the pan, passing the 200 mesh.
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The numbers below the diagrams are the numbers of the samples as given in Table 5.
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Fineness modulus—Abrams has devised the most recent
method of determining a single figure that will express the
fineness of a sand.” This figure is called the fineness modulus.
The fineness modulus of a sand is defined as the sum of the
cumulative percentages computed from the sieve analysis,
either by weight or by volume, divided by 100. Xach of the
sieves used should have an opening double that of the preced-
ing sieve. Abrams bases his method on the products of three
sieves, e.g., 48, 100, and 200. Lamar has modified Abrams’
method by using the cumulative percentages of four sieves,
e.g., 28, 48, 100, and 200." This gives a more accurate figure
than that based on the cumulative percentages of three sieves.
The following example shows how the fineness modulus is

calculated:
Iinencss Modulus of Sample 11-B

Mesh of sieve Cumulative percentages
28 1.20
48 22.60
100 92.60
200 100.40
100 | 216.80

9.17— Fineness modulus

Many of the samples of St. Peter sands from Arkansas
were too fine fo leave a residue on the 28-mesh sieve. For
these samples the fineness modulus was caleulated by adding
the cumulative percentages of the 48, 100, and 200 mesh sieves
and dividing the result by 100.

The fineness modulus of all the samples of St. Peter
screened was computed and the results are ‘given in Table 5.
As this table indicates, the fineness modulus of the St. Peter
sand ranges between 1.53 and 2.74, with an average of 2.17
for the 54 samples.

Based on fineness modulus the St. Peter sand of Illinois
was divided into three classes by Lamar,” as follows:

Coarse: Tineness modulus 2.76 and larger.

Medium: Fineness modulus above 2.30 and below 2.76.

Fine: Kineness modulus 2.30 and smaller. .

The results of the application of this three-fold division

to the St. Peter sand of Arkansas are given in Table 6.

it Abrams, 1D. A.. Design of Concrete Mixtures. Structural Materials Research Lab-
oratory, ILewis Imstitute, Bulletin 1, pp. -7, Chicago. 1824,

4 famar, J. K., Geology and Economic Resources of the St. Peter Sandstone of
Illinois. Bulletin 53, Illinois Geol, Survey, pp. 167-158, 1928.

2 Op, cit,, p. 158,
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Table 6 —Classification of St. Peter Sand of Avkansas Based on Fineness Modulus

. Fine AMedium Coarse

Number of Samples (2.30—) (2.30-2.76) (2.764)
b4 40 14 0
Percentage 74 26 0

A eomparison of the fineness modulus of the St. Peter
sand of Arkansas with results obtained in the study of the
St. Peter sand of other States is given on a later page.

Percentage of fineness—Several methods of determining
the percentage of fineness of a sand have been devised. Secv-
eral years ago Kimmel and Hamilton® suggested that the
percentage of fineness may . be determined by adding the per-
centages of sand passing the sieves of a given set and divid-
ing the number thus obtained by the number of sicves used.
This method affords an approximate means of comparing
sands with each other, pr ovided they have each been sereened
with the same set of sieves or with sieves of identical mesh. -
The percentage for each sieve is readily determined by sub-
tracting the cumulativé percentage for the sieve from the
total percentage retained in the complete analysis. In Table
5 the percentage by weight of sand retained on each sieve is
given. The percentage of fineness for any analysis in this
table may be readily obtained by computing the cumulative
percentages for each sieve, subtracting the results thus ob-
tained from the total percentage of the analysis, adding the
remainders, and dividing by the number of sieves used in
making the mechanical analysis. The folowing example illus-
trates the method employed.

Percentage of fineness of sample 23-A

Mesh of sieve FPercentage passing

28 99.44
35 95.86
48 87.08
65 61.32

100 18.98

150 3.06

200 0.30

7 | 366.04

43 Annual Report of the State Geologlst of New Jersey for 1904, p. 208.

Geological Survey, 1%05.

52.29—= percentage of fineness

Noew Jersey
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Table 7 gives the percentage of fineness of 15 samples of
St. Peter sand selected from Table 5 and computed by the
method just described. From the results thus obtained the
average percentage of fineness, 47.26, was determined, a figure
that probably represents very closely the percentage of fine-
ness of the formation as a whole, for the samples were se-
lected as typical of the St. Peter sand obtained at widely
separated localities.

Awverage fineness.—Lamar has summarized the method
of obtaining an average fineness figure recommended by the
International Correspondence Schools of Scranton. This
method may be used for comparing sand, but it is open to
the objection that it is possible by selecting analyses to obtain
the same fineness figure from sands of different sieve an-
alyses.”

In this method the sieves used are of the meshes indicated
in the example given below. The fineness figure is determined
by multiplying the weight of the sand passing each sieve by
the number of mesh of the sieve and dividing the total of all
the sieves by 100. The 60-mesh sieve is credited with any
loss oceurring during the sieving operation, and the sand not
passing the 20-mesh sieve is credited to a 1-mesh sieve. The
following example illustrates more -concretely the method
here described.

Weight of sand passing one gieve and

Mesh of sieve retained on the next
100 X 5.2 520.0
80 X 2.0 400.0
60 X 10.0 600.0
40 X 20.0 800.0
20 X 09.2 1184.0
1 X 0.5 0.5
60 Py 0.1 (Loss)}) 6.0
100 | 3510.5

Average fineness 39.1

The average fineness figure is sometimes spoken of in
commercial parlance as the fineness number.

Average grawm size~—Average grain size is the term ap-
plied to the size of the average grain of a sample of sand.
It is determined by calculating the average size of each mesh
of a gieve having a given number of openings per linear inch
and multiplying the number obtained by the amount of sand

% Op, cit., pp. 156-167.
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retained on the given sieve expressed as a fraction of unity.”
It is assumed that the grains retained on the 20-mesh sieve
average 1-15 inch in size. This size would be expressed deci-
mally by 0.066. Those retained on the 40-mesh sieve would
range from 1-20 to 1-40 inch in size, and their average would
be as follows:

1/20--1/40

The averagés for the other meshes are determined in fhe
same way ; thus for the 250 mesh:
1/1504-1/250

9
Ries and Rosen suggest the following illustrative example :

= 0.005

Table 8.— Determination of Average Grain Size of a Sand

SIEVE ANALYSIS CALCULATION OF AVERAGE GRAIN SIZE
Mesh | Poroontage | Fagtion of | Average Gra | Vioduct of Columns
20 6.84 . 0684 | X .066 00451
40 6.61 0661 X 0317 00244
60 40.09 .4009 X .019 00762
80 8.98 0RO X .012_ 00117
100 23.82 2382 x 811 00262
250 12.56 12566 x 007 00088
Clay 1.06 L0106 X 002 .00002
Total | .01926 average grain size

1
That is, —

.01926
In other words, if all the grains in a given volume of

the sand whose mechanical analysis is shown above were re-
duced to a uniform size, they would pass through a 51-mesh
sieve.

As Lamar has pointed out, the chief sources of error in
this method reside in the fact that an average screen size
must be caleulated and that the size retained on any sieve
varies between the sizes of the mesh of the retaining sieve
and of the mesh of the sieve through which it passes on to
the retaining sieve.”

Fffectwe size and wuniformaty coefficient.—It is custom-
ary to specify effective size and uniformity coefficient in con-
nection with the purchase and use of sands for filtration.

4 Ries, H. and Rosen, J. A., Foundry Sands of Michigan. 'Michigan Geological Sur-
vey Ann, Rept. for 1907, pp. 50-61, 1908, .
# Qyp, cit, p. 157.
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Aside from this particular use of sand the effective size and
uniformity coefficient are rarely considered. The effective
size and uniformity coefficient of the samples of the St. Peter
sand studied have been calculated and the results are given
in Table 5 (p. 28).

The effective size is measured by that opening which will
just pass 10 per cent of a representative sample of sand. The
uniformity coefficient is defined as the ‘‘ratio of the size of
grain which has 60 per cent of the sample finer than itself
to the size which hasg 10 per cent finer than itself.”””

The uniformity coefficient of a sample of sand is ob-
tained by dividing the size of opening expressed in millimeters
which will pass 60 per cent of the sand by the effective size.
The uniformity coefficient is intended to indicate the uni-
formity of the sand or the variation in the 50 per cent of sand
lying between the finest 10 per cent and the coarsest 40 per
cent. The closer the uniformity coefficient is to zero the more
uniform the sand,

““That is, in a sand, if just 10 per eent were finer than
1 mm. and just 60 per cent finer than 2 mm., the uniformity
coefficient would be 2. In other words, 50 per cent of the
sample lies between 1 mm. and 2 mm: in diameter. Similarly,
if 10 per cent of the sample were finer than 3 mm. and 60 per
cent finer than 6 mm., the uniformity coefficient would again
be 2, though the latter sand would be three times as coarse
as the former. Thus, it will be seen that the uniformity co-
efficient does not necessarily indicate the absolute coarseness
or fineness of a sand. It merely expresses a ratio of varia-
tion of size of grain. A sand with a coefficient of 5 means
that 50 per cent of that sand has a variation in size of grain
represented by the ratio of 1:5. A uniformity coefficient of
1, which is almost an impossibility, would mean that 50 per
cent of the sand was uniform in size, with 10 per cent smaller
and 40 per cent larger than this size. The smaller the uni-
formity coefficient, the more uniform the grain of the sand;
the larger the uniformity coefficient, the less uniform the
grain of the sand.””” |

The values of effective size and uniformity coefficient
can be most readily determined by means of interpolation on
cumulative direct plotting paper.”

# Condra, G. ., Sand and Gravel Resources aad Industriss of Nebraska, Nehroska
Geological Survey, Vol. III, pt. 1, p. 30, 1908,
# Dake, C. T.., The Sand and Gravel Resources of Missouri, Missouri Geol. Survey,

Vrl. XV, 2d series, p. 14, 1918,
# This paper may be procured directly from the W. 8. Tyler Co., of Cleveland, Ohio,
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Table 84 —Derivation of Cumulative Per Cent and Method of Recording Unifor-
mity Coefficient and Effective Size as Determined by Figure 8

SCREEN SCALE - ’
RATIO— \/T TIME OF SHAKE—4 MINUTES
OPENINGS | Diam, ‘
‘ Mesh of ‘Weight | Per Ce*nt t C‘:um. Uniform-| Effective
Inches Mils. \ (gllcrﬁ) Rtnd. Rtnd | Per Ce.nt ity Coeff, Size
065 ’ 1.651 ' 10 | .085 ‘ ’
046 | 1168 | 14 | 025 | | .
0328 833 20 | .0172 | i | ;
0232 | 589 | 28 | .0125 | ) 0.80 080 | |
0164 } 417 | 35 | 0122 | 10.88 1168 | |
0116 | 295 | 48 | .0092 | | 20.58 32.26 | |
0082 | 208 | 65 | .0072 | 24.78 57.04 | |
0058 | .147 | 100 | .0042 32.16 89.30 | |
0041 | 104 | 150 | .0026 8.06 97.26 | |
0029 | 074 | 200 | .0021 | 1.55 98.81 | |
| Pan | 0.75 99.56 | |
| | |
99.56 , 1.83 / 0.146
5.

*Averages of analyses of 54 samples of St. Peter sand as given in Table

The following diagram (Fig. 8), plotted on standard
graph paper, illustrates the method of procedure used in ob-
taining the values expressed by the terms effective size and
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Figure 8. —Graph showing the derivation of uniformity coefficient and effec-
tive gize of all samples of St. Peter sandstone.

The averages of analyses of 54 samples of St. Peter sand were used in plotting the
graph., The resulis are given in Table 8A.

uniformity coefficient. The vertical ordinate (Y coordinate)
indicates the weight retained on each screen expressed as a
percentage. The horizontal ordinate (abscissa or X coordi-
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nate) indicates the screen sizes expressed in millimeters, each
smaller division representing four units, The graph expresses
“the analysis in cumulative percentage. A vertical dropped
from the intersection of the graph with the 90 per cent hori-
zontal line intersects the horizontal ordinate or X axis in a
point expressing the size of the sicve opening that will just
pass 10 per cent of the sample of sand. The value of this point
may be read direetly on the horizontal ordinate or X axis and
represents the effective size. A vertical dropped from the
intersection of the graph with the 40 per cent line intersects
the horizontal ordinate at a point expressing the size of the
sieve opening that will just pass 60 per cent of the sample.
The value of this point may also be read directly from the
horizontal ordinate. This value divided by the effective size
represents the uniformity coefficient.

As indicated in Table 5 (p. 28), the figures showing the
effective size and uniformity coefficient of the 54 samples
of St. Peter sand have a considerable range, indicating a lack
of uniformity in the grain sie of the sand. Xiffective size has
a range from 0.087 (sample 27) to 0.240 (sample 9-B), and
an average for the 54 samples of 0.146. Uniformity coeffici-
ent ranges between 1.29, the smallest value obtained (sample
7-B) to 2.70, the largest value obtained (sample 18-B), with

ERRATA
Page

40. Interchange plate of Figure 8 and plate of Figure 13, page 121,

clusions. Hence a comparison of the St. Peter sandstone of
Arkansas with the same formation of these two States is
readily made and yields interesting and instructive results.
In this comparison the fineness modulus, effective size, uni-
formity coefficient, and size of grains as revealed in many
slieve analyses will be considered.

The average fineness modulus of St. Peter sand of Illinois
was computed from the results obtained by T.amar and found
to be 2.51, with 1.47 as the lowest and 3.08 as the highest
values obtained. These figures arc based cn 76 samples, of
which 27 samples were washed sand.” Lamar determined

W Dake, C. L., The Problem of the St. Peter Sandstone. Bulletin University of Mo.
School of Mines and Metallurgy, Vol. VI, No. 1, 1921.

Dake, C. L., The Sand and Gravel Resources of Missouri. Missouri Geological Sur-
vey, Vol. XV, 2d series, 1918. ’

Lamar, J. E., Geology and Economic Resources of the $t. Peter Sandstone of Tllinois.
Illinois Geological Survey, Builetin 53, 1928.

1 Op. cit.,, Table 10.
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the average fineness modulus of 28 samples of washed sand
from the St. Peter of Illinois to be 2.60, and the average fine-
ness modulus of 29 samples of erude sand to be 2.63.7

Tor the St. Peter of Missouri the average fineness mod-
ulus was computed from the results of sieve analyses made
by Dake and found to be 2.32. The computations were based
on the residues on the 30, 50, 100, and 200 sereens, which
might introduce a slight difference in the results obtained
when compared with the results obtained in Illinois and
Arkansas, where Tyler Standard sereens were used with the
computations based on the residues (cumulative percentages)
on the 28, 48, 100, and 200 screens. The lowest value found
for the sand samples of Missouri was 1.83 and the highest
was 2.83° These figures are based on 27 samples, of which
three were washed sand.

PTable 9.—Comparison of Fineness Modulus of‘ St Peter Sand of Scveral States

| ’ ,
. Conditi sg %%g ;%g w%g
Htate ‘andition EEE‘ %EE gﬂg,r_g. Ezng:é
E SES TEe

Hlinoi Crude sand 29 | 147 97 | 2863
ot ~Washed sand 28 | 2.02 | 3.08 | 260
Missouri Crude sand 27 ] 1.83 | 283 | 232
Arkansas Crude sand (except 54 | 1.3 _2.74 © 217

_ one sample) |
Oklahoma Crude sand 1} 18 | 18 | 185

The average of the values obtained expressing the fine-
ness modulus of the St. Peter sand of Arkansas was 2.17,
based on 54 samples, all of which, with one exception, repre-
sented crude sand. The lowest value obtained was 1.53 and
the highest was 2.74. '

The fineness modulus of a single sample of St. Peter
(Burgen) sandstone collected near Grand River in north-
eastern Oklahoma was 1.85. This indicates a fineness com-
parable to the St. Peter of Arkansas for this particular sample.

The general results of the comparison of the fineness
modulus of the St. Peter sands of the Mississippi Valley are
given in Table 9.

Dake determined the effective size and uniformity co-
efficient of a large number of samples of St. Peter sand col-
lected in Missouri” The results he obtained were averaged

W Op. cit., p. 159,
53 Op. cit., table opposite page 126.
¥ Op. cit., table opposite page 126.
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and are given in Table 10, Lamar determined the effective
size and uniformity coefficient of a number of samples of the
St. Peter of Illinois.”™ The average values yielded by these
samples are also given in Table 10. The effective size and
uniformity coefficient for all the samples of St. Peter sand
of Arkansas studied were determined and their averages have
also been introduced in Table 10. The average fineness
modulus of the sands for these three States is also included in
the table, so that it is possible to compare at a glance the
effective size, uniformity coefficient, and fineness modulus
for the three States.

Table 10.—Comparison of Average Effective Size, Uniformity Coefficient, and
Fineness Modulus of St. Peter Sand of Illinois, Missouri, and Arkansas

l Average Effective ‘ Average Uniform- l Average Fineness
State Bize ity Coefficient i Modulus

j sl:?ﬁpc;gs Averages I sﬁﬁip?éJ Averages , SI:,(:;D?,§| Averages
Illinois ............._.. | 11 0.204 ‘ 11 2.04 76 [ 251
Missouri ... 27 0.155 27 1.78 27 2,32
Arkansas ... ’ 54 | 0146 | 54 | 1.83 b4 ‘ 2.17

Table 10 emphasizes the close similarity of the St. Peter
sands in Illinois, Missouri, and Arkansas. The decrease in
the value of the figures from Illinois to Arkansas is clearly
indicated, and is probably to be explained by the increasing
fineness of the sand southward in the Mississippi Valley with
constantly increasing distance from the source of supply and
correspondingly greater attrition.

Table 11 presents a classification of the St. Peter sand
of THinois, Missouri, and Arkansas on the basis of the fineness
modulus, in which all samples for which the fineness modulus
has been determined are divided into three groups on the

Tab'e 11.—Percentage Classification of St. Peter Sand of Illinois, Missouri,
and Arkansas on the Basis of Fineness Modulus

! 0~ o~ i
Condition o 3 1 \EE EE cu_T_
State of Sand oﬂg‘ [ o Es; i gg
c3 | E& P
. A [ s : |
. Crude sand 25 | 8 | 56 | 36
filinois Washed sand 121 | id 33 | 53
) . Crude sand 24 | 50 @2 | 8
Missouri Washed sand [ 67 33 | 0
Crude sand 53 | 75 25 0
Arkansas Washed sand 71T [ 0 ] 100 0

# Op. cit,, p. 155,
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basis of size. Group 1 contains all samples with-a fineness
modulus below 2.30; group 2 contains all samples with a fine-
ness modulus between 2.30 and 2.76, and group 3 contains
all samples with a fineness modulus above 2.76. This table
also emphasizes the greater fineness of the sand in Arkansas
as compared with the St. Peter of Missouri and Illinois.

The conception that the sand grains of the St. Peter
sandstone are of uniform size has long been prevalent and
is still occasionally expressed. A number of years ago Dake
criticised this coneeption, and subsequent work in Illinois
and Arkansas fully substantiates his conclusions in this re-
spect. In discussing the results of tests showing the uniform-
ity coefficient and effective size for a large number of samples
of St. Peter sand Dake concludes that ‘‘the factor of uni-
formity has been heretofore greatly overestimated in describ-
ing the St. Peter formation.”” And in comparing the results
with results obtained after amnalysis of a large number of
samples representing eight formations ranging in age from
Cambrian to Tertiary Dake states ‘‘the difference is entirely
inappreciable either as to average or extreme range.’’

Fven a cursory survey of the results obtained by Lamar
strikingly emphasizes the lack of uniformity in grain size
of the Illinois St. Peter.”” The averages given in Table 6 of
this report indicates as great a lack of uniformity in the St.
Peter sand grains of Arkansas as exists in the same forma-
tion in Illinois and Missouri.

In Table 12 a comparison of the size of grain of St. Peter
sands of [llinois, Missouri, Arkansas, and Oklahoma is drawn.

Table 12—Comparison of Size of Grains of St. Peter Sand in Illinois, Missouri,
Arkansas, and Oklahoma

a Average Passing Bach Sieve bo§
State “S:a — - | ] '555%
S5 28-30 48-50 100 150 } 200 B e
78 | R I 1
Ilinois* .....|] 76 | 95.16 | 4365 | 883 | 3.62 | 136 | 99.98
Missourit —| 27 | 96.26 | 6318 | 733 | 1.67 | 1.19 | 9999
Arkansast . .| b4 | 9877 | 67.31 | 1037 | 231 | 0.76 | 99.57
Oklahoma. .| 2 | 99.99 | 81.33 | 2257 | 1101 | 274 | 99.99

*Includes 27 samples of washed sand.

tIncludes 3 samples of washed sand.

fIncludes 1 sample of washed sand.
This table again emphasizes the absence of uniformity in the
St. Peter sands, and clearly indicates the increasing fineness

% Op. cif,, Table 10,
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of the sand in proceeding southward in the Mississippi Val-
ley. This increasing fineness is most strikingly evident in
the larger volumes of the sand passing the coarser sieves, a
feature persisting to the sieve of 100 mesh.

But two analyses of the St. Peter (Burgen) of north-
eastern Oklahoma were available for use in the table. One
analysis was made by the writer, the sample having been col-
lected near Grand River not far from the Tulsa-Fayetteville
highway. The other analysis was taken from Buttram’s re-
port.” These analyses indicate a fineness as great as charac-
terizes the St. Peter sand of Arkansas. It is probably unwise,
however, to draw more than tentative conclusions from re-
sults of only two analyses.

SHAPES OF THE GRAINS

General features.—The shapes of sand grains are of eco-
nomic importance in the utilization of a sand, and in addition
they possess scientific interest, especially for the information
they furnish as an aid in interpreting the history of the sand.
Some samples of the St. Peter sand of Arkansas have been
studied with particular reference to the shapes of the grains.
The results of the study do not confirm the prevalent: notion
that the St. Peter sandstone is composed of well-rounded
grains. In fact, the grains possess an infinite variety of
shapes, ranging from angular to rounded. Many grains show
no rounded surfaces whatever, others are partially rounded,
the remaining surface being composed of facets at angles to
one another, and rounded grains are very rarely round but
instead are oblong, spindle-shaped, cgg-shaped, or lens-
shaped.

Degree of angularity—Lamar has recently devised a re-
fined method of determining angularity of sand grains, and
has developed the essential mathematical procedure involved,
so that the result of the method may be expressed as a single
angularity figure.” Trowbridge and Mortimore have also re-
cently suggested a method of determining angularity by opti-
cal comparison with a somewhat arbitrary set of standard
angularity grades econsisting of representative grains.” They
recognize four degrees of rounding: rounded, fairly well
rounded, subangular, and angular.

57 Buttram, Franlk, The Glass Sands of Olklaloma. Bulletin Oklahoma Geological
Survey, No. 10, p. 89, 1913,

® Lamar, J. E., op. cit.,, pp. 148-151.

¥ Trowbridge, A. C. and Mortimore, M. E., Correlation of ()il Sands by Sedimentary
Analysis, Economic Geology, Vol. XX., No. 5 pp. 409-423, 1925,
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ARKANSAS GEOLOGICAL SURVEY BULLETIN 4+ PLATE V

6F
MICROSCOPIC YIEWS OF ST. PETER SAND
The locations and descriptions of samples 3@ and 7B are described in Table 5. The
locations of the other samples are as follows: No. 1K, near top of formation, two miles
southwest of Calamine on Calamine-Cave City road; No. 5B, near top of formation, in
front of post office at Mobley; No. §B, 40 feet below top of formation, one-fourth mile

south of Andersom; No. 8F, near holtom of formation, 3% miles northwest of Ander-
son in Little Lafferty Creel,
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Following the method suggested by Trowbridge and Mor-
timore three samples of St. Peter sand collected at different
horizons in widely separated localities were analyzed with
reference to angularity. The sand was sprinkled on the sur-
face of a microscope slide and examined under a binocular
against a dark background. The magnification employed was
30 diameters. The slide was illuminated by two 100-kilowatt
lamps. (See Pls. V and VI.) The samples selected were
sereened and the residues from the successive sieves placed in
envelopes labelled with the size of the sieve and sample num-
ber. One hundred grains were arbitrarily separated from each
envelope and the shape of each grain classified according to
the suggested scale of standard angularity. The results are
given in Table 13.

A casual inspection of Table 13 indicates that only a
small proportion (less than 3 per cent) of the St. Peter sand
grains are rounded, and that only about 8 per cent are fairly
well rounded. Slightly more than one-fourth of the total
number of grains are subangular, and considerably more
than one-half (61 per cent) are distinetly angular.

Table 14 summarizes the degree of angularity of the
grains according to size. With ncreasing fineness of grains
there 18 a corresponding decrease in rounding of grains.
Fssentially all of the rounded grains are coarser than 100
mesh size, and in general the coarser the grain the more
likely it is to be rounded. The same generalizations are true
when applied to fairly well rounded grains. Subangularity
shows a rather marked uniformity in percentage of total

Table 14 —Average Angularvity by Mesh Size of St. Peter Sand
(Compiled from Table 13)

| rainy well

Rounded Roundeid Subangular Angular
. (=32}
ez | © °g | © °c v S ~ 5
-] - ] 9 o e - P o
|76 | & 1260 & | ws 1 2 | 2 | & | =%
28 | 0] 007 8§ 80| 23 230 | 69| 69.0| 100
-35 | 16 53| 45 15.0 | 117 | 39.0 | 122 | 40.7 | 300
48 [ 14 ] 47 | 4277 14.0 | 104 | 34.7 | 140 | 466 | 300
85 | 8] 27 24| 80| 116 ] 387 ] 152 | 50.6 | 300
100 [ 6] 20 21| 70| 91 304 | 182 | 60.6 | 300
150 |7 1] 04| 7T 23] 59| 19.7 | 233 | 716 | 360
200 [ 0] 00 4 137 30| 100 | 266 | 887 | 300
Totat | 45| 24 [ 151 | 7.9 | 540 | 284 [ 1,164 | 613 | 1,900
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grains for the coarser meshes, but the proportion of subangu-
lar grains deelines rapidly helow the 100 megh. Angularity, on
the other hand, shews a constant increase with inereasing fine-
ness of grainsg. Below the 100 mesh more than three-fourths
of all grains are angular, and below the 150 mesh more than
four-fifths of the grains arce angular.

Broadly generalizing on the basis of the results obtained,
one out of seven of the grains coarser than 100 mesh 15 likely
to he rcunded or fairly well rounded, while only one out of
50 of the grains finer than 100 mesh is likely to be rounded
or fairly well rcunded.

SOUNDNIESS 0P THE GRAINS

For most commercial purposes it is essential that the
grains be nearly free from chemical decay. Incipient chemi-
cal deeay reduces both tensile and crushing strength, and if
the decay has gone far the sand becomes useless for many
purposes. Haech individual grain should be at least as resist-
ant both to tensile and erushing strength as the cement that
s used to bind the aggregate together. Samples of St. Peter
sand collected from unweathered portions of the formation
uniformly exhibit no traces of chemical decay when examined
megascopically or microscopically. On the other hand the
graing appear as fresh and unaltered as if they had been
very recently depesited without experiencing previous weath-
ering.

ABSORPTION OF MOISTURE

Absorption of moisture by a stone is particularly impor-
tant if the stone is to be used in a structure exposed to the
weather. Absorption tests were made on samples of St. Peter
sandstone, although the roek, because of 1tq friability, 1s a
poor building material.

To test the absorption of the sandstone 10 samples se-
lected as typical of the St. Peter in widely separated locali-
ties were weighed and immersed in water, where they were
permitted to remain for 16 days. The degree of coherence of

each sampl>—whether friable, resistant (firmly cemented),
or qua,It/ltlc—\v 1s noted.  After immersion the samples were
again weighed, the increase in weight representing the degree
of absorption. The volume of the sample was next deter-
mined by immersion. This was accomplished by immersing
the sample in water of known volume in a beaker, marking
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24 A
MICROSCOPIC VIEWS OF ST. PETER SAND

The numbers below the figures are the numbers of the samples as given in Table §
opposite page 28,
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the level assumed by the water, then removing the sample.
After removal the sample of sandstone was suspended over
the beaker for several minutes in order that as little water
as possible be removed on the surface of the sample. The
beaker was then filled to the level previously marked and the
total volume of water measured. Iiven with all precautions
there is some loss due to adherence of water to the surface
of the sample. An unavoidable loss also occurs in measuring
the volume of water before and after immersion, due chiefly
to adherence of drops of water to the surface of the graduate.

After weighing and determining the volumes of the wet
samples they were broken and in each sample the water was
found to have thoroughly permeated the sandstone. The per-
centage of absorption was computed by dividing the amount
of water absorbed by the weight of the dry sample. The re-
sults are given in Table 15.

It is often desirable to determine with accuracy the
porosity of sandstones adapted to building purposes or likely
to serve as reservoirs for oil or for water supplies 1n dry
regions. Several methods have recently been devised for de-
termining the porosity of such sandstones.”

1

POROSITY OF THE SAND (VOIDS)

The determination of the porosity of a sand is important,
particularly in conerete work, for the greater the porosity the
larger the guantity of cement needed to fill the pore spaces.
Dake has summarized several methods for the determination
of pore space in sand and gravel aggregates and has pointed
out the causes of inaccuracies likely to be present in the results
obtained by the use of cach of the methods.” e describes the
method most commonly used in the laboratory for the deter-
mination of porosity. In this method the apparatus consists
of a receptacle holding a known quantity of sand: ‘““To an
opening in the bottom attach a rubber tube and connect this
with a graduated glass tube containing water. The graduate

W Melcher, A. ¥, Determination of pore space of oil and gas sands. Mining and
Metnllurgy, No. 160, April, 1920.
Washburn, E. W., and Bunting, E. N., Determination of porosity by the Method of

Gas LExpansion. Journ. Am. Ceramic Soc., Vol & pp. 113-128, 1922

Melcher, A. F., Texture of oil sands with relation to the production of oil.  Bull
Ameriean Association of Petroleum Geologists, Vol. 8. pp. T18-7T74, 1924,

Russell, W, I., A quick method for determining porosity. Bull, American Associa-
tion of PPetroleuim Geologists, Vol. 10, pp. 931-938, 1926,

Sutton, (*. IZ, Use of the acetylene tetrachloride method of porosily determination
in Petroleum Engineering Field Studies. United States Bureau of Mines Reports of In-
vestigations, Serianl No. 2876, June, 1928,

1O, eit., pp. 21-27,
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must stand sufficiently above the sand box to force the water
down through the rubber tube into the sand. The flow of
water 1s controlled by-a pinchcock on the hose. A fine screen
over the opening in the sand box prevents the sand from
passing out into the tube below. After the graduated glass
tube has been filled with water, the cock is opened, and the
water allowed to rise in the connecting tube just even with
the bottom of the empty sand box in order that it will not be
necessary to compute the water in the connecting tube. The
sand box is now filled with sand, and ‘stricken off’ with a
straight edge. If it is the porosity in loose dry sand that
1s desired, the sand is sifted into the box from a given leight.
If it is the voids in wet packed sand that is desired, the box
is filled and tamped by a uniform method. In either case
the water in the graduate is read. The pinchcock is then
opened and the water allowed to run till it just begins to
overflow the edge of the box. The cock is then closed, and
the water in the graduate again read. The difference in the
two readings is the water let into the pores of the sand. In
other words, it is the actual volume of the voids. ¥xpressed
in formula this becomes:
Vw
Voids = —
Vb

Vw = volume of water introduced

Vb = volume of the box.

“‘Kven by this method there are likely to be air bubbles
left in the sand. Tn order to detect these, glass containers of
various shapes and sizes were used, and it was found that a
container not too deep and high and an inflow of water fast
enough to stir the sand slightly seemed to eliminate the bub-
bles best. It was found impossible, however, to expel the
air entirely. This method, because of the air bubbles, gives
a figure somewhat too small, just as the fact that sand strati-
fies when poured into the water is likely to give a value
too large.”” To obtain most satisfactory results it is advis-
able to use receptacles large enough to hold 300 ce. or, better,
500 ce. of sand.

For the determination ¢f porositv Dake and others also
recommend the specific gravity-weight method. This is prob-
ably the most accurate method of determining poroesity, par-
ticularly with small samples, since by the use of the pve-

, 1In which
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nometer or graduated water bottle the gravity can be deter-
mined with accuracy and the weight of the sand can also be
determined accurately. Dake outlines-the method of poros-
ity determination as follows: *‘‘Hirst determine the specific
gravity in the manner already indicated. Suppose this to
be 2.64. Measure out in cubic centimeters a given volume of
sand, say 100 ce. Then, if there were no voids, the sand should
welgh 264 grams. (The weight of 1 cc. of water is 1 gram,
and sand weighs 2.64 times as much.) Weigh the sand. Be-
cause of the voids, it will weigh less. Suppose it weighs
144 grams. The difference in weight caused by the voids is
120 grams, that is, 120 grams of sand will fill the voids. Then

120 divided by 2.64 = volume of voids in ce.

(120 divided by 2.64) divided by 100 = .454 or 45.4 per-
cent voids,

““Expressed as a formula this would be:

g (Ve X )—W
Voids = G , where
Ve
Ve = volume in ce.
G = specific gravity.
W = weight in grams.
If the measurement is made in cubic feet, the formula

will be:
Vi x 625 X G—Wlb

Voids = G x 625 , In which
vVt
Vf = volume in cubic feet.
& = specific gravity.
Wlb = weight in pounds.
621 = weight in pounds of one cubic foot of water.

““For the sake of convenience, one cubic foot is usually
taken. Then 62.5 pounds, the weight of a cubie foot of water,
times 2.64, the specific gravity of the sand, is 165 pounds, the
weight of a cubic foot of the sand if there were no pores.
If the actual weight were 100 pounds, then 65 pounds, the
deficit, is the weight of the sand which would fill the pores.

_ 65
Then the proportionate volume of the pores is =394,
2.64 < 62.5
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and the percentage voids is 39.4. It will at once be noted
that as the volumes are in proportion to the weights, the
percentage voids can be determined by dividing the differ-
ence in weight directly by the theoretical solid weight. In
the first instance 120 is divided by 264 and in the latter 65
by 165.”’

In the determination of the average porosity of the St.
Peter sand the method just described was employed. A
sample of sand obtained from Marble City Falls, in northern
Newton County, was selected for the porosity determination.
This sand has a gravity of 2.643. The weight of 100 cc. of
the sand was found to be 147.31 grams. The difference in
weight caused by the voids is:

264.30 — 147.31 = 116.99, then

116.99 divided by 2.643 = 44.26 per cent voids.

In Table 16 the results of five determinations of the poros-
ity of the St. Peter sand are given. The specific gravity of
each sample and also the weight of 100 ce. of the sand are
given. The averages for the five samples have been com-
puted and are given in the table.

Table 16.—Porosity of 8t. Peter Sand

O B + 8 e
g b3 =84
Sample TS o 2 oR Horizon in
No. T 5 oo Formation Locality
Q= B opﬂ
miy e PR
o =)

6-H 2.651 | 153.318 | 42.20 |25 feet below top|Woest of Mt. Pleasant 13 miles
18-B 2.650 | 162.330 | 38.78 |15 feet above base|West of Everton % mile -
21-K 2.643 | 147.3_10_! 44.26 |TOD... e [South of Willcocksonr 3 mile
22-C 2.649 | 143.350 | 45.88 (26 fcet below top|At Bellefonte
23-C 2.652 | 156.280 | 41.08 |Near top..........[at Metalton, on Piney Creek
Av, 2.649 | 152.607 | 42.44

While it is probably unwise to use the results given in
Table 16 as applicable to samples collected from any particu-
lar area of outerop of the St. Pefer sandstone, yet these re-
sults are based on the study of samples selected as typical
and representative of the formation, and they may be con-
sidered as representing very closely the average porosity of
the sand. Values obtained for particular. areas should not
depart notably from the averages given in Table 16.

NUMBER OF GRAINS PER UNIT WEIGHT OQF SAND

The detefmination of the number of grains in a unit
weight of sand 1s sometimes made, although the results are
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probably of greater scientific interest than of practical im-
portance. This determination may be made by taking a
quantity of the sand that is representative of the sample and
then counting out a sufficient number of grains to yield an
appreciable weight. Knowing the weight of the aggregate
of grains and the number of grains in the aggregate, the
weight of the average grain may be readily computed From
the result the average numbeI of grains in any definite quan-
tity of the sand of known weight, such as a gram, may be
readily determined.

It is somotimes desirable to obtain the number of grains
in a definite quantity of sand representing each of the various
grades of sand resulting from the sieve analysis. Three
samples were subjected to this determination and the results
are given in Table 17,

Table 17 indicates the essential steps in making the deter-
minations. Of the grains retained on each of the 28, 35, and
48 sieves 100 were counted out and weighed. Of the grains
retained on the 65 mesh 200 were counted out under the bin-
ocular (magnification 30 X) and weighed. Three hundred
grains retained on the 100 mesh were counted out under the
binocular and weighed, 400 of the grains retained on the 150
mesh, and 500 of the grains retained on the 200 mesh. The
weight of a single grain was determined using the following
formula:

a
X = —, in which

b .
x = the weight of a single grain
a = total weight of the aggregate
b = number of grains

Knowing the weight of a single grain the number of
- grains in a gram may be computed as follows:

a
X — —, in which
x == number of graius in a gram
a = olte gram
b = weight of a single gram

These computations were made for ecach grade deter-
mined by the sercen analysis and the results, prepared in
tabular form, arc given in Table 17. These results were next
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averaged and these figures are also given in the table. Since
the samples were carefully selected as typical of the St. Peter
sand in widely separated localities, it is. probable that the
averages indicate very closely not only the average weight
of the individual grains for the different grades of the St.
Peter, but also indicate very closely the number of grains per
gram for the different grades of the St. Peter sand.

PITTING OF THE GRAINS

Pits seen in the grains of St. Peter sand have been
studied, particularly by Lamar,” who has discussed at some
length their dimensions and origin. They occur in frosted
grains and in grains that have been enlarged by the addition
of silica. The pits may be frosted or unfrosted. They may
occupy a large part of one side of the grain or they may be
merely minute depressions; they may extend inward one-
third of the diameter of the grain, or they may be so shallow
as to be detected with difficulty. In shape they may vary
from round to oblong, and a few are crescentic. Normal
grains exhibit but one or two pits; a few grains show three,
and a very few show four.

In frosted grains the pits have probably originated by
solution at the points of contact with adjacent grains. The
solvent action would searcely be uniform and would therefore
leave the etched surfaces developed at points of contact with
the frosted appearance observed in the bottoms of many of
the pits. In grains secondarily enlarged the pits have also
developed at points of contact with adjacent grains, but in
these cases the depressions are due to deposition of secondary
silica about the points of contact, covering the frosted sur-
faces of the grains except at such points, and when the grains
are separated the depressions remain with frosted surfaces
as a part of the frosted surface of the original grain.

Tables 18 and 19 summarize the results of the study of
Arkansas St. Peter sand grains with special reference to
pitting of the grains.

As Table 18 indicates, only about one-third of the grains
were found to be pitted. Table 19 presents in summary the
results shown in Table 18. Although nearly half of the grains
on the 28 mesh were found to be pitted, pitting seems to
reach its best development in grains ranging in size between
the 28 mesh and 35 mesh, with nearly two-thirds of the grains

2 0Op, cil.. p. 46.
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Table 19.—Average Pitting by Mesh Size of St. Peter Sand Grains
(Compiled from Table 18)

PITTED I UNFITTED |
On Mesh - — - ?,:;-)tél[.ailios'
| ({\;‘1?{.&;.1; T’er Cent ‘ ('\‘:lo.an(:; i Per Uent
28 | 4% | 460 | 55 | 550 100
3% | 187 | 623 | 113 | 3171 | 300
48 | 184 | 54T | 136 | 453 | 300
65 | 144 | 48.0 | 166 | 52.0 | 300
100 | 44 | 14T o 26 | 883 | 300
150 | 8 2.7 | 292 | 973 | 300
200 | 3 1o | 297 | 9%.0 | 300
Totals | 595 | 313 | 13065 | 687 | 1,900

pitted. About half of the grains finding lodgment on the 48
and 65 meshes are pitted, but with increasing fineness pitting
of surfaces of the grains rapidly -decrcases and is nearly
absent in grains below 100 mesh in size.

SECONDARY ENLARGEMENT OF THE GRAINS

The deposition of silica by underground water on the
grains of the St. Peter sandstone is a noteworthy feature of
the formation. Lamar has discussed this feature of the St.
Peter sandstone of Illinois and states that ‘‘the addition of
secondary silica 1s common in outerops and in sand from wells
reaching the St. Peter exeept in the Ottawa-Utica district,
where this phenomenon is restricted primarily to weathered
deposits.”” ®

After studying microscopically several samples of St.
Peter sand from Arkansas Dr. Littlefield states that ‘“all the
sands show som> degrec of recrystallization.””™ Mrs. Fanny
Edson, who has also examined a number of samples of the
sand from Arkansas, reports that the grains of every sample
show secondary enlargement.”

Mr. Eugene Brewster, of the department of geology of the
University of Arkansas, has made a careful study under the
writer’s direction of the development of erystal faces and
terminiations on the sand grains. The results are ‘given in
Table 20.

As Table 20 indicates, the majority of the grains of the
St. Peter sand of Arkansas exhibit crystal faces. The faces

arc typically prismatic and rhomboliedral. One form may be
% Op, cit, p. 49,

64 Parsonal communicalion,
% Pargonal communication.
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DEVELOPMENT OF CRYSTAlL FACES 59

present without the other, but usuallv both are developed.
The rhombohedral faces typically terminate the grains and
the prism faces are developed about the central parts of the
grains. In some cases, however, rhombohedral faces may be
seen projecting from the sides of the grains. Grains may be
oomplotelv bounded by crystal faces, or pa,rtly bounded, the
remaining surface being frosted.

Some of the crystal faces may be survivals from the
original source of the sand, but the amount of attrition by
wind and water to which the grains were subjected before
deposition makes this conjecture unlikely for any appreciable
percentage of the erystal faces except on the smallest grains.
This conclusion finds strong support i the almost complete
absence of pitting, chipping, or frosting of the crystal faces.
These faces are almost invariably as clean and smooth as the
similar faces developed on largz quartz crystals that have
grown continuously and unimpeded.

Insufficient evidence is available to warrant a concelusion
regarding the distribution of secondary enlargement throungh-
out the formation. All camplex studied by the writer and
others show this feature to a marked degree, but the samples
studied by the writer were necessarily collected near the
outerop. It is reasonable fo assume that the upper layers
of the sandstene and portions of the formation near outerops
would exhibit the frature most conspicuously, sinea the sourc.
of the silica 1s to be sought in solution in the belt of weather-
ing by downward penetrating rainwater, the deposition of
which would normally occur on the surfaces of the grains of
sand cncountered early after enfry of the solute into the
sandstone,.

In Table 21 the results of the study of a large number
of the sand grains with special reference to the development
of crystal faces are summarized. Crystal faces are present
on about two-thirds cf the grains studied. These surfaces
are almost invariably clean and smooth, free from chipping
that might arise from abrasive acticn. Interfacial angles are
likewise sharp and distinet and free from notehing.
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Table 21.—Average Development of Crystal Faces by Mesh Size on
8t. Peter Sand Grains

(Compiled from Table 20)

CRYBTATL FACES CRYSTAL FACES
On PRESIENT ABSENT Total No.
Mesh Number i - Nummber of | of Grains
_ of Grains Per Cent Grains Per Cent
28 | 89 | 89.00 | ] 110 | 100
3B | 222 | 140 | 8 ] 260 | 300
48 213} T | 87 | 290 | 300 .
65 | 230 | 6T | 70 233 | 300
100 | 200 | 666 | 100 334 | 300
150 7] 208 | 61.7 97  |T 323 | 300
200 | 158 | 2T | 142 | 473 | 300
| 1315 | 692 | 585 | 308 | 1,900

Totals

The crystal faces are not limited to grains of any par-
ticular size, as Table 21 indicates, but are as likely to be pres-
ent on the coarser grains as on the finer. More than three-
fourths of the grains of one sample that failed to pass the
28 mesh showed crystal faces. And of the grains finding
lodgment on the 35, 48, 65 and 100 screens more than two-
thirds are outlined in part or entirely with well-developed
crystal faces. The majority of the grains finer than the
100 mesh are angular, with smooth crystal faces. Many of
these grains, however, are fragmentary in origin, originating
from attrition of the larger grains during deposition or sur-
viving as angular fragments during transportation from the
original source of supply of the sand. In general if is rea-
sonably clear that grains larger than 100 mesh showing crystal
faces have experienced sccondary enlargement, since crystal
faces, clean and free from abrasion, would scarcely survive
tldnsportatmn by wind or water for any considerable dis-
tance. Crystal faces on grains smaller than 100 mesh may be
due in some cases to survival for the small size of the grains
results in greater immunity from attrition, but the smooth,
even surfaces of the faces and the sharp, clear, interfacial
angles indicate that secondary enlargement has been an im-
portant factor in producing the crvstal faces on the surfaces
of the smaller grains:

FROSTING OF THE GRAINS

The St. Peter sand is usually supposed to consist of
frosted grains, and frosting is a conspicuous featureinall rep-
resentative samples of the sandstone. It is easy, however, to
over-emphasize this feature, as has been pointed out by Dake
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and Lamar, and the present investigation shows that this
conception is only partly correct, cven when restricted to the
coarser grains of the sandstone. In general rounded grains,
as the obleng, egg-shaped, spindle-shaped, and lens-shaped,
are almost without exccption completely frosted, but the
ccarse grains with angular outlines are either not frosted or
ouly partly frosted. The fine grains are as a rule unfrosted.

Table 22 shows the results of the study of frosting of
St. Peter grains. Of 1,900 grains representative of three
samples studied only 261, or 13.7 per cent, were frosted; 874
grains, or 46 per cent, were partly frosted, and 765 grains,
or 40.3 per cent, were unfrosted.

The results given in Table 22 were rearranged according
to size of grain, and the conelusions are compiled in Table 23.

A casual inspection of Table 23 is sufficient to indicate
that only 7 per cent of the largest grains of the sample which
were too coarse to pass the 28 mesh is frosted, while 50
per cent is partly frosted. The proportion of frosted grains
increases to the 48 mesh, then remains fairly constant to the
100 mesh, but in any case this proportion is less than one-
fourth of the total number of grains. Most grains passing
the 100 mesh are unfrostezd, the proportion being 1. to 21.

The percentage of partially frosted grains inereases up
to the 35 mesh, then remains fairly constant to the 100 mesh,
then slowly decreases, with nearly one-fourth of the grains
on the 200 mesh showing partial frosting. The proportion of
unfrosted grains shows a constant increase from about 40
per cent on the 28 mesh to 75 per cent on the 200 mesh.

As a whole, then, frosting is not as characteristic a fea-
ture of the St. Pefer sand as has been supposed. In arriving
at this conclusion the fact must be taken into consideration
that secondary enlargement by deposition of silica would
cover the frosted surfaces. The St. Peter .grains show pro-
nounced effects of secondary enlargement and if is very prob-
able that most of the grains of larger sizes forming the St.
Peter sandstone were originally largely frosted, but the finer
grains were only in part frosted. The proportion of frosted
grains varies considerably in different samples, a feature to
be explained chiefly by the degree of sccondary enlargement.
Thus, in Table 22 it is at once apparent that the percentage
of frosted grains of sample 23-C is considerably below the
pereentages of frosting that the study of the other two samples
revealed.



on InpPisaL oN,
A T TNl

& 00T | L0p | 09 | LT [ 93T 1B

v 006'T | g9r | p28 | 197 [ SUTEIS |2I0L _

m 009 e - |00t | 001 [_00T | 001 | 001_| oot [ Sureds (101,

N ‘LOEYREL .0} JO 9SEQ “.“ﬂ__mmo.wh___HH mﬁ_w | 151 ! ey | [ O O T e G E?1so13un a6

£ 2w W Al g0 guog | 8¢ | _ | 6y | 99 [ e paIsody 4[iied

W{ " L1 |_Iﬂw|ﬁ 8z | . T pelsody

> — 0 T 1 oor |oor | gor | oot [~ sureds [ejog,

2 "UOTJRULIDY JO 07 |[(0ME]  UIAYIN0S 9 _FHNI‘ g I pejsoriuf] 0-67

- NO[AG 1995 ALy .cozﬁmma ._::c e c %, | ¢e6 | ps s peIsoa] Anred

Z 31 AR ) _ e T, T

= . 1 g 11 e Jg |14 PR1$01d

5 umop woyany| 00§ | | o0t | cor | _oor | oot | gor |_sor | TooUsureds (Bjol

S oonuun go doy B fuobite) o | grg [ 1y Vg9 g ag (e |6 i I pewsenyun
xo MOBA R S Ymoyaue| T R e1g |- |9z | 62 !y ey lgg lgg [~ | p91s0I] Anaed

m ST D RAGRIE| |reeeeees oo (32 lg e ot |ls1 |6t t @1 | o [ Po1801g

b 63 o T 5 | W

% sryduergnealy | argdedSiosn =5 =3 38 ; 2 7 007 o 0¢I R 00T -| <¢@ 8¥ ge 8% .

nnm m.n. w Wm m' | Bunsorgd Jo $aSag wﬁnoﬁw”wm
m alduwies Jo uciiedor] m - ~ 7 4SSy Uoem L0} 189, 1O NSIY

& = i

,m SNWAY PUBE 212 f 1§ Jo Bunwosg—rgr 2o

62



FROSTING OF THE GRAINS 63

The frosting of the grains shows a broad but fairly def-
intte relationship to angularity, which is apparent when
Tables 13 and 22 are compared. In Table 13 it appears that
approximately 10 per cent of the grains are rounded or fairly
well rounded, and Table 22 shows that 13 per cent are frosted.

Table 23— Average Frosting by Mesh Size of Grains of 8t. Peter Sand

(Compiled from Table 22)

Frosted Partly Unfrosted
Frosted
On Total No.
Mesh ] of Grains
gi?a:ir?g Per Cent (Igr?a;.igs Per Cent gg;;,igg Per Cent

28 | T | 70 | B0 500 | 43 | 430 | 100
3 | b2 | 174 | 191 | 636 57 | 19.0 | 300
48 | 66 | 217 156 | 516 80 | 267 | 300
66 | 48 | 16.0 82 | 60.7 70 | 233 | 300
1007 7 61 | 203 130 | 433 109 36.4 300
150 | 21| 7.0 | 98 | 327 181 60.3 300
200 | T 23 | 68 | 224 226 5.0 300
Total | 261 | 137 | 874 |

460 | 1765 | 403 | 1,900

The proportion of subangular and angular grains, as indicated
i Table 13, is 89 per cent, while Table 22 shows that the rela-
tive proportion of partly frosted and unfrosted grains is 86
per cent. This relationship becomes the more striking since
the data used in compiling the tables were gathered in the
study of the same gramms, for in the study of the degree of
angularity of each grain, the presence or absence of pitting,
frosting, and crystal faces was noted.

The origin of the frosting of the St. Peter sand grains
usually finds its explanation in persistent wind abrasion and
there is little in the nature of the frosting to indicate that this
view is incorrect. The suggestion that the frosting may be
due to etehing by underground water since the deposition of
the sandstone finds little support in the evidence available.
The marked secondary enlargement of the grains points to
deposition rather than solution as the important process. The
smoothness of the crystal faces developed on a majority of
the grains indicates the absence of solution. The prevalence
of frosting throughout the formation is indicative of a single
primary cause in 1ts production. And the frosting of the
entire surfaces both of large and small grains, instead of its
restriction to angles and small grains, points to other agency
than solution by water, which is selective in its operation.
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SPECIFIC GRAVITY OF THE SANDSTONE

An accurate determination of the specific gravity of a
porous rock like the St. Peter sandstone is difficult to make,
and the results can be considered as only approximate. In
making gravity determinations of the St. Peter sandstone
two methods were followed. In the first method the volumes
of the ten samples given in Table 15 were obtained as de-
scribed under ‘‘absorption of moisture’’ (see p. 45). The
welghts of the soaked pieces of sandstone were then divided
by their respective volumes, determined by immersion and
measuring the volume of water displaced. The results were
found to be too low, the average gravity of the ten samples
being only 2.40. The inaccuracies arose from loss of water
during measuring and from inability to read accurately the
lower limit of the meniscus in a 250 ce. beaker.

In the second method the specific gravity was determined
by weighing the sample in air, and again when immersed in

A
A—W,

A is the weight in air, and W is the weight in water. The
specifiec gravity of 10 selected samples of the St. Peter were
obtained in this way, and the results, together with the com-
puted weights of the sandstone, are given in Table 24. These
results can be regarded as only approximate because of the
porosity of the sandstone, the pores of which tenaceously re-
tain included air. The results, however, are considerably
more accurate than the results obfained by following the
method first deseribed.

, 1n which

water. The general formula to be solved is

SPECIFIC GRAVITY OF THE SAND

Dana places the specific gravity of quartz between 2.5
and 2.8, and of quartz crystals between 2.6413 and 2.6541."
The St. Peter sand analyzing 97 percent or higher in silica
should have a gravity close to that of quartz crystals. Deter-
minations, however, show appreciable departure from the
value assigned to pure quartz. This departure may be ascribed
to several factors. First, the technique involved in the spe-
cific gravity determination of finely divided materials does
not permit absolute accuraey in carryving out the operation.
Sources of error arising aside from the teehnieal procedure,

o Dana, B, S, A Text-book of Mineralegy. John Wiley & Sons, New York, 1877.
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such as failure to eliminate all air from around and within
the individual constituents composing the aggregate under
investigation, lead to further inaccuracy. Second, all samples
of St. Peter sand examined yield heavy minerals in minute
quantities, and these are undoubtedly distributed through-
out the whole formation. This would tend to inecrease the
gravity above the average of quartz. Third, the presenee of
iron, which most analyses reveal, whether it is present as
oxides or sulphides, also enhances the value of specific gravity.
Clay is also generally present in minute quantities, and this
lowers the gravity slightly, since clay is slightly below quartz
in gravity,

Two methods for the determination of the gravity of
the St. Peter sand were tried. In one method, adequately de-
scribed by Dake,” a sample of sand was thoroughly dried and
weighed. The sand was then introduced by means of a small
glass funnel with a bore but little larger than the diameter
of the lead of an ordinary lead pencil into a bottle with a nar-
row neck which was graduated into centimeters. The bottle
previously had been filled with distilled water to a point where
the lower boundary of the meniscus could be read on the
centimeter scale. The sample of sand was then added and
the lower limit of 'the meniscus again read, care being exer-
cised to read the level of the meniscus to a fraction of a cubie
centimeter. The difference in the two readings is the mea-
sure of the displacement resulting from the introduction of
.the sand. The following is the formula:

. W -
Sp. ogr. = — in which
Vit — Vw _
W = the weight of the dry sand expressed in
grams,

Vw = the volume of the water in the bottle ex-
' pressed in cubice centimeters,
and 7
Vt = the total volume of the sand and water in the
bottle expressed in cubic centimeters, whence
Vit — Vw = actual volume of sand, exclusive of voids.

In the laboratory procedure the sample was limited to
25 erams, weighed to within a milligram. The capacity of

% Op. ceit.. pp. 1R8-21.
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the bottle was 2,000 cubic centimeters. Ten xamples of sand
were used, the samples being carefully selected as typical of
unweathered sandstone and as representative of the forma-
tion in widely separated localities. The results ranged from
a value of 2.662 to a valuc of 2777, with an average value
for the 10 samples of 2.698. It was felt that the results ob-
tained were too high to represent accurately the speeific
gravity of tvpical St. Peter sand. Accordingly the follow-
ing method was devised, which is the same as the use of the
pycnometer, with the exception that a small water bottle of
150 ce. capacity was used, the stem of which was marked
about 14 inches below the top. The bottle was first weighed
empty (A), and then filled with distilled water to the point
where the lower boundary of the meniscus coineided with
the mark on the neck of the bottle. 'This was done very
accurately by using an ordinary medicine dropper. The bot-
tle with its water content was then carcfully weighed (B),
after which the bottle was emptied, dried, and 25 grams of
sand carefully weighed were introduced.. The weight of the
bottle and sand is designated C. Water was then intro-
duced to the level of the mark on the neck of the bottle. The
whole was then weighed (D). The specific gravity is de-
termined by the following formula: -

C—A

B4+C—A—-D
A = weight of bottle
B —= weight of bottle and water
(C = weight of bottle and sand
D = weight of bottle, sand and water

With this method the results eheck very closely, not only
when samples were run in duplicate but also when samples
were carefully selected as tvpical of the St. Peter sand. Five
determinations were made, the gravity ranging from 2.643 to
2.652, witll an average of 2.649 for the five samples. This
figure was taken as reasonably accurately representing the
specific gravity of the St. Peter sand both in the further
laboratory procedure aud in the computations into which
specific gravity entered as a factor. The results are given in
Table 25.

Specific gravity —

WEIGHT OF THE SANDSTONE

A simple method of determining the weight of a ecubic
foot of stone is to weigh a cube of 1-inch dimensions and
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multiply the result by 1,728, the number of cubic inches in a
cubic foot. This method is open to some objection because
of the difficulty of trimming many roeks precisely to the di-
mensions of a cubic inch.

Table 25 —Weight of St. Peter Sand

Q o
Sample qc::)-.? E; a4 Horizon in .
No. 'g > .%2 .g : " Formation Locality
a6 | By B2
5-H | 2.6561 ) 163.313 | '95.787 |25 feet below top|West of Mt. Pleasant 11 miles
18-B | 2.660 | 162.330 | 101.383 [15 feet above base| West of Everton 14 mile
21-K 2.643 147.310 92,076 |TOD.ccviiv v | Bouth of Willcockson 14 mile
22-C 2.649 143.350 89.588 |25 feet below top|At Bellefonte
23-C 2.652 | 156.230 97.647 [Near top........... At Metalton on Piney Creek
Average | 2.649% | 152.507 | 95.296

Another method is to determine the volume of pieces of
the rock arbitrarily chosen by immersion in water, following
the method described on page 47. The weights of the dry
samples expressed in grams divided by their respective vol-
nmes expressed in cubic centimeters give the weight of one
cubic centimeter. The weight of a cubic foot of the rock is
then obtained by the following formula:

Wptf = Wge X 62.513, where

Wpf = weight per cubic foot in pounds, and

Wge = weight per cubic centimeter in grams.

The weight may also be determined by multiplying the
specific gravity by 62.5, the weight of a cubic foot of water.
In Table 24 the weights of 10 samples of the St. Peter sand-
stone are given, using this method of weight determination.
The results are likely to be slightly low, since the gravity
determinations are somewhat low. The average specific grav-
ity of the 10 samples is 2.54, and the average weight of a
cubic foot of the St. Peter sandstone is, then, 158.94 pounds.
The gravity of pure quartz is 2.65, and hence a cubie foot of
pure quartz weighs 165.625 pounds. According to these de-
terminations a cubic foot of St. Peter sandstone weighs nearly
as much as a cubic foot of pure quartz, which should be true
theoretically, since the St. Peter sandstone is an almost pure
quartz sandstone.

WEIGHT OF THE SAND

The weight of a sand is usually expressed in pounds per
cubic foot or per cubic yard and refers to dry sand unless
otherwise speeified. The weight is ordinarily determined bv
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filling and weighing a box holding exactly one cubic foot. The
sand is permitted to run into the box from a definite height,
usually one to three feet, hence the weight obtained is that
of loose sand. If the sand is compacted before weighing, the
weight is correspondingly increased. If this procedure is
employed in the determination of weight, the method of com-
pacting, whether by shaking or by placing a weight upon the
sand at intervals during the filling of the box should be stated.

The common laboratory method of determining the weight
of a sand is to measure out 100 éc. of the sand and ascertain
carefully the weight of this quantity with the analytical bal-
ance. This can be reduced to pounds per cubic foot by the
following formula:

Wpf = Wge X 62.513, in which

Wpf is the weight per cubic foot in pounds, and

Wge is the weight per cc. in grams.

Dake has deseribed the derivation of this formula.”

If specific gravﬂ;v and voids are known the following

formula may be used:”
( 100——V )
Weight per cu. ft. = G X 6214 X ( 0 ) , In which
100 -

G = specific gravity,
V = per cent voids, and
6214 == weight in pounds of one cu. ft. of water, whence
G X 6214 = weight of one cu. ft. of sand if perfectly
solid, then
100 — V

100
The following determination of the weight of a sample
of St. Peter sand illustrates the application of the formula:
Sample of St. Peter sand from Marble City Falls:
Gravity — 2.643
Voids = 44.26 per cent

— proportion of actual sand without voids.

100 — 44.26
100

Weight per cu. ft. = 2.643 X 6214 X

— 92.08 pounds
In Table 25 the results of the determinations of the
weights of five samples of typical St. Peter sand are given.
The average weight of the five samplesis 95.296, which may

% Op. cit., p. 27.
0 Op. cit., p. 28.
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be taken as typical of the weight of the sand per cubice foot
for the formation as a whole.

Saturation of sand with water, as when it is delivered
from the washer, has the effect of inercasing its weight. With
porosities comparable to those given in the preceding samples
the increase in weight may amount to as mueh as 20 per cent
of the original weight, the increase depending directly upon
the volume of the pore space.

REFRACTORINESS

No laboratory tests were undertaken to dctermine the
refractoriness of the St. Pefer sand. Pure quartz is very re-
tractory, and since the St. Peter is almost entirely pure quartz
it may be expected to possess high resistance to fusion. The
St. Peter sand of Missouri and Illinois has repeatedly been
used successfully in furnace and foundry practice, under high
temperatures, and it is also suitable for use as furnace lin-
ing. 'The close physical and chemical similarity of the Ar-
kansas St. Peter sand to the St. Peter sand of Illinois and
Missouri indicate that it is as refractory as the St. Peter sand
of those states and as fully adapted to uses in whieh re-
sistance to high temperatures is demanded.

CHEMICAL COMPOSITION

Chemical analyses~—Chemical analyses of samples of St.
Peter sand collected in Arkansas emphasize its high content
of silica and its very low content of iron, lime, magnesia and
alumina. Table 26 includes analvses of samples collected as
typical of the sandstone in manv and widely separated local-
ities.

All the analyses given in Table 26 with the exception
of those representing the sand quarried at Guion were made
of unwashed sand. The averages of the samples indicate
that the white Arkansas sand will run over 98 per cent silica
and less than 0.40 per cent iron oxide, with alumina averag-
ing only about 0.30 per cent or less. Washed samples will
run somewhat higher in silica and lower in iron and alumina,
sinee scme of the latter mav be derived from minute amounts
of clay present between the grains of the sandstone which
are removed in washing., l[ame will average less than 0.10
per cent, and is not likely to exceed 0.20 per cent in any an-
alvsis. Magnesium carbonate as Table 26 indicates, will
average helow the small pereentage of lime.
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In the sand the silica is present chiefly as quartz (SiO»),
with a very small amount combined to form eclay and the
relatively rare heavy minerals. The alumina (Al:Os) is pres-
ent as clay-forming minerals of unknown identity, and the
iron oxide is one of the hydrous iron oxides, as limonite
(Fe203.H20), turgite (2Fe203.H20), and possibly gbthite
(Fe203.H,0), as well as hematite (Fe;0z) locally. Pyrite
(FeSz) 1s also sparingly present and would be shown in the
analysis as the oxide of iron. The lime and magnesia are
present as carbonates (caleite, CaCOj; and dolomite,
CaMg(CO3)2). The ignition loss is very small so that little
organic matter is present, and a large part of this loss is
probably due to loss of water and carbon dioxide in attaining
the temperature necessary to complete the test.

For most purposes for which sand is utilized a knowl-
edge of the chemical composition is of little value, and analy-
ses are rarely made, but ‘“in a general way it may be said
that chemical analyses yield the following information that
is of value for any given sand. For glass making it is desir-
able to know the content of silica, iron, alumina, magnesia,
and organic matter. For moulding sands, especially for steel
moulding, the content of silica, alumina, iron, magnesia, lime,
and alkalies should be known. For fire and furnace sands,
the percentage of silica, iron, lime, magnesia and alkalies
should be determined. For filter sands, the percentage of
silica, iron, lime, magnesia, alkalies and organic matter should
be determined. For concrete work, it may become desirable
to determine the organic matter.””™

Comparison of Arkansas sand with sand in other States.
—T'able 27 gives a comparison of the chemical character of
the St. Peter sand of Arkansas, Missouri, Illinois, and Okla-
homa. This comparison is based on the averages of a num-
ber of analyses of samples collected. Two of the 18 analyses
representing Arkansas sand were run on unwashed samples.
The 22 analyses of the Missouri sand, taken from Dake’s re-
port,” represent unwashed samples chosen carefully as typi-
cal of the sandstone in the localities where the samples were
collected. The analyses of the Illinois St. Peter were taken
frem Lamar’s report and represent washed sand.” The single
analysis of the Oklahoma sand was taken from Buttram’s

1 Quoted from Dake, op. cit., p. 50.
2 Op. cit., table, p. 123.
2 0Op. cit., p. 154.
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report and represents a sample collected northeast of Tahle-
quah, in northeastern Oklahoma."

Table 27 —Comparison of Chemical Characters of St Peler Sand of Arkansas,
Migsouri, Illinots, and Oklahoma

J AVERAGES OF CHEMICAL ANALYSES

State ] -
'I\X’ﬁa‘;fi e 10, l Fe:05 | AliOs | Ca0 ‘ MgO r Total

- | ,

1_1'kansa.s__._....} 18 | 0.249 [ 99.02 | 0.166 | 0.27 | 0.07 | 0.002 | 99,775
Missourl .| 22 | 0.34 | 98.87 | 0.19 | 0.35 [ 0.13 | 0.08 | 99.96
fllinots .| 5% [ .| 99.125 | 0.054 | 0.11 | 0.659 | 0.04 | 99.95

Oklahoma [ 1f | 0.0028 | 99.22 | 0.14 | 0.32 | 0.18 { Tr. | 99.8628

HEAVY MINERALS IN THE SANDSTONE AND SAND

The analyses of Arkansas and Missouri sands are strik-
ingly similar; in fact, individual analyses of samples collected
in ecither State may differ from each other more notably in
their results than do the averages for the two States. The
analysis of the single sample collected in Oklahoma also agrees
closely with the Missouri and Arkansas analyses. It is im-
possible to ccmpare accurately the Illinois analyses with the
analyses of the St. Peter sands of other States, since the
Illinois analyses represent washed samples, the product ready
for shipment of well-equipped plants producing large quanti-
tics of sand. Therefore the analyses of Illinois sand as given
in the table should average higher in silica and lower in iron
and alumina, but the difference in magnesia content is very
slight and the percentage of lime runs appreciably higher in
the Illinois analyses than in the analyses of the sands of the
other states. The differences in the analyses, however, are
so slight that it is clear that the washed product of Arkansas
or Missouri St. Peter sand will average as high in gilica and
as low in iron and alumina as the Illinois product.

The St. Peter sandstone in Arkansas contains minor
amounts of heavy minerals, which are sparingly but very
uniformly distributed throughout the formation. They are
present in the St. Peter sand in such relatively small amounts
as to have no significant commercial bearing on the uses
of the sand, but their identity is of some scientific import-
ance, hence a number of samples were studied with particular
reference to their content of heavy minerals. In isolating the
heavy minerals for study they are scparated from the quartz
sand by the use of liquids of such gravity that the quartz

4 Op. cit., p. 88.
*All samples from washed sand.
T RBurgen” sandstone 5 miles northeast of Tahlequah.
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CEMENTATION TH

grains float amd the heavier minerals settle. The lighter
quartz grains are then decanted off and the heavy mineral
residue is mounted on slides and identified microscopically.
Nearly ‘all of the heavy minerals are found in the ‘‘fines,”’
that is, they are small enough to pass the 100 mesh.

Dr. M. 8. Littlefield kindly made the study for the writer
of the heavy minerals found in the Arkansas St. Peter sand.
For this study seven samples were selected as typical of the
St. Peter in widely separated localities.

All the samples were found to contain feldspar, both
orthoclase and mierocline, in grains usnally less than one-
eighth of a millimeter in length. Tourmaline and zircon were
found in all of the samples, with a small percentage of the
zircon possibly representing xenotime, which is difficult to
recognize with certainty. J.eucoxene is present in half of the
samples, and anatase in nearly every sample. Rutile was
detected in two of the samples, and apatite was present in a
single sample.

In Table 28 the results of the heavy mineral analyses are
given, the numbers indicating the relative percentages as

follows:
B 5 OO PRSP S 1
L L U S 2
E e O PSSO 3
b S L) U OO 4
£ T SO 5]
Liess than 1 per Cemb.......o e e 6

Dr. Littleficld estimates the heavy separate to be less than
0.25 per cent of the sample in all cases. In Table 28 the heavy
mineral analysis of one sample of Fverton sandstone, one
sample of Kings River sandstone, and three samples of Calico
Rock sandstone are introduced for comparison. These deter-
minations were also made by Dr. Littlefield.

CEMENTATION

As has already been pointed out, the St. Peter sand-
stone is for the most part so friable that it may be readily
disintegrated by rubbing between the fingers. But locally
the sandstone is sufficiently cemented that it is broken with
difficulty with a hammer, and in other places the sandstone
is so resistant that it resembles quartzite. In some of these
situations the roek is iron-stained and it is evident that an
iron compound firmly cements the grains. At other places,
as south of Cave City, in southern Sharp County, the rock is
white and almost quartzitic. FExamination of the grains of
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this quartzitic phase shows that nearly all are angular with
pronounced secondary enlargement. Gradation laterallv and
verfically from very friable through coherent to quartzitic,
white sandstone may be found in the same locality, as at
Maxville, in southern Sharp County. These observations
should throw light upon the character of the cementation of
the sandstone.

The St. Peter sandstone is generally eonsidered to be ce-
mented by a small amount of caleium carbonate. Its friabil-
ity has been attributed to weathering, but study of fresh ex-
posures on recently graded roads, in the quarries at Guion,
and elsewhere indicates that friability is a prevailing eharac-
teristic throughout the formation. The content of iron, alu-
mina, lime, and magnesia is so small as to be an almost insig-
nificant proportion of the formation as a whole. Magnesia
was detected in only two of the 18 analyses given in the pre-
ceding table of analyses (Table 26). Of 10 analyses made by
the writer by using strong nitrie acid in which piecas of sand-
stone had been immersed for a month only one showed more
than a trace of magnesia. The analyses clearly indicate that
magnesium carbonate is not the cementing substance of the
sandstone.

The percentage of alumina is higher, but in four analy-
ses conducted by the writer only a trace could be detected;
the other six yielded good tests. The average for 18 analy-
ses-was 0.27 per cent (see Table 26). The alumina is probably
present chiefly as clay particles between the grains, but the
small quantity of clay, together with its slight resistance,
cannot account satisfactorily for the cementation of the sand-
stone, even with its friable eharacter.

As the table of analyses indicates, the percentage of iron
oxide in samples of unwashed sand is less than that of alu-
mina. Two analyses by the writer showed no deteetable iron
content and in five the iron present yielded only a trace. Its
amount is so small, in connection with the prevailing white
color of the formation, as to lend little support to the concep-
tion that iron in some form is in general the cementing sub-
stance of the formation.

Lime is present in very small amount, as Table 26 indi-
cates. One analsis vielded no trace, and one only 0.01 per
cent. Two of 10 analyses conducted by the writer yielded
no trace of caleium, five a trace of caleium, and three gave
a good lime test. The samples vielding no lime test or slight
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trace of ‘lime were as coherent and firmly cemented as those
samples vielding a measurable quantity of lime after analy-
sis., The absence of lime or its presence in traces in so many
samples examined leads to the belief that caleium carbonate
is not the prevailing cementing substance of the sandstone.

The general coherence of the sandstone appears to be
explained most satisfactorily by the secondary enlargement
of the sand grains. The grains of all samples, as already
pointed out, exhibit marked secondary enlargement. This is
particularly true of the ecoarser and medium-sized grains. See-
ondary enlargement also satisfactorily explains the increas-
ing resiztance to erushing of the sandstone within small areas.
In fact in places the sandstone may be friable and within a
few feet it is almost quartzitic. The sandstone 1s considered
as having heen deposited in large part as well-ronnded grains,
which remained incoherent until after elevation above sea
level. Underground water carried silica into the formation
and precipitated it about the grains to form the glassy sur-
faces—crystal faces—that are a marked feature of all samples
of the sand. 'This secondary growtl las interlocked the
grains, and where the deposition lias continued sufficiently
long the rock has become quartzitic. The silica was derived
in large part from overlying formations, but a small part may
have originated by solution of the smaller grains within the
formation.

USES OF THE SAND

Because of its purity (over 98 per cent silica) its freedom
from heavy minerals, such as magnetite, titanite, and ilmen-
ite, the almost total absence of iron-bearing compounds and
minerals possessing various colors, its friability, its compos-
ition of rounded and angular grains, and the facility with
which it is graded into sizes, the St. Peter sand readily lends
itself to a great variety of uses. More than 100 different
uses t which St. Peter sand may be applied have been found.”

GLASS SAND
The bulk of the sand shipped from Arkansas is used in
elass manufacture. This is also true for the greater part of

3 Much of the material for this section of this ropert has been taken trom two
recent descriptions of the uses of sand:

Weigel, W. M., Technoiogy and Uses of Silica and Sand. Dept. of Cominerce, U. 8.
Bureau of Mines, Bulletin 266, 1927. This bulletin contains = selected bibliography of
recent publications dealing with the uses, preparation, producing localities. ete., of silica
and sand. For molding sand see p. 107, glass sand p. 135, fi'ter sund p. 152, and speacial
sands p. 159.

Lamar, J. E., Geology and Economic Resources of Lhe St. Peter Sandstone of Illinois.
Bulletin 53, Illincois Geological Survey, 1928,
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the sand quarried in Missouri and Illinois. Its successful
application to glass manufacture has made the St. Peter
widely known as a high-grade glass sand.

Types of glass.—Glass may be classified according to its
chemical composition, or on the basis of the predominating
basie oxide, or by physical characteristies, which are largely
controlled by the quality of the sand used. The last is the
classification usumally employved and the one of interest to the
saud producer. The following classification inecludes glass
of chief commercial importance :™

1. Lead flint glass. Requires sand of highest purity,
and includes optical glass, fine cut glass, table ware, artificial
gems, ete. |

2. Lime flint glass. Requires sand almost as pure as for
lead flint glass and includes preseription bottles, tumblers,
pressed glass for table ware, novelties, ete.

3. Polished plate glass. Requires a high grade sand
and includes all glass cast upon a smooth table, rolled to the
desired thickness, annealed, and then ground and polished.

4. Rough plate glass. Requires a high grade sand and
includes all glass cast as if to be polished, and is used for
ribbed plate, rough plate, skyhohts, colored eathedral, wire
glasy, ete. ‘

5. Window glass. Requires a less pure sand and in-
cludes all glass blown in cylinders, and then cut, flattened
and polished while hot, and used for pictures, window glaz-
mg, mirrors, ete.

6. Crown glass. Requires a sand of about the same
purity as rough plate glass and inecludes glass blown in a
spherical form and flattened by the centrifugal motion of
the blow pipe, and used for decorative purposes.

7. Green glass. Requires a sand of still lower purity,
which may contain considerable iron oxide, and includes all
of the commen kinds of glass used in the manufacture of
fruit jars, bottles, carbovs, glass containers, ecte.

8  Amber old% Requires sand with a fairly high con-
tent of iron oxide and is nsed for special purposes, as colored
bottles, ete.

Chemical properties—The presence of iron, clay, alu-
mina, alkalies, and organic material impairs the hardness,
brilliance, and transparency of glass. Iron colors the glass

™ Linton., ltoberl, Glass. Mineral Industry for 1899, Vol VIII, pp. 234-263, New
York, 1900.
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green, vellow, or brown and may b present in the sand as
heavy minerals (for example, magnetite or ilmenite} or as
hydrated or unhydrated oxides .of iron coating the grains.
The presence of iron in one form or the other or in both
forms is very common in sand aud renders the sand unsuit-
able for other than the cheapest kinds of glass. In making
high-grade glass, lime, maguesia, clay, ete.,, are avoided, since
absolute and certain control of the melt must be retained in
order to give the desired product.

The American Ceramic Society and the United States
Bureau of Standards have formulated the specifications cov-
ering chemical requirements for different grades of glass.
These are given in Table 29, and the percentage tolerances
recommended are given in Table 30."

Table 29.—Percentage Composition of Sands of Various Qualities for Glass Sand

{Based on Ignited Samples)

$i0y, | ALO,, | Few0. | 00F

Quality and Proeduct Mini- i Avaxi- Maxi- M'rixi‘-

| M I mum mum mur

1. Opfical glass ... ... N [ 898 | 01 | 002 | 01
2. Plint glass containers, tableware ] 98B |05 | 0.035 | 0.2

3. FInt glass.... oo e | 950 | 40 | 0.035| 05
4. Sheet glass, rolled and polisiied plate ("985 | 05 | 006 | 05

5. Sheet glass, rolled and polished plate_-..| 950 | 4.0 | 0.06 | 05
6. Green glass containers and window glass| 980 | 05 | 03 | 056
7. Green glass._..___ ... .. S | 860 | 40 [ 03 0.5
8. Amber glass containers................... | 980 | 05 | 1.0 0.5
9. AmDer .. e .| 950 | 40 | 10 | 05

Table 30.—Percentage Tolerance in Composition Alowed
(Based on Ignited Samples)

—Quil.]it)’ and Product 8i0: ‘ AlaOg 1te 03 C}\.,;(g)g_

1. Optical glasS... .. o o | =0.1 | =0.05 | }-0.006 | =0.05

2. Flint glass confainers, tableware ... ..| #05 | =01 |1.0.005 | +0.05
3. Flint glass ..., | 0.0 | =05 |-40.006 | +0.T

4.. Sheet glass, rolled and pollshed plate...| *£0.5 | =01 [-0.005 | =0.1

5. Sheet glass, rolled and polished plate .| *1.0 | +0.5 +0.005 | =01
6. Green glass containers and window glass.| #1.0 | =05 |=+0.05 I 01
7. Green glass..........__...... I T #10 | =05 |£005 | +01
8. Amber glass confainers. . ... . 7#1.07 | =05 |01 [ +01
8. AMDEL o e | #1077 =05 | =01 | +01

The manufacturers, however, have adopted no definite
standards, and opinions vary considerably as to the neces-

T Bulletin 266, U. S. Bureau of Mines, p. 132,
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sary composition of the sand for various kinds of glass. In
general the adaptability of the sand for the desired use is
first tried and if the results of the preliminary trials are
successful the producer of the sand guarantees to keep his
product within the specifications prescribed by the manu-
facturer. Chemical analyses of representative glass sands
from leading producing districts are given by Weigel.”

Physical properties—The shape of the sand grains has
been emphasized as an important factor in determining the
desirability of a sand for glass manufacture, since it is as-
sumed that an angular sand should melt faster than sand
composed of rounded grains. Careful consideration of this
question hag led to the conclusion that either material is
satisfactory, and both kinds of sand are being employed suc-
cessfully in glass manufacture.

There is also difference in opinion as to what size of
sand grains is most desirable for glass making. While a
fine sand melts more readily than a coarse sand, it is reported
to yield a smaller volume of glass per unit volume of sand
than coarse sand. If coarse and fine sands are used, the finer
grains may settle to the bottom of the bateh and yield a
glass of uneven texture. In general neither a coarse nor a
fine sand is desirable in glass manufacture. All glass sand
should be screened to remove oversize particles, which may
cause ‘‘stones’’ in the finished glass. It is generally consid-
ered that all glass sands should pass a 20-mesh sieve, and,
while some manufacturers do not regard ‘‘fines’’ (grains that
will pass through a 100 mesh screen) as objectionable, yet a
proportion of fines above five per cent is likely to make the
glass ‘‘seedy,”” and to choke the checker work of the regen-
erators by being carried over in the draft.” The fines also
carrv the bulk of the impurities, the heavy minerals. If the
sand is washed, the excess of fines is usually removed 1
the washing. '

The American Ceramic Society, in conjunction with the
United States Bureau of Standards, has recommended the
following grading of glass sand:”

B 0Op. cit., p. 134,
@ Dunkin, T, T)., op. cit., p. 4.
50 Weigel, W, M., op. cit. po 131
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Table 81.—Limiting Percentages of Different Sizes of Sand Grains for
Glass Sand

Through a No. 20 sereen, 100 per cent.

Through a No. 20 and remaining on a No. 40 screen, not more than 60 or
less than 40 per cent. . ' _

Through a No. 40 and remaining on a No. 60 screen, not more than 40 or
less than 30 per cent. o

Through a No. 60 and remaining on a No. 100 screen, not more than 20 or

less than 10 per cent.
Through a No. 100 sereen, not more than 5 per cent.

It is also recommended that the cars in which the sand
is to be shipped shall be thoroughly cleaned before loaded,
and lined with paper where sand is sold for first, second, or
third quality; that sand shall not be contaminated with strip-
ping dirt or contain any crushed stones or pebbles; that all
sand shall be screened, washed, and dried before shipment,
except where the natural condition of the quarries will allow
the production by sereening only of fourth, fifth, sixth, or
seventh quality sand.”

Examination of the chemical analyses (Table 26) and
“ mechanical analyses (Table 5) indicates the high adaptability
of the St. Peter sand of Arkansas to glass manufacture. Its
high silica content, averaging over 99 per cent, its low mag-
nesia content, averaging 0.002 per cent, its low lime content,
averaging 0.07 per cent, and low iron oxide content, averag-
ing 0.166 per cent, and low alumina content, averaging 0.27
per cent, make its use highly successful for better grades

of glass.
FIL.TER SAND

Sand and gravel are now extensively employed for filtra-
tion purposes, particularly in obtaining supplies of pure
water for municipalities dependent on streams for their water
supply. . The filter removes suspended matter, as organic
débris, clay, wilt, bacteria adhering to the organie and inor-
ganic particles, metallic oxides, ete. In filter construetion
the lower layers are gravel, grading upward into the sand
forming the upper layers, in the ratio of about one foot of
gravel to two of sand.

Specifications differ, but Lamar summarizes their gen-
eral features as follows:”

““1. General physical properties.—The sand shall be
clean and free from organic material. It shall consist of hard,
impermeable grains, either rounded or somewhat angular but

8 Lamar, J. II., op. cit., p. 120.
82 Jdem, p. 116.
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not flat, sharp, or splintery. The color of the sand is unim-
portant.

*2. Size of grains.—The effective size of the sand may
vary from 0.3 to 0.7 but for municipal work is usually re-
quired to be between 0.35 and 0.45. The uniformity coetffici-
ent. vartes between 1.5 and 2.0 but is ordinarily about 1.6
for sand used in municipal filters.

““3. Chemical properties.—Filter sand should be com-
posed principally of insoluble grains. This property is
tested by allowing some of the sand to stand for 24 hours in
a concentrated solution of hydrochloric acid. The loss in
weight should not exceed 5 per eent and commonly a loss not
to exceed 3 per cent is specified.”’ |

As a conerete example of the character of sand demanded
in a large filtration project, the sand specifications for the
filtration plant in Washington, D. C., may be cited:

“‘Filter sand.—The filter sand shall be elean river, beach,
or bank sand, with either sharp or rounded grains. It shall
be entirely free from clay, dust, or organic impurities and
shall, if necessary, be washed to remove such materials from
it. The grains shall, all of them,.be of hard material which
will not disintegrate and shall be of the following diameters:
Not more than one-half of 1 per cent by weight shall be less
than 0.13 millimeter; not more than 8 per cent less than 0.26
millimeter. At least 7 per cent by weight shall be less than
0.34 millimeter, at least 70 per cent less than 0.83 and at least
90 per cent less than 2.1 millimeters. No particle shall be
more than 5 millimeters in diameter, and the sand shall be
passed through screens or sieves of such mesh as to stop all
such particles, and no screen or sieve shall be used contain-
ing at any point holes or passages allowing grains larger
than the above to pass. The diameters of the sand grains
will be ecomputed as the diameters of spheres of equal vol-
umes. The sand shall not contain more than 2 per cent by
weight of lime and magnesia taken together and calculated
as carbonates. In all other respects the sand shall be of a
quality satisfactory to the Fngineer officer in charge.

““The filter sand shall be placed in the filters in three
lavers, each layer to be about 1 foot thick, and the sand shall
not be dropped from a height into final position or otherwise
unduly compacted. The first two layers mayv be filled in to
only approximate depths and the surfaces need not be
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smoothed. The final layer shall be brought to a true and
even grade, and the surface left smooth and uniform.””*

The St. Peter sand conforms closely in character to these
specifications, and it has been widely employed for filtra-
tion purposes. The sand is hard and clean, with rounded to
angular grains well mixed. The effective size of the Ar-
kansas sand averages 0.146 (see Table 5), and the uniformity
coefficient averages 1.83. In general the crude Arkansas
sand 1s probably somewhat too fine for filtration purposes,
but the washed and screened product should prove thor-
oughly satisfactory in filtration. Its high silica content
makes the sand essenfially insoluble in waters containing the
solvents usually encountered in rivers and smaller streams,

$AND FOR STRUCTURAL WORK
Requirements—Sand is utilized in many ways in con-
struction. St. Peter sand can be successfully used for some of
these purposes, but for other purposes it is too fine to be
used economically. Sand used successfplly in structural
work has certain general characteristics. ¢ Virtually all
specifications require the sand to be clean and reasonably
free from clay-coated grains, lumps of clay, flat or elongated
grains, vegetable or organic matter, and pyrite, and have a
minimum of clay, silt, or loam. The upper limiting size of
the coarser sands is placed at 14-inch to 34g-inch. The ma-
terial retained on a 100-mesh sereen is called sand and that
passing 100 mesh is called clay, silt, or loam. The material
removed by sedimentation or elutriation is sometimes called
silt and is usually specified not to exceed 3 per cent for all
grades. Most specifications require the sand to be uniformly
graded from coarse to fine, so that it will not contain an
undue amount of any one size. . .. All earlier specifications and
some present building codes require sand grains to be angu-
lar or ‘sharp.” It has been pretty thoroughlv proved, how-
éver, that although sharp grains may have some slight ad-
vantage, good concrete mortar and plaster can be made with
rounded graing, hence this requirement is omitted in modern
specifications.”” ™
Sand used for structural work readily falls into two
classes—paving and building sand.
Paving sand.—Sand in large quantities is used in the
construction of sheet asphalt, asphaltic concrete, and asphalt

38 Mineral Resources of the United States, Chap. XIX, Pt. 11, pp. 336-337, 1913,
34 Weigel, W. M., op. cit.,, p. 73,
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block pavements, brick pavement, concrete pavement, con-
crete and brick sidewalks, wooden and stone block pave-
ments, grouting, asphaltic flooring, sand-clay roads, as a
moisture blanket, and for railroad ballast.

The surface of a sheet asphalt pavement is composed of
about three-fourths sand and one-fourth asphalt cement with
a filler of Portland cement or rock dust. For this course the
sand should be hard and durable and free from soft materials,
such as clay, shale, ete. The sand may be round or angular,
and for general traffic should range from 20 to 30 per cent
fine (80 to 100 mesh), 30 to 40 per cent medium (40 to 50
mesh), 20 to 30 per cent coarse (10 to 30 mesh), and under
10 per cent very coarse (8 mesh). Light traffic permits a
slight increase in medium size sand, and heavy traffic a
slight increase in the proportion both of medium and fine.”
Sand may be utilized in the binder course beneath the wear-
ing surface to fill the voids between the fragments of erushed
stone. For this purpose sand should be resistant and durable.

In asphaltie concrete pavements the concrete foundation
may be covered, to form the wearing surface, with asphalt
cement and broken stone, to which sand may be added. The
sand so utilized should be durable and resistant and graded
essentially, as stated in the preceding paragraph, successfully
to meet the resistance of the character of traffic anticipated.

Sand is also used in the manufacture of asphalt blocks
to form the wearing surface on a foundation of concrete,
macadam, or gravel. The sand used is similar in durability
and specifications for anticipated traffic as that used in sheet
asphaltic concrete pavements.

To all of these purposes the St. Peter sand is well adapted,
its range in grain size permitting grading to meet the de-
mands of buyers and highway construction departments.

Paving bricks and wooden and stone blocks are laid on
a sand bed or cushion. The sand for this bed should be ‘‘rea-
sonably clean and free from foreign substances, although
this requirement nced not be as striet as for sand entering
into mortar of any kind. It is usually specified that all
should pass a Y4-inch sereen, that not more than 5 per cent
be removed by elutriation, and that it be well graded from
coarse to fine. When the sand is used for a cement-mortar
eushion (instead of loose sand) it should be free from lumps

8 Lamar, J. 2., op. cit, p. 102, and appended bibliography.
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of clay and objectionable foreign matter. In addition to
the limiting maximum size of %-inch grains, at least 90 per-
cent should pass a No. 10 sieve. Strength tests of mortar
made from the sand under standard conditions are usually
‘required.”” ™ St. Peter sand is excellently adapted to this
purpose. 7

The cement concrete base used in the semi-monolithic
type of brick pavement requires a sand of clean, resistant,
durable grains, with less than five per cent clay or silt, and
of such size that 35 to 70 per cent will pass the 20 mesh, and
not more than 5 per cent the 100 mesh, or be retained on
the 14-inch mesh. For this use the St. Peter sand must be.
graded. It is doubtful, on account of its fineness, if the St.
Peter sand of Arkansas is suitable for this purpose.

The sand bedding course consists of a layer of sand
between one-half and one inch thick when finished, onto which
the bricks making the wearing surface are laid. Sand for
this purpose should not exceed ome-quarter of an inch in
maximum grain size. It may contain fine material passing
a 20 mesh not exceeding 15 per cent by weight.

The sand-cement bedding course consists of a layer of
dry sand and Portland cement mixed in the ratio of one to
four. The layer when finished should be between one-half
and one inch thick. The bricks are set on this sand-cement
bed and the pavement sprinkled. Sufficient water enters
between the bricks to wet the sand-cement bed and to cause
it to set. Sand for this purpose should pass a one-fourth inch
sieve, be of uniform size, and clean. It should be free from
soft, friable material, shale or slate, and organic matter.”

For concrete pavements a sand composed of a mixture
of coarse and fine grains, the coarse grains predominating, is
recommended. Organic impurities, dust, clay, shale, mica,
ete., are highly deleferious, even in small amounts, and make
the sand unsuitable for concrete. The Bureau of Publie
Roads recommends the following proportion of sizes:®

Table 32.—8izes of Sand Recommended for Concrete Pavements

Per Cent
Passing 14-ineh sereem. . 100
Passing % -inch sereen and retained on No. 10 sieve................._.._._._ .. 5-25
Pagsing No. 10 sieve and refained on No. 50 sieve................_..______ . . 50-90
Passing No. 100 sieve, not more than. .. .. .. 10
Weight removed by elutriation, not more than ... . . 3

8 Weigel, W. M., op. cit,, pp. 77, T8.
8 Tamar, J, I, op. cit,. pp. 107-108,
8 Weigel, W. M., op. cit.,, pp. T6-T7.
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The St. Peter sand of Arkansas averages considerably
finer than specifications given in Table 32.

Cinders and gravel are commonly used as a foundation
for concrete and brick sidewalks. Sand may be added to
form a cushion for the bricks or conerete. Any medium-
grained sand that packs well is suitable for this purpose.

(routing sand is used for making a thin cement mortar
which is introduced into the joints between paving wood
or stone blocks or bricks to act as a filler and binder. To
be satisfactory for this use the sand should be fine-grained
(to flow into narrow joints), resistant, and durable and free
from soft materials. The American Society for Testing Ma-
terials recommends the following grading:”

Table 33 —8izes of Sand Recommended for Grouting

Per Cent
Total passing 10-mesh sleve e 100
Total passing 20-mesh sieve, not less than... e 80
Total passing 200-mesh sieve, more than ... SRR S 5

The fineness of much of the Arkansas St. Peter sand
recommends it for grouting sand.

In building sand-clay roads the surface is finished with
sand and clay so mixed as to yield a compact, firm surface.
If the road has a clay base, sand is added; if the base is of
sand, elay is added, until the mixture yields a mixture of
desired firmness. Ior the best results Baker states that
t‘not less than 45 per cent nor more than 60 per cent of the
sand should be finer than that caught on a standard No. 10
sieve, and coarser than that caught on a No. 60 sieve; and
that caught on Nos. 20, 40 and 60 sieves should be about
equal to each other.””” The St. Peter sand of Arkansas is
too fine to meet these specifications.

Sand in considerable gquantities is also spread as a blanket
on the surface of concrete freshly laid on sidewalks and roads
to prevent cracking of the concrete as the cement sets. The
sand layer is kept moist, thus preventing too rapid loss of
moisture from the underlying conerete. Any sand of medium-
sized grains is suitable for this purpose.

Sand is in some localities used for railroad ballast,
although crushed rock or gravel is to be preferred for this
purpose. The sand should be coarse, to permit free drainage,
and be free from eclay, organic matter, or other material that

8 Weigel, W. M., op. cit., pp. T6-77. :
0 Baker, I. 0., A Treatise on Roads and T'avements, n. 124, John Wiley & Sons,
New York, 1920.
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might cause the sand grains to shide, especially when wet.
A clean sand of angular grains mixed with rounded grains
is suitable for this use. In railroad fills and in elevating
tracks sand is often used. The sand should be in part angu-
lar, and free from unpurities, and sufficiently coarse to per-
it free drainage. To these purposes St. Peter sand is well
adapted. '

Bwilding sand -Bu11d1ng sands are used in engineering
and architectural structures as conecrete, mortar, plaster,
asbestos shingles, roofing sand and roofing paper, clay brick,
silica brick, sand-lime brick, terrazzo floors, facing tile and
brick, and finishing sand for painted and plaster walls. The
general characteristics of building sand are the same as those
of paving sand and outlined on page 83.

Enormous quantities of sand are used in makmé, con-
crete. The American Society for Testing Materials has sum-
marized the specifications as follows:” _

Fine aggregate shall consist of sand, stone screenings, or other
inert materials with similar characteristics, or @ combination there-
of, having clean, hard, strong, durable, uncoated grains, free from

injurious amounts of dust, lumps, soft or flaky particles, shale,
alkali, organic matter, loam, or other deleterious substances.

They also recommend the following requirements cover-
ing size and grading of the sand:”

Fine aggregate shall preferably be graded from fine to coarse,
with the coarser particles predominating, within the following limits.

Per Cent
Passing 3G-Inel Sieve . ..o 100
Passing No. 4 S1@Ve..o et raaaaanen -85
Passing No. 50 sieve, not move than. .. . e .30
Weight removed hy decantation test, not move than. ... 3

The methods for making sieve analvses colorlmeter and
decantation tests recommended by the American Society for
Testing Matetials are summarized by Weigel and need not
be repeated here,” In color, freedom from impurities, silica
content, hardness and cleanness of grains, the St. Peter sand
is adapted to concrete work. Some of the sand is probably
too fine for use in concrete preparation, and would require
grading to make available the coarser sizes.

For mortar sand used in laying brick and stone the
same general characteristies hold as for conerete, that is,
the sand shall be elean, uncoated, and free from organic
material, mica, ete., although 3 per cent of clay or silt is

9 Weigel. W. M., on. cit., pp. 73-T4.
92 Waige'. W, M,, op. cit., pp. 73-74,
23 Weigel, W. M., op. cit., pp. T4-T5.
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permissible., If white joints are desired the sand should be
white; for other work, or where a mortar color is used, the
color of the sand is immaterial. Mortar sands should be.
free from soluble salts, since they come out on the surface
after the walls have dried and produce a white, gray, or
brown coating. The sand may be round, or it may be angnlar
if the former frosted surfaces are preferable. The coarsest
grams should have diameters less than the thickness of the
mortar joints. In general practice the sand used will pass a
10 mesh and is coarser than the 100 mesh. St. Peter sand
properly graded is excellently adapted to mortar preparation.

Sand is used in making lime plaster, gypsum plaster and
cement plaster or stucco, the amount used depending on the
character of the plaster, finish, and strength desired. The
American Society for Testing Materials has tentatively
adopted the following specifications for sand for gypsum
plaster, and these are applicable to the sand used in making
other plasters: '

“‘Sand used for plastering in which gypsum is employed
shall consist of fine granular material, naturally or artificially
produced by the disintegration of rock containing not less
than 80 per cent by weight of silica, feldspar, dolomite, mag-
nesite, or calcite," and shall be free from saline, alkaline,
organic, or other deleterious substances.

‘Tt shall be graded from fine to coarse, and when dry
not more than 6 per cent by weight shall be retained on a
No. 8 sieve; not less than 80 per cent by weight shall be re-
tained on a No. 50 sieve; and not more than 6 per cent by
weight shall pass a No. 100 sieve. These sieves shall meet
the specifications given in the Bureau of Standards’ stand-
ard screen scale.”’™ , _

For lime plaster the sand should be well graded, coarse,
and free from impurities, as well as hard and resistant. For
cement plaster the sand should be dry, clean, sharp or with
rough surfaces, hard and durable, and free from impurities,
such as clay, silt, organic matter, soluble salts, ete. Its
sereening test should approach the following:

Not more than 10 per eent shall be retained on &t No. 8 sieve.

Not less than 80 per cent shall be retained on a No. 50 sieve,

Not more than 6 per cent shall pass a No. 100 sieve.

Sieves shall meet the specifications of the U. 8. Bureau of Standards’ stand
ard sereen scale.”

M Weaigel, W. M., op. cit.,, pp. 75-76.
¥ Lamar, J, K., op. cit,, p. 132.
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The St. Peter sand ean be produced in well-graded sizes,
and 1n other respects is entirely suitable for plaster sand.

In making asbestos shingles the sand should be free from
color, and ground to pass a 200 mesh sieve.

Roofs are sometimes covered with tar with which sand
llas been mixed. A relatively coarse sand is preferable. The
washed St. Peter sand is entirely suitable for this purpose.

The finer grades of St. Peter sand, 65 to 100 mesh, are
suitable as a coating for tar and roofing paper. A clean,
white sand, free from impurities, is demanded for this pur-
pose.

Sand is mixed with clay in the manufacture of clay
brick to give the brick a durable surface and to prevent
shrinkage and cracking during firing and cooling. The sand
should pass the 28 mesh and most of it be retained on the 100
mesh. It should be eclean, free from impurities, especially
those that will color the brick, and from soluble salts which
would cause fusion of the brick during firing or produce a
coating after burning. The St. Peter sand graded to the
above size is very suitable for clay brick.

The St. Peter sand when washed is also entirely satis-
factory in the manufacture of silica brick. Its high silica
content, low iron and alkali content, and freedom from clay,
dirt, silt, ete., with its white color adapts it satisfactorily to
this use. Finer sizes should be avoided.

Sand-lime brick consists of about one part of slaked lime
to nine parts of sand cured in steam, the heat and vapor
producing hydrated calcivm silicate, which acts as the bond
of the brick. A clean white sand of which about 15 per cent
should pass the 100 mesh sieve is preferred. The most satis-
factory sand consists both of angunlar and rounded grains.
The St. Peter sand, if graded and washed, is fully satisfactory
in the manufacture of this kind of brick.

In laying terrazzo floors a sand bed onc-quarter to one-
half inch thick is laid as a base, covered with tar paper, and
followed by a layer of mortar composed of Portland cement
and coarse sand in the proportion of one part to four. The
terrazzo is then laid on this surface after it hardens. - Any
coarse, white, clean sand will serve for mixing with the
cement. |

The washed St. Peter sand in sizes from 48 to 100 mesh
1s suitable for facing tile and brick. The sand is coated on
the surface of the tile or brick before firing. This produces
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a white brick. If vellow or red brick is desired, it is best
to add iron oxide in amounts to be determined by experimen-
tation. Some of the red phases of the St. Peter locally de-
veloped might be successfully utilized in producing colored
facing brick or tile,

Painted walls are sometimes finished with sand to give
them a rough, stone-like appearance. A clean sand of angular,
subangular, and rounded grains is desirable for this purpose.
The St. Peter sand is entirely suitable, because of its dur-
ability, purity, and shape of grain. Sand is also applied
to plaster walls to secure a sand finish. Sand most suitable
for this purpose should be fairly uniform in size of grain
and in color. The St. Peter sand is desirable for this purpose
and has been widely used in securing this type of finish.

HEAT-RESISTING SAND

Large quantities of sand arc emploved for various uses
where high temperatures prevail. These uses are usually
indicated in the designation of the sand, thus, molding sand,
facing sand, annealing sand, brass sand, fire or furnace sand,
sagger or placing sand, setting sand, and brick molding sand.

Molding sand readily falls into two classes, that with
and that without natural bond. Sand of the first class con-
tains sufficient clay, loam, or other foreign material to bond
it when tamped into place around the pattern. Such natur-
ally bonding sands are called ‘“foundry sand,’”” ‘‘iron mold-
ing sand,” or simply ‘‘molding sand.”’” Sand of the second
class does not contain sufficient natural bonding material,
and as a result, refractory clav, an organic binder, such as
molasses or flour, or other substance has to be mixed with
it. These sands run higher in silica and are more refractory
than natural bonding sands, and hence are often called “‘sil-
ica sand,’’ or ‘‘steel molding sand.”” These sands are used
in steel molding, where high refractoriness is essential, while
foundry sand is used for molding cast iron and alloys, such
as brass. ' _

Special names are given to molding sands used in differ-
ent parts of the operation of molding, as follows:

Core sand—a highly refractory sand used for making the
cores for molds.

Parting sand—a fine sand consisting preferably of
rounded grains used for dusting the meeting faces of molds.

Facing sand-—a sand which is generally fine, used to
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coat the inside of molds in order to give the casting a smooth
surface.

(reen sand—raw molding sand used in a moist condition.
. Dry sand—molding sand which while damp is shaped
into molds and then allowed to dry before metal is poured
into if.

Loam-—a mixture of clay and sand for molding large
castings.

Backing or floor sand—the type of sand that makes up the
bullt of thc mold. It gives the mold its strength and offers
escape to the gases formed at the contact of the mold and
the molten metal

The general properties that determine the value of a
bdlld for molding purposes are: (1) bond, (2) grain shape,
(7.'__)) grain size, (4) permeability, (5) refractoriness, and (6)
dulablht}: '

“The binding . material of a molding sand is probably
its most important coustituent. A well-bonded sand ig soft
and smooth to the touch and ean be compressed in the hand.
Fach quartz grain should be covered with a thin film of the
bonding material.””™ Clay is a common bond, as well as hy-
drated oxide of iron. The latter may be mixed with hydrated
aluminum oxide. Kither one or both make good bonding
material, since either readily retains the film of water neces-
sary. Other minerals that may be present and affect the
bond are feldspar, mica, hematite, ilmenite, rutile, calcite,
ete. If a sand is deoficient in bonding quality, flour, molasses,
oil, gluten or fire clay, cte., are added. The bonding material
should be fairly evenly distributed.

Grain shape is an important property of molding sand.
An angular sand in general will have greater bonding facil-
ity than a rounded sand, since the intorlocking of the grains
adds strengtl. On the other hand rounded grains are more
refractory than angular grains under similar conditions.
Rounded grains are in general less permeable than angular
grains because of decreased pore space. Grains with frosted
surfaces are more desirable than grains with smooth surfaces,
since the rough surfaces afford a greater degree of adhesion
than smooth surfaeces.

Grain size is important, as Jt affects the permeablhty and
determines the use of the sand. Coarse sand is used for
heavy work and fine sand for light work and smooth castings.

B Weigel, W. M., op. cit., n. 96,
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Permeability is an important property of molding sand. A
permeable sand permits the gases formed at the contact with
the molten metal to How through the mold without causing
‘““blows’ in the casting. Permeability depends on several
factors. The grading of the sand is important. A sand
of good permeability is very often not graded from coarse
to fine, for difference in grain size permits closer packing
of the grains, but consists of grains of fairly uniform size,
representing the average texture of the sand, and enough
fines or clay to make the bond. The size of the sand influences
permeability in another way. In general the coarser the sand
the more permeable it is, and angular sand is likely to be
‘more permeable than rounded sand. Water in excess and
bonding material in large amounts diminish permeability, for
both clog pore spaces. Both should be kept at the minimum
consistent with satisfactory working quality. Temperature-
and type of metal casts may influence permeability. High
temperatures lead to fluxing, and some metals close the pores
in the surface of the mold, so that sands of high permeability
are demanded.

Refractoriness depends largely on chemical and mineral
compogition. In general sands high in silica are most re-
fractory and sands high in alkalies are least refractory.
Coarse sand is in general more refractory than fine sand,
and rounded sand is in general more refractory than angular
sand under similar conditions. Most naturally bonded sands
contain from 75 to 90 per cent of silica. The fusion points
of pure quartz lies between 1,700° C. (3,092° F.), and 1,800° C.
(3,272° F.). This temperature is not attained in casting, but
the maximum temperature attained in ecasting steel may be
as high as 3,002° F. (Searle). Minerals likely to be present
are hornblende, feldspar, ilmenite, tourmaline, zircon, rutile,
pyrite, magnetite, titanite, anatase, xenotime, apatite, limo-
nite, ete. Some of these fuse below the fusion temperature
of quartz and if present in large amount may seriously lower
the fusion temperature of the sand.

The durability of a sand determines the number of times
it may be used. Rapid deterioration seems to depend largely
on the bonding material present. Dehydration of the clay or
limonite present as the bond, or the destruction of colloidal
bond renders sand bonded with these materials unserviceable.

Numerous mechanical and chemieal analyses of Ameri-
can molding sands have recently been published.” Weigel

9 Weigel, W. M., op. cit., pp. 98-100.
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has recently published a selected bibliography of recent arti-
cles on molding sand and molding sand research.” Lamayr
also gives a selected bibliography.” The American Foundry-
men’s Association has recently adopted tentative standard
methods of testing.’

As a steel-molding and core sand the St. Peter has been
widely used in the Middle West, and the Silica Products Com-
pany of Guion, Arkansas, has shipped considerable quantities
of sand for this purpose. Lamar gives the following specifi-
cations of sand in commercial use for different types of cast-
ings:’

Steel Molding and Core Sand for Casting Car Wheels and Structural Steel
Representative sieve analysis:

Per Cent
Sand passing through 100-mesh sieve.. ... OO 2.96
Sand passing through 80-mesh sieve ... 275
Sand passing through 60-mesh sieve......... etni et e et e s e e nm e nmeeaneas SO X3 |
Sand passing through 40-mesh sieve . ... e 4287
Sand passing through 20-mesh sieve ... e 42,60
Sand retained on 20-mesh SIEVe. ... 0.30
Iineness number............ s U SO OO 35.90

Color—not esgential; usually light yellow tinge.

Shape of grains—round graing preferred, to allow for safe void between
sand after it is rammed and to insure porosity and permeability.

Chemical analysis—silica eontent over 96 per cent preférred. Lime should
be kept at minimum.

Sand for Molding Bars, Shapes, and Light Rails
Sieve anulysis:

Per Cent
Sund passing 100-mesh sieve.................... O 3.2
Sand passing 80-mesh sieve.... ... ettt s 1.2
Sand passing 60-mesh sieve..............._...... SRS e ... 6.1
Sand passing 40-mesh sieve ... e USSP .39.3
Sand passing 20-mesh sieve.... ... ... OO SR 50.2
Fineness number. 33.2
Color—unessential.
Shape of grain—rounded.
Cliemical analysis:
Per Cent
Siliea L ST SR e minimum permissible 98.0
Alumina e MaXEMUM. permissible 1.0
Magnesia ... S e maximum permissible 0.1
Lime . oo U UPU U UUP RSP ROTRRRN e maximum permissible. 0.5
Tron oxide..... ... e SO maximumn permissible 0.5

Sand for Casting Car Couplers
Sieve analysisg:

10 per cent must be retained on 20-mesh sieve.

"% Weigel, W. M., op. cit,, pp. 107-10R,

*t Lamar, J, B, op. cit,, pp. 129-130.

' 'ransactions, Veol. 31, pp. 687-749, 1924,
? Lamar, J. B, op. cit., p. 129,
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30 per cent must be retained on 40-mesh sieve.
40 per cent must be retained on 60-mesh sieve,
80 per cent must be retained om 80-mesh sicve.
Color—prefer sands lacking high color.
Shape of grains—rounded.

Chemieal analysis:
Per Cent

Siliea o s minimum permissible 87.0
Soda, potash, and Twe..... e maximum permissible 0.4
Total-—alumina, magnesia, lime, smla, potash, and

iron oxide.......... e et m s e e s eean maxinmum permissible 2.0

St. Peter sand is not a natural bonding sand, and hence
i1s but little used for foundry purposes where natural bond-
ing sands are available and where high temperatures are
not needed.

St. Peter sand is widely used as a facing sand dnd mold
wash to give the surface of the castings a smooth appear-
ance. For this purpose only fine sand is used, usually that
passing the 200 mesh or finer. The sand is generally ground,
since only a small proportion of the St. Peter sand is as fine
as 1s required for this use.

For annealing purposes a fine sand, the bulk passing
100 mesh, is used. The hot surface freely sprinkled with fine
sand cools more slowly, The finer grades of St. Peter sand
are excellently adapted to this purpose.

Brass sand is a very fine-grained refractory sand used
tor making molds for casting brass, bronze, -and aluminum.
The finer grades of St. Peter sand are suitable for this pur-
pose.

Fire or furnace sand 18 used to line furnace bottoms and
walls, especlally furnaeces in which acid open-hearth steel and
malleable iron are made. It is also used in making the bot-
toms of copper-refining and reverberatory copper-smelting
furnaces. With a binder it is used as a lining for converters,
cupolas, and ladles for holding molten metal. A high silica
content is esseutial to obtain the necessary refractory prop-
ertics. The sand should be free from fluxing materials and
organic matter. A small amount ¢f bonding material is re-
quired to hold the sand in plaee until the furnace lining has
been fired or burned in. If bond is absent, plastic fire clay
is added. A silica content above 95 per cent is usually speci-
fied, and alkalies must be at a minimum. Clay is the best
hond and the least objcctionable impurity.. Iron oxide in
small amount is also not objectionable. Desirable physical
properties ceem to be a graded produet, all passing 10 mesh.
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The fines fill voids, making the hearth more impervious and
act as a bond. They also sinter more rapidly in the first fir-
ing. The sand may be either rounded or angular. The St.
Peter sand is suitable for fire or furnace linings, since it is
highly refractory, low in alkalies, and well graded. Bond-
ing material, however, may have to be added to some ship-
ments.

Sagger or placing sand is used in the manufacture of
white ware and tile as a packer in the containers (saggers)
m which the ware is burned. In burning white ware the
sand must be free from impurities and low in fluxes and iromn.
Two grades of sand are desirable, coarse, between 10 and
40 mesh, and fine, between 28 and 100 mesh. Rounded grains
arc preferred as legs likely to stick to the ware. St. Peter
sand is excellently adaptcd to this use, because of its high
silica content and hence refractory quality, and its freedom
from fluxes, iron, and impurities,

In brick kilns a layer of sand is used as a cushion on
which the bricks are placed to be fired. , The sand desirable
for this purpose should be free from impurities that might
discolor the brick. It should be dry and fine enough not to
indent the surfaces of the bricks. It should be high in siliea
and low in fluxes to prevent its fusion. The St. Peter sand
18 exeellently adapted to this use. '

Sand for brick molding is used in dusting the surfaces
of the molds to prevent the brick from sticking to the molds.
The sand should be refractory to withstand high tempera-
tare; henee it should run over 97 per cent silica. It should
be fine enough to pass a 20-mesh sieve and the greater part
of it should be coarser than 100 mesh. The grains should be
round and the color white. The St. Peter sand meets all of
these desirable qualities.

ABRASIVE AND FRICTION SAND

Enormous quantities of sand are used for abrasive and
friction purposes. Friction sand is often referred to as engine
sand. For abrasive purposes the sand may be reduced to de-
sirable fineness by grinding, as in the manufacture of tooth
paste, dental sand, sconring soaps and powders, metal polish,
and scouring paste. For other uses the sand in some cases
is graded, and in other cases used in the crude or washed
condition. Some of these important uses are for grinding
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wheels, sawing and cutting stone, sand blast, banding, and
burnishing,

Engine sand, sometimes called traction sand, is used to
prevent the steel wheels of self propelled vehicles from slip-
ping on wet or slippery rails. It is used by railroad locomo-
tives, street cars, and mine locomotives. The sand should
be clean and dry and contain a minimum of dust and fine
particles and be free from large particles, clay lumps, clay
coating the grains, or other materials that would tend to
form lumps. It should feed freely through the feed pipe.
An angular or subangular sand is more desirable than a sand
of rounded grains, since the latter tend to roll off the rails
before being caught under the driving wheels. It should
be a high silica sand; most of it should pass a 20 mesh and
be retained on the 80 mesh. The St. Peter sand, hard, clean
and durable, is a satisfactory engine sand and has been much
used in the Middle West for this purpose.

Stone-sawing sand is used as an abrasive for cutting
stone. The sand should be hard, clean, and durable, and the
grains of fairly uniform size, since the coarser grains sup-
port the cutting edge, leaving no work for the finer grains,
the presence of which adds to the danger of impeding pro-
gress in the cutting. The grains should be quartz or other
minerals at least as hard as guartz, since softer minerals are
immediately crushed to powder. Sand uniformly graded to
pass a 20 mesh and be retained on the 48 mesh is probably
most desirable. The grains may be either rounded or angu-
lar. White sand is preferable, since there is no likelihood of
staining or coloring the cutting face of the stone. The St.
Peter sand, washed and graded, possesses all the properties
demanded for stone-sawing material, and has been exten-
sively used in the Middle West for this purpose.

Crude-rolled plate glass is first ground with sand to re-
move inequalities of the surface, two to three tons of sand
being required to grind one ton of plate glass. Specifications
for this sand are not strict, but it shounld be a subangular to
rounded quartz sand free from soft minerals and impuritics,
such as clay and organic matter, and free from large grains
that would deeply scratch the glass in grinding. A sand
that will pass the 20 mesh and for the most part be retained
on the 150 mesh is suitable for this purpose. The St. Peter
sand meets all the requirements for this work.
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Banding sand is an abrasive sand used in the second
grinding of plate glass and in beveling glass. It is now
largely replaced by artificial abrasives that cut more rapidly.
It is a finer sand than that used in the first grinding of
glass. The bulk of the sand should pass a 30 mesh and be
retained on the 100 mesh, though some producers specify
a sand so fine that 20 per cent is retained on the 200 mesh.
The sand should be free from impurities, hard, clean, and
durable. The grains may be rounded or angular. St. Peter
sand has long been used as a banding sand.

Sand was formerly largely used for surfacing sandpaper,
but the introduction of harder and faster cutting artificial
abrasives and the use of garnet, crushed quartz, and quartz-
ite has practically eliminated the use of sand for this pur-
pose. Sand for this use should be angular, sharp edged,
hard, and durable.

Sand is also used as the abrasive on the surface of grind-
ing wheels. Angular sand is preferred to rounded because
the grains are more firmly held by the bpnd, which may be
shellae, rubber, or other substance. Angular sand also cuts
faster than rounded. St. Peter sand is not as well suited to
this use as more angular sands.

For grinding stone and marble a sand that is suitable for
sawing stone is satisfactory. Sharp, angular grains are con-
sidered best, but rounded grains, through breakage and fre-
quent use, soon become angular. The type of stone also con-
trols to some extent the kind of sand desirable. For gen-
eral purposes larger grains and pebbles should be screened
out, and large amounts of fines and eclay reduce efficiency.
A sand with hard, tough, durable grains is most satisfac-
tory. St. Peter sand fully meets the requirements for this
use,

Friction sand other than engine sand is a fine sand
placed between pulleys and belts and similar apparatus to
prevent slipping by increasing friction. The finer grades of
St. Peter sand are suitable for this use.

Sand-blast sand is a term applied to sand that is directed
against objects by a rapidly moving air current, which carries
the sand. It has a great variety of uses: cleaning and re-
moving inequalities from rough castings, removing mill scale
from sheets and bars, removing paint from old surfaces,
cleaning or renovating stone and brick buildings, dressing
stone, cutting glass, etching, labeling and decoration, engrav-
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ing and carving designs and letters on stone and marble,
preparing metal surfaces for enameling, and preparing metal
surfaces for electrolytic treatment. Sand-blast sand in many
places reaches the market in four grades, No. 1, through 20
mesh and retained on 48 mesh; No. 2, through 10 mesh and
retained on 28 mesh; No. 3, through 6 mesh and retained on
14 mesh; and No. 4, through 4 mesh and retained on 8 mesh.
Some departures from the grading for each grade is permis-
sible. The sand should be hard, clean, tough, and durable.
The grains may be cither round or angular. As the sand
in most plants is used repeatedly it requires frequent screen-
ing to remove dust and fines. The St. Peter sand is prob-
ably too fine to be a very desirable sand for sand-blast pur-
poses. Lamar states that ‘‘it stands up very well as a blast-
sand and is reported to give superior results.”’’

- Burnishing sand is used for rolling down and burnishing
gold decorations of china and porcelain. It should be clean,
well rounded, and uniform, passing a 60 mesh and retained
on a 100 mesh. St. Peter sand graded to this size is well
adapted to use as a burnishing sand.

Polishing sand is a fine-grained, clean, tough and dur-
able sand for smoothing the surfaces of sanitary ware, terra
cofta, and other ¢eramic products. The finer grades of St.
Peter sand are suitable for this purpose.

““‘Silver’” or ‘‘livery”” sand is used as a scouring agent
for cleaning metal and other articles. The sand should be
fine, hard, durable, and may be either angular or rounded.
The finest grade of St. Peter sand is satisfactory for this
purpose.

St. Peter sand in very fine grades, below 200 mesh or
ground, is suitable, beecause of its high silica content and pur-
ity, for the manufacture of matches, scouring soap, metal
polish, leather polish, scouring paste, dental paste, dental
sand, ete,

CHEMICAL AND METALLURGICAL SAND

Sand enters into the chemical and metallurgical indus-
try in a variety of ways. In chemistry sand is nsed in mak-
ing sodium silicate or water glass, carborundum, silicon al-
loys and silicon, and for miscellaneous chemical compounds.
In metallurgy sand is used for coking, enameling, as a flux,
for making fused silica, glazes, pottery, refractory mortars<
and cements, refractory ware, and for welding. |

*Lamar. I, T, op. cit., pn 1T6-127.



CHEMICAL AND METALLURGICAL SAND 99

In making sodium silicate or water glass both sand and
diatomaceous earth are used, but the larger amount is made
from sand, as it is cheaper than diatomaceous earth of the
requisite purity. Only high-grade sand, comparable to a
good glass sand, 1s suitable for sodium silicate. The sand
must be low in iron and alumina, for iron salts affect the
color and alumina makes the resulting silicate difficulty sol-
uble. The sand should be clean and analyze at least 99 per
cent silica, not over 1 per cent alumina, less than 0.1 per
cent iron, and not over 0.5 per cent lime and magnesia com-
bined. The sand should all pass 20 mesh and remain on 100
mesh. The St. Peter sand from the Ottawa district of Illinois
has long been used for this purpose. Graded and washed
St. Peter sand fully meets the requirements for the making
of water glass.

- A good quality of glass sand, such as the St. Peter, is
usually satisfactory for the manufacture of silicon carbide or
carborundum. The sand should contain from 99 to 99.5 per
cent of silica and should be very low in iron. More than a
trace of lime, phosphorus, and magnesia should not be present.
Alumina should be small in amount, and the sand should be
free from organic matter, lumps, ete. All grains should pass
a 20-mesh sieve, and be retained on the 150-mesh sieve. St.
Peter sand, particularly that from Illinois, has long been
used for thls purpose.

In making silicon for alloys, Such as ferrosilicon and
other compounds, the sand should be fine and of high chemical
purity, running over 97 per cent in silica, and low in lime and
alumina. The sand is mixed with coke, and the reaction
takes place in the high temperature obtainable in the electric
furnace.

Fine-grained, pure sand enters into the preparation of
a namber of chemical compounds of limited use. 'The purity
of the St. Peter sand recommends it for chemical purposes.

Finer grades of St. Peter sand, because of the purity of
the sand, are entirely suitable as a coking sand. This sand
is sometimes added to the charge in the coke oven to combine
with any bases present.

Quartz sand and ground quartz arc used in the prepara-
tion of enamels for coating and finishing metal objects. The
sand should be over 97 per cent silica, free from clay, and
free from iron valts that might color the enamel. The finer
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grades of St. Peter sand and pulverized St. Peter sand are
well adapted to this use.

In metallorgy a high silica sand is sometimes used as
a flux in the smelting of sulphide lead and copper ores, the
silica combining with the iron present to form slag. A fine
sand is preferable. The finer grades of St. Peter sand are
suitable for this use. o

Fused silica, also called fused quartz or silica glass, is
generally made from ground quartz. The finer grades of
St. Peter sand and the ground sand possess sufficiently high
silica content to be satisfactory for the manufacture of silica
glass.

The purity of many sands now available and their cheap-
ness have resulted in their coming into use for glazing china-
ware, porcelain, pottery, stoneware, etc., displacing to a
large extent crushed vein quartz. A sand possessing the
properties of a high-grade glass sand is used. The sand must
be low In iron compounds to prevent coloration, and have
very small amounts of alumina, lime, and other oxides. The
sand may be pulverized or fines passing 120 mesh may be
used. The ground St. Peter sand is entirely satlsfactory for
making glazes.

Potter’s sand is used for making white ware, table ware,
wall and floor tile, chemical and eleetrical ware, art pottery,
sanitary ware, and heavy clay products. The sand is of two
general types, that used in making white ware, and that
used 1n making dark, heavy elay ware. The first must be
a high silica sand similar to a good glass sand, low in iron
compounds and in easily fusible and fluxing minerals, while
the second need not be so pure. For the first the sand should
be free from dust, organic matter, and other impurities, and
fine enough to pass a 28 mesh and be retained on a 100 mesh.
For the second a similar degree of purity is not necessary,
and the sand may be coarser, 10 to 40 mesh. A good grade
of glass sand, such as washed St. Peter sand, is suitable for
nearly all kinds of pottery.

Clean, highly refractory sand is employed in the manu-
facture of refractory mortars and cements, crucibles, retorts,
saggers, etc. The sand must be low in iron and free from
fluxing impurities, sinee the ware must withstand high tem-
peratures. For mortars and cements the sand should be
fine, but for retorts, saggers, and crucibles, the sand may be
cearser, In all cases the sand should pass a 20 mesh sieve.
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The St. Peter sand is satisfactory for use in making refrac-
tory ware. :

Welding sand is sprinkled on the surfaces of pieces of
iron to be welded and acts as a flux, forming the scale coat-
ing that i1s eliminated by hammering. A high silica sand
which will pass a 28 mesh and be retained on the 100 mesh
is suitable for welding. Graded to these dimensions St. Peter
sand, because of its high silica content, is satisfactory for
welding. purposes.

ABSORBENT AND FILLER _SAND

Sand is used in small quantities as an absorbent. As a
filler, sand is used to a limited extent in agriculture, in the
manufacture of fertilizer, rubber, paper, linoleum, paint,
cements, sweeping compounds, ete.

A fine sand of well-rounded grains is used in small
amounts in chemical laboratories and in industry as an ab-
sorbent for strong chemical solutions.

Sand is sometimes added to give a soil a coarser texture
and freer drainage. Also a fine-grained, clean sand, such
as the finer grades of St. Peter, is suitable as a filler in fertil-
izer to prevent its hardening and to keep it in a loose, mealy
condition.

The finest grades of quartz sand, like the St. Peter or
ground St. Peter sand, are used as a filler in the manufacture
of paper, rubber, soaps, and linoleum.

Very finely ground quartz sand, such as the St. Peter,
is used as a filler in certain paints. They give the paint a
smoother working quality. White, high silica sand is suit-
able for this use.

Sand 1s used in making a number of cements, of which
oxychloride cement is typical. This cement consists of sand,
finely ground silica, and some organic material, such as wood
flour, and a coloring pigment. The sand should be white,
clean, free from clay lumps and clay coating the grains, and
iron compounds, and sufficiently fine to pass a 20 mesh sieve,.
A good glass sand, such as(the St. Peter, is satisfactory for
making oxychloride cement. About the same grade and
quality of sand is used in making lead cement, a mixture of
sand and white lead, lime or plaster-of-Paris, and linseed o1l;
and in making sand cement by grinding sand and cement
together. Borax cement and dental cement also contain fine-
grained or ground white silica sand.
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Sand 1s often used in making sweeping compounds to
give them body and to hold the oil they contain.

MINOR USES OF THE SAND

Considerable quantities of sand are used annually for a
number of miscellaneous purposes. In general the (uality
of these sands is not as high as St. Peter sand possesses, nor
as high as demanded for most of the uses previously described.

Considerable quantities of sand are used in washing coal.
Large quantities are also used in grading tennis courts, golf
tees, and golf greens. Where supplies of sand at low cost
are available, considerable quantities are used in sanding
icy walks and streets. Medium to coarse-grained sand mixed
with clay is used for horticuliural purposes. Clean, white
sand- ranging from coarse to fine in grade is much used in
school rooms and playgrounds. Coarse sand is used in large
quantities, particularly in the Middle West, as a bedding
for stock ears. In the lower Mississippl Valley region con-
siderable sand is used in sand bags for construction of tem-
porary dams and levees. A high silica sand of medium grain
is used as sand baths in chemical laboratories where slow
heating out of contact with the flame is desired. For all these
uses the St. Peter sand is satisfactory.

MINING AND PREPARATION OF THE SAND

As a resource the St. Peter sandstone is essentially un-
developed in Arkansas. Only one plant is activelv mining
and marketing the sandstone. Thig plant, the Silica Products
Company, Inec., is located at Guion, in southern Izard County,
on White River. (See Pls. VII and VIIL) At this locality
operations began as early as 1910, soon after the completion
of the White River branch of the Missouri Pacifie Railroad,
but until 1921 the operations were spasmodic and ended in
many failures. In that year a plant was built by the Silica
Products Company and since that time its operation has been
continuous and stecady. The land is held under leases cov-
ering about 30 square miles of the best sandstone adjacent
to the railroad. Most of the produet is shipped to glass-
makers.’

The mine of the Silica Products Company is developed
in a bed 16 feet thick, the top of which is 12 feet below the
top of the formation. The floor of the mine is a layer of

i Dunkin, D. D., Mining and Preparation of 8t. Peter Sandstone in Arkansas, Tech-
nical Publication No. 55, American Institute of Mining and Metallurgical Engineers,
February, 1928.
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St. Peter consisting of fine sand grains, which afford a hard,
smooth surface with minor undulations. The roof is smooth
and clean, permitting the sand beneath to be casily separ-
ated. ‘‘The general scheme leaves about 60 per cent of the
sandstone in the mine as pillars to support the roof. The
tunnel, or drift, was driven straight in, 16 feet high by 40
feet wide. As in coal mining, rooms are turned off this tun-
nel every 100 feet, the turn being narrower than room width;
corresponding to the room neck in coal mining. This neck
is about 25 feet wide at the beginning and gradually widens
to 40 feet. The rooms are connected by crosscuts, which are
39 feet wide and are 80 feet apart. The mine has natural
ventilation and numerous exits. A convenient bend in the
mountain permits the rooms or drifts to be driven to the
outside.”””

In drilling and blasting and in handling the sand a
number of mew methods and new apparatus have ‘been de-
veloped, which are fully deseribed by Dunkin. The drill used
is a Waugh 93 with air by-pass, manufaetured hy the Den-
ver Rock Drill Manufacturing Company. The holes are
drilled in horizontal series straighit into the face to a depth
of 12 feet, thirty-five holes constituting a complete battery.
All holes are fired with fuse and in rotation, the central holes
being fired first in order to afford sufficient ‘‘break’ for
the remainder. The round of holes vields about 500 tons.

The sand 1s loaded into two-ton, bottom dump cars built
for a three-foot track gage. The track leads fo a storage bin
100 feet long. From the storage bin the sand is removed
by a hoc-type drag designed and built at the plant. The
sand is then transferred by tram-car to the mill storage bin.
From this bin the sand is fed to a 16-inch Blake type crusher,
then to an elevator, which delivers the sand to an American
process-type rotary drier mounted horizontally and equipped
with two sets of slanting wings, which advance the sand as
the dryer rotates. The dryer is oil-fired, the hot air from
the combustion chamber passing the length of the dryer. An
elevator carries the sand from the dryer to two trommels in
series, each 4 by 9 feet. ‘‘There is enough oversize in the
sand to keep the sereens from blinding, even though these
sereens deliver a product that is all through 28 mesh (Tyler
standard sereen scale). The oversize passes to a small set
of Cornish rolls and is returned to the screens. The throughs

P Dunkin, D. D.. op. cit.
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are elevated and sent to the grader, which removes the fines,
so that a produet can be guaranteed to contain less than 5
per cent of them. The fines pass to waste and the finished
sand goes to storage bins.”’

A special sand grader has been developed at the plant,
the principle of which is based on differences in the coefficient
of friction of different sizes of sand grains. ‘‘The machine
at present consists essentially of an endless belt operating
over a system of rollers, so that the slope and speed may be
varied; also, different portions of the belt may have different
angles of slope. The fines are discharged at the top of the
belt and the coarse at the bottom, into suitable receptacles.
The machine has a belt 7 feet wide and a feed slot 5 feet
long. The capacity of each machine is 12.5 tons per hour.
The fines will vary from 75 to 80 per cent through 100 mesh.
This makes the machine very efficient as compared to the
ordinary method of fine screening.

‘¢ Another design has been developed, and patent applied
for, in which more than one belt or inclined plane is em-
ployed. The slope and speed of each is independent of the
other and more than one separation is possible, as each belt
takes the fines from the preceding one and makes a further
division.”’

AREAS FAVORABLE FOR DEVELOPMENT

The successful and profitable development on a commer-
cial scale of any natural resource depends upon a large num-
ber of factors. The factor first in importance is the presence
of a reserve with tonnage sufficient to warrant the outlay
necessary for the installation of modern equipment and to
permit operations extending over a period of years commen-
surate with the cost of installation and cost of maintenance
and operation and at the same time yielding a profit on the
undertaking in proportion to the total outlay. The quality
of the reserve is also a prime factor. Unless the quality is
equal to that of other known reserves that are being ex-
ploited or that are known to exist the development of the
resource faces almost certain failure. The success of the
enterprise is dependent also on labor costs and supply, the
capacity of the market for absorption of maximum outpuft,
water supply, nearness to railroad and freight rates, cost of
getting produet from mill to railroad, efficient operation of

" Dunkin, D. B, op. cit., p. 10.
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mine and mill, efficiency of apparatus and alertness in recog-
nition of improvement in methods and machinery, together
with constant care and improvement of apparatus already
installed. The success of an enterprise also depends on favor-
able cost of raw materials, such as gas and coal, in compari-
son with competitors, natural advantages which make min-
ing or quarrying easy, the amount, character and ease of
removal of overburden or other valueless material encount-
ered in developrient, ete.

The presence of so many variable factors increases the
difficulty of pointing out explicitly in a reserve as widely dis-
tributed and extensive as the St. Peter sandstone what areas
are most favorable for profitable development on a commer-
cial scale. There are, however, a number of areas where
the sandstone is extensively developed at the surface and
where 1t is thick and of good quality, with transportation faeil-
ities available, and with dependable water and labor supply.

The most favorable area for development lies between
Guion and Sylamore, on the north side of White River. (See
Fig. 9.) The White River branch of the Missouri Pacific
railroad is adjacent and the sandstone bluffs overlook both
railroad and river, making gravity haul feasible from the
mine to the mill and railroad. The Silica Products Com-
pany has a large opecration at Guion and holds extensive
leases along the river. The sandstone is 100 to 150 feet
thick, with almost continuous outerop on the railroad and up
the sides of the valleys of Rocky Bayou, Hidden Creek, Lyons
Creek, and Twin Creeks, leading away from the river. The
crecks possess gentle gradient, permitting gravity transporta-
tion from any locations on their courses. In this area the
sandstone rapidly passes under thick cover, so that mining
rather than quarrying is advisable. The sand is of good
quality, as indicated by analyses of samples 11-A, 11-B, 11-C,
and 29, given in Table 5. Chemiecal analyses of representa-
tive samples are given in Table 26, samples 11-A-B-C, 28,
and 29.

The sandstone is well developed on the south side of
White River, extending several miles up both North and
South Sylamore creeks, maintaming a thickness of 125 feet.
(See Fig. 9.) Screen analyses of the sandsfone in closely
adjacent localities are given in Table 5, samples 15-A, 15-B
and 27. Chemical analyses are given in Table 26, samples
28 and 29. The location on the side of the river opposite to
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the railroad might be considered a deterrent factor in any
proposed development, but the product could be transferred
direetly from the mill across the river by aerial tram to a
spur track.

Iremm Mt Pleasant eastwarvd to Cave City and southeast-
ward to Sandtown there is a large area, 50 square miles or
more, where the St. Peter sandstone is the surface formation.
(See Fig: 10.) This is the largest arca of surface outerop of
the St. Peter in Arkansas. The formation in this arca is
from 75 to 200 feet thick and has an average thickness of 100
feet. Representative analyses typical of the sand are given
in Table 5, samples 2-B, 3-G, 3-1, 7-A, 7-B, 8-A, 8-B, 8-C,
9-A and 9-B. Chemical analyvses of representative samples
are given in Table 26, samples 2-A, 3-G, 8-A and 9-B. Unfor-
tunately this area lies several miles from a railroad, hence
there is little prospect of its immediate development. The
construction of a railroad up Polk Bayou and Sullivan Creek
is practicable and would furnish an outlet for manganese
ore found in this area, as well as for the sand.

Southwest of Mt. Pleasant the St. Peter sandstone occu-
pies the lower parts of the valleys of East and West Lafferty
creeks. (See Fig. 10.) The sandstone here is 75 feet or more
in thickness and analyses are favorable, as indicated in Table
5, samples 6-A, 6-C, 6-D, 6-G, 6-H and 7-A. Chemical
analyses are given in Table 26, samples 6-G and 8-A. These
outcrops, however, lie two miles or more from the railroad.

The extensive exposure of the St. Peter sandstone in
northeastern Searcy, northern Stone, and southern Baxter
counties is of little immediate commercial significance, for
its distance from a railroad precludes its exploitation. The
thickness of the sandstone ranges from 50 to 100 feet and
averages about 75 feet.

At Pyatt, in western Marion County, a sandstone 25 feet
or more in thickness is well developed just above water level.
1t is lLere included with the St. Peter, althouglh it may be
older. Mechanical analvses are given in Table 5, analvses
19-A, 19-B and 19-C. Chemical analyses are given in Table
26, sample 19-B. Physically the sandstone differs in no essen-
tial respeets from the typical St. Peter as developed else-
where, Its thickness, good quality, and accessibility to trans-
portation facilities are favorable factors that invite investi-
gation relative to possible commercial devélopment.

Sandstones are well developed on Clear Creek south,
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F16URE 10.—S8ketch map showing distribution of St. Peter sandstone

in southeastern Izard, southern Sh_a_rp, and

nortliern Independence counties,
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north, and northwest of Kverton, in southeastern Boone,
southwestern Marion, and northwestern Searcy counties, with
a thickness of 50 to 150 feet. This valley 1s penetrated by
the Missouri and North Arkansas railroad and for a distance
of 10 miles south and northwest of Kverton the outerop of
the sandstone closely parallels the railroad on either side.
At Olvey, northwest of Kverton, the railroad passes over
the sandstone for a distance of nearly a mile. This area un-
doubtedly possesses commercial possibilities with acecessible
transportation. Mechanical analyses are given in Table 5,
samples 18-B, 18-C and 18-D. A chemical analysis of sample
18-A collected three miles west of Everton is given in Table 26.

§
I
F
_t’-'
Rive(
(&) e
s,
s =
B> 3
Duff
& & 0,
/)
z Y—
: Iy v
..\\
I -
N
Marshall
Scale in Miles
..t § b i i
cp |

FicurE 11-—8ketch map showing distribution of St. Peter sandstone on
Buffalo River in northern Searcy County.

Southeast of Duff, in northern Searcy County, the outerop
of the sandstone lies on either side of the valley just above
the level of the Missouri and North Arkansas railroad and
continues to the White River Valley. (See Fig.11.) Similarly,
the outcrop parallels the railroad on both sides of Brush
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Creek for a distance of three miles from White River towards
Marshall. The extent of the outcrop in this region and its
accessibility to transportation would seem to warrant the
prospecting of the St. Peter relative to possible development.

In northern Newton County the St. Peter outerops for
long distances on White River, Buffalo Fork, and Little
Buffalo Fork and their tributaries. The sandstone is of as
high grade here as elsewhere (see analyses of samples 21-A-K,
Table 5, and samples 21-A and 21-J, Table 26). If possesses
a minimum thickness of 15 feet, but in most places its thick-
ness is considerably greater, amounting to 150 feet south of
Compton. The nearest railroad is 10 miles or more distant,
so that the area affords no immediate prospect of develop-
ment.
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Frgure 12.—Sketeh map showing distribution of St. Peter sundstone in the
vieinity of Ilarrison and Bellefonte.
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At Bellefonte, southeast of Harvison, the St. Peter sand-
stone underlies an area two miles long and one mile wide (see
fig. 12). 'This area is traversed by the Missouri and North
Arkansas railroad. The formation here is only 10 to 20 feet
thick, but its accessibility warraunts prospecting. Screen an-
alyses are given in Table 5, samples 22-C and 22-D. Chemi-
cal analyses are given in Table 26, sample 22-D.

Omne mile east of Harrison the railroad parallels the out-
crop of the St. Peter for one-half mile. The formation here
underlies a much smaller area than in the vieinity of Belle-
fonte. Its thickness is reported to be about the same as at
Bellefonte. Although the sandstone 1% thin and the area
small, yet prospecting is warranted becausc of its accessi-
bility. The analysis of sample 22-A coltected from this out-
crop is given in Table 5.

There are a number of other localities where the St.
Peter is inviting from a commercial standpoint. It is present
with broad outerop northwest of Osage postoffice in the val-
ley of Osage Creek in eastern Carroll County. In southwest-
ern Carroll County and northeastern Madison County the
sandstone outerops for miles on Kings River and its tribu-
taries. The sandstone in these localities, however, 1s so far
from transportation facilities as to preclude the possibility
of commercial development in a strongly competitive field
until cheap transportation becomes available.

PRODUCTION AND RESERVE

Figures giving the total annual production of St. Peter
sand in Arkansas are not available. The Guion plant of the
Silica Produets Company has been in operation for a number
of years with a large production. The sand has also had
some slight Tocal use in road work, building construction, ete.,
but as a resource it is essentially untouched and undeveloped.
As such 1t represents a large, almost mexhaustible resource,
capable of yielding sand for an indefinite perind in the future,
suitable for nearly all purposes where a high silica, clean
sand is demanded. The sand i~ in every way comparable
and equal in quality to the Missourt and lllinois St. Peter
sand, which has long been exploited and which annually is
produced im enormons tonnage. The result of the present
study indicates that on the whole the \Arkansas sand 1s some-
what finer than the Illinois and Missourt sand, yet by grad-
mg it ean be utilized for the same purposes as the sand from
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those states. The St. Peter sand is excellently adapted to
certain construction purposes, glass manufacture, molding
use, and other uses. described in the preceding section, and
it should have a ready market and constantly increasing de-
mand for use in these directions. '

Development should proceed in areas where railroad
transportation is available and where facilities for mining
and handling the sand can be conveniently located. These
areas have been deseribed in the preceding section. Careful
study of the texture, thickness, and quality of the sand over
a considerable area should be undertaken before installation
of a plant. Core drilling is advisable in areas under con-
sideration for development. The sand should be handled in
plants fully equipped with washers, crushers, and screens to
insure highest quality attainable to meet severe competition.
There is no tangible and valid reason why the St. Peter sand
of Arkansas, if properly prepared, should not enfer into suc-
cessful competition with high silica sands produced elsewherc
in the United States. "



THE CALICO ROCK SANDSTONE
FIELD WORK

During the mapping of the St. Peter sandstone in north-
ern Arkansas in the summer of 1927 a sandstone was found
that is extensively and conspicuously exposed in eastern and
southern Baxter County, northern Stone County, and east-
ward in Izard, western Fulton and western Sharp counties.
This sandstone was mapped independently of the St. Peter
sandstone. Its thickness and its wide areal disfribution war-
rant a description of its geological features and a discus-
sion of its economic importance.

NAME, AGE, AND REGIONAL DISTRIBUTION

The Calico Rock sandstone is named for the town of
Calico Rock, on White River, in the western part of lzard
County. The sandstone conspicuously outerops in the river
bluffs east and west of the town.

The Calico Rock sandstone is of early middle Ordovician
age. It is older than the St. Peter sandstone and is strati-
graphically a part of the Everton formation, which underlies
the St. Peter sandstone.

The regional distribution of the Calico Rock sandstone
is indicated on Plate IX. The formation outcrops over a
large area in the southern part of the Mountain Home quad-
rangle and east of that quadrangle north of Melbourne.
Good exposures of the sandstone are numerous on the main
highway from Melbourne to Oxford, in northern Izard County.
North of Oxford the sandstone outcrops in a narrow belt that
extends nearly to the Missouri line. Kast of Melbourne
and Sage the sandstone underlies the surface of a large
area extending nearly to Evening Shade. South of Evening
Shade the northeast boundary of the sandstone extends south-
eastward to the vieinity of Maxville, in southwestern Sharp
County, and northwestward to the vicinity of Violet Mill,
and thence to Oxford. This boundary has not been mapped
in detail, but its general course is indicated in Plate IX.

The Calico Rock sandstone underlies a large area north
of White River. The sandstone rises above water level at

113
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Mt. Olive, in southern Izard Ceunty, and forms almost con-
tinuous massive bluffs on both sides of the river from Mt.
Olive to Norfolk, in south-central Baxter County, a distance
of nearly 30 miles. These bluffs extend for long distances up
tributary valleys draining into the river from the north and
south. South of the river the sandstone floors the upland,
forming a sandy belt with a width of three to four miles
extending from the vicinity of Boswell, in southern Izard
County, northwestward nearly to Big Creck, in southeastern
Marion County. North of the river the upland is floored with
the sandstone for a distance of five miles or more away from
the river. The northern boundary of this sandstone area
extends from Wild Cherry southwestward to the mouth of
North Fork. Southeast of Mountain Home and west of North
Fork a large outlier of the formation has an area of ahout
five 'square miles. The total area underlain by the Calico
Rock sandstone in the Mountain Home quadrangle is nearly
100 square miles, and east of the Mountain Home quadrangle
the sandstone is the surface formation over an area of equal
size.

The sandstone as a distinet lithologie unit does not per-
sist west of Big Creek, in extreme southeastern Marion
County. ' Seetions measured at Buffalo and on Warner Moun-
tain failed to reveal the presence of the sandstone, but on
Matney Knob, six miles east of these sections, the sandstone
is 65 feet thick.

THICKNESS

The Calico Rock sandstone is variable in thickness but
will average about 100 feef in Izard, Fulton and Sharp coun-
ties. West of Calico Rock, in the river bluff, it is 72 feet thick.
A well at Pineville, three miles north of Clalico Rock, pene-
trated 60 feet of sandstone underlain by magnesian lime-
stone. On the east side of Knob Branch, in southern Izard
County, the sandstone is 100 to 125 feet thick, and it has about
the same thickness at Mt. Olive, where 1t passes beneath the
river toward the southeast. North of Melbourne it is 50 to
60 feet thick, and it is of about the same thickness in the
vicinity of Wild Cherry, in southern Fulton County. Tt is
thickest at Tuka, in western Izard County, ranging from 125
to 150 feet. From Tuka it thins southward and westward with
a thickness of 65 feet in Matney Knob, in southern Baxter
County, and about 75 feet in Sugar Loaf Mountain, in north-
ern Stone County.
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BLUFF OF CALICO ROCK SANDSTONE ON THE MISSOURI PACIFIC RAILROAD HALF A
MILE SOUTHEAST OF CALICO ROCK
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TOPOGRAPHIC EXPRESSION

The topographic expression of the Calico Rock sand-
stone is identical with the topographic expression formed
by the erosion of the St. Peter sandstone. It forms conspieu-
ous bluffs with fluted surfaces on White River above and
helow Calico Rock and precipitous cliffs on the sides of the
valleys draining into White River (PlL. X). Where the for-
mation underlies the surface erosion has carved the sand-
stone into rolling and sandy uplands, here and there with
conspicuous cliffs, ledges, towers, turrets, and crags, which
are readily mistaken for outcrops of St. Peter sandstone.

STRATIGRAPHIC RELATICNS

The stratigraphic relations of the Calico Rock sandstone
are indicated in Table 2. The sandstone lies in the lower
part of the Everton formation, early middle Ordovician in age,
and is separated from the St. Peter sandstone by an interval
that varies rapidly, even within short distances. This interval
between the Calico Rock and St. Peter sandstone is occupied
by beds of massive, white, coarse-grained sandstone alternat-
ing with thin to massive, blue to gray magnesian beds with
a few dove-colored layers, upper Everton in age. The dand-
stone layers are lithologically identical with the Calico Rock
and St. Peter sandstones. These sandstone and limestone
beds occupy the same relative position that the upper layers
of the Everton formation occupy farther west, in the Kureka
Springs-Harrison region, and lie conformably on the Calico
Rock sandstone and unconformably beneath the St. Peter
sandstone. L :

The interval between the Calico Rock and the St. Peter
sandstone, occupied by the upper Kverton beds, varies from
more than 400 feet to 0. This variation is due to erosion pre-
ceding the deposition of the St. Peter sand, which resulted in
the removal of the upper Everton beds in whole or in part.
Thus, in Candlestick Knob, in southern Izard County, the
Calico Rock sandstone is 300 feet below the St. Peter; in
Sugar Loaf Mountain, 10 miles to the northwest, in northern
Stone County, it lies 275 feet below the St. Peter; and be-
tween these two places, east of the head of Livingston Creek,
the interval hetween the two sandstones is about 100 feet. In
Pilot Knob the interval is about 325 feet, but in the adjacent
Turkey Knob, in southern Izard County, it is only 60 feet.
Fast of Calico Rock 410 feet of ¥verton beds overlie the
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Calico Rock sandstone, the top of the KEverton having been
removed by erosion. Five miles west of Melbourne the inter-
val is 280 feet. North of Melbourne the two sandstones ap-
parently come together, making a continuous outerop of sand-
stone for many miles.

According to Miser the Calico Rock sandstone overlies
beds of Everton age which are not identified as Sneed’s lime-
stone, the basal member of the KEverton formation. (See
Table 2, p. 12.) " These beds are an alternatin of blue and gray
limestone and some coarse sandstone. In a section west of
Calico Rock measured by the writer and Brewster an uncon-
formity between these beds and the overlying Calico Rock
sandstone is suggested, which made it somewhat difficult to
locate precisely the basal bed of the Calico Rock sandstone.

FOSSILS

The Calico Rock sandstone is as devoid of fossils as the
St. Peter sandstone. Although much of the area underlain
by the sandstone was traversed and outcrops were examined
at many places, no fossils were found.

STRUCTURAL FEATURES

Throughout most of its extent the Calico Rock sandstone
possesses a gentle dip of from 1° to 5° per mile toward the
south-southeast. The formation locally exhibits steeper dips,
‘as at Mt. Olive, where the sandstone rapidly rises above the
level of White River. Here the dip is as high as 10°. In
places the formation, with overlying and underlying beds, has
been thrown into broad but gentle folds. Thus, in tracing the
formation northwestward from Mt. Olive to Calico Rock the
sandstone repeatedly rises above water level until it outcrops
in the river bluffs only to descend again to water level or
below. On Piney and Mill creeks, east of Calico Rock, the
formation is intersected by an east-west fault. South of the
fault the sandstone either does not appear or its outerop is
much diminished in width. )

Cross-bedding is a common feature of the sandstone, and
ripples are conspicuous in nearly every exposure. They are
a much more prominent feature of the Calico Rock sandstone
than of the St. Peter sandstone. The ripples are almost en-
tirely of the asymmetric current pattern. The layers of the
sandstone are massive to thin bedded. Massive beds may be
several feet in thickness. Beds a foot or less in thickness

T Miser, H. D., personal communication.



LITHOLOGIC FEATURES 117

are much more numerous than in the St. Peter; in fact, thin
and flaggy sandstone beds are a much more conspicuous fea-
ture of the Calico Rock sandstone than of the St. Peter sand-
stone.

ORIGIN AND GEOLOGIC HISTORY

Although fossils are absent the association of the sand-
stone with overlying and underlying strata of marine origin
points to the marine origin of the formation. The ripples
have the characteristic cross-sections produced by water cur-
rents and wave oscillation, and the cross-bedding is of the
marine rather than the eolian or fluvial type. The sands
with frosted surfaces show the effects of wind action, but the
locus of this action was the beach facing the waves of an ad-
vaneing sea. :

The deposition of the Powell limestone, underlying the
Kiverton, was terminated by uplift of northern Arkansas, ele-
vating the area above the sea everywhere. Following a period
of erosion the land was again depressed bepeath the sea. In
the Calico Rock region lime mud and quartz sand were deliv-
ered to this sea. Following this period of deposition there is
some evidence that the sea withdrew again and the Calico
Rock region experienced erosion for a short time, terminated
by a readvance of the sea. Quartz sand in quantity was deliv-
ered to this sea by streams flowing probably from the north.
This sand now constitutes the Calico Rock sandstone. The
rounded and frosted surfaces of many of the grains indicate
that the sand was actively carried about by the wind before
falling into the control of the waves of the slowly advanc-
ing shore line. Wave action was vigorous, for the absence of
fine material from the sandstone indicates that such material
was kept in suspension until it had been wafted outward in
the sea, beyond the limits of the distribution of the sandstone.

As the shore advanced and the waters deepened some-
what calcareous mud was deposited on the Calico Rock sands
to form the overlying Everton limestone layers. But the de-
position of calcareous material was interrupted from time to
time by the pouring into the sea of quartz sand to form the
sandy layers that alternate with the limestone layers.

LITHOLOGIC FEATURES
COHERENCE
In general the Calico Rock sandstone, like the St. Peter,
is so friable that it is readily disintegrated with the fingers.
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Locally, however, it may be so resistant that it is broken with
difficulty with a hammer. This variability in coherence may
affect the formation laterally or vertically. Certain beds may
be resistant for short distances, or certain parts of the for-
mation may be resistant through a considerable thickness.
But as a whole the sandstone is so friable that it readily disin-
tegrates before the attack of wind and weather. As a result
streams draining the outcrop are clogged with sand. And
again the friability of the sandstone is seen in the rapid grind-
ing to sand beneath the wheels of traffic of ledges extending
across roads. _
COLOR

Fresh exposures of the sandstone are white or light cream
color, but surfaces exposed to weathering are a dull brown,
due to wash of iron compounds downward from the surface
or to the oxidation and hydration of minute quantities of
iron compounds distributed through the sandstone. On the
whole the marked brown coloration of exposed surfaces of the
sandstone is a more conspicuous feature than in the St. Peter
sandstone. Bands of green color are not as noticeable in the
Calico Rock sandstonc as in the St. Peter. But yellow to
brown ferruginous streaks are locally developed along joints
and other fractures in the sandstone, as in the St. Peter.
Organic matter has darkened the rock bordering penetrating
rootlets, and immediatelyv beneath the soil organic matter
has leached down to a depth of a few inches in the sandstone.

INTERBEDDED AND INTERSTITIAL MATERIALS

Wherever examined the sandstone is remarkably uniform
throughout the exposure. In this respect it closely resembles
the St. Peter sandstone. The successive sandstone layers
rarely show a conspicuous clay or shale parting and where
these are present, as on the main highway south of Oxford,
it 1s not clear that the parting has not been introduced by
downward penetrating rainwater from the soil above. The
general absence of interstitial materials is indicated in the
analyses (Table 50). The very low alumina content points
to the almost complete absence of clay, the commonest and
most widely distributed interstitial material in sedimentary
rocks. The iron content is even lower.

CLEANNESS
The Calico Rock sandstone appears as clean in fresh
exposures as the St. Peter sands. When rubbed between the
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hands it fails to leave an appreciable coating. When a sample
of the fresh sand is stirred in water it produces no appreci-
able turbidity. Freedom from organic matter, clay, ete., is
a remarkable feature of the sandstone, which in this respect
resembles other high gilica and pure sands.

TEXTURE

General features—The texture of the Calico Rock sand-
stone has been studied microscopically and megascopically.
A binocular with a magnification of 30 diameters was used
in the microscopic examination. No thin sections were pre-
pared. The texture of different samples is different, but as a
whole the sandstone is very uniform. The results of the sicve
analyses in Table 35 emphasize this feature of the texture
of the sandstone. Fine and coarse grains compose all samples
examined under the binocular. Samples collected from any
horizon in the sandstone are so similar in texture to samples
collected higher up or lower down in the formation that no
differentiating characters can be discriminated. Likewise
samples collected from one locality differ in no essential re-
spects from samples collected from other localities.

Collection of samplés—Nearly 50 samples were collected
by Parks as representative of the Calico Rock sandstone. As
the formation at no place has been developed commercially,
the samples had to be taken from outerops on roads and
‘streams. In some places recent grading for road counstruc-
tion faciliinted the collection of samples from unweathered
layers, but in most places it was necessary to c¢hip off the sur-
face of the rock to a depth of several inches in order to get
samples of the unweathered and unstained sandstone. These
samples furnished the basis of the laboratory study. The
samples necessarily represent a very limited range vertically
and horizontally, but the sampling so thoroughly covered
the area underlain by the sandstone that in the aggregate
they represent very aecurately the general character of the
rock.

Mechanrcal analyses.—The laboratory procedure involv-
ing the samples of Calico Rock sandstone was the same as
that described for the St. Peter samples. (See p. 25.) The
analyses were made with Tyler Standard screens, the con-
stants of which are given in Table 3. The separation was
made in a mechanical agitator electrically driven. Thirty-
eight samples of the Calico Rock sandstone were selected as
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typical of the formation and screened. The followi:n.g ex-
ample 1s the result of a typieal analysis and illustrates the
method of recording the analyses and resulting computations:

Table 34.—Mechanical Analysis of a Typical Sample of Calico Rock Sandstone

Sample 16-B. Weight of Sample, 100 grams. Time of Shake, 4 Minutes.
Screen Scale (Ratio—vVy 2)

Mesh Weight Per Cent Cum. - Uniformity Effe.ctive | Fineness
Retained Retained Per Cent Coeft. . Size Modulus
36 17.27 17.27 17.27 |
48 29.95 20.96 47.22 |
66 | 17.78 1778 | 65.00 |
100 | 278 | 27.86 92.85 |
160 | 5.718 | b5.13 93.58 [
200 | 042 | 042 | 99.00
Pan | 029 | 0.29 | 99.29 | |
“Total | 99.29 | 99.20 | 9929 | 210 | ©.151 239

The results of the mechanical analyses, together with
locality where the sample was collected and the position of
the sample in the formation, are given in Table 35. The re-
sults have been averaged in order to obtain a general survey
of the size of the grains of the formation as a whole, and these
results are also given in Table 35. The analyses of the sam-
ples are graphically illustrated as composition pyramids in
Figures 14, 15, 16, and 17.

The terms ‘‘base of formation’’ and ‘‘near base of forma-
tion,’” ‘‘top of formation’’ and ““near top of formation,’’ ap-
pearing in the table, mean that the sample was collested with-
in five feet of the base or the top of the formation, respee-
tively. The vertical positions from which the other samples
were collected are indicated in the table.

SIZES OF THE GRAINS

General features—In making the mechanical analyses it
was found that none of the samples of the Calico Rock sand-
stone contained grains large enough to remain on the 20 mesh
sieve, but that 10 of the 37 samples of the sandstone analyzed
contained grains large enough to remain on the 28 mesh sieve
after four minutes of shaking. The bulk of the sand of the
samples, however, is fine enough to pass the 28 mesh but
most of it remains on the 100 mesh. All samples contain fine
grains passing the 100 mesh in weighable quantities. All
samples had weighable quantities on the 150 mesh, and all
but three on the 200 mesh, and 11 samples had a weighahle
residue in the pan, passing 200 mesh.
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From the results of the analyses as given in Table 35
the fineness modulus, percentage of fineness, effective size, and
uniformity coefficient were computed.

Fineness modulus.—The fineness modulus is the sum of
cumulative percentages computed from the sieve analyses
divided by 100. Each sieve used has an opening double that
of the preceding sieve. The sieves used in the present com-
putation were the 28, 48, 100 and 200 mesh. If the sand was
too fine to leave a residue on the 28 mesh sieve the fineness
modulus was determined by adding the cumulative percen-
tages of the 48, 100, and 200 mesh sieves and dividing by 100.
The fineness modulus was determined for each of the analyses
of the samples of Calico Rock sand, and the results are given
in Table 35. The average fineness modulus for all samples
was found to be 2.30, the values ranging between 1.66 (sam-
ple 10-F') and 2.74 (sample 10-B).

Percentage of fineness—To determine the fineness of
Calico Rock sand 12 samples were selected as typical of the
formation in as many localities. The results are given in
Table 36. The method of computation is deseribed elsewhere.
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F1gurE 13.—Graph showing the derivation of uniformity coefficient and
effective size of all samples of Calico Rock sand.

Fhe screcn sizes in millimeters are indicated on the horizontal axis, and the cumu-
lati.z percentages on lhe vertical axis. The averages of analyses of 37 samples of Calico
Rock sand as given in Table 35 were used as the basig for determining the cumulative
percentages and plotting the graph. (8ee also Figure 2} The results are given in
Table 36A. . :

The percentages by weight 1*etairied On seven sereens were
used in order to insure uniform results that could be com-
pared with the results obtained in the analysis of the St.

Peter sand. 'The average percentage of fineness of the 10
samples of Calico Rock sand was found to be 42.27.
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Effective size and wwiformity coefficient.—The effective
size and uniformity coefficient of all samples of Calico Rock
sandstone that were screened have been computed. This pro-
cedure was carried out by reducing the cumulative percent-
ages to the form of a graph and determining the effective size
and uniformity coefficient by interpolation, following the
method described on page 39. The method employed is illus-
trated in figure 13, which represents the average graph for
all anlayses of Calico Rock sand. The result therefore repre-
sents the average effective size and the average uniformity
coefficient of all samples of Calico Rock sand. The effective
size and uniformity coefficient for cach mechanical analysis
of (“ahco Rock sandstone are given in Table 35.

Table 36 A.—Derivation of Cumulative Percentages end Method of Recording Tini-
formity Coefficient and Effective Size as Determined by Figure 18 (p. 121)

SCREEN SCALRE

—_— E OF SHAXKE—4 MI T
RATIO= V3 TIME O XE NUTES

OPENINGS Diam,

‘ i
N of Weight | Pemfnt L Cum, Uniform-‘ Effective
Inches | Mils. Hesh (;";’fcrﬁ) tained | tameas | Per Cont | ity Coett.|  Size
| | | | ’ ’
065 | 1651 | 10 | .035 ;
046 | 1.168 | 14 | .025 | T ] |
U328 | 833 | 20 | .0172 | | T |
0232 | 589 | 28] .0iz5 | | 073 | 073 |
0164 | 417 | 35 | 0122 | | 12.04 | 1277 |
0116 | 295 | 487 0092 | | 2645 | 3922 |
0082 | 208 | 65 | .007% | | 25,57 | 64.79 |
0058 | 147 | 100 | 0042 | | 26.03 | 90.82 |
0041 | 1047|7150 | .0026 | I 760 | 9842 |
0029 | 074 | 200 [ 0021 | ILI5 | 99.57 |
[ | Pan | ] [~ 016 | 99.73 |
o Ir i I I | E -
|I ! I } | 99.73 E | 1.91 | 0153

*Averages of analyvses of 37 samples of Calico Rock sand as given in Table 35.

The effective size of all samples of Calico Rock sand
seveened was found to range between 0.107 (sample 10-F) and
0.199 (sample 15-K), with an average of 0.153 for the 37
samples. The uniformity coefficient ranges between 1.38
(sample 13-(f) and 2.74 (sample 10-B), with an average of
1.91 for the 37 samples.

Comparison with the St. Peter sand.—Table 37 empha-
sizes a very marked physical similarity of the Calico Rock
and St. Peter sands.  The results of the screen tests are so
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similar that the averages of only threc screen sizes show a
difference greater than 1 per cent. On the 35 and 48 screens
the Calico Rock sand left slightly larger residues, and on the
100 mesh the St. Peter sand averaged more than 6 per
cent higher than the Calico Rock sand.

The average fineness modulus of the Calico Rock sand is
but 0.13 percent higher than the average for the St. Peter
sample. The fineness modulus of all samples of St. Peter sand
screened ranges between 1.53 and 2.74, as indicated in Table 5.
The fineness modulus of the Calico Rock samples ranges be-
tween 1.66 and 2.74 (see Table 35). In Table 38 a further com-
parison is drawn indicating that the samples of Calico Rock
sandstone approach an average much more closely than the St.
Peter samples. Of the St. Peter samples 74 per cent have a
modulus below 2.30, whereas only 43 per cent of the Calico
Rock samples are as fine as this. On the other hand more
than half of the Calico Rock samples have a modulus be-
tween 2.30 and 2.76, while only one-fourth of the St. Peter
sands are as coarse as this.

Table 38 —Comparison of Fineness Modulus of St. Peter and Calico Rock Sands

i o Medium Coarge
Total Fine (—2.30) (2.30-3.76) ’ (2.761+)
Formation No. of
Samples| 1, ¢ Per- | No. of Per- No. of Per-
) Samples| centage | Samples{ centage| Samples| centage
St. Peter............| b4 | 40 4 | 14 2% | 0 | ©
Calico Rock... ... | 37 | 16 3 | 21 B7 | 0 | 0

The effective size of the two sands shows a remarkably
small difference (0.007), and the uniformity coefficient of the
Calico Rock sand is but slightly higher (0.08) than that of
the St. Peter sand.

The percentage of fineness determined by the Kimmel-
Hamilton method indicates that the Calico Rock sand is as a
whole but slightly coarser than the St. Peter sand. The per-
centage of fineness of 15 samples of St. Peter sand averaged
47.26, while 12 samples of Calico Rock sand averaged 42.27.
While this difference is slight, it is in agreement with the re-
sults obtained expressing the average fineness modulus, effec-

“tive size, and uniformity coefficient of the two sands.

Tt would be very difficult to find two sands as closely

similar in grain size as the sands of these two formations.
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SHAPES OF THE GRAINS

General features.—Because of its scientific interest and
economic importance in the utilization of sand the shape of
the grains in samples of Calico Rock sand were studied.
Like the St. Peter, the sand under the binocular closely re-
sembles crushed rock salt or fragments of crushed glass. The
results of the study of this material show that both small
and large grains are indiscriminately mixed and that the-
grains possess an infinite variety of shapes, ranging from
rounded to angular with quadrilateral, triangular, rectangular
and irregular outlines. Some grains are wholly angular, par-
ticularly the smaller grains; others are partially rounded, the
remaining surfaces being composed of facets at angles to one
another; and only a very small percentage is entirely ronnded.
The latter are very rarely perfectly round, but instead they
are in most cases oblong or egg-shaped, more rarely spindle-
shaped or lens-shaped, or very rarely semilunar.

Degree of angularity—Following the method suggested
by Trowbridge and Mortimore, three samples of Calico Rock
sand collected at different horizons in different localities were
analyzed with reference to angularity. The examination was
made under a binocular against a dark background, using a
magnification of 30 diameters. The slids was illuminated by
means of two 100-kilowatt lamps. The samples selected for
study were first sereened and the residues from the succes-
sive sieves placed in envelopes labeled with the size of the
sieve and sample number. In none of the samples was there
a residue left on the 28 mesh. One hundred grains were arbi-
trarily separated from each envelope, and the shape of each
grain classified according to the suggested scale of angular-
ity. The results are given in Table 39.

- Table 39 shows that less than 5 per cent of the grains of
Calico Rock sand arc rounded, and that only about 10 per
cent are fairly well rounded. Slightly more than one-fourth
of the total number of grains are subangular, and nearly 60
per cent of the total number of grains are angular. (Sce Pl.
X1.)

Table 40 summarizes the degree of angularity of the
grains according to size. With Inereasing fineness of grains
there is a corresponding decrease in rounding and fairly well
rounding of grains. Seven-eighths of the rounded grains are
coarser than 100 mesh, and nearly three-fourths of the fairly
well rounded grains are coarser than 100 mesh. TFor the
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coarser meshes the proportion of subangular grains remains
fairly constant, but the percentage decreases rapidly for
grains finer than the 100 mesh. Angularity, on the other
hand, shows a constant increase with inereasing fineness of
grains. Three-fourths of the grains passing the 100 mesh
are angular.

Table 40.—Average Angularity by Mesh Size of Calico Rock Sand
(Compiled from Table 39)

Rounded Falrly Well Subangular \ Angular

_ Roundefi N ; - <m
sen | wg| 8 \wz| B | wz| B |wz| B | Z8
s8 | v | o8 " s 5 sf | 50
o | g %0 o %0 & A 5%

28 | 0] 00 6] 00 0] 00] 0] 00w
35 | 34 | 11.3 38 | 127 102 34.0 126 | 42.0 300
48 21 7.0 42 | 14.0 104 34.7 133 | 443 | 300
66 15 5.0 | 43| 143 77 25.7 165 | 55.0 | 300
100 4 134 21 7.0 84 28.0 191 | 63.7 300
150 T4 13| 14 47| 68| 227 | 2i4 | 713 | 300
200 [ 2] 07| 12| 40| 54| 180 | 232 [ 713 | 300
Total | 80 | 45 | 170 | 95 | 489 | 27.1 | 1,061 | 58.9 | 1,800

In general considering the results as a whole one out of
six grains coarser than 100 mesh is likely to be rounded or
fairly well rounded, while only one out of 19 grains finer
than 100 mesh is likely to be rounded or fairly well rounded.

Comparison with the St. Peter sand.—The relative degree
of angularity of the St. Peter and Calico Rock sands may be
readily obtained by comparing Tables 13 and 39. The rela-
tive proportion of rounded grains of the Calico Rock sand
is nearly twice that of the St. Peter sand, and the percentage
of fairly well rounded grains is considerably larger. The
proportion of subangular grains is nearly the same in both
sands, but the percentage of angular grains in the St. Peter
sand is appreciably larger than in the Calico Rock sand. The
larger percentage of rounded and fairly well rounded grains
in the Calico Rock sand is in part due to the rounding of the
coarser grains, but a part of the difference finds explanation
in the rounding of a larger proportion of Calico Rock grains
ranging from the 100 to the 200 mesh. Table 41 is intro-
duced in order that the degree of angularity of the St. Peter
and Calico Rock sands mesh by mesh may be readily com-
pared.
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IS5E
MICROSCOPIC VIEWS OF CALICO ROCK SAND

The numbers below the figures are the numbhers of the samples as given in Table
35, opposite page 120,

No. 12D from near top of formation, one-half mile south of Brockwell; No, 8§D from
- 16 feet below top of Calico Rock sandstone, north bluff of White River, five-sixths mile
west of Calico Roeck.



133

THE GRAINS

SHAPES OF

0087 | 006T | 685 | 1907 | g19 | v9r'1 | 12z | 68% | ¥83 | ovs | 96 | 021 | 62 Ist | s% |08 | 5% | e | sreron
00 looe |ep.|zeg 1288199z lost (% loorloe fov ot le1 ¥ T oo 1o | ooz
008 00¢ e1L | ¥12 | 920 leez | 228 189 | Lerles i Lt¥v |31 |87 L g1 | ¥ ¥0 11T | ogr
008 006 | 2e9 ] 161 | 999 | gs1 08 (#8 | vog |16 lor {18 1oL i |s1 |+ 0z 19 | o1
008 loog | ogs |91 1908 | ger |raz |22 lrsslotrlestl e | os ¥z log |lset |z |8 a9
po¢ loog |gwwlsget | o99ov lovr | rwe |wor lL9s 50T o091 | 28 | 091 gy lor 11z Ly |31 ¥
o0og | oog 0gr | 931 | rov leer |l ows |zot |l oes | 2vrirerlse | oar st legrrlveg g9 | o1 ag
............ loor oo |lo foesles [o0 (o [ogzlses (00 [0 o8 8 loo lo loo o | =z

g # mAmm_mﬁmm aaua_mﬂ s 85| % [3%| 8188 % | 2%

3 o Q gg A o | He Q ge Q ge Q@ i He o gg aQ o Q gg

g |85 | & "7 8t & (R g [fRlg ER] g [ERD g |ER g d

= ) . ] ] usew uo

Ho0Y 00I[BD 18384 I8 320YW 0011%D 19194 ‘38 H0o0Y 008D 1938 I8 300 OdI[BD ae1ed 18
.m% HMw.”Mp% _M IgnIuy Jgmniueqng ——%M%HM”W_W T PopuUnoOy

SpuBg Hoo 00Dy PUv L3ag 1§ 241 fo Rpsombuy fo »E?Q oYy jo wosuodwo)—1F 3190L



134 CALICO ROCK SANDSTONE IN ARKANSAS

SOUNDNESS OF THE GRAINS
Megascopic and mieroscopic examination of the Calico
Rock sand shows that it is free from decay or other alfera-
tion. Traces even of incipient decay were not found in fresh
samples. The grains appear as fresh and unaltered as the
St. Peter sand grains. Apparently the sand was deposited
as fresh and firm quartz grains and subsequent changes have
not altered this character of the grains except in places where
the rock has been exposed to the action of the weather.

POROSITY OF THE SAND (VOIDS)

The importance of determining the porosity of a sand,
particularly sand to be used in construetion has already been
emphasized in connection with the discussion of the porosity
of the St. Peter sand.. In order to reach a definite coneclusion
regarding the porosity of the Calico Rock sand five samples
were selected as representative of the formation in localities
where the formation is typically developed and their porosity
determined. In this determination the specific gravity-weight
method was used, as recommended by Dake and others and
as deseribed elsewhere in this report.

The following example ilustrates the procdedure. The
specifie gravity of sample 12-J, collected below the middle
of the formation at Brockwell, was determined to be 2.680.
The weight of 100 ce. was found to be 151.572. The difference
in weight caused by the voids is:

268.00 — 161.572 = 116.428, then

116.428 — 2.68 = 434 per cent voids

Table 42.—Porosity of Calico Roeck Sand

0y
o
5 |,z
Sample b, Horizon in oL
No. é%’ =4 _53,\ Formation Locality
g5 wo S g
o T o [ o
o, = = on, O
1w = Ay o
12-J 2,680 | 151.572 | 43.4 {Below middle...... At Brockwell
13-E 2.613 | 150.478 | 42.4 |Near top...........|On Piney Creek o
14-A 2.699 | 147.695 | 46.3 |Base.............[East of Calico Rock % mile
15-G | 2.686 145.716 45.7 TOP...oeieeeeeeeerenannee | West 0f Calico Rock 3 miles
16-C | 2.654 151.388 42.9 Near middle... ...\ West of Pineville ¥ mile
Aver, | 2.666 | 149.350 | 43.94

The results of the five determinations are given in Table
42, Both gravity determinations and weighings of samples
were checked to insure greater accuracy. The average poros-
ity computed from the results of the five determinations is
43.94, slichtly higher than that of the St. Peter sand, which
is 4244 (Table 16, p. 53).
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PITTING OF THE GRAINS

Many of the grains of the Calico Rock sand show one
or more pits, but the present study seems to indicate that pit-
ting is not so characteristic of the Calico Rock sand as of the
St. Peter sand. The pits are found on both frosted and un-
frosted grains. They are more numerous on the surfaces of
rounded and fairly well rounded grains, but they were seen
also on the surfaces of subangular and even angular grains.
Pits are rare in grains finer than 100 mesh. In dimensions
and shape they resemble very closely the pits developed on
the St. Peter sand grains. Not more than two were observed
on a single grain. 'Their origin has doubtless been similar
to the origin of the pits observed on the St. Peter grains,
which were aseribed primarily to secondary enlargement of
the sand grains by the addition of silica. More rarely the
origin of the pits is due to solution at a point of contact of two
neighboring grains.

*Table 44— Average Pitting by Mesh Size of Calico Rock Sand Graeins
(Compiled from Tahle 43)

Pitted Unpitted

On ) Total No.

Mesh gf&iﬂﬁ Per Cent g:};igg Per Cent of Grans
28 | 0 ] 0.0 | 0 | 0.0 |-
3b | 36 28.7 214 71.3 | 300
48 | 7 257 223 74.3 [ 300
65 | 63 21.0 237 79.0 300
100 ! 30 10.0 270 | %0.0 300
150 | 7 2.3 293 | 97.7 300
200 4 13 296 | 98.7 | 300
Totals 267 14.8 1,533 I 86.2 f 1,860

Tables 43 and 44 summarize the results of the study of
Calico Rock sand grains with reference to pitting of the
grains. As Table 43 indicates, only one grain out of scven
on an average is pitted. In Table 44 the results are re-
arranged, and they emphasize the marked decrease in pitting
with increasing fineness of grain, the phenomenon being es-
sentially absent in grains passing 100 mesh. A comparison
of Tables 43 and 44 with Tables 18 and 19 emphasizes the
much greater prevalence of pitting in the St. Peter sand than
in the Calico Rock sand, an average of more than twice as
many grains of the St. Peter being pitted than of the Calico
Rock.

*Tahle 43 on page 136.
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ENLARGEMENT OF THE GRAINS 137

SECONDARY ENLARGEMENT OF THE GERAINS

As has been pointed out in the text on the shapes of the
grains of the St. Peter sandstone, the deposition of silica by
underground water on the snrfaces of the grains is a note-
worthy feature of the formation in all areas where the sand-
stone has been studied. The physical similarity of the Calico
Rock sandstone to the St. Peter would lead naturally to the
study of the sand grains composing the Calico Rock sand-
stone in order to discover whether secondary enlargement is
as characteristic of that formation as of the St. Peter.

Dr. Littlefield and Fanny Edson, after studying samples
typical of the Calico Rock sandstone, report that the grains
show some degree of cerystallization.” In some samples the
recrystallization is very marked.

Mr. Brewster, of the department of geology of the Univer-
sity of Arkansas, has also made a careful study of the sand
graing of samples typical of Calico Rock sandstone with par-
ticular reference to the development of ecrystal faces and
terminations on the sand grains. The results of his study
arc given in Table 495.

As Table 45 indicates, five out of six grains exhibit
crystal faces. The manner of development of the erystal faces
is In general the same as described for the St. Peter grains.
Rhombohedral faces typically terminate the grains, and the
prism faces arc developed about the central parts of the grains.
Both may be present, or only one form may be present. Fre-
quently the central part of the grain is frosted but its ends
are terminated with rhombohedral faces. Some grains are
completely bounded by crystal faces; other grains are partly
bounded, the remaining surface being frosted.

The crystal faces are clean and smooth and free from
fractures, chipping, pitting, and frosting. In a few cases the
boundary below the subsequently deposited silica forming the
crvstal face and the original surface of the grain is discern-
ible. In partly frosted grains the boundary between the
erystal faces and the frosted surface is sharp, defining ab-
ruptly the limit of the surface favorable for deposition.

In general the crystal faces are best seen on grains larger
than 100 mesh. An examination of the material passing 200
mesh leads to the conclusion that this material consisted of
flakes and minute fragments of larger grains, apparently
broken off from the larger grains at the time of deposition

" Personal comwmunications.
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DEVELOPMENT OF CRYSTAL ¥ACES 139

of the sandstone. Secondary enlargement of these grains
is not cvident. Grains ranging in size from 100 to 200 mesh
are 1n part fragments and in part whole grains. Secondary
enlargement of these grains is not so apparent, and crystal
faces present are probably in part inherited from the original
gsource of the .sand. Crystal faces on grains larger than 100
mesh are to be attributed for the most part to secondary
enlargement.

Table 46.—Average Development of Crystal Faces by Mesh Size on Calico Rock
Sand Grains
{(Compiled from Table 45)

Crystal Faces Crystal Faces

Present Absent
On - S Total No.
Mesh of Grains
(I\;fmgg Per Cent ‘ g:&igi Per Cent

""""""" 28 |0 || [ IO (SO
3, | 233 | 77.6T | - 67 | 2233 | 300
48 | 236 | 7867 84| 2133 300
65 | 3 | 78.00 66 | 2200 | 300
100 | 268 | 8933 32 | 1067 | 300
150 | 2889 | 8967 ] 31 | 1033 300
C 2000 | 260 | 8333 | 50 | 16.67 300
Totals | 1,490 | 8278 | 30 | 1722 - 1,800

The results set forth in Table 45 are rearranged and pre-
sented in Table 46 in order to illustrate clearly the relation
of the development of crystal faces to grain size. The general
results brought out in Table 46 indicates an increase in the
proportion of grains on which erystal faces are developed
with decreasing size of grain. Three-fourths of the grains
larger than 100 mesh have well defined crystal faces, and
more than five-sixths of the grains between 100 and 200 mesh
show crystal faces. 1In general it is reasonably clear that
graing larger than 100 mesh showing crystal faces have ex-
perienced secondary enlargement, since crystal faces, clean
and free from abrasion, would scarcely survive transporta-
tion by wind or water for any considerable distance. Crystal
faces on grains smaller than 100 mesh may be due in some
cases to survival, for the small size of the grains results in
greater immunity from attrition, but the smooth, even sur-
faces of the faces and the sharp, clear interfacial angles indi-
cate that secondary enlargement has been an important fac-
tor in producing the cryvstal faces on the surfaces of the
smaller grains.
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An idea of the relative importance of recrvstallization in
the St. Peter and Calico Rock sands may be obtained by com-
paring Tables 20 and 21 with Tables 45 and 46. Of all St.
Peter grains studied 70 per cent showed crystal faces as com-
pared with 83 per cent of the Calico Roek sand grains. Of
1,200 Calico Rock grains coarser than 100 mesh, 971 showed
distinet crystal faces, while 954 St. Peter grains out of 1,300
coarser than the 100 mesh were found to have well developed
crystal faces. It is quite apparent on the whole that, as com-
pared with the St. Peter sand grains, a slightly larger pro-
portion of the Calico Rock sand grains show -erystal faces
and that secondary enlargement is somewhat more pronounced
in this sandstone than in the St. Peter.

FROSTING OF THE GRAINS

Frosting is a conspicuous feature in all representafive
samples of the Calico Rock sand, but it is restricted almost
entirely to the coarser grains, and particularly to grains that
are oblong, egg-shaped, spindle-shaped, and lens-shaped. The
coarser grains with angular outlines are either not frosted
or only partly frosted. - ' |

Table 47 shows the results of a study of three samples of
Calico Rock sand with especial reference to frosting of the
grains. Of 1,800 grains representative of the three samples
278, or 15 per cent, were frosted; 844, or 47 per cent, were
‘partly frosted; and 678, or 38 per cent were unfrosted.

The results given in Table 47 have been rearranged ac-
cording to size of grain, and the conclusions are compiled in
Table 48. Of the 278 grains found to be frosted, 229 are
coarser than the 100 mesh. Of this total the proportion of
frosted grains on the 35, 48, and 65 mesh is. about the same,
and the proportion on the 100 mesh decreases to about one-
half of the total on any one of the larger meshes. Of the
grains passing the 100 mesh, one in six on the average 1s
frosted.

The percentage of partially frosted grains shows a very
uniform decrease of about five per cent to the 65 mesh; then
it inereases to the 100 mesh and remains fairly constant
through the smaller meshes. The small size of the grains
that find lodgment on the smaller meshes raises the question
whether their frosted appearance may not be due in part to
etching as a result of solution.
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The proportion of unfrosted grains shows a fairly eon-
stant inerease from 26 per cent on the 35 mesh to 48 per cent
on the 200 mesh.

It 1s apparent from the study of Tables 47 and 48 that
frosting affects only a part of the grains of the Calico Rock

Tatle 48.—Awerage Frosting by Mesh Size of Calico Rock Sand Grains
{Compiled from Table 47)

| .
Ifrosted IPartly I'rosted Unfrosted

On _ Total No.
Mesl T ; f Grains
ost g:,“gg F Per Cent él\!?zlti:(l)i | Per Cent g:a:ir‘:g | Per Cent ? l ‘
. 28 | . 0 ’ __| O l """""""" ! 0 ! """""""" ’ """" [
36|88 | 2267 | 153 | 5100 |79 | 2633 ] 300
48 | 64 | 2133 | 136 | 4533 | 100 | 3334 | 300
65 | 66 | 2200 | 122 | 40.67 | 112 | 37.33 300
100 | 31 | 10.33 |7 152 | 50.67 | 117 | 38.00 | 300
- 150 27 | 9.000 | 146 48.67 127 42.33 300
I |
200 | 22| 73y | 135 | 45.00 | 148 | 47.67 | 300
Total | 278 | 13.44 | 844 | 4683 | 678 | 37.67 | 1, 800

sandstone and is largely limited to the surfaces of the 1arger
grains It 1s apparent also that frosting is a variable fea-
ture in the formation, for sample 16-B, Table 47, has a con-
siderably larger T)fop()rhon of frosted grains than the other
two samples, and in sample 13-C the proportion of frosted
and partly frosted grains falls econsiderably below the per-
centages indicated for the other two samples. Tt it impossible
to draw conclusions as to what proportion .of the grains were
originally frosted. The marked secondary enlargement which
the grains have experienced since their deposition has masked
the surfaces of the grains to such an cxtent that no certain
conclusions can be drawn relative to the prevalence of frost-
ing that once existed in the sandstone. The origin of the
frosting is atfributed to the aection of the wind in shifting
the sands about the beach and adjacent upland previous to
deposition of the sand in the invading marine waters.

The frosting of the Calico Rock sand may be re eadily com-
pared with the frosting of the St. Peter sand by consulting
Tables 22 and 23 and Tables 47 and 48. In general the Calico
Rock has a somewhat higher percentage (about 2 per cent)
of frosted grains (Table 47) than the St. Peter sand (Table
22), but the percentage of partly frosted grains is about the
same in both formations.

The same grains were used in compiling the data for
angularity, pitting, ervstal faces, and frosting, so that it is
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possible to compare the successive tables in which the data
are recorded and to draw logical conclusions on the relation-
ships revealed as a result of the comparison. As in the case
of the St. Peter, the frosting of the Calico Rock grains shows
a fairly definite and constant relationship to angularity, which
may be readily observed by comparing Tables 39 and 47. Out
of 1,800 grains 250, or 14 per cent, were found to be rounded
or fairly well rounded, and 278, or 15 per cent, to be frosted.
The proportion of subangular and angular grains, as indicated
in Table 39, is 86 per cent, while Table 47 shows that the
relative proportion of partly frosted and unfrosted grains is
85 per cent. '
SPECIFIC GRAVITY OF THE SAND

In the determination of the specific gravity of the Calico
Rock sand the same method was employed as that used for
determining the specific gravity of the St. Peter sand. A
small water bottle (150 ce.) was used, the stem of which
was marked about 114 inches below the top. The bottle was
first weighed empty (A) and then filled with distilled water to
the point where the bottom of the meniscus coincided with
the marker on the neck of the bottle. The bottle with its
water content was then weighed (B). The bottle was next
dried and 25 grams of sand introduced. The weight of the
bottle and sand was then determined (C). Water was next
introduced to the level of the marker on the neck of the
bottle. The bottle, water, and sand werce then weighed (D).
The specific gravity of the sand wes determined by the fol-
lowing formula:

C—A

B+ C—A--D

A = weight of bottle

B = weight of boftle and water

C = weight of bottle and sand

D — weight of bottle, sand and water

TFive determinations were made, the results of which are
given in Table 49.

To test the aceuracy of this method of determining grav-
ity a check determination ‘was made with two samples. The
results follow:

Specific gravity —

First Second
Sample No. Determination . nvtm'mir_mtion Difference
13-I 2.6070 2.6130 0.0060

16-C 2.6501 2.6540 0.0039
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As Table 49 indicates, the highest determination was
2.699 and the lowest 2.613. The average specific gravity of
the Calico Rock sand as determined by this method is 2.666,

Tab'e 49.—Weight of Calico Rocl: Sand

riony | Weight
sample Specific W elfht per Horizon in .
No. Cravity a -eu, Tt Formation Locality
100 cc.
(1bs.) o
12-J 2.680 | 151.572 | 94.825 |Below iddle...[At Brockwell
13-B 2.613 | 150.478 | 94.087 |Near top......... On Piney Creek
14-A 2.699 | 147.59% | 92,291 |Base...............|Bast of Calico Rock % mile
16-G 2.686 [ 145.716 | 91.175 [TOP o rimmrrrrecciraen West of Calico Rock 3 miles
___18-C _ 2.654 | 151,388 | 94.735 [Near middle...... West of Pineville % mile
_ Av. 2,666 [ 149.350 | 93.423

which agrees elesely with that of pure quartz, 2.654. The
figure 2.666 was taken as representing the average specific
gravity of the Calico Rock sand, both in the further labora-
tory procedure and in the computations into which specific
gravity entered as a factor.

WEIGHT OF THE SAND

The weight of five samples of Calico Rock sand was de-
termined in order to obtain a satisfactory index of the weight
of the sand of the whole formation. The samples were sc-
leeted as representative of the sandstone where it is typically
developed in a number of different localities. The gravity
and porosity of the samples had already been determined
(Tables 42 and 49). The computation was based on the for-
mula used in the earlier part:of this report devoted to the
St. Peter sandstone. The formula is repeated here for con-
venience m reference:

Wpf. = Wgex62.513, in which

Wpt. = weight per cubie foot in pounds,

Wge. = weight per ce. in grams,

The weights of the five samples are given in Table 49, and
the average of the weights (93.423 pounds) may be taken as
typreal of the weight of the sand per cubie foot for the forma-
tion as a whole.

REFRACTORINESS

No tests were conducted on the Calico Rock sand to de-
termine its refractorimess. But the high silica content and
the exceedingly low content in fluxing eompounds (Table 50)
indicate that the sand is highly refractory; in fact, it 1s as
refractory as the St. Peter sand, which the Calico Rock sand
so closely resembles physically and chemically. The sand
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1s excellently adapted to those uses in which resistance to
high temperatures is demanded.

COMPARISON WITH THE ST. PETER SAND

Tle close physical similarity in grain size and grain shape
of the Calico Rock sand to the St. Peter sand is maintained
in all other textural features. The Calico Rock sand grains
are as fresl and unaltered in appearance and structure as
the St. Peter grains. The average porosity of the Calico
Rock sand was found fo be 43.94 (Table 42) which is but
slightly higher than the average result (42.44) obtained for the
St. Peter sand (Table 16).

Pitting is undoubtedly of greater prevalence in the St.
Peter sand than in the Calico Rock sand, more than twice
as many grains on an average of the Sf. Peter sand being
pitted than of the Calico Rock sand grains. In both sands
pitting is restricted almost entirely to the coarser sizes, as
emphasized in Tables 18 and 19 and 43 and 44. Secondary
enlargement is a somewhat more conspicuous feature in the
Calico Rock sand than in the St. Peter sand. This general-
ization 1s true of the coarser as well as the finer grains of the
two sandstones, as is apparent when Tables 20 and 21 are
compared with Tables 45 and 46. Frosting is also present
~on the surfaces of a larger number of Calico Rock than of
St. Peter grains. The proportion is only about 2 per cent
higher in the Calico Rock sand, and the percentages of partly
frosted grains is about the same in both formations. The
results of the study are tabulated in Tables 22 and 23 and
47 and 48.

The specific gravity of the Calico Rock sand (2.666) is
slightly higher than that of the St. Peter sand (2.649) the
difference amounting to 0.017. The results obtained from
the individual determinations are given in Tables 25 and 49.
The average weight per cubic foot of Calico Rock sand was
found to be 93.423 pounds, which compares closely with the
average weight of a cubic foot of St. Peter sand, which was
found to be 95.296 pounds. The results of the individual de-
‘terminations and the averages are given in Tables 25 and 49.
The stmilarity in physical and chemical properties indicates
that the Calico Rock sand is as highly refractory as the St.
Peter sand.
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CHEMICAL COMPOSITION

Chemical analyses—The results of six analyses of the
Calico Rock sandstone made by Dr. William F, Manglesdorf
are given in Table 50. The small amount of organic matter,
water of hydration, and carbonates in this sandstone is shown
by the ignition loss, which averages only 0.26 per cent with a
total of only 1.54 per cent for the six analyses. Three analyses
revealed no magnesia, and in the other three magnesia was
present in scarcely more than a trace. Two analyses revealed
no lime, and only one analysis showed lime in appreciable
amount. Both alumina and iron oxide are present in small
amounts in every analysis, the alumina slightly exceed-
ing the iron in amount. The alumina is probably present as
clay particles between the grains and would largely be elim-
inated by washing. The iron is probably present in the form
of hydrated oxide as flakes between the grains and as coat-
ings on the grains. The average of the silica content for the
six analyses (98.995) is remarkably high considering that the
samples were collected within a few inches of weathered out-
crops of the sandstone. These analyses indicate that this
sand is comparable in purity with the highest grade high
silica sands in use in the United States.

Table 51~—Comparison of Chemical Characters of S8f. Peter
and Calico Rock Sands

Avaerages of Chemical Analyses

Formation No. | I T
O LB i si0s !Fezoa ALOs | Ca0 | MgO | Total
St. Peter............| 18 | 0.247 | 99.02 | 0.166 | 0.27 | 0.07 | 0.002 99.776
Calico Rock..._. . [ 6026 | 99.00 | 0.16 | 0.23 | 0.06 | 0.0066 | 99.70
Differences ... || 70.013 | 0.02 | 0.006 | 0.04 | 0.01 | 0.0046 | 0.076

Comparison with the St. Peter sand.—In Table 51 the re-
sults of six analyses of Calico Rock sand are compared with
the results of 18 analyses of St. Peter rand. While the num-
ber of analyses of Calico Rock sand is much smaller than
the number of St. Peter-analyses, yet the samples were selected
as typical of the Calico Rock sand and hence additional
analyses would little affect the general averages given in
Table 51. From the marked physical similarity of the St.
Peter and Calico Rock sands analyses of samples of the two
formations should be expected to have closely comparable
results. The table emphasizes the chemical similarity of the
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two sands. The silica, iron and lime content of each of the
formations when compared is found to be almost identical.
The volatile matter and alumina of the St. Peter average
slightly higher than in the Calico Rock sand, and the mag-
nesia is slightly lower in the St. Peter. It is apparent that
the marked physical similarity of the St. Peter and Calico
Rock sands is also reflected in as marked chemical similarity,

Heavy minerals—Analyses of the heavy minerals of the
Calico Rock sandstone have been made by Dr. Littlefield,
and the results are given in Table 28. Zircon, tourmaline, and
anatase were found in every analysis, and lencoxene was re-
ported in one analysis. Mierocline and orthoclase, usually
less than one-eighth millimeter in size, were also present in
all samples. Rutile and apatite reported in the St. Peter were
not found in the Calico Rock samples. Otherwise the two
‘sands are very similar in their heavy mineral content. The
results of the heavy mineral analyses are given in Table 28§,
along with the results obtained in the study of the St. Peter,
Everton, and Kings River, so that a comparison of the heavy
mineral content of these sandstones may be readilv made.
These minerals are almost entirely limited to the fines, that
is, to grains small enough to pass a 100-mesh sieve.

CEMENTATION

Friability is a marked lithologic feature of the Calico
Rock sandstone and indicates either a lack of sufficient
cementing material or the presence of a weak cement. Where
the sandstone is brown and iron-stained, as it is on the sur-
faces of outcrops, the rock is firm and coherent, but'the fresh
white sandstone is almost invariably incoherent. The pres-
ence in quantity of cements that are encountered in studying
the cementing materials of sedimentary rocks is not revealed
in the analyses. Lime and magnesia are found only in traces,
and the low volatile content indicates a remarkable percentage
of carbonate. Iron oxide and alumina are found in only very
small quantities. None of these is apparently present in
sufficient quantity to give the sandstone the degree of co-
herence it possesses. ,

The coherence of the sandstone is believed to be most
satisfactorily explained by the pronounced secondary enlarge-
ment that the majority of the grains exhibit. The develop-
ment of rhombohedral terminations and prism faces occupy-
ing the spaces between the grains remaining after original
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deposition serves to bind the grains together sufficiently to
give the sandstone the small degree of coherence it possesses.
This does not preclude the possibility that small amounts of
lime, alumina, magnesia, and iron compounds may serve as
a cement, but their cementing capacity, owing to their small
amounts, is believed to bhe inferior to secondary enlargement
in maintaining the coherence of the sandstone. The angular-
ity of the finer grains, leading to interlocking as a result of
long-continued pressure, both horizontal and vertieal, may
be a factor in effecting the small degree of coherence the
sandstone possesses.
USES OF THE SAND

The remarkable physical and chemieal similarity of the
St. Peter and Calico Rock sands has already been discussed.
This similarity is so close as to indicate very definitely that
the Calico Rock sand is excellently adapted to the same uses
to which the St. Peter sand has long been successfully ap-
plied and which have been described in detail in a preced-
ing section. The purity and high silica content of the Calico
Rock sand recommends it for utilization in the manufacture
of high-grade glass products. The average effective size and
uniformity coefficient (Table 35) of the Calico Rock sand
adapts it to filtration purposes. Tts high silica content recom-
mends the sand for steel molding purposes, for facing and
- annealing, and for furnace linings, and other uses where high
temperatures are encountered. Its purity, toughness, dura-
bility and degree of angularity excellently adapt the sand to
friction and abrasive purposes. It should find application
in the various chemical and metallurgical uses for which high
silica sands are successfully employed. The Calico Rock
sand ecan be used with success for various paving purposes,
such as in the construction of asphalt, concrete, block and
brick pavements and as a grouting sand. The Calico Rock
sand is also excellently adapted to building purposes, as
plaster sand, mixing of mortar, roofing sand, clay and silica
brick and sand-lime brick, and finishing sand. The coarser
sizes can be used in the making of conerete. The sand can
also be successfully employed in the many minor uses where
high silica and very pure sands are needed.

AREAS FAVORABLE FOR DEVELOPMENT

Although the Calico Rock sandstone is a thick formation
underlving a large area in Izard and adjacent counties, only
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a small area of the formation is available for development
at the present time. This area extends along the Missouri
Paecific railroad west of Calico Rock for 15 miles and cast of
Calico Rock for 12 miles (see figs. 18 and 19). Transporta-
tion facilities arc available, and water is abundant. In this
area the formation is thick, ranging frm about 60 to nearly
100 feet. The sandstone is very uniform in guality and tex-
ture throughout its thickness and is in every way suitable for
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Ieurk 19 —Sketeh map showing distribution of Calice Roek sandstone in
wesforn 1zard and southern Baxter counties.
development. Mechanical analyses are given in Table 35,
samples 14-A, 14-B, 14-C, 15-F, and 15-G. Chemical analyses

are given in Table 50, samples 14-A-B-C, and 15-G.
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The sandstone is extensively developed from Iuka through
Pineville to Brockwell, in western Izard County, but this area
is so far from transportation facilities that it possesses no
immediate promise, although the formation could be reached
by spur track to Iuka, where it possesses its greatest thick-
ness. Mechanical analyses of samples collected in this area
are given in Table 35, samples 12-E, 12-G, 12-H, 12-J, 13-A,
13-B, 13-C, 13-D, 13-E, 13-F, 13-G, 16-A, 16-B, 16-C, 16-D,
and 16-E. Chemical analyses are given in Table 50, samples
12-E, 13-C, and 16-A-B-C-D-E.

The sandstone also underlies a large area south of White
River south of Calico Rock. Any development in this area
must provide for transportation across the river to the rail-
road. Mechanical analyses of representative samples are
given in Table 35, analyses 15-C, 15-D, and 15-E.



THE KINGS RIVER SANDSTONE
DISTRIBUTION AND CHARACTER

The Kings River sandstone is the oldest .of the saccha-
roidal sandstones of commercial value in the Arkansas Ozark
region. It is more widely distributed than the Calico Rock
sandstone, but less widely distributed than the St. Peter
sandstone. It is persistent over a large area, but it is in most
places so thin as to offer little or no possibility of commercial
development. It is everywhere vemarkably similar physi-
cally and chemically to the Calico Rock and St. Peter sand-
stones. The geologic features, general distribution, physical
and chemical properties, and commerecial significance of the
Kings River sandstone will be briefly considered.

GENERAL GEOLOGY

The geology of the Kings River sandstone in the Eureka
Springs-Harrison region, where the sandstone is best devel-
oped and best known has already been deseribed.” The geo-
logical work mow in progress (1928) 1n the Yellville area
by the United States Geological Survey and the Arkansas
Geological Survey will extend present knowledge of this sand-
stone over essentially the entire area of its development in
northern Arkansas. '

Origin of name—The Kings River sandstone is named
for Kings River, which flows northward cast of Kureka
Springs, draining northeastern Madison County and central
and southern Carroll County.

Age.—The Kings River sandstone is a part of the Ever-
ton formation and is thercefore carly middle Ordovieian in age.

Regional distribution.—The Kings River sandstone is
widely distributed in the central and southern parts of the
Itureka Springs region, but in most places 1t is buried be-
neath later formations. If cuterops in the valleys of streams
which have cut their channels through the overlying cover of
later rocks, 1t is found ‘“at every place in the Kureka Springs
(uadrangle where this horizon of the formation is exposed.
In fact, it is the cnly part of the formation found along Little

5 Rureka Sorings-Harrison Folio, No. 202, T. 8. Geological Survey, 1916,
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Clifty Creek and its tributaries, on Big Clifty and Keels
creeks, in Williams Hollow, and at many places on Kings
River and Rockhouse and Piney creeks.’’’

The sandstone is also widely distributed in the central
and southern parts of the Harrison and Yellville regions, and
1t extends eastward into the arca south of Mountain Home
m eastern Marion and southern Baxter counties. In the
‘Harrison quadrangle the sandstone is well exposed on Buffalo
Fork and on Osage Creck.

Thickness.-—The Kings River sandstone is thickest in the
area south of Hureka Springs, in southeastern Benton, north-
ern Madison, and southwestern Carroll counties, where its
thickness ranges from 2 to 40 feet, averaging about 25 feet.
Farther east its thickest outcrops are on Buffalo Fork of
White River south of Compton, in northern Newton County,
and on Osage Creek, in southeastern Carroll County, where
in places it is 4 to 12 feet thick. In many places on these
streams, however, 1t 18 only 1 to 2 feet thick, a thickness it
maintaing over much of the Harrison quadrangle. In the
Yellville area and farther cast the Kings River is likewise
thin, so that it differs in no appreciable respeet from the
saechaloldal layers mterbedded with limestone layers over-
lying the sandstone.

Topographic cxpression.—The sandstone is sufflclently
thick on the streams draining the area south of Eureka
Springs to form conspicuous and continuous steep-faced
bluffs, which resemblie closely the bluffs produced by the
Calico Rock and St. Peter sandstones. In this arca it weath-
ers into rolling uplands, with here and there crags, turrets,
and towers in cvery way similar to those features resulting
from the weathering of the St. Peter and Calico Rocek sand-
stones. Klsewhere the sandstone is so thin that it does not
give rise to noticeable topographic features.

Stratigraphic relations.—The stratigraphic relations are
indicated in Table 2. ¥Kxcept in the southern part of the Harri-
son quadrangle and in the adjacent part of the Yellville quad-
rangle, the basal member of the Kverton, the Sneeds lime-
stone, is absent, so that in most places in the Eureka Springs,
Harrison, Yellville, and Mountain Home quadrangles the
Kings River sandstone is the basal member of the Fverton,
resting unconformably upon the Powell limestone. It is prob-
able that where the Sneeds limestone is present it 1s uncon-

* IBureka Springs-ITarrison Folio, p. 6.
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formable beneath the Kings River sandstone.” The sandstone
1s sucececded upward conformably by the limestone, dolomite,
and sandy layers of the upper Iverton. While fossils are
exeeedingly rare in the sandstoue, it is interpreted as marine
i origin, resulting from deposition in a shallow transgressing
sea. '

Structural features—The Kings River sandstone gener-
ally occurs in a single massive layer of finely and evenly
laminated sandstone. 'The lammations parallel the bedding,
and cross-bedding, typically fine, is developed in many places
between the laminations. Both lamination and cross-bed-
ding are conspicuous on surfaces fluted by weathering. Like
the St. Peter, the Kings River sandstone has developed coni-
cal columns converging downward and resulting from the
formation of solution cavitics in the underlying limestone into
which the sand settled before it had become indurated. These
are best seen ou steep valley sides, where erosion has exposed
the columns.” Folding is absent and dips are geutle, one to
three degrees, toward the south and south-sontheast away
from the center of the Ozark dome.

PHYSICAL: AND CHEMICAL FEATURES

The Kings River sandstone is described by Purdue and
Miser as a white, friable sandstone composed of ‘‘clear, well-
rounded quartz grains of medium size and with smooth sur-
faces.”””™ The sandstone is composed of necarly pure quartz
sand, which in hand specimens is indistinguishable from speci-
mens of the St. Peter and Calico Rock sands. Like these
sandstones, the Kings River i1s very uniform from top to
base, although in places at its base the sandstone may con-
tain pebbles of chert, quartzite, and limestone derived from
the underlying rocks. Fxposures of the sandstone so closely
resemble the St. Peter that it is impossible to distinguish
the two sandstones by their physical features alone.

In Table 52 the results of representative mechanical analy-
ses of samples selected as typical of the Kings River sand-
stone are given.

The averages of the mechanical analyses, when compared
with the aveérages of analyses of samples of the St. Peter
and Calico Rock sandstones (Tables 5 and 35), very clearly
indicate the marked physical similarity of the three sand-

1 Bureka Surings-Harrigson Folio, pp. ¢ and 18.
11 Eureka Springs-Harrison Folio, p. 6.
13 Eureka Springs-Harrison IFolio. p. 6.
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stones. .\ large proportion of the Kings River sand is re-
tained on the 100 mesh. The average fineness modulus of
the Kings River sand is identical with that of the Calico Rock
sand (2.30) but is somewhat higher than the modulus of the St.
Peter which was found to be 2.17. The average effective size
is 0.155 as compared with 0.146 for the St. Peter sand and
0.153 for the Calico Rock sand. The average uniformity co-
efficient of the Kings River sand was determined to be 1.86
as compared with 1.83 for the St. Peter and 1.91 for the Calico
Rock sand. Although the averages as computed for the Kings
River are based on but two samples, yet they demonstrate
when considered with other features already described close
similarity of the Kings River sand to the St. Peter and Calico
Rock sands.

Chemically the Kings River sand is a quartz sand aver-
aging as high in silica as the St. Peter sand. Analyses of
the Kings River sand are given in Table 50, samples 25-A-B.
The analysis ran over 99 per cent silica and showed a remark-
ably low content of iron and alumina and an absence of both
lime and magnesia. The analysis comparés closely in all re-
spects with the averages obtained in the analyses of St. Peter
and Calico Rock sands. It is apparent that chemically the
Kings River sand is as free from impurities, as low in lime,
alumina, and iron, and as high in silica as ecither the St. Peter
or the Calico Rock sand.

An analysis of the heavy minerals in one sample of
Kings River sand was made by Dr. Littlefield, and the sand
was found to contain zircon and tourmaline. The results are
given in Table 28.

USES OF THE. SAND

It is apparent from the preceding discussion that the
Kings River sand is remarkably similar in its physical char-
acter and chemical composition to the St. Peter and Calico
Rock sands. This similarity makes the Kings River sand
available for the same uses as those of the St. Peter sand and
{he Calico Rock sand. It should find successful application
for all purposes where a clean, pure, high-silica sand is de-

manded.
COMMERCIAL POSSIBILITIES OF THE SANDSTONE

The Kings River sandstone has commereial possibilities
in the area south, southeast, and southwest of Eureka Springs,
in southeastern Benton, northern Madison, and southwestern
Carroll counties. TIn this area its thickness averages 25 feet
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and reaches a maximum of 40 feet. There are, however, no
transportation facilities available in this region. On Osage
Creek, in southern Carroll County, and near Compton, in
northern Newton County, the sandstone is 10 to 12 feet thick,
but railroad transportation is lacking, the distance to the
nearest railroad, the Missouri and North Arkansas, being 10
miles or more. In this area, as in that exploited farther west,
the St. Peter sandstone is also thick enough to be commer-
cially attractive, so that both sandstones could be developed
if transportation facilities were available.



POSSIBLE ECONOMIC VALUE OF THE ST. PETER
AND OLDER ORDOVICIAN SANDSTONES
IN NORTHERN ARKANSAS

By E. E. Bovgwits

ABSTRACT -

Detailed knowledge of the distribution, thickness and
character of the St. Peter and other high silica sondstones of
northern Arkansas permits an estimation of their availability
for various commercial purposes. At the present time the
principal use to which these sandstones can be put is for the
manufacture of glass produets. A consideration of the rela-
tion between the processes involved in the manufacture of
~ the principal types of commercial glass, the freight rates on
raw materials and finished products, and the estimated trade
territory available leads to the conclusion that a glass plant
in northern Arkansas operated by automatic machine method
could profitably make and sell window glass (sheet method)
and various types of bottles, jars and jugs.

The St. Peter sandstone of northern Arkansas in addition
to being utilized in glass manufacture is also being used for
molding, brass, core and steel sand. The present production
is ample to supply the market for these sands.

There is no present market for chemical sand in the trade
territory served by the northern Arkansas deposits. A future
market may create a demand.

SCOPE OF THE REPORT

Information concerning the St. Peter and older sand-
stones of northern Arkansas has heretofore been meagre, has
related only to their availability as a source of silica sand
applicable to certain uses and has been restricted to the sand-
stones in small, scattered areas. The general availability of
these sandstones for utilization in preparing materials for
various uses could not be determined until a general survey
of the whole of these deposits in the State of Arkansas had

169
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been made and a detailed report on them had been prepared.
This report, which is here presented, has just been com-
pleted by Dr. Albert W. Giles. It covers all areas of the St.
Peter, Calico Rock, and Kings River sandstones and con-
tains tables showing their features. The sands they yield
are compared with those produced from the same formations
in Illinois, Missouri, and Oklahoma. The thickness and areal
extent of the deposits are shown, as well as their physical
features and chemical composition as determined by tests
of samples taken at many places. The report shows the
cleanness of the sand produced from these sandstones, the
size of the sand grains as determined by screen tests and
measurements, the soundness and the shapes of the grains,
the weight of a given volume of the grains and the number of
grains in a given volume, the refractoriness of the grains
and theilr frostlng', pitting, and color, as well as the prlnclpal
uses of the sand.

The report considers the adaptation of these sands to
the manufacture of certain products, the plants for which,
being located within the State of Arkansas, would have ad-
vantages due to their nearness to the raw materials, to the
difference in freight rates, nearness to available manufac-
turing requisites, population and trade served, power and
fuel, all of which would give the plants a certain strategy of
location.

None of the sandstones described by Dr. (iles has been
used commercially except the St. Peter sandstone, which is
utilized at Guion, Izard County, by the Silica Products Com-
pany, at a plant that has been in operation for several years.
Here glass sand, core saund, and molding sand are produced,
but by far the larger part of the output is glass sand, most
of which is sent to glass plants at Shreveport, La.

GLASS SAND

The economic value of the sandstone deposits of north-
ern Arkansas lies in the fact that they are the source of
zood glass sand. When the present markets for silica sand
available for many uses are considered, it becomes apparent
that the deposits may not be utilized for some time, but when
the possibility of creating new markets is considered it will
be seen that their location gives them a more favorable pros-
peet. The most feasible project for their ufilization involves
the location of glass plants near the deposits.
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The chemical analysis and the size and shape of the
grains, when compared with those of glass sand produced in
other parts of the United States, show that the sand produced
from the St. Peter, Calico’ Rock, and Kings River sand-
stones 1s well suited for use in the manufacture of glass. At
some places these sandstones are too hard for economical
preparation for this use, but at others they can be easily
disintegrated by passing them through rolls.

KINDS OF GLASS MADE

Glasses have been classified according to process of manu-
facture, commercial use, and chemical composition. The fol-
lowing classification, prepared by Robert Linton’, shows the
kinds of glass now made.

COMMERCIAL CLASSIFICATION OF GLASSES
1. Polished plate. HEmbraces all glass cast upon a smooth table, tolled to
the required thickness with a roller, annealed, and then ground and polished.
2. Rough plate. Embraces all glass cast as above, but not ground and pol-
ished. The principal varieties arc ribbed plate, colored cathedral, rough plate,
wire glass, and heavy rough pla:te for ghylights.

3. Window glass. Embraces glass blown in cylinders and afterward cut,
flattened out, and polished while hot. Used chiefly for glazing, pictures, mir-

rors, ete. _
4. Crown glass. Embraces glass blown in spherical form and flattened to
disk shape by centrifugal motion of the blow pipe. A little is made for deco-

rative purposes.

5. Green glass. Embraces all the common kinds of glass and is not neces-
sarily green in color. It is used in the manufacture of bottles, carboys, fruit

jars, etc.

6. Lime flint. Embraces the finer grades of bottles used for the preseription
trade, tumblers, certain lines of pressed table ware, and many novelties.

7. Lead flint. Embraces all the finest products of glass making, such as fine
cut glass, table ware, optical glass, artificial gems, ete.

WINDOW GLASS

Cylinder method.—Only a few plants in the United States
make window glass by the old hand-blowing method. Most
‘manufacturers now make window glass by machinery. Molten
glass is ladled from the rounded nose of a tank furnace into
clay pots. Two such pots rest on a reversible mechanism, so
that while glass is being drawn from the upper pot the lower
one 1s in a draining position. The normal diameter of the
cylinders drawn in this manner-is 24 inches.

In drawing glass, a double metal disk having a hole in
the center, attached to a hoist, is lowered into the glass in

a,inton, Robert, Glass: The Mineral Industry for 1899, vol, & New York. 1900
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the pot. The drawing mechanism is then started. The disk
18 slowly raised, the cylinder of glass following. During the
process of drawing, air is blown into the eylinder. All ad-
Justments as to speed of drawing, temperature of glass, pres-
sure of blown air, and atmospheric pressure must be made
perfect to insure glass of even thickness.

The usual length of the drawn cylinder is 48 feet. When
the cylinder reaches this length its bottom is cut off at the
pot by a piece of cold steel. The lower end of the ceylinder
is then protected by a hoop, and it is then slowly lowered into
a wooden cradle.

While it is in the cradle, the glass is cut into desired
lengths by the usc of an electrically heated wire. After it
1s cut into lengths, sawdust is distributed on the inside of
the cylinder and a heated piece of steel i1s used to fracture
the glass for the entire length of the piece. Next a diamond
18 used to cut the glass for about one inch in length on the
side opposite the fracture. By gently bending the glass
downward it is divided into two semicircular sheets.

These half cylinders are then removed to flattening ovens,
which have tops of large flat blocks of fire clay, upon which
the glass is placed, with the concave side up. The tempera-
ture of the oven causes the glass to flatten info .a sheet. In
order to remove the irregularities of the surface, a wooden
block attached to a handle is rubbed over the glass.

After this flattening the top of the oven turns slowly
and the glass is removed to the rods of the anealing oven,
where it is allowed to cool slowly. After it is annealed it is
dipped into a solution of dilute hydrochloric acid. From the
acid bath it goes to the cutters, who cut the glass to the
desired dimensions and box it for shipment.

Sheet method.—The sheet method of drawing is coming
into extensive use in the United States. This method has been
used for several years by the Libby Owens Glass Company
in their plant at Shreveport, La. The Harding Glass Com-

pany of Fort Smith, Ark., installed a similar method in its
plant at Fort Smith in 1928.

By this method the glass is drawn from the pots by a
series of rollers. Glass slowly comes out of the rolls on to
tables, where it is cut into the desired lengths and passed to
the annealing ovens, in which it is slowly cooled. By this
method much of the work of the eylinder method is dispensed
with. Tlattening is the most expensive operation in making
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window glass by the cylinder method, for it is during this
operation that most of the breakage occurs. The expense
of maintaining flattening ovens and of fuel and additional

handling is also saved.
PLATE GLASS

Plate glass is manufactured by two different methods,
which produce glass of two different types.

Rolled plate glass.—Rolled plate glass is made by roll-
ing the glass into a sheet on a metal plate with heavy iron
rollers. The molten glass is taken from the furnace with
an iron ladle and placed on a metal plate. A power-driven
heavy iron roller is then passed over the molten glass until
it is of the desired thickness. After the glass has cooled
sufficiently it is drawn from the iron table to a stone table
and is later transferred to the annealing lehr for annealing.
After it is annealed it goes to the cutting room, where it is
trimmed, sorted, and packed for shipment. Rolled glass is
used largely for skylights. The batch for rolled plate glass
is fused in a continuous tank furnace.

Polished plate glass.—The bateh for polished plate glass
is fused in a large open glass pot in a furnace. KExtreme
care is taken to have the batch perfectly melted and fused.
When the molten glass has reached the required fining, the
pot is lifted from the furnace and the glass gall is skimmed
from the pot. The glass is then poured from the pot on to
the casting table and the pot is immediately returned to
the furnace to prevent further cooling. A power-driven roller
next passes over the glass and presses 1t to the required
thickness, and it 18 then quickly passed to the annealing lehr
which, for making plate glass, is of the continuous type.

After it"1s annealed the glass is carried to the cutting
room and the cullet is trimmed off. From the cutting room
the plate is sent to the polishing room, where it is set in plaster
of paris. It is then ground, first with coarse sand, then with
fine sand, and then with fine:emery. After both sides of the
plate have been ground it is then removed to the buffing
tables, where it is buffed with felt buffers, whieh, by the use
of rouge, give it the final finish. The plate:then goés to the
cutting room, wheére it is cut, sorted, and boxed:for shipment.

GREEN OR BOTTLE. GLASS:
Green glass is used for making bottles, ‘carboys;: fruit
jars, ete. Continuous tank furnaces, because of the economy
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of their manipulation, are used for fusing bottle glass. Bot-
tles are still both hand blown and machine made. Hor the
hand process a hollow iron rod is used to gather the glass.
1t 1s then placed in a mold corresponding to the shape of the
bottle and blown until it fills the mold. It is then taken from
the mold, broken from the rod, reheated in a small furnace,
and its neck fashioned. The bottle then goes to the annealing
oven, where it is annealed, and then fo the packing room for
sorting and packing.

By the machine process the molten glass is drawn into
a preliminary form that contains the proper guantity of glass
to make a hottle and is then placed in a mold, where the neck
of the bottle is shaped. It then goes to a mold in which the
body of the bottle is blown by compressed air. The bottles
are then annealed, sorted, and packed. In a few plants some
of these operatlons are performed manually.

With the latest type of machines, which are used at
many of the plants of the Owens Bottle ‘Company, the ma-
terial is not touched by man from the time the batch is placed
in the furnace until the bottles reach the cold end of the
annealing lehr. Some of the larger Owens machines turn
out 120 bottles a minute. (Pl. XII, A.)

The factors considered in the location of the Owens glass
plants are (1) a large supply of good glass sand, (2) a large
and ready market for the finished product, (3) a supply of
natural gas, (4) a supply of coal from which producer gas
may be manufactured, (5) a large supply of petroleum that
may be used as fuel.

PROCESSES EMPLOYED IN MAKING GLASS

General requirements.—Some of the glasses listed above
cannot be economically distributed from Arkansas on account
of the distance of the markets, and for this reason the only
processes here considered are those used to make glass pro-
ducts that can compete in the present markets.

The raw materials from which glass is made are care-
fully proportioned by weight, and to them a certain amount
of cullet or scrap glass is added. These materials are then
thoroughly mixed to form what is called a ‘‘batch’’ before
they are placed in the furnace. After the batch is melted in
the furnaee it may be shaped into any form desired by blow-
ing, by pressing, and by casting.

Some types of glass can be made only in certain types of
furnaces, and the kind of glass desired therefore determines
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A—BOTTLE MACHINE USED BY THE OWENS-ILLINOIS GLASS COMPANY
TOLEDO, OHIO

r

B.—BOTTLE MACHINE MANUFACTURED BY WILLIAM J. MILLER, INC, SWISS-
VALE, PA.

VIEWS OF TWO TYPES OF BOTTLE-MAKING MACHINES
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the type of furnace to be used. The two general types of
furnaces used are the pot furnace and the tank furnace. Pot
furnaces are of two types, open and covered. Tank furnaces
are also of two types, continuous tank furnace and intermit-
tent tank furnace.

Continuwous tank furnace-—A continuous tank furnace
consists of three sections or chambers, the charging chamber,
the refining chamber, and the working chamber. The width
of an ordinary furnace is five times its depth and the length
is three times the width. The floors and the walls of the tank
are covered with refractory clay blocks, and the roof consists
of an arch of silica brick capable of withstanding a high tem-
perature.

Intermittent tamk furnace—The intermittent tank fur-
nace is constructed much in the same way as the continuous
tank furnace. The batch is fed into the eharging chamber,
which is then closed. After the glass is thoroughly fused and
is free from gas bubbles the temperature is allowed to fall
until the glass reaches the proper viscosity. The work hole
in the nose is then opened and the glass is manufactured. A
tank of this type is often called a ‘‘day tank,’’ for it is usually
charged in the afternoon and the glass is worked on the fol-
lowing day. It is very wasteful of heat and expensive to
maintain, because of the daily expansion and contraction.

Open-pot furnace—The open-pot furnace is rectangular
in shape and is used for making plate glass. Tt is usually
built to contain from ten to twenty pots, which are arranged
in two rows. Kach pot weighs from one to two tons.

Covered-pot furnace—The covered-pot furnace is similar
in shape to the open-pot furnace and is used for making lead
glass. The material used in the construction of pot furnaces
must be capable of withstanding a temperature of 2,800° F.,
for temperatures of 2,660° to 2,800° are required for the com-
plete fusion of the batch. The pots for furnaces must be
made from clay having a fusion point higher than 3,075° in
order to withstand the great heat of the furnace.

FUEL USED IN MAKING GLASS

Natural gas is considered the ideal fuel for the manu-
facture of glass, and most glass plants are now built near gas
fields, particularly the plants in ‘Arkansas, Oklahoma, and
Louisiana. The availability of natural gas at a low price
evidently determined the location of these plants, the raw
materials having been of secondary importance.
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The fuel for many glass plants in the United States is
producer gas made from soft coal. Some of the plants near
gas fields whose supply is waning maintain gas producers
to supplement the natural gas.

In Jocating a glass plant the availability of a supply of
natural gas at a reasonable price should be considered first
and the avatlability of soft coal for making producer gas
should be considered next.

NATURAL GAS

Pipe lines.—Plate XIII shows the gas-pipe lines in the
State of Arkansas. The 22-inch pipe line of the Mississippi
River Fuel Corporation from the Monroe field to St. Louis,
Mo., now under construction, is also shown. The St. Louis
line passes within a short distance of the sandstone areas of
northern Arkansas.

The Arkansas Natural (Gfas Company gathers its supply
from the fields in northwestern Louisiana known as the
Shreveport area. The supply from this source is supple-
mented by a line, 96 miles long, constructed from the Clarks-
ville, Ark., field and conneeting with the Louisiana line at
Little Rock. The two Camden lines take their supply from
the Monroe gas field. The St. Louis line will take its supply
from the Monroe gas field and will be interconnhected with
the Richland field southeast of Monroe, La. The Fort Smith
arca is supplied by a pipe-line system extending into the five
producing fields of the area.

Shreveport area.—The Shreveport area obtains its sup-
ply of natural gas from several gas fields. Some of the deeper
gas-producing sands that have lately been developed in this
area add materially to the recoverable reserves and give
further assurance of continuity of production. This area has
for vears served central and soufhwestern Arkansas, Beau-
mont (in Texas), and the Shreveport area with natural gas.

Monroe area.—The Monroe gas field, which lies north of
Monroe, La., has a proven area of about 400 square miles. It
is one of the largest gas fields yet developed. The gas is
found in a limestone having a porosity averaging 20 per cent
and a thickness of 10 to 100 feet. The rock pressure varies
from 1,000 pounds in over half the field to about 300 pounds
in a 25-mile area where the withdrawal has been heavy on
account of the high gasoline content of the gas. |

The present output of the Monroe field comes from the
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‘‘top sand,’’ which contain a reserve of 2,500,000,000,000 cubie
feet of recoverable gas. A second sand lies from 300 to 400
feet below the top sand. A few wells have been drilled into
the second sand, and most of them were large producers, one
having an open flow of 30,000,000 cubic feet a day.

The Richland field of the Monroe area is only three years
old. Tt econtains many producing wells, but its area and its
recoverable reserve have not yet been determined. The pres-
ent development, however, indicates a productivity equal to
about half that of the Monroe field.

An analysis of the gas from the Monroe field gave the
following results:

Per Cent
Claxrbon dioxide.. ... ... . ... e e 0.3
OXFEON e e 0.4
B2 8 U 934
Ethane ... .. .. e e e 1.0
Hydrogen o e 4.9
B. T. U. content, per cubic foot. ... ... About 1,000

Smackover area.—The Smackover oil fields lie north of
El Dorado. They have yielded gas, which was piped to
Camden and El Dorado for domestic and industrial uses.
The supply has materially diminished, and the Arkansas Nat-
ural Gas Company therefore constructed a line into the Mon-
roe ficld to augment it. A second line serves Kl Dorado and
Camden with industrial gas from the Monroe field, which
is owned by the Industrial Gas Company of Monroe, La.

Fort Smith area-—Five natural gas fields supply the
Fort Smith area through the gathering system of the Twin
City Pipe Line Company of Fort Smith. Four of these
fields are now practically exhausted, but the remaining one
is adequate to supply the present domestic and industrial
demands for many years. A glass plant at Fort Smith owns
a sixth gas field, which lies north of Fort Smith and supplies
gas for the plant.

Clarksville area—The Clarksville field is two years old,
and its output is owned by the Arkansas Natural Gas Com-
pany, which has constructed an 8-inch line to Little Rock to
augment the supply from Louisiana. The initial rock pres-
sure in this field is normal, but that of the fields in the Fort
Smith area is subnormal. The promise of the field was suf-
ficient to justify the building of the Little Rock line.

Arkansas Valley area—The prospect of obtaining gas
in the Arkansas River Valley east of the Clarksville area is
encouraging. A recent report on that area published by
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George C. Branner, State Geologist, has given impetus to
prospecting there, and a number of wells are now being
drilled. Mr. Branner says: ‘‘Geologists have agreed for
many vears ou the gas possibilities of the region.”” Dr. John
C. Branner, State Geologist of Arkansas from 1887 to 1892,
stated that ‘‘there is no reason for assuming that commer-
cial gas-produeing horizons do not extend to the eastern por-
tion of the Arkansas River Valley of Arkansas.”’

Dr. N. I'. Drake, State Geologist of Arkansas from 1912
to 1920, writes: ‘“It is likely that the producing areas may be
extended farther eastward, along the northern part of the
field, even to the extreme cast border of this area.’”” The
area referred to 1s the Arkansas River Valley, which is of
interest owing to its short distance from the sandstone de-
posits of northern Arkansas.

Prices of gas-—The gas companies consider the load
and the demand in making a rate for gas for industrial
uses. The Arkansas Natural Gas Company makes industrial
rates on a sliding seale of 16 to 25 cents per 1,000 cubic feet.
It is understood that the Arkansas Power and Light Com-
pany will handle the distribution and sale of gas in Arkansas
from the line of the Mississippi River Fuel Corporation. A
glass plant sufficiently large to justify the construction of
a branch pipe liné could expect a rate somewhat lower than
the industrial rates of the Arkansas Natural Gas Company.
The rates to the glass plants at Fort Smith range from I1
to 15 cents and are determined by the demand and the
quantity consumed. The average is 12.3 cents per 1,000 cubic
feet. The rate at the Shreveport glass plants is about three-
fourths that at the Fort Smith plants. Probably a rate can
be given for a glass plant taking its supply from the St.
Louis line that will be at least equal to the rate in effect at
the Fort Smith plants.

COAL

Character of the coal.—The coal area of Arkansas ex-
tends from Russellville to Fort Smith, in the western part
of the State. The coal increases in hardness from the west
line of Arkansas eastward. The coal in the western part of
the State 1s bituminous but it grades into semi-bituminous to
semi-anthracite in the eastern part.

A satisfactory producer-gas coal should contain but little
sulphur. Of the coals listed above the Denning, Jenny Lind,
Bonanza, Huntington, and Hartford are suitable for the manu-
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facture of producers gas. These are soft coals having a
ratio of fixed carbon to volatile combustible matter of less

than five.:
Representative Analyses of Arkansas Coals
[U. 8. Geological Survey]

Russellville Paris Harvtlford Jenny Lind
Moistare 207 211 2.89 1.60
Volatile matter. ... e s 9.81 17.23 19.29 17.40
Fixed carbon....... e 78.82 790.33 67.34 73.08
Ash o 9.30 10.01 10.48 7.91
Sulphiur o 1.74 3.21 1.1¢ 1.42
B, T U, s 13,702 13,623 13,271 14,162

Huntington Bonan=a Spadra Denning
Moisture ..o 3.53 1.99 3.12 3.64

Volatile malter 16,646 15.00 11.39 15.32
Tixed carbon 73.04 T5.05 77.03 T3.88
Ash - 7.77 7.08 .46 7.16
Sulphur . 1.29 1.05 1.86 2.43
B T. Ui, [T 14,017 14,087 13,792 13,743

Prices of coal —Bituminous coal can be purchased at the
mines at an average priee of $4.50 per ton. This is the priece
of cliestnut coal (3% to 174 inch), a size suitable for use in gas
producers. The freight rates range from $1.58 to $2.52 per
ton to rail points in and near the sandstone area, making the
cost of the coal from $6.08 to $7.02. Mine-run coal is a dollar
a ton cheaper.

OIL

A few glass plants in the United States use fuel oil, which
has heen used in Pennsylvania with reasonably good results.

There sre eight producing oil fields in southern Arkansas.
The first .oil well was brought in in 1921. The annual pro-
duction sinee then has been as folows:

Barrels
19821 ... U PRSP OUR 10,473,000
B 112 2V . 12,712,000
O e SR RRPPRN 36,610,000
| E U s s [ 46,028,000
1925 ... O SO 77,398,000
1026 S PROURR e 59,229,000
102 B, e 40,005,000
T e e 32,295,000

Fuel oil of 18 to 22 0rav1ty can be purchased in the
sandstone area at from $1.20 to $1.30 a barrel.

RAW MATERIALS USED IN MAKING GLASS

Glass sand.—Quartz sand is the most essential constituent
of glass. All glasses contain silica, which can be replaced by
other acid oxides, such as are used in optical glass, only in
small pereentages
_ Dr. Giles gives a number of analyses of glass sand in

his report on the sandstone deposits of northern Arkansas,
which, as lie shows, vield good glass sand. The St. Peter
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sandstone is utilized at Guion, where the glass sand it yields
has been used for several years in glass plants at Shreveport,
La., and other places.

An ideal glass sand should consist of subangular to angu-
lar grains of pure white quartz of the same size (medium or
ﬁne), consisting of 100 per cent of silica. Dr. Giles shows by
photomicrographs that the sand grains are of various shapes
and are only partly rounded. :

From 60 to 75 per cent of the materials that make up
a batch prepared for fusing consists of glass sand. It there-
fore follows that, after assurance of a supply of natural gas
at reasonable prices and of ready access to available mar-
kets, a glass plant should be placed as near as possible to
a supply of glass sand.

Soda.—The second item of importance in weight, and the
costliest among the materials that make up the glass bateh,
is a heavy chemical—soda. In the manufacturing processes
desecribed, soda is added to the batch of glass in the form of
salt cake (sodinm sulphate) or soda ash (sodium carbonate).
From 15 to 23 per cent of the batch consists of one or both
of these materials. In locating a glass plant the supply of
these materials should be considered next to that of glass
sand.

The source of supply of salt cake that lies flearest to
the glass sand area in Arkansas is North Little Rock. Salt
cake is produced also at Hast St. Louis, Ill. The nearest
source of soda ash 1s Detroit, Mich.

Lime—Next to sand and soda, Iime is the largest con-
stituent of glass. Lime is added to the bateh either as crushed
limestone, quicklime, or slacked lime. Crushed limestone 1s
most commonly used. Limestone suitable for this purpose
may be had at many places in the glass-sand area. A high
caleium lime and limestone can be obtained near Batesville.
From 10 to 15 per cent of the batch consists of limestone.

If the process used requires a magnesian lime or lime-
stone a suitable supply can probably be found in the dolomite
and magnesian limestone deposits of northern Arkansas.
Analyses show that samples taken from these deposits con-
tain much iron, but the analyses made cover only a small
part of the deposits. The magnesian limestones along the
St. Louis and San Francisco railroad between Black Rock and
Mammoth Spring seem to be the best available. They con-
tain silica in small quantities, but as it is distributed through
the stone as sand 1t is not an objectionable impurity.
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Lead. -Litharge, or red lead, which is used in making
lead-flint glass, can be obtained in the Joplin, Mo., lead and
zine distriet and at East St. Louis, 1.

ADVANTAGES IN ARKANSAS IN RAW MATERIALS AND FUEL

A window-glass factory located at a point in northern
Arkansas sufficiently close to its supply of glass sand to
insure a freight rate of not more than 50 cents a ton, assum-
ing that the glass batch would be the same as that used in
the plant at Shreveport, La., would have an advantage of
about 45 cents per ton of glass in the cost of glass sand, salt
cake, and himestone.

The glass plant at Shreveport can obtain imported salt
cake, delivered at the plant, for about $16.60 per ton, which
is cheap in view-of the fact that domestic salt cake in northern
Arkansas costs from $20.00 to $20.50 per ton at the plant. If
the cullet, or scrap glass, is regarded as parf of the bateh,
salt cake will form about 20 per cent of the weight of the
batch. The Shreveport plant therefore has an advantage of
from 78 to 88 cents per ton of glass. A plant in northern Ar-
kansas would have to offset this advantage by differences in
the cost of glass sand and limestone. A plant in northern
Arkansas will have an advantage in the cost of these two ma-
terials of $1.23 to $1.33 per ton of manufactured glass, leav-
ing a net advantage in the cost of the three principal materials
of 45 cents.

As the price of the gas supplied to the Shreveport plant
is only about three-fourths the price that may be obtained
by a plant in northern Arkansas, the plant at Shreveport has
an advantage in the cost of fuel. A difference of 1 cent
per thousand cubic feet would make a difference of about 25
cents per ton of glass produced. Assuming that the differ-
ence in rate would be 4 cents per thousand feet the Shreveport
plant has an advantage in cost of fuel amounting to $1.00 per
ton of glgss. The deduction from this sum of the advantage
of 45 cents gained by the north Arkansas plant in materials
Jeaves an advantage of 55 cents per ton of manufactured glass
in favor of the Shreveport plant.

Tt has already been stated that some of the deeper pro-
ducing gas sands that have recently been developed have ad-
ded materially to the recoverable reserves of the Shreveport
area, yet the Henry I. Doherty interests, which own the Ar-
kansas Natural Gas Company, have just announced the con-
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struction of a 100-mile 20-inch gas pipe line from the Monroe
field to Shreveport. The industrial rates in the Shreveport
area will therefore probably be increased ahout 2 cents per
thousand cubie feet at the expiration of the present contraets.
This increase in the cost of gas at the Shreveport plant will
wipe out all but 5 cents of its advantage in the cost of fuel.

TABLE A4—Window-glass Factories in dArkansas, Indiane, Hansts, Lowisiana,
. Oklahoma, and Texas

|
State and Company i Locution [ Facilities
| i __
ARKANSAS :
Harding Glass Co..oocoooiiiiii Fort Smith........ 6 Foureault machines.
4 Harding machines.
) . InpiANA ‘
Blackford Window Glass Co....cooooooiee Vincennes. ......... 8 Fourcault marhines.
KaANgas
Loriaux Glass Co.ooo Fredonia...........| 4 mrachines.
National Sash & Door Couerrirriiiiiviceeee Independence..... 4 gheet machines.
Louisiana
Libbey-Owens Sheet Glass Co.................._|Shreveport........| 7 Libbey-Owens ma-
chines,
' OXLAHOMA
Baker Bros. Giass Co............coLSapulpa. {30 pots.
Victory Window Glass Co.......ccoceeevieeeeeo.{Sapulpa No. 1..| 4 machines.
Vietory Window Glass Co..ooooeeeeiiei. Sapulpa No. 2..| Baker Bros. flat
glass.
Pittsburg Plate Glass Co... ... Henryetta........... Under construction,
4 machines.
TExAS
Wichita Falls Window Glass Co......__.. 4 Wichita Falls..} 6 machines.

The higher the silica content of the glass the more fuel
is required to fuse the batch. A glass plant in a locality where
gas 1s cheap and at a considerable distance from its supply
of raw materials may choose a glass batch mixture involving
the use, within certain limits, of larger quantities of cheap
matertal and smaller quantities of costly material. Such
manipulation of the mixture always involves a variation in
the kind of glass produced and a greater expense for fuel.
As the fuel is proportionately cheaper than the materials
forming the batch, the cost of the glass may be thus reduced,
but the glass must be kept within the limits of the trade toler-
ance for the particular kind of glass manufactured.

By judicionsly proportioning the glass batch material a
glass plant in northern Arkansas may save 10 cents per ton
on glass. This saving will consist largely of reductions in
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the cost of the coal used for the decomposition of the sul-
phates in the batch and in the cost of other material used,
such as manganese and white arsenie, but the greater part of
it will be made by the use of more of the cheaper materials
and less of the costlier materials that form the batch.

This saving of 10 cents will absorb the 5 cent advantage
of the Shreveport plant in the cost of fuel and will leave a
net advantage of 5 cents in favor of the Arkansas plant.

A study ‘of the cost of materials used in glass plants in
Oklahoma shows that a plant in Arkansas will have a mini-
mum advantage over these plants of $1.10 per ton of glass
and a maximum advantage of $1.80. Some of the plants in
Oklahoma, however, have an average advantage of 2 cents
per thousand cubic feet in the cost of gas, which cuts the
advantage of an Arkansas plant in. cost of materials and
fuel to 60 cents per ton of glass. This advantage offsets the
difference in the freight on shipments of glass westward from
Arkansas to a line drawn through Sapulpa, Okla., and Kansas
City, Mo. The plants at Wichita Falls, Texas, compete with
those in Oklahoma.

TRADE TERRITORY

Figure 20, a map of the central United States, shows the
location of glass factories in seventeen States and the kinds
of glass made.

Table 53 shows the bottle and hollow-ware factories in
nine of the seventeen States. The other eight States have no
such factories. _ |

Table 54 shows the window-glass factories in six of the
seventeen States. The remaining eleven States have no win-
dow-glass factories.

Table 55 shows the polished plate-glass factories, which
are confined to three of the seventeen States.

Table 56 shows the fire, ribbed, figured, opalescent, rough
and polished glass factories, which are confined to five States.

Table 57 shows the pressed and blown ware factories,
which are confined to five states. The manufacture of this
ware would not be profitable in Arkansas. Two of the plants
at Fort Smith, Ark.,, manufacture these produects.

The advantages and disadvantages that a glass plant in
northern Arkansas will have in the cost of raw materials and
fuel have been shown. As power respresents only 1 per cent
or less of the cost of glass, no comparison of the cost of
power has been made. Eleetric power is available from the
transmission lines of the Arkansas Power and Light Company.
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Figure 21 shows the location of all the window-glass plants
in the seventeen States that oceupy the eeniral part of the
United States. This map shows the trade territory to be
divided between the plants in northern Arkansas and the
existing plants. The territory in which the Arkansas plants
will have a distinet advantage is limited on the north and
east by the window-glass plant in southern Indiana. In the
cost of material and fuel there is enough difference in favor
of the Arkansas plant to enable it to absorb five-sevenths
of the freight to Vincennes, which moves the limits of the
ferritory in which the Arkansas plant has an exclusive ad-
vantage to within two-gevenths of the distance to Vincennes,
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FrgurE 20.—Map showing location of glass factories in central United
States in 1929.

The eastern limits of the territory are influenced by the
plants in Ohio and West Virginia. The line marking this
limit passes through Chattanooga and runs just east of the
Alabama-Georgia State line. The western boundary of the
territory is fixed by the plants in Kansas and Oklahoma. The
southern boundary is fixed by the plants in Shreveport, La.,
and the area that ecan be reached by imported glass.

The advantages that a plant in northern Arkansas will
have in raw material and fuel is sufficient to offset the differ-
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ence in {reight on western shipments from the plant to a line
passing through Sapulpa and Kansas City and to give the
plant in Arkansas an even chanece with the plants in Okla-
homa and Kansas. The freight for a long haul on glass mov-
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Iigure 21.—Map of the Central States showing divisicn of trade terrifory
between the present window glass plants and one in northern Arkansas,

ing westward is less per ton-mile than the freight for a short
haul, and the western himit of advantag: on shipments from
northern Arkansas to points in western Arkansas may be
drawn at a line 25 miles east of the plant at Fort Smith.

TaBLE Hi.—Polished Plate Glass Factorics in Il'inots, Indiana, and Missours

National Plate Glass Co.oooo e Ottawa, Illinois
Pittsburg Plate Glass Co......... Kokomo, Indiana
Pittsburg Plate Glass Co. ..o e . Ellwood, Indiana
Pittsburg Plate Glass Co....oooooooiiiiii e Crystal City, Missouri

The plants in the area around Shreveport, Lia., have a
distinet advantage. A plant in northern Arkansas, by using
rail-barge transportation and moving the finished product
to the Mississippi River through the Helena or Memphis gate-
way and then to Baton Rouge for distribution, may be able
to compete in the Shreveport territory because of the saving
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in freight made by the use of the Mississippi barge line. It
may be able to compete in the Shreveport territory in east-
ern Texas, but a large share of the freight will have to be
absorbed in this competition.

Comparisons of the cost of materials for making window
glass have alrcady bheen presented, and similar comparisons
of the cost of making bottle and hollow ware from soda-lime
glass may be made. Figure 22 shows the trade territory that
may be divided between the existing bottle and hollow-ware
plants and one established in northern Arkansas. The area
of distinet advantage to such a plant in Arkansas is somewhat
less than that for a window glass plant, on account of eom-
petition by plants in Illinois, Tennessee, and southern Texas.
The plants of northern Illinois remove from competition the
plants in Towa and the Three River plant in Texas, and they
remove southern Texas from competition in the western terri-
tory, in whiel the Arkansas plant will have an equal oppor-
tunity with the plants in Kansas and Oklahoma.

Jobbers and purchasers of bottle and hollow ware in
Arkansas report that practically all the plants shown on
Figure 22 except the Three River plant, in Texas, sell their
product within the State.

Many kinds of ware are made at bottle and hollow ware
plants, but those that seem to have the best opportunity for
competitive distribution are soda-water bottles, fruit jars,
and condiment containers. The people of the South consume
large quantities of bottled soft drinks, and there appears to
be pportunity for a plant making soda-water bhottles.

The demand throughout the United States for beer bot-
tles has increased greatly during the last few years.

The South has recently made great strides in orcharding
and vineyarding, and several plants have been established
for packing fruits, preserves, and juices. The ware made for
thig purpose is not re-used by the packers, as are the bottles
made for soft drinks, and the annual demand for this ware
increases with the inerease in consumption.

There are several vinegar plants in the territory to bhe
served, as well as canneries that make catsup. The manu-
facture of bottles for this trade should be profitable.

The division of trade territory for wire, opalescent, ca-
thedral, rough and polished, ribbed and figured glass, and
glass tile plants is practically the same as that for window
glass. A plant that manufactures most of these kinds of glass
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18 in operation in St. Louis, but the cost of manufaeture in Ar-
kansas would be so much less that a plant in Arkansas could
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sell in St. Liouis as cheaply as the plant in St. Liouis. These
products can also be made as cheaply in Arkansas as in
Okmulgee, Okla., and a plant in Arkansas would therefore
have an equal opportunity with the plant in Oklahoma. The
market could be extended southward to include the Shreve-
port area. The disadvantage of a plant making these pro-
ducts is that the consumption in the territory to be served
is small compared with that in Illinois, Indiana, and Ohio.

The plate-glass industry is controlled by a few manufac-
turers, who also control the distribution of the produet. For
this reason it is not believed a factory making polished plate
glass would be successful in Arkansas.

Manufacturers of mirrors use large quantities of single,
double, and triple thick window glass and polished plate glass.
The factories making mirrors in the seventeen States con-
sidered are shown in the table below:
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Manufacturers of Mirrors in Arlansas, Missouri, Illinois, Tennessee, Louisiana,
Kansas, Oklahoma, and Tevas

Anderson & Co., Geo. Hooooiii Chicago, Illinois
Binswanger & Cou .o Memphis, Tennesses
Binswanger & Coooomoee e Houston, Texas
Burroughs Glass Co. .o St. Louis, Missouri
Chicago Mirror & Art Glass Co..ooool Chicago, lllinois
Crystal Mirror & Glass Couoeiioie St. Louis, Missouri
Federal Glass & Paint Cooooov Dallag, Texas
Karl Hansen Co..ocooviievccceccccincecceceeeee . New  Orleans, Liouisiana
Hubbuch Glags Co. .o Chattanooga, Tennessee
Indianapolis Glass Cow e Indianapolis, Indiana
Johinson G1ass €O Hartford City, Indiana
Kahn Mirror Plate Cooooi oo St. Louis, Missouri
Kellman Glass & Mirror Coeo oo Chicago, lilinois
Kokomo Automotive Manufacturing Co...............Kokomo, Indiana
National Mirror Works ... Rockford, Illincis
Nurre Companies, The ... .. Bloomington, Indiana
Nurre Companies, The.............. ... —......Bt. Louis, Missouri
Nurre Companies, The.._ ... ... ... Kansas City, Missouri
Nurre Companies, The ... . ... Memphis, Tennessee
Porter Mirror & (lass Co................._.. Fort 8mith, Arkansas
Porter Mirror & Glass Co............ ... Shelbyville, Indiana
Simonel Mirror Plate Co.... ... IS RUTO Evansville, Indiana
Southwestern Glass & Paint Co...oooooeo Abilene, Texas
Southwestern Glass & Paint Co.vee o Wiechita Falls, Texas
United Plates & Window Glass Co............ Oklahoma City, Oklahoma
Walsh-Coffey Mirror Coineeeicee St. Louis, Missouri
CONCLUSIONS

The results of the study made indicate that a glass plant
in northern Arkansas operated by automatic machine methods
could successfully make and sell window glass (sheet method)
and bottles for soda water, beer, prescriptions, condiments,
and preserves, as well as fruit jars, glass jugs and jars.

MOLDING AND SIMILAR SAND
CHARACTER AND PRODUCTION

Molding sand is of several kinds, the kind used depend-
mg upon the size and the shape of the casting, the smooth-
ness desired, and the temperature of the molten metal.

The term ‘“molding sand’’ is generally applied to sand
and bonding material used to form a mold for gray iron
casting. Molding sand for casting brass, bronze, and alum-
inum is generally fermed ‘‘brass sand.’’

Specifications for molding sand may be obtained from the
American Foundry Association, 222 Adams Street, Chicago,
T1., which has adopted tentative standards.
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Molding sand has been produced at Guion, Ark., for
several years and has been used with good results by foun-
dries in Arkansas and adjacent States. Its permeability is
slightly less than that of standard Albany (N. Y.) sand. The
grade produced at Guion can be varied between number 3
and number 4, A, F', A, standards, and has a clay content of
15 to 25 per cent. One foundry that uses large quantities of
Guion sand obtains some molding sand from Columbus, Ohio,
for facing. The operators report that the Guion sand is not
s0 ‘‘open’’ as the Columbus sand and that for large castings
the molds are vented, but that they obtain very satlsfactory
results.

Dr. Giles’s report indicates that molding sand’ of all
classes may be produced from the St. Peter and Ordovician
sandstones of northern Arkansas.

The sand plant at Guion also produces core Sand which
has been successfully used by foundries. One foundry super-
intendent, who has had large experience in different parts
of the United States, reports that it 1s as good as any core
sand he ever used. Artificial binder is employed.

The sand from the St. Peter sandstone consists of almost
pure silica. Tt is extremely refractory and is therefore well
adapted for casting steel. It contains very little iron, cal-
cinm, and magnesia. The plant at Guion supplies the steel-
casting foundries of the adjacent region with sand. Sand
produced from the St. Peter sandstone in the vieinity of St..
Louis, Mo., and Ottawa, Ill., are extensively used for casting

steel.
MARKETS

The plant of the Silica Products Company at Guion, Ark.,
has ample capacity to supply molding, brass, core, and steel
sand to the foundries that constitute its present market, and
therefore there are no present inducements for the further
utilization of the St. Peter and Ordovician sandstones of
northern Arkansas for these produects.

The iron deposits of northeastern Texas will probably
be utilized in a few years. Recent experiments in making
sponge-iron by the use of Arkansas semi-anthracite coal as
a reducing agent have been successful. Two large power
plants that use powdered lignite for fuel, recently built in
the lignite area of east-central Texas, point the way to the
production of cheap electric power in the iron ore area. Large
deposits of lignite are available for this purpose within the
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iron-ore area in Cass, Marion, Morris, and Upshur counties.
Recent tests have also shown that the lignite is suitable for
usc as fuel in the new regencerative sponge-iron furnace.

The development of the sponge-iron industry in north-
castern Texas will be followed by the development of an
iron and steel manufacturing industry, which will be a large
user of gray iron and steel casting sands. The sandstone
deposit in central-south Oklahoma is nearer the northeast
Texas iron ore arca than the sandstone deposits of northern
Arkansas. The nearest source of sand to the iron ore area
1s at Roff, Oklahoma.

Shipments of sand to iron or steel foundries in north-
castern Texas would involve interstate movements, Ship-
ments of Oklahoma sand would move over railroads compet-
ing with railroads hauling Arkansas sand. A rate based on
mileage would obviously diseriminate against the Arkansas
sand, and it therefore might be expected that the Interstate
Commerce Commission would provide a rate from Arkansas
that would cnable competition with Oklahoma.

CHEMICAL SAND

With the possible future development of a paper box
industry in connection with a paper mill making pasteboard
and strawboard from rice straw, there will probably be built
in the South a plant for the production of sodium silicate.

Sodium silicate has many uses but is employed prinei-
pally as a constituent of soap and as an adhesive and sizing
in paper and straw board made for containers. About 85
per cent of the output in the United States is used for these
purposes. An available supply of salt cake and soda ash
must be considered in determining the location of a plant for
the production of sodium silicate in addition to the location
of relatively pure silica sand deposits such as are abundant
in northern Arkansas.

Sodium silicate is made in several grades. The con-
stituents of a batech for four grades to be made in reverbera-
tory furnaces are indicated below. The figures given repre-

sent parts.

1 3 3 4
Biliea oo e 1B0 100 100 100
Salt eake. ... e 80 68 60 50
Soda agh e 20 32 30 16

Coke ... e e 3 3 3 3
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- Sand of sufficient purity for this purpose can be pro-
duced from the St. Peter and Ordovician sandstones of north-
ern Arkansas, and sodium silicate produced in Arkansas or
Louisiana will inerease the market for the sand.

SAND FOR OTHER USHES

Silica sand is employed for more than two hundred pur-
poses. For many of these purposes the common sand of
stream beds, bars, and banks can be used, and with such sand
the silica sand prepared from sandstone deposits cannot com-
pete. - Silica sand is used in many factories, most of which
are north of Arkansas and east of the Mississippt River,
far from the sandstone deposits of Arkansas.

The sandstone deposits of Arkansas can be used at pres-
ent only for producing glass sand and sand for use in found-
ries, and no attempt to exploit them for other uses would be
justified until industries that employ sand for those uses
are established within distances of the Arkansas deposits
that will permit the sand to compete with that obtained in
other regions.
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