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CHAPTER 1.
ORIGIN AND CLASSIFICATION OF CLAYS

ORIGIN OF CLAYS,

All rocks of the earth’s surface may be divided into two great
classes, igneous and sedimentary; although a third class, metamorphic
rocks, is sometimes recognized. The last is formed from either of the
first two, but vary so much from the original rocks that a separate
classification is sometimes required. However, they are not important
in the clay industries, hence they need little notice in this connection.
Igneous rocks are those which have been forced up from the interior
of the earth in a molten condition and have cooled and ecrystallized
into their present form, either on or below the surface. Rocks of this
nature are granite, diabase and basalt. They compose the cores of
most mountain ranges, and, if borings were made deep enough, would
be found underlying all the other portions of the earth’s surface. All
sedimentary rocks, such as limestones, sandstones, shales, gravels, and
clays are derived from the weathering or tearing down of igneous rocks.

Of igneous rocks, granite is probably the best known type; so it
will be taken here as an example to show how the- sedimentary rocks,
and especially clays, may be derived from the original rock. The pro-
cesses and reactions involved in the change of any igneous rock to a
clay will be in general similar to those indicated for granites, varying
only in detail according to the composition of the rock.

Composition of Granite.

Granite is composed essentially of three minerals; quartz or silica
(8i0,), the transparent hard crystals which form a large part of the
stone; feldspar, the pink or gray material softer than the quartz; and
hornblende, the dark green or black substance. Mica, a transparent
mineral capable of being divided into very thin sheets, commonly known
as “isinglass,” is usually present in small erystals. Of these constit-
nents quartz is chemically the most simple, being a compound of silicon

and oxygen (Si0,). The feldspars are compounds oZ tilica and alumina
16 S
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with one of the alkalies—potash, or soda—or with lime; or with both
soda and lime. One of the most common forms occuring in granite hag
the formula (KAISi,0,) or (K,0—A1L0,)—(8i0,),. Thisis the potash
feldspar or orthoclase. Hornblende is also an aluminum silicate, but
iron and magnes‘a take the place of the alkalies.

~ Action of Weathering Agencies,

When an area of granite is exposed to the action of the weather
several changes take place. In the first place daily and seasonal changes
of temperature cause an unequal expansion aund contraction of the different
minerals setting up stresses in the rock which cause it to become filled
with small cracks and finally to crumble to pieces. This action is
greatly hastened by the freezing of water in these cracks, tending te
widen them and finally causing the rocks to burst.

The rain water and oxygen of the atmosphere bring about chemical
changes. When the rain falls throngh the air it dissolves out some
carbondioxide (CO,) and forms a weak acid. As has heen said, the
feldspars are chemical compounds of alumina and silica with potash, soda
or lime, or with hoth lime and soda. When the oxygen and the rain
water, carrying CO,, attack the granite they separate the feldspar into
these substances and the oxygen and carbondioxide form compounds with
those that are most soluble in water. These are litne, soda and potash.
As these compounds are formed they are dissolved and carried away by
the water, leaving the compounds of alumina and silica behind as a solid
residue, which is known as kaolin or pure clay. The hornblende is simi-
larly acted wpon, but, as it contains both iron and magnesia, the iron
compounds being insoluble mostly remain behind and the magnesia 1s
carvied awav. Quartz mav he slightly acted upon but for the most part
remaing as sand. The heterogeneous mixture of the insoluble products
of rock decay is called clay.

It should be borne in mind that what has been said is only a gen-
eral statement for what is reafly a serios of complex chemical changes.
Many other minerals oceur in the igneous rocks and take part in the
reactions giving rise to kaolin, such nas andalusite, epidote, leucite, ne-
phelite, sodalile and zoisite. Other insoluble compounds besides kaolin
may he formed and remain as impurities, e. g. lhmonite, magnetite, calcite
and gypsum.  Some minerals such as mica and rutile, may remain unal-
tered. Kaolin itself is a goneral term that ineludes several closely re-
lated compounds of aluminum. Among these are kaolinite, halloysite,
cimolite, gibhsite and schrotterite. Of these kaolinite is the most im-
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portant and gives the name to the group. Al'thou_gh the changes are
so complex, the principal tendericy of the reaction is to les.sen the per-
centage of lime, soda, potash and magnesia present and to increase that
of the aluminum silicates and of the iron compounds.

This change is shown by the following reactions which Van IHise!
gives for the alteration of the feldspars to kaolinite.

Orthoclase,

2K Al Si,0,4-2H,04-C0,= (I,ALSi,0,)+4 8i0,4K,C0,
(Kaolinite)

Albite. ‘
gNa AlSi,0,4-2H,04C0,= H,Al,Si,0,448i0,+Na,C0,

Anorthite,
4CaAl,Si,0,+3H,0=H,Ca,Al;8i,0,,+H,Al,Si,0,

The same fact is brought out by the following dz_lta co_mp.iled2
from G. P. Merrill’s “Rocks and Rock Weathering,” showing the dlﬁ.er-
ence in composition of fresh and weathered samples of the same kind
of igneous Tock.

Loss of constituent minerals in the decomposition of crystalline

rocks.

Greiss Phonolite - Syenite
Constituent Fresh Decom- Fresh Decom- Fresh Decom-
o posed posed posed

45.31 b55.67 55.12 59.70 46.27
16.89 26.55 20.64 22.19 18.85 38.57
12.18 340 ' 3.4+ 485 '1.36
444 Trace 140 128 134 34
1.06 89 142 44 .68 25
425 240 556  6.26 597 .23

Silica (8i0,)
Alumina (Al,0,) ..
Iron oxide (Fe,0,)
Lime (Ca0) .o
Magnesia (MgO) ..
Potash (X,0) ..

Soda (Na,0) 2.82 110 712 265 6.29 37
Phosphoric acid (P,0;).... .25 A7 —_
Ignitli)on . .62 13.%5  4.33 Y9 1.88 13.61

Total s 100.08 99.98 98.28 99.76 99.56 101.00

. Treatfse on Metamorphism, p. 253.
; Lo?ga.n, W. N., Bull, No. 2, Miss. State Geol. Survey. p. 34.
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Besides the oxygen and carbon dioxide other agents assist in
weathering.  One of the most important is plant growth, which acts both
mechanically and ehemically. "T'he roots aid the temperature changes in
breaking up the rock by wedging it apart and the acids formed by the
reols and by the decay of the plants take part in the chemical reactione.

Alkalies may be attacked by subterranean vapor and rock broken down
in this way,

CLASSIFICATION OF CLAYS.

FORMS DUE TO METHOD OF TRANSPORTATION,

Indigenous or residual clay. A clay formed from granite or other
igneous rock in the manner just des¢ribed, which remains in place is
called an indigenous or residual clay. Since these can only oceur in
situations which are favorable to chemical disintegration and which at
the same time preclude the possihility of the clay being carried away
by running water, it is evident that their occurrences must be rare and
of limited extent. "These residual clays or kaolins, unless derived from
a rock containing too much iron, are the purest type of clays. They are
white and usually soft and rather greasy to the feel. They are used in
the manufacture of pottery, floor tiling,

and other products, requiring
a high grade, white burning clay.

From the method of their formation it may be seen that they may
contain fragmeits of undecomposed granite, feldspar and quartz, which
will increase in amount as the hed rock is approached. The partially
decomposed rock is called “Porzellan Krde” by the Germans and is used
in the manufacture of porcelain. The kaolins are often freed from these
impurities by a washing process which will be described later.

Collurvial clay. The greater part of clay does not remain in place,

but is carried away by ranning water. If it is carried only to the foot
of the hill or to the heads of small ravines and built up there, the deposit
is called “colluvial” clay. Clay of this nature is usually impure and of
small extent. It is sometimes used for brick, but is not an important
type on account of the small size of the deposits.
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Collovial clay in ravine, tributay /o m‘?,/ﬁ. ”
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Fig. 1. Formation of kaollnl,)ozlixtrsfa;‘z;laé'l,'a:;::lvlal clay and alluminal de-

Alluvial clay. Another type of clays is formed by fstreams, which
have wide flood plains. In time of flood the water carries la.rgedquan-t
tities of small particles in suspension, but when'the water sprea Sf :}u
over the flood plain and the speed of the current is chec‘ked, most o (1ie
sediment is dropped. These deposits are known as ailluv1a1 ‘gravelsé sanbs
and clays. The clays are always impur.e, being mixed with san , pe -
bles and organic matter. The composition anc% nature (?f the clay ma}t
differ greatly in various parts of the same deposit. Alluvial c]a:ys are no
worked extensively except where other clays are hard to obtain. None
are worked in Oklahoma.

Shales. The finer clay particles remain in suspension for a 1.ong p:}l‘l'odl
and are carried on to the ocean by the streams. Some of this miterlje
may be deposited in the form of deltas, con'lposed of mud and s(;l;:l( Imo
or less mixed. Some of the Redbeds deposits o.f southwestern Oklahoma
and northwestern Texas seem to be delta deposits of the Permian ocean.

The finest portion of the sediment is carried for some dlstalnce'll‘rllt:
the ocean by the currents, but finally settles as a fine sof? mud. . tlli.e
deposit increases in thickness and as other layers are deposxted. on 1 e
pressure consolidates the mud into a rock. If this mud rock is eleva et
and becomes land it is known as shale. Shales are among the mols
valuable clay deposits. They usually occur as ledges Whl(_jh ma,_\ir‘l he
practically uniform in composition over an extent of many mlles.. hey -
require grinding before they can be manufact'ured, l‘)ut othemlset are
easily worked. The shales, which are interstratified with the .sands one§
and coals of the Carboniferous system, are probably. the m05t 1mp0rtap.t.
These are worked extensively for building and paving b'rlc'k_, sewer pipe
and other products in Pennsylvania, Ohio, Indiana, Illinois, and Towu.

Similar shales of the same age occur over most 'of eastern and
southeastern Oklahoma. One advantage of these shales is that they are
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usually exposed in regions where gas or coal, or both, occur to furnish
plenty of cheap fuel. It is on this account that {he principal clay plants
arc located at such places as Muskogee, Boynton, MeAlester, Cleveland
and Sapulpa.

Shales are describeq as homogenous, fissile, laminated, slaty, concre-
tionary, or stony according to structure and as ferruginous, calcareous,

micaceous, hituminous, carhonaceous, or arenaceous, according as the
principal impurity is iron, lime, mica, bitumen carbon or sand.

Residual clay from sedimentary rocks. It has been mnoted that
shales are composed principally of clay matter, but that they may con-
tain impurities such as iron or lime, which often act as cements holding
the clay particles together. On the olher hand sandstones and limestones
usually contain a small per cent. of clay material, which settled w'th
the sand or with the caleareous sediments while the rock was forming.
When these.rocks are weathered most of the other substances dissolve
and are carried away hy the watoer leaving the clay as a residual deposit.
Naturally, shale gives rise to the largest deposita of this residual clay,
but limestones, which eonfain only a fraction of one per cent. of clay
matter. when exposed to the weather through long periods of time form
clay deposits many feet in thickness. The residual clavs from limestones
are very stiff, plastic, and nsnally of a deep red color, diie to the iron
oxide (hey eon'ain. The clays from sandstone are very sandy. Thore
from shale differ from the original roek in the loss of small quantities
of soluhle material.  Sneh clays are widely distributed. The red |uT-
face clays whieh eover most of central and western Oklahoma are of this
type heing derived from the shales and sandstones that form the Redbeds,

These residual clays from sedimentary tocks chould not he con-
fused with the indigenous clays from jgneous rocks which have already
heen described. The latter are formed in place as the result of chemical
reactions.  Those from sedimentary rocks are simply the residue of
rocks in which the elay remaing unchanged while the other constituents
have been removed,

) Glacial clay. A glacier in passing over a region erinds up and mixes
the surface rocks and on melling leaves this malerial, partially assorted
by running water, hehind as glacial drift. The clavs of this formation
are impure, containing many pebbles and glacier worn bowlders of rock.
They are seldom uniform in thiekness or composition over large arcas.
Those near the surface are usually leached out and oxidized forming a
red bowlder clay, but deeper buried depasits are blue in color, Glacial
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clays cannot be used for the high-grade refractory products but arel e}‘:-
terisively used for brick and drain tile in the I‘lorth'-central states.w 1elle1
the drift is often 200 to 500 feet or even more in thickness, obscuring a
the other clays. No glacial clays are found in Oklahoma.

Loess. Loess is usually considered a wind-blown de})osit formo%d a.ft(;':
the glacial invasion and before the land was covered with ve,gretadtlon.It ;
ig a fine-grained clay with a large percentage of very ﬁne' sand. .
fitted for common brick and drain tile. No dep'osﬂfs oceur in Okl‘a oTn'a,
but it is an important clay in the upper Mississippi Valley, especially in

Towa.

KINDS OF CLAY WITH REFERENCE TO PROPERTIES OR -
USES.

Joint clays. A very plastic clay whose shrinkage is so great as ]to
cause it to erack may be called a joint clay. When exposed tol the
weather joint clays break up into small b]ocks or cubes_. Any 'sulfnce
clay may be a joint clay and much of the g]acuill cla.y.ls of this type.
Sand is sometimes added to overcome the excessive shrinkage and con-
sequent cracking. Bleininger! has shown that Ehe same results ma){
be accomplished by heating the clay to about 250° to 300°C. for severa
hours before making it up. This may also change the color of the clay
and some of its other properties. - Some of thg surface clays of Okla-
homa are joint clays, but there is such a variety of shales a,nfl other
clays that there is no need of attempting to use those that are likely to
give trouble.

Fire clays. Coal miners call all clays that underlie coal veins ﬁ;e
clay, but the term is only properly applied to those clays that I}av mark-
ed heat-resisting powers. It is true that most of the good fire clays oc-
cur under coal veins, but all veins of such cl.ay are not refractory. I(t1 1;
supposed that the growth of the plants, which formed the coal, ten ed
to leach all the soluble salts from the soil that the roots penetrafed, an
to leave only the more refractory materials.. Some of the hest }fire ,
clays are non-plastic and have to be mixed with other clay before they
can be molded.

Sli[} clays. Slip clays are clays that melt at low temp’erature a'nr}
which may be used as a glaze for stone ware afld potter.\;.. They are 0
rare occurrence, the most important deposit in the Um.tet,l, States is
found near Albany, N. Y., and is known as the “Albany slip.

1. Unl. of IIl. Bull, Vol. VI, No. 25.
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Ball clays. Ball clays are very p'lastlic, burn to a white or buff body

and are refractory. "They are used in the mixture for the higher grades
of stone ware and pottery to give plasticity,

Other clays. Stoneware clay, sagger clay, terra-cotta clay, brick
clay, glass-pot clay, paper clay ete., are terms applied to clays fitted to
the manufacture of the different clay products. They are not used very

strictly and the same term may be applied to clays of different appear-
ance and properties

CLASSIFICATIONS BY DI FFERENT AUTHORS.

From the facts which have been noted several classifications of clays
based upon origin and, in some cases, uses and properties have heen

made by different authors, Three of the most important are given
below. '

Ladd’s"- classification. (Based on origin and occurrence. )
Indigenous.
A. Kaoling,

a.  Superficial sheets:

b. Pockets.

¢.  Veins.

Foreign or Transported.
A.  Scdimentary.
a. Marine.

L. Pelagic (deep water).
2. Litloral (shore deposits).
b. Stream.
B. I\'Teta-sedimentnry.
C. Residual
D. Unassorted
Buckley's!- classification,
1. Residual, derived from
A, Granitic or gneissoid rocks
B.  Basic igneous rocks
C. TLimestone or dolomite
D. Slate or shale
B. Sandstone

(Based on origin, )

1.

Geol. Survey of Ga., Bull, No, 6, 1898.
1.

Wisconsin Geol. Survey, Bull. VIL. Part. II, 1901.
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II. Transported by t
A. Gravity assisted by water. )
Deposi);s near the heads and along the slopes qf rav;nt(;s.
B. lce. Deposits resulting mainly from the melting of the
ice of the Glacial epoch.
C. Water. 1. Marine, 2. Lacustrine, 3. Stream.
D. Wind. lLoess.

. . . oin. some
Orton’s? ;Zassiﬁcatiowz. (Major divisions on pas1s of origin, s
s . ies.
of the minor divisions on basis of uses and properties.)

CLAYS

Ola\;s are tocks in which the mineral “Kaolinite” is presezzibllré
sufficient quantity to impart its characteristics to t}.le mass .to ta, seantit
Aegree- and in which no other mineral is preseII;t 111'1 g:ﬁcxen i e%lgndarz

’ i ial supply. Kaolinite 1s a 3
to become a source of its commercia ) ‘ ' '
or derivative mineral formed by the weathering and hydration of var
jous igneous silicates.

FIRST GROUP—PRIMARY OR RESIDUAL

Primary clays are mixtures of kaolinite and other minerals Wh‘l(‘h
have been formed on the spot where they now occltl_r by tfhilwef:i}:le;l;lé
i ns of the
» “breaking down” of igneous rocks. The propor ion: :
;)elft E}?erefoie depend on the composition of the original rock, thetex
tené to which,the chemical alteration has progressed, and the opportun-
ities for removal of the products of the weathering process.

A. MASSIVE, 6R DERIVED FROM THE WEATHERING OF
MASSIVE ROCKS. )
I. WHITE OR LIGHT BURNING. .
1. Still hard and preserving a more or less rocKy
structure, N
Felspathic rocks which have partially. weatherefl and ]P(‘»'t
- some of their alkali, without becomufg clay-like. FJ}:
ample-Corn wall Stone used by English potters. Fus-
ible or vitrifving to a porcelain-like body. Insoluble 1n
ordinary acids. Non-plastie.

ard

2. This classification Is a rearrangement of that.usied 5}; Pl::lfé ligsd‘;ub-

Ortox'l Jr., in his classes in Ceramies at Ohio State Unlversity, :
lished here by his permission
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2. Soft and clay-like,

Kaolins, china-clays and “paper-clays.” These gccur only
when igneous rocks rich in felspathic minerals oceur in
a situation favorable to decay and also unfavorable to
crosion.  Such clays are therefore relatively rare and
valuable. Their alkali Tias been almost wholly removed.
Infusible, insoluble in ordinary acids, and usually roft
and erumbling.  When worked up with water, they are
generally not very plastic or tough. Shrinkage in firing
excessive.  When anv mineral detritus is left unde-
composed, it generally consists of angular grains of
quartz or flakes of white mica.

IT. COLORED BURNIKNG, RED OR YELLOW.
1. Hard and rock-like,

Not used as an ingredient of clay mixtures and hence
not discussed here.

2. Soft and clay-like.

The product of the weathering of roeks originally con-
taining ferrous silicates. Mhege clays are stained in all
degrees hy ferrie hvdroxide, They are wsually more
fusible than kaolins, give up iron readily to acid solv-
ents.  Ave not very plastic and show high shrinkage in
firinc.  Frequently contain much coarse mineral
detritus.  These clays are not often valuable for prac-
tical purposes:

B. FAINTLY STRATIFIED OR DERIVED FROM THE
WEATHERING OF STRATIFIED LAYERS OF COMMIN-
UTED IGNEOUS ROCKS.

Voleanic ash beds, frothy tuff, and scoriae, which are ejected in
scparate eruptions, and fall in suceessive showers. They are redi-
mented and to some extent sorted hy the atmosphere, the finest
portions being carvied to great distances. When they settle {hey
weather fo elays with exceptional case and rapidity, and oflten
still show the roughly stratified character of the original Dbeds.
Frequently contain soluble silicie acid. Sometimes light-colored
or white, oftener containing enough iron to prevent their use for
other than common purposes.  When they contain any coarse cr
unwealhered minerals, (hese show the voleanic nature of the ori-
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ginal material, as they are angular, generally g]as9y., and but lit-
tle crystallized. These deposits are of large extent in Texas, and
in the Northwestern States, .and Canada.

SECOND GROUP—SECONDARY

Secondary clays are mixtures of kaolinite and other mingrals in
which the assortment and proportions are due to the transportation and
sedimentation. They do not often represent the product of decay of any
single rock, but are generally the blended_ products of decay from nfm.w]_v
rocks and from large areas, assembled chiefly by water and sorted while
in transit.

A. TRANSPORTED BY AIR, OR WIND-BLOWN CLAYS.

1. LOMSS. Believed to be formed by the gradual shifhn'g
of fine clays and sands by winds in arid distriefs. Thi.s
view is contested by some who consider them of sedi-
mentary origin. All loess clays are not adequately ex-
plained by either theory, but the first has the most ad-
herents. Fine, very sandy clays, fragments 1.lsua1.ly
somewhat sharp and not water-worn. Occur.rm;_r. in
beds of great thickness without horizontal stratification
planes. Remains of land animals and plants freq'u,enily
found embedded at all levels. Clays form vertical or
bluffy banks, when cut by streams. In some nlaces the
streams form canons with vertical walls. Vegetalion
leaves vertieal root casts filled with lime or fire clay,
perforating the clav in great numbers. Targest oceur-
rence in China, and in West and Northwestern prairies
of the Tinited States.

ING WATER
B. TRANSPORTED AND SORTED BY RUNN
AND DEPOSITED AS SEDIMENTS FROM STILLER WAT-
ERS. .
nmy ! iy f ) r‘]IJl’l QU “r Al .
T. DEPOSITED FROM COMPARATIVELY ST X
WATERS LIKE THE OCEANS, LAKES, AND P.ONDS.
I. Light Burning Clays—White or Buff (excepting the
calcareous variety.)
a. Ball clays. . . .
Kaolins in composition but secondary in origin.
Have been transported and sorted by watgr, but
without contamination with ferruginous sediments.
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; tion: Hard
Generally the distance over which they have becn except as _refractories. .Illu'itra thl]
moved is small. kaolips of Alabama. Indianaite, et

a,. PLASTIC.
Impure or Semi-Ball Clays.

Diluted with other minerals contained in the
original kaolins. Contain 50 to 90% Xaolin-
ite. Balance usually pure white quartz or
white mica. Prepared for commerce by wash-
ing i. e. sedimentation and concentration of
clay substance. Color, white, opaque. Frae-
ture, earthy. Plasticity generally good hut in-
ferior to next group. Difficult to vitrify, 1l-
lustrations: Florida Kaolin bed and S-E. Mis-
souri kaolins.

Pure or Real Ball Clay.

Separated by sedimentation from practically
all other minerals. Contain 99 to 98% kaolin-
ite.  Characteristics : Highly refractory hut
can be vitrified at white heat. Most plastic of
all clays. Great strength and bonding power.
Frequently colored with organic matter.
Fracture conchoidal but not consolidated to
point of loss of plasticity. Illustrations: Fn.

glish No. 4 Ball Clay, and Mayfield, Kentucky
Ball Clay.

4. PLASTICITY REDUCED OR EN-
TIRELY WANTING.

Hard or Semi-Flint Clays.

Modified kaolinite or clays in which the clay
base consists of a mixture of kaolinite and
other allied silicates of alumina like Pholerite,
Halloysite, Rectorite, Newtonite, Allophans,
and Indianaite. These silicates modify the
structure, making the fracture conchoidal and
often making the clay translucent on thin
edges. DPlasticity generally reduced tho’ some
become eminently plastic if finely ground with
water. Shrinkage in drying, often great, in
burning, always great. Not usually valuable

b. Fire clays. -
Burn yellow and buff, never white.' Believed .(a)
to be clay once impure and ferruginous .but since
purified by growth and decay of vegetat}on. (b)
Sediments similar to (1) but contain a little more
iron and not enough alumina to wholly mask its
color.

b,. NON-PLASTIC REAL FLINT
CLAYS. .

Allied by appearance and behavior with

white burning clays of conchoidal fractlfre.

Exactly similar to Halloysite but lacking

the pearly luster and translucency. Plas-

ticity either wholly lacking or so low as

to re:quire the use of other clays as a bo'nd. :
Composition: Practically pure Kaol.ms.

Often 95 to 99% clay substance. Sh_rmk—

age very great—crack badly in burning—

none at all in drying. Highly valuable as
a refractory material. Oceur in Ohio and
Penna. interstratified with coal measures.
In Missouri—in pockets and sinkholes
in limestone of various ages. Ascribed.by
Wheeler to presence of Pholerite replacing
Kaolinite.

b,. PLASTIC OR BOND CLAYS.

Clays of high plasticity and bonding pow-
er without inordinate shrinkage. Frac-
ture, stony or earthy, never conchoidal.
Occur commonly interstratified with ccal
measures, but sometimes sccurting 'in
large beds independently of the carbonif-
eroug formation.

1. TRefractory or Fireclays Proper:
Composed principally of clay sub-
stance mixed with quartz and hence
vitrify slowly and only at very high
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temperature. They are similar to
ball clays, except that their clay sub-
stance is invariably yellow-burning.
Believed to have been brot to present
purily by leaching out of impurities
from an originally impure mass,
while ball elays have never been im-

. pure. Amount of iron may be same
in both, but its distribution or effect
is different which suggests different
origin. :

2. Non-refractory or No. 2 Fireclays—
Composed ol elay substance with va-
riety of minerals which make vitri-
fication easy at low temperatures.
Iron may be present plentifully but
always disseminated in granules or
concretions which appear as specks
or blotches on hurning but which nev-
er change the buff matrix of the clay.
Occur chiefly as under clays of coal
veing in Carboniferous, hut in some
caseg oceur massive in beds unasso-
ciated with coal etrata.

2. Red or Pink-Burning Clays including those calcar-
ous clays which burn yellow or greenish-yellow

a.

Shales.

Clay sediments, generally of considerable geological
age deposited in still deep waters and generally in

beds of great extent and thickness. They compose

the Jargest clay masses in existence, generally much
hardened by heat and pressure. Highly developad
fissile structure. Initial plasticity small, but de-
velops by working. Generally fine-grained and hom-
ogencous, but sometimes full of concretions which
lower their value greatly. They vitrify at low tem-
perature to dense hodies, hecoming exceedingly
tough and strong if properly annealed in cooling,
Otherwise, they become brit{le and glassy. The
shales are of very great importance as a source of
wealth and industrial development.
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a,. Schists.
Metamorphic, ecrvstalline, non-hydrous rocks
supposed to have been derived from shales by
heat ang pressure. Bonded structure is only
remaining tie to sedimentary origin. Value-
less as a clay material. ‘

a, Slates.

Hard, stony shales, partially by heat and pres-
sure hut still retaining some clay nature. Fis-
sile structure most perfectly developed. Used
as a-roofing material without burning. Not
used in clay working except in very small de-
gree. Composition like shales but almost "de-
ficient in plasticity. Burning properties like
shales.

a, Shales (proper). Classified according to the
nature of their chief diluting material; as:

1. Clay shales. .
High in kaolinite, but not pure enough
for use as kaolins. Composition that of
fire clay, bhut structure that of shale.
Rather rare. Rakonitz shale, of Silesia.
is best example.

R. Sandy or Siliceous Shales.
The commonest group of all. All de-
grees of sandiness from soft plastic clay
like shales to hard stony rocks of the va-
riety known as “Freestones” which con-
tain only a few per cent clay.

3. Calcareous Shales.
Varying from 1 or & per cent lime in Car-
boniferous formations to shaly limestones
in the Silurian and Devonian formations
in Ohio. Usually valueless if the lime
exceeds 4 or 5 per cent.

4, Ferruginous Shales.
The iron in ordinary shales runs from 4
to 7 per cent and is very constant, repre-
senting the average or blend of the com-
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ponent minerals of which the shale is
made. By concentration or chemical pre
cipitation it may dncrease till the shale
becomes an ore of iron. The “clay-iron-
stone” of England is an example.

5.  Biluminous Shales.

Ordinary shales contain from 1-2 to £ per
cent carbon. “Black” shales contain 4 to
6 per cent 4s a minimum and increasing
to 60 or 80 per cent in “bone-coal.” This
carbon may be granular in which case it
does not much affect the character of the
shale; or bituminous, when it hardens the
shale greatly and makes it like a slate;
or graphitic, when it makes the shale soft
and flaky, but not brittle.

.8, Bedded or Joint Clays.

Soft plastic clay strata whose deposition has
been like that of shales but which are too re-
cent to have been hardened by heat or pres-
sure. ~ “Young” shales. Chemical hardening
also less than shales but may be present to
some extent. Working properties fine. Burn
like shales. Valuable, hut generally rather
Tare.
Bog Clays.

Impure clay-sediments, collected in shallow or stag-
nant waters and marshes. Generally of recent geo-
logical age. Beds generally of small extent and
non-continuous. Clays soft and unconsolidated ex-
cept where acted upon by chemical agencies, Mas-
sive, without fissile structure. More influenced by
chenvical precipitation than any other class of clays.
Precipitates may be diffused or concretionary.
Working properties and behavior in burning varia-
ble with eomposition and generally poor. Small eco-
nomic value.
b, Ferruginous.

Ochery Deposits. TRed or yellow, raw and
after burning. If Manganese is present, color
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is brown forming Umber or Sienna. Iron
sometimes becomes so high as to make “bog-
iron ores.” Clays of this class, generally worth-
less, except for paints and colors.

b, Calcareous.
Containing marly or concretionary deposits of
lime and agnesium carbonates. Generally
useless, but occasionally burn to even buff col--
or and used for porous bhodies, filters, etc.
Gypsiferous clays, containing large crystals of
Sclenite.

b, Carbonaceous.
Spongy. peaty, or lignitic clays. Full of par-
tially decomposed vegetable remains. Gener:
ally undesirable.

c. Residual Clays.

¢, Left from limestone, saline, and gypsum beds
after removal of soluble portions by percolat-
ing waters. Full of debris indicating kind of
rock removed. Usually red. Worthless as
clays. Good soils. '

¢, Shales and hard clays weathered into soft
clays and soils. Former structure obliterated.
Valuable as clays. Poor soils.

d. Alluvial Clays.
Recent clays deposited along present drainage sys-
tems. Soft unconsolidated and generally massive-
fissile structure slight if any. Plastic, easily work-
able, hurning much like shales. Very little chem-
ical precipitation or concretionary growth. Valu-
able compared to shales but of small extent.

II. DEPOSITED FROM RUNNING WATER.

1.

Sandy Clays.
Generally plastic clays which are weak when dry and
easily crumble. Burn red or dark and vitrify at low heats
and melt at high temp. When they contain vegetable
mold are called loam.
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2. Clayey Sands,
Generally plastic but are without cohesion when wet or

dry. Wares made from them lose their shape. Burns
red or dark and stands great heat.

C. TRANSPORTED BY ICE WITHOUT OPPORTUNITY FOR
SORTING.

I. SEMI-GLACIAL

Glacial debris which has been more or less transported
or sorted by water. Along the edge of an area where
glacial agencies are at work there are usually numer-
ous lakes, ponds, rivers, etc., whose existence is tempor-
ary and shortlived. By those the glacial debris is more
or less reworked and sorted and eclassified into elays,
sands, gravels, bowlders, ete. The clays vary from the
finest possible sediments, like the famous Albany slip.
up to sediments so coarse and sandy as to be no longer
called clays. They cannot always be identified as
glacial clays by studying a hand sample but can be
identified as glacial by observing their geological oc-
currence and the nature of the other rocks among which
they occur. liven the finest-grained glacial clays, often
contain occasional coarse pebbles or boulders, dropped
into them by floating ice, while in similarly fine-grained
sedimentary clays this would be very unusual.

II. GLACIAL

Bowlder Clay or Till—A mixture of all sorts of min-
eral debris; angular rock fragments, worn or rounded
boulders, gravel and fine clay sediments, together with
remains of vegetable or animal life. 1In some places,
chiemical reactions have produced new minerals in the
mass which were not present in the original deposit.

CHAPTER I,

CHEMICAL PROPERTIES OF CLAYS

Complexity of Composition

From what has been said regarding the origin of clays it is easily
seen that they must be of complex nature. Any clay may be regarded
as at some stage of decomposition of the rock from which it has been
derived. The process may have gone only far enough to break down
the more easily altered constituents of the parent rock while the more
resistant remain practically unchanged. Or the process may have con-
tinued until all the minerals have been more or less affected.

Transported clays have been mixed with mineral matter foreign
to the parent rock and also contaminated with organic matter. Under
these circumstances it is not surprising that most clays and shales are
mixtures of several mineral constituents and that different clays or
shale from the same area differ very much in composition.

Mineral Constituents.

The following substances are not all of the constituents that may
be found in clays but are those which are the most common and which
affect the working or burning properties of the clays.

Kaolin. 'This substance is a hydrated silicate of alumina, ex-
pressed by the formula Al, O, 28i O,, 2H,0. This formula repre-
sents the mineral kaolinite. There are other closely related minerals
which may be grouped with kaolinite under the term kaolin. Kaolinite
is a white to gray colored mineral of earthy texture. It crystallizes
into plates, but is seldom found in the crystallized form in nature.
Kaolinite may be regarded as the essential constituent of clays since the
property of plasticity seems to be directly connected with this mineral
and since it is also responsible for most of the refractory properties.

As a rule the clays having the highest percentage of kaolinite are
the purest and most refractory and are white burning. Kaolinite is
regarded as being present in all clays, although it is usually in such a
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finely divided condition that it eannot be detected with the microscope
and, owing to the complex composition of clays, it cannot be separated
in the pure state by chemical methods. :

Water. After the clay has been theroughly dried in air there al-
ways remains a small percentage of water mechanically held by the
clay. Thisiis called hygroscopic water and is driven off at 100° to 110°C.
If the elay is exposed to the air again it takes up the same amount as
it gave off. Water also exists in the comhined state in kaolinite and
some other minerals such as gypsum and the hydrated oxides of iron.
This iis not driven off until a temperature of 500° to 600°C. is reached
and it cannot be taken up again.

Stlica.  Siliea (8i0,) is present in clavs in two forms, free as
quartz or sand, and combined as various silicates as kaolinite, feldspar.
hornblende and mica.  Sand may be present in proportions varying
from 2 to 3 per cent in fire clay to 30 or 40 per cent in impure brick
or tile clays. Tt is derived from the quartz grains of the parent ig-
neous rock. Sand in coarse grains lessens the plasticity and shrinkace
of clays and increases the porosity of the dry and burned ware. Whgn
added to very pure clays it acts as a flux and lowers the fusion point.
When added to impure clays it usually has the opposite effcet.

7’ . "m . Je . . .
Feldspars. The feldspars have been disenssed in conneetion with

the origin of eclays. They are more abundant in clavs in which the
parent rock has not heen completely decomposed, but they are present
in small quantifics in almost all clays. They furnish the alkalies soda
and potash, which act as the most active fluxes in burning. ’

Alica.  Miea oceurs commonly in two varieties; the white mica,
museovite, and the Dlack wica or biotite. Muecovite is a silicate of
potash and alumina and biotite a silicate of iron, magnesia and alumina.
Biotite is rather easily decomposed and is seldom found in transported
clays on account of the length of time during which such elays have
b.oen subjected to the weathering agencics, while muscovite is ;;OI’Y Tre-
sistant and oceurs very commonly in shales and other transported .clays
as hright, shiny flakes. DMuscovite in burning, decomposes and fur-
nishes alkali which acls as a flux. In some wn,.y the alkali deepens the
red color in iron learing clays and produces ver‘.y dark reds.

Tron Componnds. Tron wmay oceur in clays in several mincrals.
'[l.l the ferrous slate it occurs prineipally as the carbonate, siderite
(.Fn(?()_.‘). This may oceur disseminated evenly through the clay or as
kidney-shaped conerelions. In burning the carbonate liberates carbon
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dioxide and sets_free the ferrous oxide (Fe0), which is a very active
flux.

In the ferric state iron may occur as the oxides, hematite, and
magnetite; the hydroxide, limonite; the sulphide, pyrite or marcasite;
the silicates, mica and hornblende; and with titanium as the oxide 11-
menite or menaccanite.

Magnetite rarely occurs in clay. Hematite is responsible for the
red color of most of the red clays and shales and for the deep red color
of burned clays. Limonite gives the yellowish and brownish color to
raw clays. During the burning, the combined water ‘is driven off and
limonite is converted into hematite. The sulphides, pyrite and mar-
casite, occur as aggregates of cubical. crystals. , They give off part of
the sulphur at rather low temperatures and are converted into the fer-
rous sulphide, (FeS). This is an extremely active flux. If the clays
containing pyrite or marcasite are exposed to the weather, the minerals
are oxidized to form iron sulphate. This is soluble and if sufficient
water is present it will be carried away in solution. If it is not enbirely
removed it will he brought to the surface and upon the evaporation

_of the water will remain behind as a white incrustation. This may

often be seen upon the exposed surfaces of ledges of shale containing
pyrite where there is considerable evaporation.

Iron sulphide exerts an extremely bad influence during the burning
process. When it is necessary to use shales containing pyrite in con-
siderable quantities some method of reimnoval is ordinarily resorted to.

This may be accomplished by exposing the shale to the weather for
some bime—several months—hefore it is used. The removal may be
hastened by wetting the clay at frequent intervals. This not only
hastens the oxidation of the sulphide to the sulphate, but also carries
away the labter as fast as it is formed. In addition it removes other
soluble salts which may be present. -

Tlmenite or menaccanite seems to have no pronounced action. The
action of the different iron compounds in burning is considered more -
fully in the succeeding chapter.

Calcium Comjpounds. Calcium occurs as the silicate in the plagio-
clase feldspars and other minerals; as the carbonate (Ca CO,) as
calcite or limestone; as the sulphate, gypsum, (Ca S0, 211,0) and as
the phosphate Ca, (PO,),. 'The carbonate nay be formed by the
precipitation from solution or it may be present as fragments of lime-
stone, or, in shales and marls, may be found as {ragments of the shells
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of the sea animals that settled to the bottom as the shale or marl was
formed. It would appear that residual clays from limestone should
contain appreciable quantities of the carbonate, but it is usually so

completely removed that the clay contains none or only a trace. The

phosphate is not important as s constituerit of clays for industrial pur-
poses, but is an essential constituent of soils as it supplies the phos-
phoric acid, which is required by plant growth.

In burning, the carbonate is broken down into the oxide (Ca 0)
or lime and carbon dioxide., When the burned ware becomes wet the
lime slakes and swells. If the lime is well disseminated this causes
no damage, but if it is in large pieces, and is near the surface of the
burned ware, it produces a spalling or peeling off of the surface. If
sufficiently large pieces of lime are deeply imbedded in the body of the
ware the stress set up when they take on moisture may be great enough
to disrupt the burned ware. At higher temperatures lime acts as an
active flux, and combines to form a complex silicate with iron and
alumina. This silicate is yellow in color and, if the lime in the clay

is in excess of the iron, this yellow or buff color may mask the red
due to the iron.

Calcium sulphate or gypsum is a common constituent of many of
the clays in western Oklahoma. It is slightly soluble in water and is
carried to the surface of the ware in the drying process and deposited
as a scum or efflorescence on the surface. This eauses g white discolor-
ation of the burned ware known as “whitewash.” .

Magnesium Compounds. The occurrence of magnesium is very
similar to that of lime. It occurs as the silicate in mica and horn-
blende, and as the carbonate and the sulphate. The action in burning
is very similar to the corresponding caleium compounds except that
magnesium is a less active flux and its compounds do not shorten the
vitrification range so much as the lime compounds.

Allsalies.  Soda and potash are never found free in clays but are
usvally combined as silicates in the feldspars and micas.

Titanium Comjpounds. Titanium has been mentioned as eccurring
with iron in ilmenite or menaccanite. It also occurs as the oxide, (Ti

0,) rutile. Neither of these compounds play an important part in the
drying or burning of the clays.

Manganese Compounds sometimes occur in clays in the form of
the oxide, pyrolusite. It seldom occurs in sufficient quantity to have
any marked effect during the burning.

Oceasionally, however, there
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3 i loration in the
is enough present to produce a noticeable brown co.
Lsurened gwarI: This is true of some of the sandy clay_s of southeastern

Oklahoma.

Organic Matter. All transported clays become' mixed w1fth 1motrse
or less organic matter. Residual clays often copt.am Toots 0‘1 ptannd.
Shales are often’ bituminous due to the decomposition of the plan ain-
animal matter, which settled to the bottom of the ocean andt b\;vas "
cluded in the mud which forms the shale. .The organic matter T y
mask the color due to the iron and usually gives the de?ep blatck ({;0 o8
although some reds are due to organic material. Drganic _mat er 111;rnks)
out in the early stages of the burning of'the clays anq 1'f presen
the extent of several per cemnt., may give rise to much difficulty.

CHEMICAL ANALYSIS

In the ordinary chemical analysis of clays the' different cons:lil;-
uents are broken down into and reported as, the oxldes. of the mle als
or bases present. On this account it is called !;he ultlmzite. a.m; };{-‘ﬁ;
The following constituents are usually reported in an analysis o
kind :

Silica (8i 0,)

Alumina (Al, O;)

Ferric Oxide (Fe, O,)

Lime (Ca O)

The loss on dgnition comprises the hygroscopic and cohmblneél
water, any carbon dioxide present in carbonates and the organic m.E:1 -
ter. In some clays it is necessary to estimate t¥1e sulphur trlo‘x1 e
(S0,) which is contained in the sulphates of Falcxum .ond. mag’nrle‘isn(l)m)._
Occasionally determinations are made of the oxides of titanium ( 121
and of manganese (Mn O,), but the amougts of these are usuad.y
small and are ordinarily included with the iron. Sometimes a dis-
tinction is made between ferrous and ferric iron. The mei':hods of anz;ll-
ysis may be found in several of the reports upon clays issued by 1] 3 _
Federal and State Geological Surveys. Among ﬁherp may be mentione
Vol. XIV of the Iowa Geological Survey and Bulletin 176 of the United
States Geological Survey. :

Magnesia (Mg O)
Potash (K, 0)
Soda (Na, 0)
Loss on ignition.

: ] imate chemical analysis has
Value of chemical analysis. The ultl'mflte c :
usually been Cegarrded as of value in determining the p.ropertles of clays
and much time and money have been expended, especially by the state
surveys, in having such analyses made.
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Ries gives the following as the facts to be obtained from the ulti-
mate analysis of a clayl.

“l. The purity of the 'clay, showing proportions of silica, alumina,
combined water and fluxing impurities. 1 igh grade clays show a per-

centage of silica, alumina, and water, apprbaching quite elosely to those
of kaolin.

“2. The refractoriness of the clay, for other things being equal,

the greater the total sum of fluxing impurities the more fusible the
clay.

“3. The color to which the clay burns. Thig may be judged ap-
proximately, for clays with several per cent. or more of ferric oxide
will burn red, provided the iron js evenly and finely distributed in the
clay, and there is no excess of lime. The above conditiong will be ef-

fected by a reducing atmosplere in burning, or the presence of sulphur
in the fire gases.

“L. The quantity of water. Clays with a large amount of chem-
ically combined water sometimes exhibit a tendency to crack in burning
ad may also show high shrinkage. 1f kaolinite is the only mineral present
containing chemically combined water, the percentage iof the latter
will be approximately one-third that of the percentage of alumina, hut
if the clay contains much limonite or hydrous silica the percentage of
chemically combined water may be much higher.

“5. IBxcess of silica. A large excess of silica indicates a sandy

clay. If present in the analysis of a fire clay, it indicates low refrac-
toriness.

“6. The quantity of organic matter. 1f this is determined sep-
arately, and it is present to the extent of several per cent., it would
require slow burning if the clay was dense.

“V. The presence of several per cent. of both lime (Ca 0) and
carbon. dioxide (CO,) in the clay indicates that it is quite calcareous.”

On the other hand many prominent ceramists do not put any trust

in the chemical analyses of clays except of the purest fire clays and
kaolins?. ’

The principal objection is that the impure clays are very complex
mixtures of different minerals and that the chemical analysis in which
these minerals are broken down into and reported as the simplest oxides

1. Geol. Survey of N. J., Vol. 6, 1904, pp. 50-51, )
1. Purdy, R. C., Ill. State Geol. Survey, Buil. No. 9. 1908, pp. 200 et seq.
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has no value in revealing the irue mineTalogical‘ composition of the
clay.

Tor example it cannot bhe determined how much pf the alumina was
present in the kaolin, and how much in feldspar, mica, or o.ther 'a.lum-
inous silicates: the potash and soda may have been present in mica or
in various feldspars’ and would have different effects ac.cordmg to the
compound in which it was held, but the ultimate .a.na.lyms does not re-
veal this; the iron is reported as ferric oxide while it may llax:e been
present as the hydroxide, ferrous oxide, ferrous carbonate, pyrites, or
in mica or other silicates and the effect of the iron would depend very
largely upon its compounds. Each of the constituents can be taken up
in a similar way.

Hwven if the mineralogical composition were known, the fluxing ef-
fect of so many constituents upon each other could sca{'cgly be proph-
esied with our present knowledge. The effect of the different propor-
tions of minerals upon the melting point of a mixture h:as been worked
out for several simple cases, but nothing is known wluch.would lead
to an accurate forecast of the melting or vitrification point of such
heterogeneous mixtures-as the impure brick or tile clays and shales.

While the statements given hy Ries are certainly true there are so
many conditioning factors and approximations that it seems not worth
while to make chemical analyses to judge the fitness of clays for the
ordinary clay products.

Certainly no ceramist or practical clay worker would atf.;empt to
prophesy any of the following points from the ultimate analysis of the
clay: _

Actual temperature of maturity, vitrification, and fusion.

The exact drying and burning shrinkages.

The color (with any degree of accuracy as to shade).

The rate of drying.

The porosity or absorption of the burned ware.

The rate at which ware must be fired.

. The actual difficulties encountered such as cracking and warp- -
ing in drying and burning.

2o s w0

Since all of these points are of great importance in the worl.(ing
of a clay and since an accurate knowledge of them.calmot be galr)ed
by chemical analysis, but can be by making test pieces .and burn.m,q
them in a kiln or emall furnace, the value of the ultimate cllennFaI
analysis is certainly not commensurate with the expense and labor which
it entails.



CHAPTER III.

PHYSICAL PROPERTIES OF RAW CLAYS

Introduction,

The physical properties of raw clay, which may effect its working
or burning qualities, are as follows: plasticity, bonding power, specific
gravity, tensile strength, shrinkage, porosity, slaking, fineness of grain.
feel and color. Tn this chapter these qualities will he noted together
with the different tests applied to clays to determine them.

PLASTICITY.

Definition

The chief quality which separates clay from other mineral sub-
stances, is its plasticity. By this term is meant the clay’s power to
be moulded into any shape while wet and the retention of this shape
in the dry condition with sufficient strength to permit its being handled
without breaking. It is this property that gives clay its value in the
various industries and without which it would be worthless for most
purposes to which it is put. The plasticity varies with several factors,
but seems to be absolutely controlled by none of them. Among these
factors are fineness of grain, amount of sand
ent, amount of working or kne
wet condition (irrespective of
the shape of the clay particles.

or other impurities pres-
ading which the. clay hag undergone in
fineness of grain thus obtained), and

THEORIES OF PLASTICITY.

As this property is so important in clay working it seems worth
while to go into the various theories of its origin at some length. The
theories advanced base the plasticity of the clay on one or more of the
following causes:

(a) Mblecular attraction between the particles.

(b) Presence of chemical or combined water.

(c¢) Fineness of grain.
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(d) Shape of the clay or kaolinite particles. '

(e) Presence of non-crystalline inorganic compounds or colloids.

(f) Presence of adsorbed salts. This may be regarded as one
phase of (e).

(a) The Molecular Attraction Theory.

This theory briefly stated is: in the wet condition the clay is plastic
because the molecular attraction between the grains is sufficient to act
through the film of water which separates them and to .hold them in a
definitely shaped mass; further, the molecular attraction qf the clay
molecules for those of the water renders the water film viscous, a:nd
causes it to act as a Jubricant allowing the clay particles free motion
with respect to each other. When the clay dries the removal of the
waber from between the grains allows them to come closer together
thus increasing the force of the molecular attraction. rIjhis accounts
for the greater tensile strength of the clay in the dry condition.

The theory supposes that the strength of the molecular attraction
varies with the composition of the molecule, so as to account for the
difference of plasticity in primary and secondary clays. This reasoning
ig evidently closely related to the fineness of grain theory as the grains
must be very small for the molecular attraction to act between them
with sufficient force to produce the observed effects.

- This theory of molecular attraction has been worked out most com-
pletely by Grout!, who has proved in the case of the fine-grained clays
that the molecular attraction is more than sufficient to hold the amount
of water necessary to develop plasticity. Purdy? summarizes Grout’s
arguments as follows:

“1.  Attraction varies with the nature of the grainms, i. e. their
chemical constitution, or in other words, molecular structure.

“2. Tilms become viscous as a result of molecular attraction, the
more strongly attracted film being the more viscous.
“8. Organic colloids increase plasticity by rendering the water

film viscous.

“4. The tendency for tensile strength to vary with plasticity is
explained by molecular attraction between grains.

“5. Change in viscosity or in thickness of film is beyond the re-
gion of experiment.”

1. Jour. Am. Chem. Soec., Vol. XXVII, No. 9, Sept, 1905, and West Vir-
ginla Geol. Survey. Vol III, 1905.
2, 111, State Geol. Survey, Bull. No, IX, 1908, p. 179.
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Purdy makes the objection that if other than the finest grained
clays are taken, the amount of water, which can be held by molecular
attraction, is much less than that required to develop plasticity. This
is shown by determining the fineness of grain by mechanical analysis
and calculating the amount held by the particles hy the law of mole-
cular attraction. Only one clay of several to which the scheme was

applied showed a calculated amount of water sufficient to develop
plasticity.

(b) Chemical or Combined Water,

Since kaolin is a hydrous aluminum silicale, and since when the
chemical water is driven off by heat, the plasticity of the clay is de-
stroyed and cannot be restored, it has heen suggested the combined
water is the source of the plasticity. 1f this were the case, however,
other hydrous aluminum silicates and other minerals containing com-
bined water should develop plasticity. Iixperiments have been per-
formed by many investigators and none of these hydrous minerals have
developed true plaslicity. Wheelert obtained phasticity in brucite, the
hydrate of magnesia, by fine grinding, but Cushman? failed to obtain
similar results with the same mineral, Crystallized gypsum, hydrous
caleium, sulphate, also becomes plastic when ground and shows a high
tensile strength when dry, but this'is undoubtedly due in a large meas-
ure to the solution of some of the gypsum in the water and its re-
crystallization when the water evaporates.

From all the evidence it seems that the presence of combined water
cannot be the prime cause of plasticity and that the destruction of
plasticity with the loss of the comhined water is not due to the loss of

the water but to other changes that take place at about the same tem-
perature, '

(¢) The Fineness of Grain Theory.

‘This theory has arisen from the fact that in the mechanical analy-
sis the finer material is reported as clay substance while the coarser is
reported as sand. Since the plasticity of the fine material greatly
exceeds that of the coarser it was supposed that it was due primarily to
the fincness of grain. Iiowever, it has been proved that the coarser
materials contain much clay matter not disintegrated by the process
of mechanical analysis. When this coarser material is ground in a
mortar or when il is worked and kneaded it develops plasticity. This

1. Mo. Geol. Survey, Vol. XI.
2. Trans. Am. Cer. Soc., Vol. VI, 1904,
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seefns to strengthen the idea that the plasticity is due to the finencss
of grain, but, as will be shown later, it probably only brings about
conditions in which the real cause may come into play.

The strongest argument against the theory and one that seems
to prove conclusively that fineness of grain alone cannot cause plasticity
is that materials other than clays, no matter how finely ground, do
not develop true plasticity. Glass has been ground so fine that it re-
mained suspended in water for several hours and yet when collected
show no plasticity. Similar experiments have been tried with many
other substances but only in kaolinite substances is true plasticity de-
veloped. Although the finer grained clays are usually the more plastic
and although clays are usually rendered more plastic by fine grinding,
the fact that there are many exceptions to both rules seems to prove
that fineness of grain is not the sole cause of plasticity but is a con-
ditioning factor.

(d) Plate Structure Theory.

1t has long been recognized that clays are partially made up of
particles having a plate like or lamellar form. Owing to the extremely
small size of these plates their mineralogical character cannot be de-
termined even with the highest powers of the microscope, but it has
been assumed that these plate like particles are kaolinite and that the
other particles, which are too small to show definite shape under the
microscope, still possess the plate structure. In many cases, however,
it is probable that the plates are micaceous.

The adherents of this theory hold that particles having this shape
would move over each other with less resistance and would also lie
closer to each other and thus produce a greater molecular attraction
than they would if the grains were angular or spherical. It has heen ob-
gerved that the more plastic clays had a greater percentage of the plate-
like particles and that the particles were smaller than in the less plastic
clays.

Wheeler! has also shown that minerals possessing a plate-like
structure, such as feldspars, gypsum, calcite or slate when finely ground
developed some plasticity and possessed considerable strength when
dried.

In the case of the calcite and gypsum part of this strength, as
already mentioned, is due to the slight solubility of the substance.and "

1. Mo. Geol, Survey, Vol XI.
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to the formation of interlocking crystals as the water dries out. The
feldspars must be ground wet to develop plasticity! as dry ground
feldspar simply wetted is not plastic. The water in which the feldspar
is ground becomes alkaline, showing that chemical changes take place
during the grinding. The resulting plasticity may be due more largely
to the nature of the substances resulting from these changes than to
the plate structure of the feldspars. Slate is itself a consolidated clay
and the grinding probably restores it to its original condition. 1t may
be that the plate structure of the particles increase the plasticity and.
that the presence of angular grains lessens it, but it is not apparent
that plates themselves are the principal cause of plasticity. From these
considerations it seems that the plate structure is, like the fineness of
grain, a condibioning factor rather than the cause of plasticity, and
that the wearing down of angular or spherical grains to plates has ac-
companied the building up of another condition which will be con-
sidered in the following paragraphs.

{e) The Colloidal Theory?2,

This theory holds that the plasticity of clays is due to the presence

of non-crystalline substances which form a coating over each of the
clay particles.

~ The presence of colloids in elays was first shown by Schloesing,
In 1874. He removed the carbonates by digestion with weak hydro-
chloric acid and washing, and then observed the portions that settled
in different lengths of time. He found that at the end of 27 days
0.69 grams out of a sample of 40 grams remained in suspension. When
this matter had stood 29 hours after being precipitated, it occupied a
volume of 146 c¢. c. When dried over caleium chloride it became a
“broken film, horny, slightly translucent, adhering strongly to the
porcelain.”  There was very little cohesion in the other portions of the

sample. Similar results have been attained many times since by dif-
ferent investigators. '

Nature and Forms of Colloids.

. Colloids are non-crystalline or amorphous hbodies. They may be
either organic or inorganic ; examples of the first sort are gelatine, glue,
and humic acids; of the second are hydrated silicates, silicic acid, and

1. Cushman, A. S, Trans. Am. Cer. Soc.. Vol. VI, 1904.

% For the most complete reviews of the literature on this theory see
Bull. 388, U. 8. Geol. Survey, by Harrlson Everett Ashley. '

3. The Constlitution of Clays, Compt. Rend.. Vol. 79. 1874.
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water glass. Bodies ordinarily crystalline may take om colloidal form
and those ordinarily colloidal may crystallize.

Colloids may exist in one of two conditions: (1) the sol, a homo-
geneous suspension in a liquid, (2) the gel, a continuous jelly with
pore walls and pores filled with liquid. In some colloids these two

. forms are reversible and the colloid may pass from one to another and

back any number of times. The process of changing from sol to gel
i8 called coagulation and from gel to sol is deflocculation. An example
of a reversible colloid is ordinary gelatine, which will change from the
gel to sol form on heating and back to the gel form cooling any num-
ber of times.

Irreversible colloids are those, which may pa,ssvfrom sol to gel, but
which cannot be made to resume the sol form. This process is called
setting and the result is a set gel. :

Ashley! mentions the following colloids as occurring in clays:
hydrated, gelatinous aluminum silicates; gelatinous silicic acid; organic
colloids; hydrated ferric oxide, and, rarely, aluminum hydrate.

On- drying, colloids decrease greatly in bulk, yet still retain their
sponge-like structure and some water. The latter can be driven off by
heating, but is again taken up on cooling. This accounts for the hygro-
scopic water of clays. '

Application of the Colloidal Theory to the Behavior of Clays.

Bleininger! in working on methods for the utilization of the very
plastic joint clays of Illinois found that the plasticity and shrinkage
were greatly decreased by heating the clay at 200° to 300°C. for some
time before making up. This may be explained by supposing that some
of the colloids are “set” while others are unaffected at this temperature.
Such a temperature is not sufficient to drive off any-of the combined
water or fo cause any chemical change in the clay, and it certainly
cannot affect either the fineness of grain or the plate structure in any
way.

If the colloid is dried and then subjected to great pressure the
moisture ordinarily retained in the pores is driven out. The water is
taken up again very slowly just as a sponge that becomes perfectly
dry must be immersed and: “worked” in a liquid before it will absorb it.

1. U. S. Geol. Survey, Bull. 388, p. 9.
1. Uni. of Ill. Bull, Vol. VI, No. 25, 1909.
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This is supposed to be the case of the flint fire clays. They have been
consolidated under such pressure that the water ordinarily remaining
in the colloids is pressed out and is not readily taken on again. The
theory is strengthened by the fact that flint fire clays will become
plastic if ground in water for a sufficiently long time. Another fact
hearing on this theory is that feldspar if ground dry and then made
wet shows very little plasticity, while if ground in water it develops
true plasticity. In the latter case the water acting on the finely ground
feldspar for some time forms a hydrated silicate or silicic acid in the
colloidal form. :

The ageing of clays for use in some industries also illustrates this
point. 'The clay used for making glass pots is pugged carefully, thrown
into pits and tramped in, then allowed to stand for months to develop
its hest plasticity. It is well known that shales allowed to weather are
usually more plastic than when brought fresh from the bank.

The colloids of clay are irreversible, that is, when they take on
the gel form they cannot be turned back into the sol. ‘I'iis change.
from the sol to the set gel is supposed to take place at about the tem-
perature at which the combined water is given off. This explains why
clays heated ahove that temperature lose their plasticily and cannot re-
gain it. Tt is diffienlt to see how heating the clay to this temperature
could change the fineness of grain or plate structure or molecular at-
traction as to totally destroy the plastie properties.

On the whole, the trend of research in the past few years scems
to show that the prime cause of plasticily in elays is the presence of
colloids.  The fineness of grain and plate strueture may he importam
conditioning factors since hesides increasing the moleeular attraction.
they would regulate the amount of surface to be covered by colloids
and consequently the amount of water with adsorhed salts which can
he held by the clay. The fineness of grain js also a measure of the
amount of mechanical disintegralion which the clay has undergone.
The greater part of this disintegration has taken place in the presence
of water, the condition which iz favorable for the production of the

colloidal forms of the aluminum silicates and the gelatinous silicie
acids. '

The mineral substances. which easily take on the collodial form,
are hydrated compounds. This fact may account for the theory that
the presence of chemical water is the cause of plasticity. However, as
has been already mentioned, many hydrated compcunds, those which

’
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do not readily pass into the colloidal form, do not dévelop' plasticity
e. g. brucite, analeite and thomsonite.

(f) The Adsorption Theory.

Adsorption is that property of clays and other colloidal substances
whicK enables them to take crystalline salts from solutions and hold
these salts in themselves with such tenacity as to prevent their being
washed out with water. It is this property which enables soils to hold
the ammonia, phosphate, ete., from being washed away before it is
given up as demanded by plant growth.

All clays contain appreciable quantitiss of adsorbed salts. As is
well known, the presence of salts renders water more viscous and it
is believed by many that these adsorbed salts increase the viscosity of
the water films surrounding the clay particles to such an extent that
it is true cause of plasticity.

The theory that adsorbed salts cause plasticity is closely related
to the colloidal theory, since it is the colloidal substances which possess
the power of adsorption.

Measures of Plasticity.

The ordinary way of judging of the plasticity of clay is by the
feel of the wet material between the fingers. This method is in con-
tinual use in practice, hut unfortunately gives no definite standard
for the comparison of . different clays.

Some experimenters have undertaken to show that the tensile
strength of the dry clay is directly proportional to the plasticity. This
is true in general, but there are many instances where a moderately
plastic clay will give abnormally high tensile strength and very plastic
clays will give lower values than would be expected. The latter may
be due to the great shrinkage of very plastic clays and consequent
tendency to crack in drying. ‘

Ladd! used an arrangement consisting of two sheet iron troughs
with perforated bottoms through the icenter of which are test-tube
brushes. The troughs, which are mounted on wheels, are brought so
the brushes touch and then clay is sifted on the wet brushes until a
bar is formed. The pull necessary to break the bar is measured by
weights attached to a pan connected to one of the troughs. This

1. Clays of Georgia, p. 52.
3G S
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method takes no account of the amount of water added and is of little
value for this reason.

Ashley? has worked out a method of measuring the colloid mat-
ter of clay by the adsorption of dyes, (malachite green.) He found
that the plasticity of high grade clays varied with the colloid matter
present. 'This has not been tried on the impure brick and tile clays.

Bleininger® has investigated the viscosity of slips made by mixing
different percentages of clay and water. He found that the addition
of very small amounts of clay actually decreased the viscosity of the
water, but further additions increased the viscosity. "The rate of in-
crease in viscosity depends upon the plasticity of the clay, i. e. the ad-
dition of a given amount of a plastic clay will cause a greater viscosity
than the addition of an equal amount of a less plastic clay. This prop-
erty, when fully’ worked out may give a definite standard for the com-
parison of the plasticity of different clays but so far this has not been
done.

Grout! considers plasticity as involving two variable factors: (1)
Amount of possible flow before rupture and (2) Resistance to flow or
deformation.

In determining plasticity the clay was mixed, tempered and forced
through a cylindrical die 2 ¢. m. in diameter, and cut into 5 e. m.
lengths.- These cylinders were placed vertically under a movable plate
capable of being loaded with weights as desired. The amount of weight
(in 100 grams) necessary to shorten the cylinder one-half centimeter
was taken as the factor representing the resistance to flow or deforma-
tion. The compression was continued until cracks at about 45° from
the vertical axis appeared and the weight (in 100 grams) necessary
to produce the cracks was taken as the mcasure of amount of possible
flow before rupture. The product of the two factors represented the
measure of plasticity. By this method the clays of West Virginia were
found to have plasticities of from 1 to 30.

SPECIFIC GRAVITY,

If the specific gravity of a lump of clay is taken as a whole, it is
evident that it will vary with the method of formation of the lump,
the degree of saturation, ete. Specific gravity taken of the clay lump

2. U. 8. Geol. Survey, Bull, 388, 1909,
3. Trans. Am, Cer. Soc., Vol. 10, 1908.
1. W, Va, Geol. Survey, Vol. III, 1905, p. 41.
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is called the apparent specific gravity. If the specific gravity of the
particles themselves is taken the result is the true specific gravity.. The
apparent specific gravity- of a piece of dry clay is equal to the weight
divided by the volume. ’

There are several methods of determining the true specific gravity.
The following method is used in the laboratory of the clay products
division of the Bureau of Standards at Pittsburg, Pa.

Heat the clay (screened through 10 mesh sieve) at 100°C. for one
and one-half hours, and weigh out 50 gr. in a closed cylinder.

Determine the weight of dry Kjeldahl flask, with a mark on the
neck to show volume of about 150 c. ¢. and with a wire to attach it to
the balance. Fill with water up to the mark, take temperature and
weigh.

Put 50 grams of clay slowly into the flask one-half filled with
water. Attach the flask to a suction (Bunsen pump) and boil the con-
tents for five minutes by immersing the flask in a beaker of warm
water. Cool under tap and fill up to mark with cold water. Dry the
outside of the flask carefully and weigh. Take the temperature of the
water immediately after weighing.

Calculations. Weight of (flask450 gr. of clay+water)—(weight
of flask--50 gr. of clay) =weight water required to fill flask to mark
when clay is present=(a). (Weight of flaskJ-water to mark)—
(weight of flask) =weight water required to fill flask to mark=(b). (a)
and (b) after corrections for temperature may be regarded as volumes
of water. Then b-—a equals the true volume of the clay particles—
Call this e.

50 :
—=sp gr. of clay.
c

The apparent specific gravity is usually regarded as having no
value in indicating any of.the working properties of a clay. The true
specific gravity has not yet been definitely correlated with any of the
working properties, but it is used in calculations for other properties
and serves as a check on other determinations.

b—a=—c¢

TENSILE STRENGTH.

The tensile strength tests on clays are valuable as indicating the
amount of cohesion between the clay particles in the dry condition.
Upon this property depends the resistance of the dry clay to crumbling,



36 OKLAHOMA GEOLOGICAL SURVEY.

to rubbing off, to breaking when handled and to pressure when set in
kilns. -

The test is usually made by forming briquettes in the molds used
for making cement briquettes. These molds are filled by pressing in
the stilf clay with the fingers and striking the surface level with a
knife or wire. A second method! consists in mixing the clay to a thick
slip and pouring on a plaster slab. When it has dried to the consist-
ency of stiff mud it is cut into briquettes by a thin cutter, similar to
a biscuit cutter, and pressed into the briquette molds by a plunger.
This method does away with much of the variation due to the personal
factor in the first method.

After being dried the briquettes are broken in a Fairbanks Tensile
Strength Machine, and the tensile strength recorded in pounds per
square inch.

No tensile strength tests were made on the Oklahoma clays.

DRYING SHRINKAGE,

The water, which is taken up by a clay when it becomes plastic
(water of plasticity), may be regarded as being in two conditions, (1)
pore water or the water which fills the pores existing in the dry clay,
and (8) shrinkage water or the water that forms films around the
grains of ‘the clay separating them from ecach other. In drying the
water is evaporated from the exposed surfaces and the grains move
closer together. 'The water moves outward from the interior of the
pieces of ware through the pore system and is evaporated from the sur-
face. "Lhe condensation or shrinkage of the clay will continue as long
as there is any water between the grains. After all the shrinkage
water is removed, the pore water is slowly removed by evaporation
from the surface and outward movement from the interior through the
capillary pore system.

The amount of shrinkage, which takes place in a clay in drying.
is important in several respeets. The dies and molds used in forming
the ware must be large enough to allow the shrinkage (both in drying
- and burning) to take place and still have the product of the desired
size. The energy and time required to evaporate the water in the pro-
cess of drying are very important items. Fxcessive shrinkage is us-
ually accompanied by warping or cracking of the ware. This feature

JES—

1. M. Geol. Survey, Bull, No. 8. —, 163.
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may be so pronounced as to render a clay altogether useless for manu-
facturing purposes.

The amount of shrinkage of a clay depends on the amount of
water required to make it plastic, which in turn depends largely upon
the fineness of grain and the amount of colloidal matter present. The
extremely plastie, fine-grained clays may require water equivalent to
30 per cent of the weight of the dry clay to make it sufficiently plastic
to work, while coarsely ground shales and very sandy clays may re-
quire only 12 to 15 per cent or even less.

Measurement of The Linear Drying Shrinkage.

The linear drying shrinkage may be determined by measuring the
length of dry pieces or briquettes in the wet and dry conditions, or
by making marks a definite distance apart on the wet pieces and meas-
uring the distance between the marks when the pieces are dried.

The drying shrinkage is then calculated by the following formula:
Linear drying shrinkage in per cent of wet length—
100 (Wet length—dry length)
wet length. '
Linear drying shrinkage in per cent of dry length—
100 (Wet length—dry length)
dry length
The linear drying shrinkage varies from 12 to 13 per cent of the
wet length in very plastic clays to practicaily zero in very sandy clays.

Measurement of Volume Drying Shrinkage.

The volume dl;ying shrinkage may be calculated from the linear
shrinkage.

The following table gives the calculated volume shrinkage when
the linear shrinkage is determined:

%V.S. For..1% L. S.

%L.S. - %V.S. For. 1% L. 8.% L. S.

1 2.97 285 9 24.64 246
2 5.88 285 10 27.10 24
3 8.13 28 11 29.50 235
4 1153 213 12 31.85 230
5 14.26 268 13 34.15
6 16.94 262 14 36.36
7 19.56 256 15 38.25
8 22.08 25%
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The third cohunn gives the correction to be added to the volume

shrinkage for cach .1 per cent of linear shrinkage in excess of the
lower number e. g.

8.7 per cent. linear shrinkage=—=22.08-- (7 times .252)=23.84 per
cent. volume shriukage. The table can be used only in calculating the
volume shrinkage in per cent. of the we¢ volume when the linear shrink-
age is given as per cent. of the wet length.

For the ordinary purposes the method of calculating the volume
shrinkage from the linear shrinkage is sulficiently accurate, but, since
any mechanical error in determining the lincar shrinkage is increased
by the ecalculation, the calenlated volume shrinkage may vary somewhat
from the true volume shrinkage. Where the true volume is desired it
is determined by displacement of some liquid as follows:

The apparatus nsed for this determination
is the Seger Volumeter (fig. 20). “The volu-
meter consists of a glass jar with a capacity
of about four litres, having a broad mouth
closed with a ground glass stopper. Through
the center of the stopper is a ciriular opening
into which fits the ground end of a short glass
tube. The latter expands into a hulb a few
inches ahove the stopper and is again contract-
ed to small diameter heyond the bulb. The in-
terior of the jar is thus open to the outside
through ihis small tube, into which the liquid
will rise when the jar is filled. Near the base
of the jar is a glass stop cock, connected ahove
with a long buretle graduated to tonths of a
cubic centimeter of 125 cubic centimeters ca-
pacity. The upper end of the burctte expands
to a hully that serves as a veservoir for the
liquid when drawn upward through the burette.
To the bhent portion of the tube above the bulb
is conneeted rubber tubing of convenient length
to use in drawing the liquid into the burette.
On the glass tube inserted in the stopper of
the jar, just heneath the expanded portion, at
the level of the zero in the graduations on the
burctte is a mark. When the stop cock in the
lower part of the burette is open and the jar is filled with liquid up to

Fig. 2. Seger Volumeter.

(1) By permission of Iowa Geol, Survey.
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the mark on the small glass tube, the liquid will stand at the zero
point in the burette.”® :

To use the volumeter the jar is filled with water (in the case .
of substances dissolved or disintegrated by water some liquid hy “.lhl(.:h
they are not affected must be used) to the zero marks. The liquid
is then drawn by suction through the burette into the bulb s_lt the top
and the stop cock closed. The stopper:is removed, and the piece whose
volume is to be determined is placed in the jar, care being taken not to
splash out any of the liquid. The stopper is replaced an'd .the stop cock
opened allowing the liquid to flow back into the jar until it reaches the
zero mark on the tube above the stopper and the stop cock closed. The
amount of liquid remaining in the burette represents the volume which
has been displaced by the piece introduced into the jar and can be read
directly from the graduations on the burettes.

Where the pieces are larger than 125 c. c. some of the liquid m}lst
be drawn from the burette through the lower stop cock into a measuring
flask or graduated cylinder, so as to bring the top of the liquid column
down into the graduated portion of the burette so it can be read. The
number of cubic centimeters drawn off is then added to the burette
reading to determine the volume.

- Water may be used for determining the volume of  burned cla)j,
but for the wet or dry pieces some other liquid, usually ker'osene, is
used. In any case the pieces, whose volume is to be determined, are
soaked in the liquid used for a sufficiently long time to fill the pore
space so that there will be no absorption of the liquid in the volu.meter.
After the wet and dry volumes have been obtained the volume shrinkage
is determined in the same manner as the linear shrinkage.

Vol. Shrinkage in per eent. of wet vol.=100 (wet vol.—dry vol.)
wet vol.

Vol. Shrinkage in per cent. of'dry vol.=100 (wet vol.—dry vol.)
dry vol.

Cracking in drying. The removal of the water from between the -
grains of the clay and the consequent condensation and shrin.k.age sets
up a stress as the clay trys to adapt itself to the new condition. If
the shrinkage water be large in amount and the shrinkage very g.'reat
the strain may be sufficient to cause warping or cracking of the pieces
of ware. The cracks in stiff mud ware show along the lines of lamina-

(2) Beyer and Willlams, Iowa Geol. Survey, Vol. XIV, p, 108, 1903.
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tion produced by the auger machine, but in some clays a cube-like strue-
ture is developed by the ruptures. Naturally the tendency toward
cracking in drying is much greater in very plastic clays than in those
which are less plastic.

The remedies for cracking fall into two divisions: (1) to allow
the clay to adjust itself to the excessive shrinkage by drying it at a
very slow rate; (2) to change the nature of the clay by adding non-
plastic substances or by heating.

Various methods aré used to reduce the rate of drying such as con-
ducting the drying in closed rooms, and keeping the ware covered with
wet cloths. The amount of retardation of the rate of drying is neces-
sarily governed by the tendency of the particular clay to crack and the
kind of ware being produced.

Sand or other mon-plastic material may be added to decrease the
shrinkage and consequent cracking. Sand is very often added to the
clay in the manufacture of soft mud hrick. Saw-dust or coal dust
may bhe added to clays used for terra-cottn lumber—both to reduce the
shrinkage and to produce a porous body in the burned ware.

Bleininger and Layman! in working with the plastic joint clays of
Hlinois found that the plasticity, shrinkage and amount of cracking
were greatly reduced by subjecting the clay to'a temperature of 200°
to 300°C. for a few hours. This process could be used for almost any
of the extremely plastic clays although further work has shown that
all clays do not respond equally to the treatment. By installing rotary
dryers clay could be dried at the temperature required at a cost of
10 to 15 cents per ton of bank clay. 'This increased cost of produc-
tion will prohibit the use of this preliminary treatment in localities
where it is possible to procure clays which may be worked without it.

BONDING POWER,

This is the property of clay which enables it to hold non-plastic
material and render the whole mass plastic. The more plastic clays
usually have greater bonding power; but there are some exceptions.
The bonding power of a clay is very important in some industries, es-
pecially the manufacture of fire brick, and of some other refractory
wares as the clay must hold large quantities of non-plastic, relractory
material. There is no method of testing the bonding power of a clay
except simply trying it by mixing it with non-plastic material and de
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termining the amount that can be added without reducing the plasticity
below the point where the ware can be handled with safety.

.POROSITY.

The amount of pore space in the raw clay has been considered by
different authorities as giving evidence of the fineness of grain, amount
of water required to develop plasticity, rate of drying, ete., but the data
collected do not show any constant relation between the porosity and
any of the other properties. It seems that the size of the pores as “.'ell
as the total amount of space occupied by them has an important bearing
on the drying properties, but this feature has not been determined ex-
perimentally. ’ :

Tfor example, if two clays contained an equal percentage of pore
space, the space in one may be distributed as a vast number of almost
microscopic openings between the grains while in the other clay the
pores might be smaller in number but the individual pores relatively
larger. The working and drying properties of the two clays would of
course be very different.

The porosity may be obtained in three ways! (1) By Volun}ete.r.
The briquette of dry clay is thoroughly saturated in oil or some hquld
which does not attack the clay and the volume determined. "The weight
of the briquette is determined before and after saturation. Then per
cent of porosity—100 ﬂ__\]?-)i— where W=weight of saturated bri-
quette, D=weight of dry hriquette, S—density of saturating liquid, and
V=volume of briquette as determined in the volumeter.

(%) By the chemical balance. The dry briquette is weighed, then
saturated with a liquid which does not affect it and the weight of the
saturated briquette and of the briquette suspended in the same liquid
are taken.

. (W—D)

Then per cent. of porosity—100 where W=—saturated

(W—S)
weight, D=the dry weight, and S—the suspended weight of the
briquette.

(3) By calculation from the true specific gravity of the clay and
the weight and volume of the dry briquette.

1. University of II, Bull, Vol. VI, No. 25. 1909.

1. Purdy, R. C, Ill. Geol, Survey, Bull. No, 9, pp 141-142.
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Dry weight

Sp. Gr. (true)

Volume of pore space {Vp)=Vol. of briquette (Vi.)—Vol. of clay
particles (V.).

The true volume of the clay particles=

VvV \" —\'c .
Per cent of pore space = 100 %ii;: 100 ( EVb) : -
(1—V.) Dry weight
U—ve Vee=—t TR
100 Ve where Sp. Gr.

Since it has been found that the porosity of the raw clay does not
give any definite indication as to its working or drying qualities it was
not deemed necessary to make the determination upon the clays tested
for this report.

SLAKING.

1t a lumnp of surface clay be placed in water it almost immediately
crumbles into a shapeless mass. This is called slaking. Shales algo
slake, but usually require a much longer time. Indurated shales and
flint fire clays may not slake appreciably in the time allowed for labor-
atory experiments. The rate of slaking may be taken as an index
of the amount of grinding and working necessary to develop plasticity,
the clays that slake faster being more easily prepared.

FINENESS OF GRAIN.

By fineness of grain is meant the size of the mineral particles as
they oceur in the clay. The different sizes of the particles and the
proportion in which they are present is determined by mechanical analy-
sis.

In mechanical analysis the particles of different sizes are sep-
arated by onme of three methods. In any of these processes the clay
is previously disintegrated by prolonged shaking in water.

(1) The length of time required for particles of a goven size to
settle after the clay has been thoroughly stirred up with water is deter-
mined. A sample of the clay is then stirred up with water and al-
lowed to stand until the coarser particles have settled to the bottom.
The supernatant liquid with the finer particles is then poured off and
allowed to settle for another period of time and the process repeated
until the clay is divided into the number of divisions required.

(2) 'The sample is placed in a can and a current of water, which
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will carry out the smallest particles, is passed through the can from
the bottom. After the particles of the smallest size are washed out and
collected, the current of water is increasel to the rate required to carry
out the next larger size of particles and so on.

(8) The sample is mixed with water and placed in a test tube
in a centrifugal machine and rotated at a rate sufficient to throw out
the largest size of particles. The liquid with the smaller particles. in
suspension is poured into another tube and rotated at a rate sufficient
to throw down the next larger size and so on.

The clay may be divided into any number of divisions wit}.x refer-
ence to the size of the particles, but the following classification is often
followed.:

Particles from .00 to .005 m.m.=clay.
> ” 005 to .02 m.m.=silt.
> 02 to .15 m.m.=fine sand.
»? » 15 to 5.0 m.m.=—=coarse sand.
Above 5.0 m.m.—=gravel.

While all the particles less than .005 m.m. in diameter are re.p(?r’.ce('i
as clay substance there is always considerable fine sand in this division
and there is also some clay in the coarser divisions.

The fineness of grain of clay is closely related to many of its
working and burning qualities such as plasticity, porosity and rate of
drying, tensile strength, shrinkage and warping or cracking, tempera-
ture of fusion and vitrification range. Other things being equal, the
finer grained the clay, the more water is required to make it plastic,
and the smaller is the pore space. This causes a greater shrinkage in
the fine-grained clays and a slower rate of drying as the water can only
move out through the small pores very slowly. The surface dries rapid-
ly and contracts around the wet interior causing considerable strain
and tendency to warp and crack.  The finer grained clays, however,
possess a greater inherent strength than the coarser grained clays and
this may be sufficient to overcome the tendency toward cracking.

The finer grained clays heat up more rapidly in the kiln and also
melt more rapidly, since the different minerals in the finely divided
condition can exert a greater fluxing action upon each other than when
they occur in larger pieces. This fact renders the finer grained clays
harder to oxidize. The interchange of the gases formed in the in-
terior of the ware (carbon dioxide and water vapor) and the oxygen
bearing kiln gas can only proceed slowly through the fine pores and
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the surface is liable to vitrify and close the pores completely beforq
the process is complete, and thus produce “black coring.”

In view of the close relation between the fineness of grain and
the working and burning properties, the mechanical analysis very often
gives valuable indication of the behavior of the clay. "The actual work
ing behavior in commercial processes however, is likely to be consider

CHAPTER IV.

ably different from those indicated by the mechancal analysis, probabli THE CHEMICAL AND PHYSICAL CHANGES

due to the fact that the disintegration in preparation for mechanica
analysis, is much more complete than is accomplished in the prepara
tion of the clay in pug mills or wet pans. In the latter process ag
gregates of small particles may remain cemented together and act =
large particles, that in the mechanical analysis would be separated and
reported as finer material.

Since the tests made upon the clays for this report consisted i
a determination of the actual working and properties, it was not cor
sidered mecessary to make mechanical analyses.

FEEL.

By the feel of the dry clay the approximate amount of coarsu
sand present may be determined. By testing hetween the teeth th
presence of fine sand also becomes apparent. X
of the wet clay can be told by the feel of the plastic mass between the
fingers. 'This is the only test used by the experienced clay worker i
tell when the clay is ready for the machine.

COLOR.

The colors of clays grade from pure white through grays and pink
to blacks and reds. 'The principal coloring matter of clays is iron i
some form. The gray, green and black shales usually contain the fer
rous forms of iron, while the reds contain the ferric form. The blacki
and even some of the reds, are due to the presence of organic mattei
which masks the color due to the iron,

While it is occasioally possible to prophesy the burned color fron
the color in the raw state, it cannot be done accurately ; the color afte
burning usually has no relation {o that of the raw clay.

The working qualitie _interpolated stages due to variations of conditions in burning, as re-

IN THE BURNING OF CLAYS"

CHEMICAL CHANGES IN BURNING OF CLAYS.

INTRODUCTION.

"The changes, which clays undergo in burning, take place in three
It is not to be under-
stood that these three stages are distinct and separate from each other
or that these are the only operations that may take place in burning.

stages, dehydration, oxidation and vitrification.

On the contrary oxidation may begin before dehydration is complete

and continue until vitrification has well-advanced. There may also be

duction and reoxidation or “flashing.” Some of these minor reactions
are necessary to successful burning; some seem to have no influence
on the resplt; while others are harmful and are to be avoided as much
as possible. In the following diseussion the effects of the different con-
stituents of the clay on the changes in physical structure, chemical
composition, porosity, hardness, and color of the clays will he noted
as far as possible in the natural order in which they take place in burn-
ing.

THE DEHYDRATION PERIOD.

As defined by Orton! this stage consists in “the dissociation of those
materials which are unstable at high temperatures, and the expulsion
of the volatile portions from the mass of the clay.”

(1) Much of the material for this chapter has been adopted from two
papers,
’ (a) On the role played by iron In the burning of clays. by Prof. Edward
Orton, Jr., Trans, Am. Cer, Coc., Vol. V, 1903.

(b) Pyro-chemical and physical behavior of clays by R. C. Purdy and
J. K. Moore, Uni. of Ill. Bull, Vol. 4, No. 13. 1907. Reprinted from Trans.
‘of Am. Cer. Soc.,, Vol. IX, 1907.

1. Loc. Cit, p. 16-17.
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The reactions are chiefly:

(a) ‘Lxpulsion of hygroscopic water from the clay.

(b) Combustion of carbonaceous matter.

(¢) Distillation of S from pyrites, leaving Fe S.

(d) Dehydration of Kaolinite, Ferric hydroxide and other
hydrous minerals.

(e) Decarbonization of carbonate minerals.

(a) Expulsion of Hygroscopic Water.

Theoretically, this process should take place at the hoiling tem-
perature of water, but, as the water is enclosed in the small pores of
the clays, it takes some time for it to escape, hence the clay usually
reaches a temperature higher than 100°C. before it is all driven out
This action is not important in itself as it affects practically no change
in the properties of the clay, but it may prevent other necessary re
actions from faking place. - As long as the pores of the clay are filled
with the escaping water vapor no oxidation from the gases outside the
ware can take place, nor can the combined water be given off.

If a dry piece and a wet piece of clay be placed together in a kiln
the dry picce rises in temperature much more rapidly than the wet one
duc to the absorption of heat by the vaporization of the water in the
latter. Consequently, the dry piece is better prepared for the next step
when the kiln reaches the proper temperature.

The remedy for all troubles in this stage of burning is to haw
the ware perfectly dry when set in the kiln or to hold the kiln at s
temperature of 100°—150°C. until ample time is given to expel the
hygroscopic water.

(b) Combustion of Carbonaceous Maiter.

The carhonaceous matter of clays may consist of (a) fresh, un
altered organic matter such as rootlets, leaves and stems of plants i
surface clays, or sawdust added to give a porous body or to decress
the shrinkage as in the making of terra cotta, (b) partially decomposel
animal and vegetable matter as in the bituminous or lignitic shales
(c) inorganic carbon minerals such as graphite.

The first class, or woody tissue usually does little harm unles
it is present in considerable quantity. It catches fire and burns at 200'
to 300°C. If it is present to the extent of several per cent., this com-
bustion may take place with suflicient rapidity to supply enouglh hesl
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to raise the temperature of the kiln so rapidly as to cause swelling and
black coring of the ware. Proper care in the firing and regulation of
the air supply will usually prevent, this trouble.

The second class or bituminous matter is solid at ordinary tem-
peratures, but distills at a moderate heat, giving gaseous products which
burn rapidly with intense heat, leaving a residue of coke which must
be burned out later. Naturally the combustion of this material, which
is evenly disseminated through the clays giving the maximum heating
effect, may carry the temperature of the kiln up too rapidly.
and as no oxidation can take place while the pores of the ware are filled
with the gases from this combustion, ‘it is very likely to cause swelling
and black coring. It has been estimated that a clay containing six per
cent. of bituminous matter will furnish one-third of the heat required
to burn it, if this heat could be utilized at the proper periods of burn
ing. The danger of swelling and black coring from this cause is great-
er in. fine-grained than in coarse-grained clays as the latter allow great-
er opportunity for the escape of the gases through the pores. In burn-
ing this sort of clay it is sometimes necessary to stop the firing and shut
off the air supply in order to allow the bituminous matter to burn itself
out without raising the temperature of the kiln past the point of safety.

The third class or graphitic matter seldom gives trouble as it burns
slowly at rather high temperatures and does not often occur in large
quantities in clays or shales. Such material is sometimes mixed with
clay to secure a better distribution of heat in the kiln.

(c) Distillation of Pyrites.

The sulphur of pyrites is driven off in two stages, the first at 400°
to 600°C. leaving the ordinary black iron sulphide, FeS,—FeS-}-S.

The second molecule is driven off at about 900°C. by roasting in
good oxidizing conditions. If proper oxidation cannot take place, this
sulphur is not driven off but the FeS melts to a black slag.

(d) Dehydration. of Hydrous Minerals.

The dehydration of kaolinite takes place at 550° to 650° C. 1t pro-
ceeds quietly and has no effect on the burning behavior except that
Do oxidation can take place until the pores are freed from the water
vapor. IFerric hydroxide and zeolites as well as other hydrated min-
erals may be present, but all lose their water quietly at moderate tem-
peratures,
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(e) Decarbonization of Carbonate Minerals.

Tour carbonate minerals are of common occurrence in clays. These
are calcium carbonate, iron carbonate, magnesium carbonate, and dolo-
mite, the latter is a mixture of caleium or lime and magnesium carbon-
ates. The carbon dioxide is driven off from these compounds at 400°
to 600°C. The principal effect of this action is that the pores of the
clay are filled with the escaping carbon dioxide allowing no oxidation
to take place until said gas is all driven out. The ferrous oxide, which
remains from the destruction of iron carbonate, is very active and com-
bines vigorodusly with oxygen to form ferric oxide. This oxide is re-
sponsible for the color of red burning clays.

The lime remaining from the calcium carbonate is an active flux.
Tt may combine with the iron, masking the red color and producing the
different shades of buff. 'These changes, however, really are part of the
next or oxidation period.

THIE OXIDATION PERIOD.

During this period the unstable compounds set free in the dehydra-
tion period form more stable compounds by absorption of gases from
without the mass.

The formation of the red color of most clays is due to the ahsorp-
tion of oxygen by ferrous oxide forming ferric oxide during this and
the succeeding vitrification stage.

In the pure, white burning clays this stage is of short duration
and is really not a separpte stage, but in the buff and especially in the
red burning clays, it is of great importance to have the mass of clay
thoroughly oxidized before vitrification takes place.

The difficulties, which arise at this stage, are usually due to no
giving sufficient time for the oxidation to take place throughout the
mass before vitrification starts in the outer portions. All the gass
formed during the dehydration period must have time to escape; then
the kiln gases must permeate the clay thoroughly. In dense clays these
processes may take many hours and even two or three days.

After having raised the temperature of the kiln to 900°C. it i
sonietimes necessary to allow the fire to die down in order that the kil
may be filled with hot air, containing a large percentage of oxygen an
a small amount of combustion gases, while the temperature falls to
600°C.
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Orton! gives the following points as effecting the oxidation:

(1)  Mechanical action of the clay itself. The oxygen bearing gases
must circulate through the clay by means of the capillary system of
pore space, established by the water of plasticity, in soft or stiff mud
ware or in the open spaces of dry pressed ware. This requires some
time as the ware is simply lying in the atmosphere containing the oxygen
and there is no diference in pressure to hasten the circulation.

(2)_ Hindrance caused by the evolution of gasa.é. This has already
been pointed out in the discussion of the dehydration period.

(8) The effect of the combustion gases. In the early stages of
burning, up to a temperature of 600° to 800°C., there is a large excess
of air in the gases in the kiln. Above this temperature however, it is
customary to raise the degree of heat rapidly; to do this the air supply
1s cut off. As long as the air supply is large the kiln gases will con-
tain only the products of combustion, i. e. carbon dioxide, water, and
nitrogen, with nitrogen and oxygen from the air. If the supply of air
to the fires be deficient the kiln gases may contain in addition carbon
monoxide, methane, ethylene, carbon disulphide, sulphur dioxide, am-
monia, and hydrogen. All of these are reducing in. their action and
hence use up or counteract much of the oxygen of the air supply be-
fore it can have any oxidizing effect on the ware itself.

(4) The effect of solid reducing agents in the clay. The most
common solid reducing agents are the carbonaceous materials and {lie
ferrous sulphide which remains from the distillation of pyrites. These
take up oxygen from the kiln gases more readily than ferrous oxide
consequently there can be no oxidation of the latter to ferric oxide un-
til the carbon and ferrous sulphide are satisfied.

In very carbonaceous clays the oxidation may take several days,

while in some cases it is almost impossible to bring about complete
oxidation.

(8) The effect of the structure of the ware. Since the oxygen
bearing gases must work their way through the mass of the clay to
bring about oxidation, it is evident that the more open and porous the
structure, the faster the oxidation will take place. Sandy clays very
eeldom, if ever, give trouble in oxidation on account of their open tex-
ture; shales oxidize more easily than surface clays because the latter
grind down finer; with most clays the dry press body is more open

1. Loc, Cit, p. 27. et seq.
4GS
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and porous than the plastic bodies, consequently oxidation takes the
place more readily; side cut brick oxidize more readily than end cut
on account of the direction of the lamination,

THE VITRIFICATION PERIOD.

Strictly speaking, vitrification means the production of a homo-
gencous, "glassy body free from bubbles. This stage is never entirely
reached in clay burning so vitrification is taken to mean the stage at
which the body of the ware is most dense, i. e. at which the porosity
reaches a minimum. The following are the principal changes during
this period.

'Fire Shrinkage.

During this stage the kaolinite condenses or shrinks; the lime
and the alkalies act as fluxes and combine with the other minerals to
form aluminates or silicates. As the temperature increases these com-
pounds decompose and the free silica begins to enter into combination.
The whole stage may be regarded as one of successive chemical changes
tending to the formation of a homogeneous complex silicate mineral
Different minerals have been identified at different stages of vitrifics-
tion, but little work has been done in regard to isolating and naming
them.

Normal Color Changes.

The red burning clays at the beginning of the vitrification period
have a yellowish red or pink color usually called salmon. During viti
fication this color continually deepens and brightens until the bright
dark reds are produced. This red is probably due to a thin film of iron
oxide (Fe,0,) coating the mineral particles. The oxide increases in
dengity with increase of temperature and so causes the gradual deeper
ing of the color. It appears strange that the iron oxide should remais
uncombined at these high temperatures in the presence of active fluxes
but there seems to be no evidence of silicate or aluminate formation;
pure iron oxide undergoes similar color changes with the increase i
temperature.

In this connection it is interesting to note that the red and pink
of the orthoclase feldspars in many granites are due to the presene
of finely divided iron oxide. The conditions are somewhat similar a
though, of course, the temperature at which the granite crystallized w
far higher than that reached in the burning of clay wares and the i
required for cooling was immensely longer. The presence of the irm
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oxide in the feldspar proves howevei‘, that the oxide has the power of
retaining its own identity in the presénce of molten substances with
which it might be supposed it wpuld combine.

Blue Stoning.

Between the stages of complete vitrification and fusion, a decided
color change takes place. The reds change to grays or bluish grays.
The nature of the ware is unaltered except that it is somewhat more
brittle. The cause of this color change which is called “blue stoning,”
is not precisely known, but it seems to be the first stage of the ferrous
silicate formation which takes place on fusion. The iron oxide may
enter into compounds which are again decomposed on complete fusion.
but these compounds have never been isolated.

The above discussion takes for granted that oxidizing conditions
are maintained throughout the burn. If reducing conditions maintain
for any part of the burn the iron oxide is reduced from the ferric to
the ferrous form. This is very active and combines at once to form
ferrous silicate, a bluish green to black substance. This bluing or
blackening proceeds from the surface inwards, the depth reached de-
pending upon the length of time that reducing conditions maintain and
upon the nature of the ware.

If the burn ends with reducing conditions, the silicate color is
the permanent color of the ware. This color is well shown in sewer
pipe in which it is produced by the reducing action of the salt glaze
1f a piece of sewer pipe be hroken, the silicate color is seen to extend
inward from the glazed surfaces, while the middle of the body still
possesses the red ferric oxide color.

Black Coring.

If the ware is not oxidized throughout before vitrification starts
on the surface, a condition results which is known as “black coring.”
This is caused by the evolution of gases in the unoxidized inner por-
tion of the ware while the porosity in the outer vitrified portion is so
low as to render the escape of the gases impossible. In bituminous or
carbonaceous shales the gases may be sufficient in quantity to cause a
pronounced ' swelling and puffing of the ware, and separation of the
vitrified portion from the “black core” leaving a space between them.
In other’cases no deformation is observed and the black coring is shown
only by the color of the broken piece of ware. Even in this case,
however, there is a decided weakening of the material. The only remedy
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for black coring is to allow the kilns to remain at oxidizing conditions
for a sufficently long time to oxidize the pieces completely before any
vitrification takes place. This is, however, commercially impossible
with the more carbonaceous shales.

Puffing or Swelling.

Some clays exhibit puffing and swelling with the development of
a pronounced vesicular structure when they show no evidence of black
coring. This usually oceurs in clays of fine texture that contain sul-
phates or other minerals which decompose at moderate temperatures
with the evolution of gas. Calcium sulphate is probably the most com-
mon cause of this phenomenon. Two of the clays tested by the writer
developed this condition at as low temperatures as cone 04, when made
by the stiff or soft mud process. Pieces made by dry press did not
pufl or become vesicular at cone 02, or cone 1, as the open structure
of the dry press body permitted the escape of the gases as they wern
formed.

Reoxidation or ‘‘Flashing.”

If reducing conditions exist for a part of the burn, but oxidation
again takes place before the end, the process is known as “flashing’
The red color varies considerably from the red produced whon no re
duction takes place, being usually more nearly a chocolate. With some
clays the color produced by flashing is not so pleasing as the origind
color and, consequently, reducing conditions are avoided throughout
the burn. In other clays the “flash” color is more pleasing than th
normal color or is hetter fitted for some especial use and flashing iyi
brought about- purposely by producing reducing conditions, usually b
shutting off the draft, through part of the burn and restoring the
oxidizing conditions at the end of the hurn. The flash color is rendere
brighter and more pronounced by alternate reducing and oxidizing cor
ditions and sometimes the conditions are changed from oxidizing b
reducing and vice versa several times in a single burn.

THE FUSION PERIOD.

This stage is never reached in clay burning except by accident. Vit
rification grades insensibly into fusion and there is no line of demarkatin
between the two stages. In practice fusion is considered to commens
when the ware becomes so viscous as to be pressed out of shape by the
weight of the ware above it. The temperature at which this state d
“viscous vitrification” is reached will depend upon the weight whid
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the ware must carry in the kiln. The bricks at the bottom of a kiln
bear considerable weight and are pressed out of shape at a lower tem-
perature than the ones higher up in the kiln.

Complete fusion is the formation of the homogeneous complex
silicate. It is probably a complex reaction during which considerable
gas is liberated. This gas forms bubbles in the body and the structure
is known as vesicular. Adfter the gas passes off the fused mass is a
glassy substance of dark green color.

THE VITRIFTCATION RANGE.

The vitrification range is the difference in temperature between the
points of “complete” and ‘“viscous” vitrification. Clays containing a
large amount of active fluxes, such as lime, melt very.rapidly and de-
formation takes place almost as soon as vitrification commences. Such
clays are called “unsafe” because it is impossible to bring the coolor
portions of the kiln to vitrification without melting the ware in the
hotter portions. Other clays, containing less fluxing material, melt
very slowly, and have a long vitrification range. These are known as
“safe” clays on account of there being no danger of melting in the hot-
ter parts of the kiln before all the ware is- vitrified.

PHYSICAL CHANGES IN THE BURNING OF CLAYS.

DEHYDRATION PERIOD.

During dehydration the plasticity of the clay is usually destroyed
although in certain instances some plasticity may develop in dehydrated
clays. This loss of plasticity is probably due to the permanent setting
of the colloids in the clay. The apparent specific gravity of the ware
hecomes less, due to the escape of the volatile matter, while the true
specific gravity of the clay substance shows a slight increase from the
same cause. The color in red burning clays usually becomes pink or
aalmon. The porosity is slightly greater than that of the raw clay
while the tensile strength is less than at any other stage of working
and the material is soft and easily powdered. )

OXIDATION PERIOD.

During ozidation there is a very gradual increase in the apparent
epecific gravity, in temsile strength, and hardness, and a correspond-
ing decrease in pore space. "The color darkens to the normal oxidized
color.



54 ORKLAHOMA GEOLOGICAL SURVEY.

As has been said previously, there is no sharply defined limit be-
bween oxidation and vitrification and it is possible that part of these
changes are due to the beginning of vitrification which takes place be-
fore oxidation is complete.

VITRIFICATION PERIOD.

During vitrification there is a gradual condensation with increase
of apparent specific gravity and decrease of porosity. These changes
are due to the gradual melting of the clay substance and consequent
filling up of the open pore space. This shrinkage continues until the
pore space is practically zero or until complete vitrification. Beyond
this point blebs or bubbles begin to form in the glassy substance and
the processes are reversell,”i. e. the specific gravity becomes less, the
pieces increase in size, and the porosity. increases.

These changes are well shown by the following report! of the
microscopical examination of sections of a paving brick shale of which
draw trials were made at several different temperatures:

“Ihin sections of briquettes burned at a low temperature exhibit
under the microscope a very fine-grained, fragmental ground mass, or
matrix, in which are imbedded erystalline and other fragments, which
were present in the original clay. From these materials are developed
at high temperatures amorphous glass and crystals.

“The cavities' beween the particles of a brick may be divided into
two classes:

“(1) Pores, which are present in pieces fired at low temperatures,
due to the incomplete consolidation of the clay. These are the original
interstitial spaces of the unburnt clay.

“(2) Blebs or bubbles, which are formed in the glass at higher
temperatures by the liberation and expansion of gases.

“Pores of the first sort are of small size and irregular outline.
As the temperature increases, and the material of the matrix gradually
fuses into glass, these interstitial spaces tend to disappear.

“Cavities of the sccond sort, which we may for convenience desig-
nate as blebs, are simply gas bubbles in glass. They are circular in
outline and vary greatly in size. They are not present in the bricks

1. C. H. Wegemann, pp. 30 et seq., Uni. of Ill, Bull.,, Vol, IV, No. 13, by,
R. C. Purdy and J. K. Moore : |
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burned at lower temperatures, but appear only after the formation of con-
siderable glass.

DESCRIPTION OF SLIDES

“The R 3 Series. R 3—14. This briquette was drawn at cone 3,
or ahout 1190°C. The color js red. Under the microscope, the earthy
matrix or ground mass is dark brown, the color being due to the pres-
ence of iron oxides.

“The mineral fragments are quartz, feldspar and mica, named ?n
the order of their abundance. They are angular in cutline; the thin
edges being sharply defined.

“(lass has formed to some extent throughout the ground mass, and
in a few instances it has separated out into clear transparent masses,
in several of which blebs appear. The blebs, however, are so few and
go small that the cavities may be considered as made up almost en-
tirely of pores of the first class. As estimated under the microscope, the
porosity is 1.9 per cent. '

R 3—16. Drawn at cone 5, or approximately 1230°C.; color dark
brown. Under the miscroscope the ground mass appears somewhat den-
ser and darker than in R 3—14. The quartz fragments are apparent‘ly
unchanged. The feldspar fragments, however, have disappeared. Mica
is present, but in very small quantity.

“@Flass has been formed in considerable amount. It appears in
clear transparent areas, often 0.1 m. m. in diameter. In some of the
glass, needle-like crystals have begun to form, but ?vhe.re free from
these the glass is colorless. This fact would seem to indicate that but
little iron has entered into its composition.

“Ag above stated, fine needle-like crystals are often present, im-
bedded in the glass. They do not appear to have any definite arrange-
ment with respect to each other, but occur singly or in dense masses.
When viewed singly they are colorless. but when seen in masses, t}.xey
possess a greenish yellow tint, which they impart to the glass in which
they are imbedded. What the crystals are was not determined.

“The iron oxides present in the matrix have become segregated
into dense masses, which, where they transmit light.at all, show the
red of hematite, but no definite crystals are to be seen. Pores of the
first class have disappeared, and blebs in the glass have become numer-
ous and large, their average diameter being 0.066 m. m. The esti-
mated pore space has increased to 4.2 per cent.
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“R 3—18. Drawn at cone 7, or 1270°C. The fragments of quartz
appear unchanged. The earthy ground mass is rapidly fusing into
glass, which has increased greatly in amount over that in the preceding
slide. The fine needle-like crystals are also present in greater number.

“Minute crystals of' ifon oxide are seen, apparently in the form
of rhombohedrons, having slightly concave faces. They do not exceed
0.0014 m. m, in diameter. The blebs have an average diameter of
0.1 m. m. and the pore space has increased to 12.0 per cent.

“R 3—20. Drawn at cone 9, or approximately 1310°C. Quartz
fragments are present as before, but occasionally one is observed the
edges of which have fused into a glass. The needle-like crystals are
everywhere present in the glass, giving to it the yellowish-green tint
mentioned before. The iron oxides appear much the same as in the
last specimen. The blebs are but little changed.

“R 3—22. Drawn at cone 11, or approximately 1350°C. The
earthy matrix has given place entirely to glass.

“Quartz fragments are still present, but thin; their edges have
been rounded by fusion.

“The fine needle-like crystals in the glass have increased greatly
in length, being in some cases 0.03 m. m. long. They exhibit for the
first time a marked tendency to colleet in radiatina clusters. Often
they appear to be attached to the corners of the crystals of iron oxide.
These latter have iffereased in number and size, heing 0.005 m. m. in
diameter. In some cases the individuals unite, forming long serrated
columns,

“Blebs have increased greatly in size, their average diameter being
0.128 m. m. The pore space as estimated from them is 19 per cent.

‘‘Generalized Summary of Changes Observed at Different
Heat Treatments.

Cone 02.—Quartz and feldspar fragments are unchanged.
No blebs are yet formed.
But little glass is developed.
1—No marked change has taken place over cone 02.
Cone 3.—A small amount of glass is developed from the ground mass.
A few blebs appear.
Needle-like crystals are developed in the glass.

Cone
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Cone b5.—Feldspar fragments are fused into glass
Quartz fragments are unchanged.
Blebs increase in number and size.
Minute crystals of iron oxide develop.
Cone 7.—Glass increases in amount.
Blebs increase in number and size.
Quartz fragments are unchanged.
Cone 9.—Quartz fragments begin to fuse in the glass along their edges.
Cone 11.—Ground mass is completely fused into glass.
Some rounded quartz fragments still remain.
Blebs have ‘ncreased remarkably in size and number.
Microlites are more numerous.

It should be borne in mind that this is but a preliminary study.
The number of slides examined is too limited to warrant broad general-
izations.”

SPBECIFIC GRAVITY AND POROSITY CURVES.

The change in volume is also well shown by curves made by plot-
ing the burning temperature in cones on the horizontal axis and the
‘olume fire shrinkage in per cent. of the dry volume upon the vertical
ixis. Iig 3 shows the volume fire shrinkage curve for four Oklahoma
lays of different types.
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Fig. 3. Volume fire shrinkage curves for clays Nos. 12, 38, 137, and 169.

Similar curves may be drawn showing the changes in specific grav-
itv and in porosity. Fig. 4! shows the specific gravity curves of four
typieal 1llinois elays, a No. 1 fire clay, a No. III fire clay, a paving
brick shale and a building brick shale.

1. Figs. 3, 4 and 5 are compiled from Purdy and Moore., Op. Cit,

Temperature expressed in cones.
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The porosity curves for the same clays are shown in fig. 5.

S

9
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USE OF SPECIFIC GRAVITY AND POROSITY CURVES.
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Purdy! regards these curves showing the changes in specific gravity
and porosity with increasing heat treatment as giving the best insight
to the properties of a clay.

On the
1. No.
2. No.
3. No.

basis of use he divides clays into classes as follows:
1 fize clays. 4. Paving brick clays.
2 fire clays. 5. Sewer brick clays.

3 fire clays. 6. Building brick clays.

In testing a large number of clays the porosity and the sp'ecﬁﬁc
gravity curves of the clays in each group fall in well defined limits,
which are shown in the following figures.
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Porosity curves for clays of four types.

All these curves show similar phenomena, i. e. a gradual condenss-

tion with increasing shrinkage, and decreasing specific gravity and

porosity throughout the early stages; a rather sudden change with in-
creased rate when vitrification starts, ihis rate continuing about the

same until fusion sets in, when the curve takes a change in direction o
due to the increased volume and porosity due to fusion. The curve of

course has a greater slope in building brick shales than in paving brick

ghales and a less slope in the fire clays, indicating the rate at which
vitrification takes place.

o
\‘n:‘t"’e
2 & e be | 13 s 3 lo P
Temperalure expressed in cones
Fig. 6. Porosity curves showing limits of areas for fire clays.
1.

See Uni. of Il .ull, Vol. IV, No. 8, and Ill. Geol. Survey Bull, No. 9.
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& toper sajoctary timid, cor specil) ) 1t is to be understood that the clay in any of the higher divisions
] %%b can usually be used for products in the {ower divisions, butgit would sel-
26 % dom be economical to do so on account of the expense in burning. The
QL2 bosrory hirp o h clay in the lower classes cannot be used for the products in the higher
;?j%if% w: 215G ol divisions, e. g. a paving brick clay can be used to make building brick,
25 N\ ’\\( S but a building brick clay cannot be used for paving brick.
\w\( \ \ The curves do not show the relative values of different clays of
’\\1\ \ the same class, for instance, the rattler loss of paving brick cannot be
24 \ - prophesied from the curve, mor can the clays which preserve their
- maximum strength through a wide heat range be distinguished from
\ E those that preserve their maximum strength through a narrow heat
23 . B . | range. '
3 E \ ' The working and drying qualities must also be taken into con-
22 t%; E . sideration in testing a clay by this method. * The burned color and
! E S freedomn from discoloration are also important items of the suitability
;51 3 3 of a clay for some products. Sandy clays give curves which approx-
YR ha N - imate the No. 1 fire clay curves although they could not be used as
§ 3 ;! i fire clays. Clays of this sort can of course be easily distinguished
g R k] \ i by their physical characteristics. ’
. RS .
E 0 lﬁ; ‘:\ ! In spite of these limitations to the use of the specific gravity and
S '% s porosity curves as a practical laboratory test for clays, the fact re-
“;\ % mains that they give a better idea of the properties of a clay than
49 Eg o . any other test yet devised. ‘
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Fig. 9. Specific gravity curves showing lmits of areas for paving brick,
sewer brick and bullding brick clays.
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CHAPTER V,

TECHNOLOGY OF CLAYS

PROSPECTING FOR CLAYS.

The presence of a body of clay or shale may often be shown by its
outcrop. However, owing to the relatively soft nature of the material
and the rapidity with which it weathers, natural outcrops of clay or
ghale are much rarer than those of the harder rocks, such as limestone
or sandstone. It is only in very steep bluils, along streams or in freshly
cut gullies, that natural exposures of shale are likely to be found.

Large bodies of shale have a pronounced effect on the topograply
of a region. '"I'he shale usually occupies valleys or trough-like depres
gions between the ridges formed by the more resistant rocks. So, even
if no outcrop occurs. clay or shale may be expected to be found belov
the soil in such localities. '

The presence of clay may also be indicated by a line of spring,
the clay being almost impervious to water causes it to come to the sur-
face . Ponds also sometimes indicate layers of shale or clay, which
furnish the impervious hottom. Tresh cuts for railroads, sewers o
public highways often reveal clay beds. Wells, cellars and cisterns ar
also excellent means of determining the presence or absence of clay.

After the location of a clay bed is known, the clay should he tested
thoroughly before any attempt is made to develop i: -If the tesh
prove the material to be valuable, the quantity available should be de
termined, either by stripping along the outcrop or by test iwoles a
core drilling. The latter method also detcrmumes the amount of strip
ping or over burden which must Le removed in develoning the deposi

The question of transportation facilities, of fuel and of markd
are of prime importance in the clay industries and should be fully ir
vestigated before attempts at development are made.

WINNING THE RAW MATERIAL.

The method of obtaining the raw material differs with the mod
of occurrence of the clay.
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Shovels and wheel barrows. Surface clays are sometimes handled
by shovels and wheel barrows, but this method is very expensive where
labor is as scarce and commands as high a price as it does in Okla-
homa. '

Plows and scrapers. A more economical method is to plow the
clay loose and to haul it to the plant in wheeled scrapers. 'TI'his method
is probably as advantageous as any where the distance from the clay
bed to the plant is very short. 1t requires only one man to drive the
teams at the loading place and another to load the scrapers for five or
six teams and a third to dump the scrapers. The teams soon learn to
follow beaten paths and require no drivers between the loading and
unloading. The unloading is often done on an elevated platform from
which the clay can be shoveled directly into the pans or disintegrato:s.

Shovels and dump cars. When the haul is tco long or on too steep
a grade for the use of wheeled scrapers to be economical, the clay may
be hauled in side or end dump cars either by horses or by a wire rope
attached to a hoisting drum. These may be loaded by hand shovels
or by a steam shovel, if the thickness of the bed and the output of ihe
plant warrant the outlay for the machine.

11ts. Where there are several types of clay in one deposit the n=ual
method of working ‘is- to dig rather small square pits through the
deposits. Spades resembling ditching spades are used and the material
is thrown out at the mouth of the pit or, if the pit hecome too deep, is
hoisted by a bucket and windlass. This method makes it easv to sep-
arate different kinds of clay in the same bed. There are prohably no
deposits in Oklahoma where this method will he necessary, hut is uced
extensively in the winning of the high grade clays of New Jersey!
where several kinds of clav occur in one bed.

Quarrying. Shale deposits are usually worked by quarrying in
long banks or benches. The siripping is removed and then the mater-
ial is loosened either by blasting or by a steam shovel. If there is lit-
tle or no variation of the clay in the depth of the deposit a face of 40
or 50 feet may be worked, but it is usually more advantageous to work
in benches of 10 to 20 feet.

The loosened shale is loaded by hand labor or by a steam shovel
on to dump cars and havled to the plant. Tf the plant is situated
below the level of the floor of the pit opening the hauling may be done
by gravity. Double tracks are often used so that the weight of the

1. H. Rles. Geol. Survey of New Jersey, vol. VI. pp. 33-35.
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loaded cars may be utilized to pull the empty ones back to the pit. i3
the plant is above the quarry the cars are usually hauled up by 2 hoist
consisting of a drum operated by a clutch. In some plants an electrie
trolley (see fig. 49) or third-rail line with a motor car is used fu
this purpose.

Mining. Underground mining is much more expensive than oper
pit or quarry working and is practiced only in the case of the moe
valuable clays. I'he methods of mining clay do mob differ from thos
employed in mining coal. If the clay outcrops along the side of 1
hill drift mines may be opened from the: outcrop, but if there is o
outcrop available the shaft and tunnel method must be used. The rod
of the tunnel mav be supported by timbering or by leaving pillars ¢
ihe clay at inlervals as is done in conl mining.

High grade elays often occur under or over coal veins and
mined in connection with the coal. In some instances the clay is th
more important and only enough coal is mined to furnish fuel for th
hurning of the clay, or the coal may he disregarded altogether.

PREPARATION OF THE CLAYS.
WASHING.

The higher grade clays such as kaolins and ball clays are ofta
washed to separate the kaolinite from the sand with which it occus
The washing process consists in disintegrating the clay and stirring i
up with water. The sand settles quickly, while the clay remains i
suspension for some time and may he drawn off and allowed to setth
The washing is often done by carrying the clay by means of a stream d
water through a long series of troughs with continually increasing an
in the direction of flow. The increasing area of the troughs causes
current of water to become slower zo that the sand is dropped a
removed ‘by automatic scoops or by shoveling. The clay suspended i
{he water is carried into settling tanks, allowed to settle and the clew
water drawn off. 'The wet clay (slip) is placed in gunny sacks, ad
presséd to remove the remaining water. The pressed cakes are drie
and are ready for market. The vield of washed material is usualt
from 20 per cent. to 50 per cent. of the material as it comes from th
mine.

CRUSIIING AND DISINTEGRATING.

The preparation of ordinary clays consists in breaking it dow
until it will readily take up water and be molded into the desired shey
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Ulays of ordinary hardness ean be prepared by grinding in dry or wet
pans, but the more resistant ones require breaking up before they can
be ground in the pans. Ordinary rock crushers of the jaw or gyratory
types are sometimes used, but owing to the tendency of the clay to pack
and clog the crusher they are successful only in the preparation of flint
fire clays and stony shales. For the somewhat softer clays roll disin-
tegrators are used. The rolls (fig. 10.) may be two or more in num-
ber and may be of the same size and smooth surfaced or may be of differ-
ent sizes and one or both may have projections or raised spirals on ihe
surface. One roll often has a conical shape. When the rolls are
smooth, of the same size and revolve at the same rate the action is
simply a crushing one, but when the rolls revolve at different rates or

Fig. 10.

Rayvmond Conical-Rol! Disintegrator.

have projections on the surface or when one has a conical shape there
is a grinding action as well and, especially with the conical roll, a
tendency to force pebbles or hard lumps, which are not easily taken
between the rolls, to the end of the machine where they fall out through
a spout,

Disintegrators or pulverizers are two general types, one of which
consists of a series of concentric, cylindrical cages, the alternate ones
revolvibg in opposite directions. 'The clay is fed into the inmer cage
and is disintegrated by impact and friction with the bars of the cages.
The recond type consists of series of hammers fastened to axles re-
volving in different directions. The clay is disintegrated by the blows
of the hammers which are flung out by centrifugal force.



OKLAIIOMA GEOLOGICAL SURVEY.

The majority of residual clays and shales do not require trest
ment with rolls or disintegrators, hut can be sufficiently reduced h
treatment in the grinding pans. These are of twd types, the wet amp
the dry.

The dry pan (pl. 1) consists of a heavy revolving pan supporte:
on a vertical shaft and driven by a heavy gear at the top of the frams
'The pan supports two large wheels or mullers which are mounted on
horizontal shaft. "The ends of the shaft work in grooves in the framet
the machine to permit the mullers riding over the pebbles or ha
lumps of the elay. TUsually the mullers are on independent shafy
although they may be on a continuous axle. The mullers are rotats
by their contact with the revolving pan. 'T'he bottom of the pan is sali
under the mullers, but perforated near the circumference.

Clay is thrown into the pan, crushed under the mullers, and thror
out townrd the circumference by the centrifugal force. That which
* sulliciently reduced [alls through the screen of the pan into a secor
bottom from which it is pushed by sweeps into the collector whif
leads to the bin, or to an clevator to the bins. The material, whichi
“too coarse Lo fall through the perforations, is returned under the mu
lers by scrapers set at the proper angle and supported hy arms from (]
frame work.

Dry pans are made in sizes of from 5 to 9 fect in diameter il
mullérs with from 8 to 11 inch face.© The perforated bottom is.-mat
in sections so that thev can he easily removed and other sized pm
forations substituled. The drv pan requires considerable power to m
erate, but all things considered is probably the most satisfactory s
most widely wuced of anv of the clay erinding machines. A rews
form of drv pan has the mullers and grinding floor separate from, v
mounted higher than the sereening floor.  This arrangement permits
more rap‘d rotation of the grinding floor. The screening floors
these pans ave 12 feet in dianeter.

Ball mills are used where extreme fine grinding js required, asi
the preparation of glazes for pottery. They consist of jars mounteds
a revolving frame, or set hetween small revolving wheels. The j
are partially filled with steel shot or smooth pebbles and the material|
be ground is added. The material can he ground to an impalp
powder by the attrition of the shot or pebbles. When it is desired
keep the material free from iron, porcelain jars and water worn peb
are used but otherwise the jars may be of iron and the charge of s
or cast shot.
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SCREENING.

For many of the clay products it is necessary to have the material
of a more uniform fineness than is produced by any of the disinte-
grating or grinding machines. For this purpose screens are used. The
screens are of two general types, the rotary -and the inclined. The
rotary screens are cylinders or octagonal prisms, the walls of which
have perforations of the desired size. One end is mounted somewhat
higher than the other. The clay is fed into the higher end and as the
screen revolves the fine material falls through the perforations into &
bin or hopper and the coarser moves to the lower end and falls into
@ chute, which takes it back to the grinding machines to be ground
again, : :

The inclined screens are rectangular troughs, the bottoms of which
are wire, or of perforated metal sheets, the distances between the wires
or the size of the perforations regulating the size of the clay particles.
The inclined sereens may be either stationary or oscillatory. The sta-
tionary screen must he Jonger than the vibratory and hence require a
higher building and the elevation of the clay to a greater height than
is the case with the vibratory. However, they require no power to oper-
ate them and are much longer lived than the vibratory type.

The vibratory screens may rock back and forth on an axle at tle
middle of the length of the screen or the whole screen may move from
gide to side. The clav moves down lhe screen, the fine material falling
through while the coarse falls from the end of the screen into a chute
which carries it back to the grinding machine. These screens have &
greater capacity than the stationary screens, but, as previously remarked,
require considerable power to operate and the jar of the vibratory move-
ment tends to shorten their existence. »

The tendency of clay to pack and clog the openings of the screens
sometimes makes it necessarv to provide means of cleaning the screens
of either type. This is done by the use of brushes or pounding ap-
paratus. Either method tends to wear out the screens, but are some-

imes necessary to keep the screens open. :

TEMPERING.

By tempering is meant the thorough mixing of the clay with water
until a homogeneous plastic mass results. Tempering is accomplished
by one of four methods, the soak pit, ring pit, pug mill, or wet pan.

The soak pit consists simply of a rectangular or circular pit dug



72 OKLAHOMA GEOLOGICAL SURVEY.

in the ground. The clay and sand are thrown into the pit and mixed,
wet with water and allowed to stand until the clay is thoroughly
softened. This method does not mix the clay and is applicable only
to the soft mud process of making brick.

The ring pit is like the soak pit except that it is always circular
and has walls of board or brick. A post is set in the center to which
a long rod or sweep is attached by a pivot. "The sweep carries a whed
which is so geared that as the sweep fravels around the circle the wheel
travels back and forth between the centre and the circumference. This
thoroughly kneads and mixes the clay. The capacity of ring pits varie
from 3,000 to 8,000 bricks. The wheel is usually of iron and six feel
in diameter. The pit is three feet in depth. The sweep is driven by
steam power or by horses attached to its outer end. Like the soak pit,
the ring pit is used only in the preparation of soft mud for bricks.

Fig. 11. Open-top Pug mill,

‘the pug mill (fig. 11) consists of a cylindrical shell within whid
revolves a shaft, hearing knives that are set an angle so that the clay
whila heing ent and kneaded is foreed from one end of the cylinder t
the other. Some form of pug mill is used with almost all molding ms
chines. In the stiff mud auger machines the png mill may be combined
with the machine while in machines of the piston type the pug mil
1s usually separate. In some pug mills the upper portion of the cylinder
is left open, while in others the cylinder is closed. The latter fype per
mits more power to he applied to the knives and gives more thorough
pugging than the open form.

The wet pan is similar to the dry pan previcusly described, tie
only difference heing that the bottom of the wet pan is solid instead o
being perforated.

Plate 1. . Stevenson 9-foot dry pan.



Stevenson sewer-pipe press,

Plate 3.
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Eagle Repress.

Plate 7.



Plate 8.

Berg 4-mold dry press.
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The clay to be prepared is thrown into the pan, is ground to the
required fineness and water is added, the action of the mullers and
scrapers thoroughly mixing and kneading the clay. The wet pan is an
intermittent machine for it must be stopped to be emptied. The amount

_of time lost in this way, however, is not great and a2 wet pan will supply

a large amount of tempered clay per day.

Where it is important to have the material very fine and uniform
the wet pan cannot be used as some pieces of the clay will almost in-
variably escape the mullers, but where the presence of some lumps is
not a draw back, as in making common, fire or paving brick, the wet
pan is very valuable as it does duty both as a grinding and a tempering
machine.

MOLDING.

Clays are molded in three different conditions; (1) soft mud; (2)
stilf mud; (3) dry press. The soft mud and stiff mud may be molded
either by hand or machine, but the dry press requires wmore power than
can be given by hand.

THE SOFT MUD PROCESS.
Hand Molding,

In the method of molding by hand, the clay is taken from the
soak pit or ring pit in wheelbarrows tc the molding table. The mold-
ing table is usually nmear the drying floor which is a level piece of
ground covered with sand. "The molder takes a frame, which contain six
molds, dips it in water and then in sand. He then takes a mass of clay
somewhat larger than the mold, kneads it and throws it inio a mold
with a sharp blow so as to completely fill the mold. This is repeated
until all the molds are filled. The tops are struck oit level with the frame
by a wire stretched on a bow and the excess thrown back into the heap
to be used again. The off-bearer takes the frame to the drying floor and
turns the brick out on the sand. When they are sufficiently dry to be
handled they are turned on edge to hasten the drying. A good molder
tan make 5,000 to 8,000 bricks per day.

Machine Molding.

The soft mud brick machine (pl. 2) is of the plunger type. It
consists of a pug mill which runs the clay into a sort of bin or hopper.
When sufficient clay is in the bin to fill the molds the plunger pushes
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it down into the molds which are on a table beneath the bins.. Th
plunger is then withdrawn and the bin filled from the pug mill. Whilk
the bin is filling a mechanism operated by a lever removes the filled
molds and places an empty frame in its place. The molds are sandel
as in hand molding or hy machines driven hy horse or steam power which
perform the work more rapidly. The horse power machines have
capacity of from 8,000 to 15,000 and the steam power of from 20,000 b
35,000 bricks per day. The soft mnd process is suited to clays of lov
plasticity. Tlastic clays stick ‘to the molds and cannot be removel
easily. The hand molding process is nsed in some of the largest fir
brick factories in the countiy.

THE STIFF MUD PROCESS.

In the stiff mud process, as the name indicates, the clay is mixel
to a plastic mass sufficiently stiff to resist ordinary deforming fores
The wet ware can he handled without harming it. Almost all stiff mul
molding is done by machinery.

Hand Molding.

Hand molding is resorted to in forming special pieces of tem
cotta, curved sewer and sanitary piping and in making pottery and
glass pots. In making terra colta and sewer pipe and some forms d
pottery, plasler molds are made of the desired shape and the cls
packed inlo these molds by hand to the desired thickness and then th
molds are removed,

Machine Molding.

Stff mud clay machines are of Lwo types, the plunger and the aug
machines. The plunger machines have already been noticed in conne
tion with the soft mud process. They were formerly used very large
for all the stiff mud products, but arve almost altogether replaced b
the auger machines except for the manufacture of sewer pipe.

‘The sewer-pipe press (pl. 3) consists cf two vertical cylinders. 4
rod connects two pistons, one in each cvlinder. The upper cylinder
the steam eylinder and 'the lower the clay cylinder. When the pisie
is withdrawn from the elay cylinder it is filled with the clay in i
stiff mud condition from a moving belt. 'The cylinder is closed ani
steam admitted above the piston in the upper eyvlinder which form
the piston rod down. In its downward movement the piston in fi
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clay cylinder forces the clay out through the die at the lower end of the
cylinder. This die consists of a cone-shaped middle piece surrounded
by a cylinder or bell. The diameter of the cone regulates the diameter
of the pipe, which can be made from six to thirty-six inches. As the
pipe issues from the die it encounters a table which rests on a vertical
rod beneath the center of the cylinder. This table is counterpoised so
that when it has no weight upon it, it rizes lo a position immediately
beneath the cylinder, but the weight of the pipe is sufficient to cause
it to descend as the pipe issues from the cylinder. When the pipe has
reached the desired length it is cut off by a wire or by a knife controlled
by a wmechanism inside the eylinder. The steam is then exhautsed from
the above the piston in the upper eylinder, and forced in below it. This
raises the piston in the clay cylinder so that the cvlinder can be filled
with clay and the operation repeated.

The auger machine (pl. 4) consists of a closed cylinder pug mill
with an auger at the end of the shaft. The clay is-mixed by the blades
on the shaft and pushed forward to the auger which forces it out of a
dic as a column of the desired shape. By changing the die, brick, drain
tile, roofing tile, fire proofing or the simpler forms of terra cotta can
be made on the same machine. The die may be shaped so that its
length is either the width or the length of the brick. In the former
case the product i< end cut brick and in the latter, side cut brick.

Cutting.

When the column leaves the machine it is carried on a belt to the
cutter. Cutters may be of different types, but the automatic style are
being so generally used that only the two principal kinds of the latter
will be described here.

The rotary automatic cutter (pl. 5) consists of two circles con-
nected by arms. Wire placed the width of a brick apart connect two
opposite arms. The column of clay moves through the circles across
the cutting table, which consists of plattens with slits between to allow
the wires to pass through. The cutter is so mounted and geared that
as the column moves the entire cutting frame moves forward at the same
rale and the circle revolves and brings one set of wires down through
the column and cuts it into brick with straight faces. As soon as
the wires pass through the column the frame moves back rapidly to its
eriginal position and is ready to repeat the operation by the time the
solid column has advanced the length of the table. The wires of these
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cutters are suspended from hooks on the arms so that they may be
easily replaced when broken.

There are many variations of these cutters; some have two sets of
wires at right angles to each other and make a cut with each quarter
revolution. In these the circle stops while the carrier makes the return
trip. Others are semi-automatic and require to be returned to ther
first position by a lever. Others have to be rotated by hand. On the
oscillatory cutter (pl. 6) the large circular frame is dispensed with and
the wires move down through the clay column and back while the cut-
ter is traveling forward wit!: the clay eolumn.

The wheel culter. 'Ths cther tyo: of cuatter (fig. 12) is used
principally for end-cut brick and for hollow ware, althought it is some

Fig. 12.

Raymond “Ferris Wheel' Automatic Cutter,

times used for side-cut brick. It consists of an endless apron or bel,
somewhat wider than the clay column, which rotates in the direction
and at the rate of the movement of the column. Upright arms are at:
tached in pairs to this apron, the distance between the pairs being the
lengths into which the eolumn is to he cut. A wheel with hifureated
spokes with wires stretched between the ends of the branches is mounted
ahove the table. As the column moves forward the uprights cateh upe
projections of the spokes and cause the whee) to rotate. 'The wheel &
adjusted so that on its roiation tlie wires pass duwn through the cly
column and up agnin, thus cutting the coltmn icte the desired lengths
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Repressing. .

Where it is desired to have slightly different shape to brick, 1o
-ound the corners, to make a smoother surface, to impress any design on
hem, or to break up the laminated structure which they have from the
wger machine, they are repressed.

The repressing machine (fig. 13 and pl. 7) consists of a heavy
lrame with plungers working into snolds. The plungers have a verti-.
:al motion, and usually the pressure is applied from above and below
at the same time. 'Fhe brick are taken directly from the off bearing
belt of the stiff mmud machine or from the drying floor in case of soft

Fig. 13. <Canton Repress.

mud brick. They are automatically placed in the molds by a belt carrier
and the pressure applied by the plungers. When the plungers with-
draw the brick are pusiied onto the delivery table as the next set are
pushed into the molds.

By use of different shaped molds any form can be given to the
brick or any design impressed or expressed upon it. The rubbing of
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the brick over the smooth surface of the molds gives a smoother finish
than ean be obtained from the die of the auger machine. There is al-
ways a change of structure of the brick as the brick cannot fit the molds
exactly when first placed in them. Allowance is mnade for hrick larger
than ordinary by providing vent holes in the plungers or by having the
plungers on heavy springs. The first method gives brick of uniform
size, but the surface is slightly marred where the clay escapes from the
vents while the second method always gives a smooth surface, but the

brick may vary in size.

TILE DRY PRESS PROCESS.

In the dry process the clay is not mixed with water, but is taken
when damp cnough to retain itg shape when pressed firmly in the
hand. 1In usually contains 5 to 10 per cent. of water. ‘I'he material i
ground in the dry pan, and screened to about one-sixteentl inch.

The machine (pl. 8) consists of a very heavy iron {rame con-
taining a press box and delivery table and two sets of plungers work-
ing vertically in opposite directions. The clay is fed from the bin inte
the charger which, when filled, is pushed forward over the molds filling
them with clay and is then withdrawn. "The upper plungers then move
down against the elay and the lower ones, the hottoms of the molds, are
forced upward, and subject the brick to pressure from both sides.

When the upper plungers withdrawn the lower ones follow them
up, pushing the brick to the level of the delivery table. The charger
in its next move forward over the molds pushes the brick out upon the
delivery table. "'he hrick are taken from the delivery table and stacked
on wheelbarrows and wheeled directly to the kiln. This method elim-
inates the drying neceseary in the soft mud and stiff mud processes,
but the ware usually requires a longer period of water smoking than
that made by the other processes.

DRYING,
TUHEORY OF DRYING.

By the drying of clay products is meant the removal of the water
which was taken up by the clay in becoming plastie,.i. e. the water of
plasticity.

Drying is carried on by means of air currents, either the natura
wind currents or those produced artificially. Air at a certain tempers-
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ture can contain a certain amount of water vapor per unit volume, but
by raising the temperature the amount which it can contain is greatly
increased. 1f air, which contains only a small percentage of the waler
that it is capable of holding, is brought into contact with wet substances,
the water.on the surface of the latter is rapidly evaporated and passes off
o8 vapor. In the case of clay products this evaporation is supplied by
the movement of the water within the ware outward to the surface
through the system of capillary pores in the body of the ware

To obtain the most rapid drying the air should be very warm
when it is brought into contact with the wet ware, since the warmer the
air the greater the amount of moisture it will hold. As much of the
surface of the ware as possible should be exposed and the air should be
drawn through the ware at such a rate as to be very nearly saturated
when it leaves the dryer. 'This ideal condition is seldom realized in
practice as there are several conditioning factors, the principal one
probably, being the danger of cracking and warping of the ware when
the drying takes place too rapidly. This has already been discussed in
the consideration of “drying shrinkage” in chapter III.

METHODS OF DRYING.
Natural or Open Air Drying,

In this method of drying the heat is supplied by the sun and the
eirculation of the air depends on the wind currents. In many soft mud
plants the brick are simply “hacked” or set cris-crossed so as to leave
as much space as possible between the bricks and left in the open yard
to dry. In other yards a roof is built over the drying floor. In either
case the drying depends entirely on the wealher, the drying proceeding
rapidly and being completed in a few days of warm weather when there
is considerable circulation of the wir, but possibly requiring weeks in
cool, damp weahter. The brick are also subject to considerable damage
from heavy rains and require handling several times.

Rack and pallett drying. In drying by this method the stiff mud
brick from the machine or the soft mud brick from the drying floor
are placed on palletts and taken to the drying shed where the palletts
are placed on racks. The hauling is usually done on cars and the tracks
are laid between the racks. By this method the brick are removed from
the storms and there is also the possibility of controlling, in some meas-
wre, the air circulation through the sheds by means of removable or
binged side walls,
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Artificial Drying.

In artificial drying, heat from the consumption of fuel is utilized.
In drying sewer pipe, terea ecotta, ete., large rooms arc used with floor
of wooden strips. Sleam pipes, are laid under the floor and the at
supply is from below so that the air passes around the pipes and i
heated. It then passes up through the cracks in the floor to the ware

For bricks the dryer is usually in the form of a tunnel built of
bricks or of concrete. Tracks are laid through the tunnel and the
bricks are hacked on cars and pushed into the tunnel. The heat i
supplied by sleam pipes or gas in pipes laid under the tracks or by hdl
air driven into the tunnel. Tn the latter case the air is heated in a
furnace and drawn through the tunncl by a fan. Waste heat from
the kilng is sometimes used. When steam is used for the heating it i
usually the exhaust steam from (e engines, The nair supply is rege
jated by dralts. the moist air heing drawn off bv chimneyvs. In severil
plants in Oklahoma the heat is supplied hy burning eas nnder the ware.
Trenches are dug under the tracks and gas pipe, perforated se as to form
a hurner is laid in the Lrench.  Any dryer which is filled with the wd
ware and then the heat applied equally throughout the dryer until the
ware is completely dried s an intermittent dryer.

In continuous tunnel dryer the heat is increased as the distanc
from the entrance is incereased and the cars are gradually  movel
through {he funnel.  The inerease in heat is produced by increasing the
number of scelions of steam pipe, or number of gas burners, or by it
froducing the hot air at the end of the tunnel oppocite the entrance.

BURNING.

The different stages of the hurning of clay wares and the change
which lake place in the clay during the process have heen noted ins
previous chapter. In this connection only a brief mention will be Tade
of the different types of kilns nsed in the burning, and of the different
fuels and methods of heat regulation.

TYPES OF KILNS.

The following classification ! gives the different types of kilns usd
in burning the various clay products.

1. Beyer and Willlams, Geol. Survey of Iowa, Vol. XIV, p. 288.
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- English clamp
Temporary { American scove
UpDraft Direct { %zctaggular
un
| . :I Permanent Semi-Muftle
kr.lltermlttent Muffle } Pottery kilns
ilns.
Round { Single Stack
Direct Multiple Stack
Down Draft Rectangular { ‘%Iinﬁ]'elStSE::Ckk
Multiple Stac
Maulftle : '

Continuous Kilns..ooeee

Up-Draft Kilns,

Up-draft kilns are of two shapes, rectangular and round. In the
ta.mpomry rectangular up-draft kilns the brick are set into a rectangular
pl]c_z and surrounded by a double wall of green or soft burned brick.
This wall is covered with mud to prevent the escape of heat and the
entrance of cold air. The top is covered by a layer of brick called the
!)]atting. Fire boxes are provided by setting the lower courses of brick
in the form of arches. The fires are started in these arches and the
heat, passing upward through the brick, burns the ware. The kiln is
usually covered by an A board roof. This method of burning is applica-
ble o_nly to common brick as there i3 little regularity in the degree of
burning. The brick in the arches are usually over burned and often
slaggy while the top courses are often too soft to be salable. Seventy
per cent. of salable brick is considered a good yield from a burn in a
scove kiln. - The permanent rectangular up-draft kilns have permanent
walls, otherwise they work on the same principle.

Thfa féu.nd up draft kilns have a lower combustion chamber whose
bottom is solid except for the fire grates. This chamber is separated from
the upper chamber in which the ware is placed by a layer of fire brick

with interstices to permit the heated gases to pass upward through the

ware, The gases escape through several small chimneys in the roof of
ihe kiln, This type of kiln is used principally in burning pottery and
stoneware. As these materials are injured by direct contact with the
combustion gases most of these kilns are of the mufile type, the ware
being placed in chambers closed from the direct flames and receiving

the heat by radiation and conduction through the walls.
6 G.8
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Down-Draft Kilns,

The down-draft kilns are comstructed with permanent fire boxe
on the outside of the walls. They may be either round or rectangula
in shape and in either case are roofed in. The combustion gases passh
the top of the kilns through flues, or through openings left in the set
ting of the ware, down through the open spaces between the pieces o
ware, and find an outlet to the flue or stack through the grated flow
and the tunnels leading to the stack. There are many variations in the
number of fire boxes, and stacks, and in the method of construction and
spacing of the tunnels under the floor which lead the gases to th
stacks; the object being to obtain an equal temperature throughout th
kiln and the greatest possible heat value from the fuel consumed. \

Continuous Kilns,

"The continuous kiln consists of a number of chambers arranged it
a circle, oval, or rectangle. . These chambers are connected with ead
other and with a central stack by flues so that the combustion gases mf
be led from any chamber into any of the others or to the stack.

In practice the waste heat from a chamber which is being burad
is conducted through a chamber which has been newly set thug raisim
its temperature and performing the water smoking. By the time th
first chamber is burned it requires only a short period of active firing
to finish the second chamber and the waste heat from it is utilized &
warming up and water smoking the third chamber. The process is e
siderably varied to suit different clays and products, but is essentially
outlined above. In the continuous kiln all the processes of setti
waler smoking, finishing, cooling and drawing may be going on at o
in the different chambers of the kiln. The continuous kiln is widely u
in Burope and its use in this country is increasing, especially in
manufacture of paving brick.

All of the permanent kilng are constructed of one or more thida
nesses of brick, the inner layer being of fire brick. The amount of he
lost through the walls is verygreat, usually representing a large p#
centage of ihe fucl value of the coal. This is in some measure overeond
by building the kiln wall in three layers—an inner and an outer one
brick and a middle one of hollow brick or fire proofing. This maket
dead air space which checks the movement of heat through the wil
The spaces in the hollow ware may be filled with some loose materil

OKLAHOMA GEOLOGICAL SURVEY. 33

FUELS.

Among the different substances, which may be used for fuel in
the burning of clay products, four need to be considered in connection
with the industry in Oklahoma. These are wood, bituminous coal, oil
and natural gas. ,

Wood can be used profitably only in the southeastern part of the
State and only for products which do mnot require exceptionally high
temperatures, such as common .brick and drain tile. It may be used fc
.adyantage during the water smoking period, the remainder of the firing
being done with coal. Wood should be perfectly dry, since when wet
the gl"eater part of the heat value is expended in evaporating the water it
contains. '

Bituminous coal will be the principal fuel in the coal belt and in
the western part of the state as it is the fuel which is most economical to
trans_Port. It can be used to produce any temperature desired in clay
working. Firing with coal requires considerable attention, but not 50
much as with wood. The combustion gases from coal contain some sul-
Phur and may discolor the ware if they come into direct contact with
lt{.f 'tI‘here is also considerable soot and smoke which may have a similar
effect.

Crude oil is used as fuel in some localities. Tt is especially adapted’
for use under the boilers on account of its great heat value, the lack of
ashes and soot, and the small amount of draft required which permits of
much lower temperature of the flue gases. The oil is fed into the fire
through injector nozzles and the firing requires little attention. il
may b'e used economically in the northeastern part of the State and along
the pipe lines leading from the oil fields. It may be transported i;

!ffan:( cars, but where this is necessary coal will probably be the cheaper
uel.

Natural gas is the ideal fuel for burning clay products. It pos-
sesses a great heat value, is without ashes, soot or combustion producis
"hlc.h discolor the ware, is easily regulated and requires very little at-
le_ntlon in firing, and can be used with a light -draft and c(;nsequentlv
_nth a relatively small amount of waste heat in the flue gases. Ga.s
- usf:d as fuel in several plants in northeastern Qklahoma, but only a
fraction of the available supply is being utilized. In many localities
£33 may be had at as low as two cents per 1,000 cubic feet. .
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CONTROL OF TEMPERATURE.

In most of the brick plants of the state the temperature to whid
the product is burned is judged by the eye, i. e. the ware is hurned to1
“dull red” heat, “cherry red” or “white heat.” This is an extremel
crude way of judging temperature and results in much variation i
the burned products. 'The appearance of the kiln at th
same temperature differs greatly to different persons and to fh
same person at different times, e. g. a kiln appears much hotter at nig
than in the day time, on cloudy days than on bright days, ete. T
conditions of the kiln gases and of the fires also have a pronoun
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The peep hole should be closed by a glass plate to prevent any cold air
from striking the cones as this causes a scum to form over them which
prevents their falling when the proper temperature is reacied. When
the temperature at which the cone melts is approached the cone begins

to bend over and when that temperature is reached the tip touches the
base.

Three or more cones are placed in one pat, e. g. if it is desirel
to burn at cone 5, the pat may contain cones 2, 3, 4, 5, and 6, number-
ing from left to right. As the temperature rises the melting and falling
of cones 2, 3, 4, successively give notice of the approach to the desired

cffect en the appearance. There may be a wide difference in temperatn temperature and the condition of cone 6 will indicate the amount of

in different parts of the kiln which will not be apparent to the eve,

The matter of controlling the temperature and of obtaining a w
formly burned product is comparatively simple. One of the meth
best adapted to the commercial plants in the State is the use of
Seger pyrometric cones.

‘These “cones” are small triangular pyramids, about one-half in
in dimension at the base and one- elghth inch at the top. They are ab
three inches long. 'The original series of Seger cones was numbeg
from 36 down to 1. Cone 36 contains alumina and silica in the p
portzon of the molecular weight of alumina and one and one-half tin
the molecular weight of silica, this being the most refractory mlxture
the two subtsances. The cones down to cone 28 contain different
portion of alumina and silica so that successively lower numbers
at 20°C. lower temperature. From cone 28 down to cone 4 they
tain varying proportions of alunmina, silica, lime and potash, from
4 to eone 1 they conlain alumina, siliea, lime and ferrie nxide. This cof
pleted the series as first made by Seger. Tater Cranior added a m
fusible series, heginning with cone 01 which melts 20°C. lower i
cone 1 and going down to cone 022. e formed those of lower melf
points by using soda, lead oxide and baric oxide as constituents v
alumina, silica, ferric oxide, lime or potash.

Fig. 14,

Seger Cones showing effect of high temperatures.

over burning if any. The pats of cones are set in different parts of the
Miln in front of peep holes through which they may be observed. If
the cones in one part of a kiln hegin to melt hefore those in another,
the firing may be checked in the fire boxes controlling the hotter por-
tion and the draft regulated so as to secure approximately equal tem-

ratures throughout the kiln at the completion of the b
‘We have then, a seres of cones numbered from 022 to 1 and fm pe & P ¢ b

1 to 36. The diffcrence in the melting points of any two succesl
members of the series from cone 022 to cone 010 is 30°C. and i
cone 010 to cone 36 is 20°C.. Cone 022 melts at 590°C. which isom
a vigible red heat while cone 36 melts at 1850°C. a dazzling white

The use of the cones is easily learned by the burners and as the
puly expense is the initial cost of the cones (about one cent each) and
the time consumed in setting of the ware to permlt the view of the
rones through the peep holes, the improvement in the quality of the

ware represents much more than the extra expense.
In practice the cones are set in a small clay pat (fig. 14) and P € exp

ened to a brick and so pla ed that it can be observed through a peep Another instrument which is coming iuto wide use as u nieans of



86 OKLATIOMA GEOLOGICAL SURVEY.

recording temperatures is the thermo-eleciric pyrometer. This consists
of two wires enclosed in a porcelain tube, and separated from each othe
by a smaller tube through which one of the wires extends. One wir
i= nsually of platinun and the other of an alloy of platinum and rhodium.
The two wires are coupled at the closed end of the outer tube. The heat
acting on this couple sets up a small electric current whose strength.in-
creases with the temperature. The outer ends of the wires are connected
with a galvanometer which is graduated so as to read the degrees of tem-

perature. ‘The galvanometer may he set at some distanee from the kilns

that the temperature may be read in the office is desired. Recording de
vices may be used in connection with this pyrometer. A full outfit of
thermo-electrie couple and galvanometer costs from $150.00 to $200.00
In practice the porcelain tube containing the couple is inserted through an
opening in the kiln wall hefore the fires are started and allowed to
main throughout the burn. It may be inserted into the kiln only at the
time when it is desired to observe the temperature, but this must be dom
very slowly and with extreme care to prevent the porcelain tube from
being cracked by the heat. The thermo-electric pyrometer and the
Seger cones are often used as checks and to supplement each other.

CHAPTER VI.

CLAY PRODUCTS, THEIR MANUFACTURE
AND USES

INTRODUCTION.

‘The use of clay products has become so commeon and so important
in so many lines of activity in modern life that few people realize
the*importance of these products or the variety of forms in which they
occur. The following list of Ries! is complete and is used to show the
myriads of uses to which raw and burned clays can be put.

“Domestic. Porcelain, white earthenware, stoneware, yellow ware
and Rockingham ware for table service and for cooking, majolica stoves:
polishing brick, bath brick, fire kindlers.

“Structural. Brick: common, front, pressed, ornameﬂtal, hollow.
glazed, adobe; terrh cotta; roofing tile; glazed and encaustic tile; drain
tile; paving brick; chimney flues; chimney pots; doorknobs; fireproof-
ing; terra-cotta lumber; copings ; fence posts. '

“Hygenic. Urinals, closet bowls, sinks, washtubs, bath tubs, pitch-
ers, sewer pipe, ventilating flues, foundation blocks, vitrified bricks.

“Decorative. Ornamental pottery, terra cotta, majolica, garden
furniture, tombstones.

“Minor uses. Food adulterant; paint fillers; paper filling ; electrie
insulators; pumps; fulling cloth; scouring soap; packing for horses’
feet; chemical apparatus; condensing works; ink bottes; ultamarine
manufacture; emery wheels; playing marbles; battery cups; pins, stilts
and spurs for potters’ use; shuttle eyes and thread guides; smoking
Pipes; umbrella stands; pedestals; filter tubes; caster wheels; pump
wheels; electrical porcelain; foot rules; plaster ; alum.

"'Refractary wares.  Crucibles and other assaying apparatus; gas
Petoris; fire bricks; glass pots; blocks for tank furnaces ; saggers; stove

L Ries, Heinrich, Geol. Survey of N. J., Vol. VI, p. 213-214, 1904.
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and furnace bricks; blocks for fire boxes; tuyeres; cupola bricks; mold
linings for steel castings.

“Engineering works. Puddle: Portland cement; railroad ballash
water conduits; turbine wheels; electrical conduits; road metal.”

In this chapter the principal products will be noticed, with the
variations of the general processes of manufacture used in their pre
duction, the clays fitted for use in the manufacture, and a short dis
cussion’ of the tests upon the finished products where these are im
portant. The arrangement of the list previously given is not stricth
adhered to, but the products are grouped more nearly in order of thei
importance and with regard to the processes used in their manufactur

STRUCTURAL AND ENGINEERING WARES.

Under structural wares the following products will Dhe noted:
eommon, front and ornamental huilding brick, glazed and enameld
brick ; sidewalk and sewer brick ; paving brick; tile (drain, roofing, wal
and floor) ; fire proofing, hollow. block and hollow brick; teira cotta.

BUILDING BRICK.

Common brick are probably the most used of any clay produchs
They are manufactured extensively in every state in the Union. Alme
any clay can be utilized for common brick by one or more of the thre
processes as discussed in the preceding chapter, but those clays s
usually selected which have good working qualities and which will bun
to a satisfactory hardness at low temperature. Most common brid
are burned at a temperature below cone 05 and very few above com
1. 'The soft mud, stiff mud and dry press processes are used for eor
mon brick. Sandy clays work better by soft mud process, shales by fk
stiff mud process, while extremely plastic clays give better results ik
the dry press.

Common brick are used in all structural work where appearane
1. e. color and regularity of form, are not essential, such as in sid
walls, back walls and partitions, foundations and, from motives ¢
economy, in front walls.

There are no standard tests for common brick. In some citi
a crushing strength test and absorption test is required, but the lims
are seldom drawn very closely. There is little need for such a t&
because the crushing strength of practically any well burned comme
brick is far greater than that to which it will be subjcted in any sirs
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ture in which it is likely to be used. Brick so soft as to fail under a
reasonable crushing load can be easily detected by a casual inspection
and the cracked or broken brick should, of course, be discarded. 'The
absorption of common brick runs as high as 20 per cent., the average
being 12 to 15 per cent. Bricks with high porosity may show a tend-
ency to weather down rapidly especially in regions where they are sub-
jected to much freezing.

The common brick produced in the United States during 1908
represented over one-third of the total value of all clay products. The
production was 7,811,046 thousand, valued at $44,765,614.00. Okla-
homa’s production was 74,836 thousand valued at $457,588.00.

Front or face brick are manufactured by the same general process
s common brick, but strict attention is paid to the matters of color.
regularity of form and sharpness of edge. Dry press brick when prop-
erly made are regular in outline and have sharp well defined edges.
For these reasons dry press brick are very popular for front work.
Stilfl mud and soft mud brick are usually repressed to priduce these
results.

The price of face brick is uwsually much higher than that of com-
mon brick and they may therefore be made of clays which must be
burned at a rather high temperature. No. 2 fire clays, which must
be burned as high as cone 10, are often used for front brick on account
of their peculiar color. Ispecially bright and sometimes odd colors
are produced by “flashing” or reduction and reoxidation during burn-
ing. Mottled brick are usually’ made by the addition of a small per-
centage of iron or manganese ore to the clay in grinding. In burning the
emall pieces of iron or manganese in the brick melt and produce black
spots or the mottled effect on the surface. IFace brick are as a Tule
much less porous and have a higlner crushing strength than common

brick.

In 1908, Oklahoma produced 1231 thousand front brick valued at
$16,010.00. '

Glazed and enameled brick are made by dipping one, or in some
eases, two surfaces of the dried or burned brick in a slip of low melting
point. After drying, the bricks are burned and the thin layer of slip
elay on the surface is melted and forms a glaze or enamel. A glaze
w# transparent so that the original color of the brick shows through,
while an enamel is colored and opaque so that the original color of the
brick is hidden and the finished .product has the color of the enamel.
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Bricks to be enameled or glazed must, of course, be made of clay which
will not be affected by the temperature required to melt the slip clay
or glaze used. Glazed and enameled brick are sometimes used for
front briek, and-for walls of hallways, stairways, hathrooms, ete.

SIDEWALK AND SEWER BRICK.

Sidewalk and sewer brick may be made of better grade clays than
are used for common brick. They are made by the stiff mud process,
are usually repressed, and arc then burned nearly or quite to vitrifica-
tion. Their use is expressed in the name.

PAVING BRICK.

Paving brick and paving block differ only in size, the former be
ing 2 x 4 x 8” and the latter 3 x 4 x 9”. In the following paragraphs
the word brick will he used to refer to both sizes. They are usually
made from shales, although low grade fire clays may be used. Clays
for paving brick must have a slow rate of vitrification and a long
fusion range. (See description of porosity curve, page —). After
the shale or clay has been ground rather coarsely it is then made up
to a stiff mud in a pug mill or wet pan and molded by auger me
chines. The brick, after cutting, arc repressed to give smoother sur-
faces and more regular ontlines.  Some design is usually impressel
or expressed on one or.more surfaces in repressing and sometimes one
edge is beveled so as to afford a foothold for horses in the pavement.
The brick are: dried by any of the methods previously deseribed and
burned in down draft kilns. They are burned to complete vitrification
usually at temperatures ranging from cone 3 to cone 7.

Use of Paving Brick.

The usc of brick for paving is of comparatively recent introdue
tion. The first brick pavements were laid in Charlestown, West Vir
ginia in 1872. Since that time their use has increased very rapidly
until at present there is probably as much pavement being constructel
of brick as of asphalt, stone block and wood block combined. The
brick strects have been universally successful for residence streets and
for moderately heavy business traffic, where proper care was used i
the selection of material and the construction of the streets.

Advantages. 'The advantages of brick pavements are given ag fot
lowst:

1. Byrne, A. T., Treatise on Highway Construction, p. 258.
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Tase of traction.

Good foothold for horses.

Not disagreeably noisy.

Yields but little dust and mud.
Adapted to all grades.

Easily repaired.

Tasily cleaned.

But slightly ahsorbent.
Pleasing to the eye.
Expeditiously Iaid.

Durable under moderate traffie.

HO®®Po otk w0

— -

Defects. The failure of brick pavement usually result from the
use of poor brick, i. e. those which are not uniformly burned, or those
which are made from clay not adapted to théir manufacture, or to
improper construction in the foundation or cushion coat.

The Properties of Paving Brick.

Paving brick should be regular and uniform in size and shape, so
that they will fit closely together in the pavement. They should be
uniform in hardness, (i. e. must not he over nor under burned), and
this hardness must be sufficient to resist the action of traffic. Each
brick should be homogeneous in texture and should be free from lam-
inations and seams.

The general appearance gives an idea of the relative quality of
the different brick from the same plant, but does not give a basis for
comparison of brick from different plants or clays. The edges of the
brick should be reasonably straight and smooth and should not be
essily chipped by light blows of a hammer. The sides should be flat
and the corners round. Brick from the same plant should be uniform
in size as large brick may indicate under burning and small brick, over
burning. They should also be uniform in color as lighter colored
brick are usually under hurned and softer, while darker colored are
over burned and harder than the average. Color cannot be used in
eomparing bricks made by different processes or from different clays.
but only in comparison of bricks in the same lot. The surface color
¥ often misleading on account of the sand which has been used in
wefting the brick in the kiln or from the effect of sulphur in the coal
o other causes. Color comparisons should be made on freshly chipped
mrlaces. The interior of the brick should be uniform in texture and
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color. It should not show either unfused or glassy spots as these
indicate poor mixing of the materials. There should be; no lumps 1111f
less the boundaries are well fused in the rest of the brick. Lumps o
lime are very detrimental as they slake when they become wet .and
are apt to disrupt the brick. The fresh surfaces should have a vitre-
ous or glassy lustre.

Physical Tests.

The physical tests which have been used for paving brick are
crushing strength test, absorption test, transverse strength test, and
rattler test.

If made under uniform conditions the crushing strength test
would be useful to compare the qualities of different brick, butlother-
wise it is of little value and has been generally abandoned. Brlcl'( are
very unlikely to fail from lack of crushing strength as very ordu'mry
brick will show a strength of 6000 to 8000 pounds per square inch
and they are very seldom subjected to a load of over £000 pounds per
square inch.

The transverse strenglh test is made by resting th'e ends. o_l;' the
brick upon knife edges andapplying pressure’ upon. a tlnrd'kmfe edge
in the middle of the brick until failure takes place. As in t'he oase
of the crushing strength test this furnishes a means of comparing dif-
ferent brick but is of little value in determining the proper.tle.s of '
given brick, as bricks in pavements are seldom known to fail in thi
way until they are worn almost through.

The absorption test. 'This test is of value in showing ‘Flle Tmeasur
of the vitrification which has taken place. Under burned brick are vey
porous, while over burned brick may be somewhat porous due to ibe
formation of bubbles in melting. Brick properly vitrified have
pore space and consequently will not absorb any water.

o make the absorption test, five brick are dried careflflly and
weighed, then placed in water with the upper surface of the brick llevd
with or slightly above the surface of the water, and left for forty-elgH
hours. The surface is then dried by wiping with a cloth and the br_ld
re-weighed. The per cent. of absorptiop is obtained by .calculatm;
the gain in weight as per cent. of the weight of the dry bricks. God
paving brick may show absorption of from five-tenths to two per cent

The rattler test. This test is supposed to give a measure of te
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resisting power of the brick to wear by impact and abrasion. As usually
performed the test is as follows:

A charge of given number of brick (usually 10) is placed in a
drum, twenty-eight inches in diameter and twenty inches in length.
which has cast iron heads and is enclosed by fourteen cast iron staves.
Small spaces between the staves permit the escape of the fine material
worn from the brick. There is introduced with the brick a charge of
300 pounds of cast-iron shot of two sizes, one-fourth or seventy-five
pounds of which is of the larger size, each shot being two and a half
by two and a half, by four inches in dimensions with rounded corners
and weighing about seven and a half pounds. The remaining 225 pounds
is of one and a half inch cubes with square corners and edges weigh-
ing about seven-eighths pounds each.

After being securely closed the drum is rotated 1800 times at the
rate of thirty revolutions per minute. At the end of the test, the
brick are removed from the drum and weighed. ‘The rattler loss is
caleulated by obtaining the loss in weight as per cent. of the original
weight. The loss of standard paving brick runs from fifteen to twenty
per cent. as a general rule, although different brick may vary some-
what widely and still give satisfactory results in paving.

Construction of The Brick Pavement.

The foundation of the brick pavement is wsually a six inch layer
of Portland cement concrete. Upon this is spread the “Cushion coat”
consisting of one inch of fine, clean sand. This is rounded into the
exact form of the crown desired in the finished pavement by a template.
The bed is now ready for the brick. These are usually delivered by wag-

ons and laid in piles along the curbs ready to be transported to the
layers in wheel-barrows.

The brick are laid in courses with the long
direction perpendicular to the curb, except at street crossings, where
they are set diagonally. 1In order to alternate the joints in the courses,
every other course is started at the curb with half a brick. After the
brick are laid, the pavement is rolled with a steam roller of from four
to six tons in weight. Brick around manholes, and other like places.
that cannot be reached with the roller, are thoroughly rammed in a
well constructed pavement.

Filling the joints. After the rolling, the joints between the bricks
ghould be filled to keep the brick in the proper position and to render
the pavement impervious to water. The three materials commonly
msed for filling are sand, tar, and cement. Sand is most commonly
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employed as a filler. "It should be shoveled on the street and thor-
oughly swept into the joints. When this is done the street is covere
with a second layer of sand one-fourth to one-half inch in thicknes
and opened to traflic. The advantages of a sand filler are!: (1) 1t is
cheap, usually costing about two cents per square yard. (2) The pave
ment inay be open to traffic as soon as the brick are laid. (3) The
pavement may be taken up easily and without breaking of the briek.
(4) It is practically water-tight, particularly after being in service 3
short time. The disadvantages of a sand filler are: (1) 1t does no
protect the edges from chipping. (2) It may be washed out on steg
slopes. (3) It is removed from the top of the joints by street sweeper.
Tar or asphalt or a mixture of the two is sometimes used as a filler.
It is heated and poured into the joints. It is somewhat more exr
pensive than sand. 1t makes a perfectly water-tight joint; and- tends
to make the pavement less noisy. However, it is likely to melt and T
out of the joints in hot weather and to become brittle and chip ou
of the joints in cold weather. Portland cement-grouting is made by
mixing one part of cement with one part of fine sand and making w
to the consistency of thin cream wilh water. It is poured on to the
surface of the street and swept into the joints. "The street shoud
then be covered with a thin layer of fine sand and closed to traffi
until the cement sets. The cement joint protects the edge of the brids
from chipping but does not take up the expansion of the pavement i
hot weather as the sand or tar joints will do. Tt also make it difficul
to take up the pavement without breaking the brick.

Rumbling. 'The rumbling noise often produced by a brick pas
ment, especially in hot weather is due to the expansion of the pavemert
by heat, which causes the crown to arch up away from the cushion coat
It can be prevented by placing an inch board along the curb when the
brick are laid, removing this after the pavement has been complete
and filling the space with pitch. For the expansion in the directiot
of the length of the street, it is well to have rather wide (one-hal
to one inch) joints at intervals filled with pitch.

Maintenance. 'The maintenance of the brick pavement consists 8
keeping the surface absolutely even. 1f any holes or depressions arid
from the rapid wearing of a soft brick or the settling of one into i
cushion coat, the continual hammering from the wheels dropping inf
the depression rapidly wears away the surrounding brick and incress

the hole. In such cases the brick should be removed and replaced b

1. Baker, I. O., Roads and Pavements, p. 507.
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a good one, or sand should be added to the cushion coat and ra
” rammed
and the brick replaced on a level with the others. 1 )

Life of the brick pavement. Where they have been properly laid
and are composed of good brick of uniform quality, brick pavements
have proved very durable. Many pavements are still in good condition
after fifteen to twenty years’ use under moderate traffic.

. Cost.  The cost of brick pavements varies with the locality, with
distance which brick must be hauled froin factory to town where’ used
and from cars on switch to street, with labor conditions, etc. Wheré
pavers are made within a reasonable distance the cost of the pavement
usually ranges from $1.50 to $2.00 per square yard. If the concrete

foundgtion can be dispensed with, the cost is reduced one-fourth to
one-third.

Use of Brick for Country Highways.

So far, the initial cost of brick roads has prevented their general
use but during the last few years several miles of brick roads have
bee_n built especially in Ohio and Pennsylvania. "They are proving very
satisfactory and it is generally conceded that the difference in initial
cost between the brick and other roads is more than made up by the
excellence of the roads, the ease of maintenance and the difference in
.the costs of repairs. At present, there are not enough paving brick made
in Oklahoma for them to be considered as an available country road
material. This condition, however, cannot endure as the immense beds
of shale in the eastern part of the State combined with the advantage
of. the same gection in the way of fuel and transportation, will make
lhfs region a great center for the manufacture of clay products, paving
!mck among others. The increase of population and of lami values
in the same region, will soon bring about a demand for permanent high-

ways and brick will become not only an availabl i
rogd and bri y vailable, but an advisable

Statistics for Paving Brick.

_ The rapidly increasing popularity of vitrified brick as paving ma-
terial is shown by the fact that between 1905 and 1908 the value of the
ontp}xt for the United States increased 58.98 per cent. and the num-
ber increased 46.89 per cent. In 1907 the value of the output in-
creased 22.89 per cent. over that of 1906 and in 1908 it increased
10.3 per cent. over that of 1907. This is more noticeable in view of
the fact that all other clay products (except drain tile) showed marked
decrease in value and number in both 1907 and 1908.
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The value of the paving brick produced in the United States in
1907 was $9,654,000 and in 1908 $10,657,475. Oklahoma produced
3598 thousand paving brick valued at $39,676 in 1907 and 7681 thou
gand valued at $71,545 in 1908t

DRAIN TILE.
Manufacture.

Drain tile may be made of almost any clay which does not crack
too badly in drying or burning. A further requirement for the clay
is that it shall not contain chunks of lime or magnesium carbonate
as these are reduced to the oxides when burned and when wet, slak
and swell, thus causing the ware to crumble. Tile are made from stif
mud, usnally by an auger machine having a circular die, although dif
ferent slyles of plunger machines and also hand presses are used in
They are made in sizes varying in diameter frov
two inches to three feet or even larger. Any means of drying ant
burning may he used with the smaller sizes, but the larger sizes 1
quire considerable care to prevent cracking. Contrary to the populs
notion it is not necessary for drain lile to be porous so they may be
burned to vitrification if desired. They are usually burned sufficients
hard to resist breaking when handled and to support the requir
weight when they are stacked up or are buried in the drains. Beside
sulficient hardness, the important requirements for drain tile
straightness, uniformity of diameter and smoothness of ends.

their manufacture.

Advantages of Under-Drainage for Soils.

Whenever the ground water level is less than three or four fé
below the surface of a soil for any length of time during a season the
soil will be improved by under draining. :

This under draining will lower the water level and thus persd
(1) the earlier working of the soil after the wet seasons, (2) the grow
of the roots of the plants deeper into the soil with corresponding it
crease in the portions of the plant above the ground, (3) the cirede
tion of air through the soil producing chemical changes mnecessary K
plant growth, (4) the permanent loosening of the surface goil Wi
consequent attraction (hy capillary forces) of the deeper seated grom
water, which is thus drawn into the surface soil as needed. It is
last item which makes drainage valuable in dry weather as well as %
Tt js a fact that well drained soil is looser and thus holds mois

S

1. Statistics from Mineral Resources of the U. S. 1908, U. S. Geol. 5S¢
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much longer than a heavy soil in which the ground water may stand

at a higheF level, but in whicl @ leeg”
as soon as 4t dries. ch the surface “bakes” to a hard crust

Method of draining.

dosed ohod ¢ Draining may be accomplished by open or

The open ditch is often u i
( sed in new countries, but is
place((ill))y closed ditches for one or more of the follow’ing reasm:g('m "
The open ditch is onl i penis
y temporar : i i
every season or even several times in a sel;son.y’ e TS opening

(2) 1t breaks up a field into li '
scross ithoat neimg f[i)lled' into little patches that cannot be plowed

(8) It is not possible to i
( 8 plant nor cultivate very nea ope
ditch ; therefore a lot of waste land results, which is I;1yllowe:'l 3::)1 ;f(::f

n mn rush an weeds or whie requlr as a n
es m uch care as a €

(4) On sloping 1 i i i
wachs b gullies'p g land open ditches may give rise to destructive

qual

On the other hand the closed drain is p

tracts to be tended, and produces no waste landemanent’ wllows la}rge/

dminZal;(l):}? ;:a.}t):iils bhavg be:n used in the comstruction of closed
3 ick, boards, stone, brush and drain tile, but t -

:}:::‘:tges of the Cy]]l'.ldl‘l(‘.a] drain tile are so important m;d l;o e}\lr?dadt'
no other material is used where this can be obtained -

done(li':lnsgl'('a;cﬁon of tile drains. Since little or no drain tiling has bee}r
e e :f c;m?x(,1 and as sucl} drainage would permanently improve
R 1: and, the fo]!owmg article! is given as it discusses th

mental principles of tile drainage briefly and clearly ’

“What Soils Need Tile Draini i
. d T Jraining ?. A brief answer to thi =
;::(l] i;vot;ld be, that all soils suited to cultivation and erop gorm\;;:l qurfsﬁ
y freed from an excess of water, should be tile drained e

“The above answer is not suffici i
' $ ciently definite, perhaps, f
;{leo évr(:;i,(r}nhket }fo. kn]owdhow far they may profitably Sxteng Si’:he():vol:']li1 IL};
‘ g their land. We further answer, ther
swer, efore th

:‘:::; :;:Zr ?:0 extende(; on land adapted to proﬁtabletfjtil;'ln:;l:,:_j
unt| m an ordinary rainfall is pass i i
- : . pasced down into t}
: d the excess of water is carried away through the under—drains,lewisto}iE

1. —

J.J.W. B
1% illingsley in Clay Worker for Oct. 1908.
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out injury to the growing crops, or surface washing of the land. To
earry out this view of under-drainage practically involves a very cor
siderable enlargement ol the work, much more than has been con-
templated by many farmers.

“he opinion was entertained by some in the beginning of the work
of tile drainage that only the low, wet places, sloughs, or ponds, needed
this improvement of soil conditions, and a few may he of the same
opinion now, hut there has been a radical change as to the extent of
the need of,.‘ldr?,inage among intelligent farmers and other land owners,

“1t is \;ery common now for a good farmer to say: “I'he morel
tile drain, the more 1 see the need of it’ Another says: ‘WhenI
eommenced tile draining my land, I thought that one hundred rods o
drain tile, or a very little more, would be all that I needed, but il
looks now as tllq)‘iglifl shall not get through tile draining my land unti
all that is i cultivation is underdrained.” So it is with those whe
have learned ‘Sontething of the benefits of underdrainage.

“1t is believed by many that ordinary farm lands, which havet
surface drainage suilicient to carry off the water of heavy rainfalls in
a few hours, do not need tile draining; but such lands may need i
very Illu?lgjz-ﬁot only to prevent the waste of fertility from surfae
washing,*but rolling lands arc often injuriously affected by an exces
of water in the under soil, which, coming out slowly to the surfac
pvaporates making the fop soil cold and sodden,  Water falling on high
er land enters into the =oil, and.passing into the subsoil, may come in con
tact with a strata of almost impervious clay, then passes slowly throug
the soil over the close relentive clay. keeping near the surface sl
until a lower level is reached, or it may come out in what are calld
seeps of considrable extent. This underflow water is quite generl
and it may be so near the surface that the water coming out to th
surface may have a chilling effect and greatly retard and injure th
growing crop. If we have not familiarized ourselves with these fack
we will often he at_a loss to account for the spotted conditions of erop
on rolling lands, they grow slowly and get yellow and spindling @
Iands that have a sunny exposure.

“Ihe wonderful change wrought by underdraining such land w0
prove a mdst gratifying surprise o many land owners. The sl
will becomne open, warm and mellow in its nature, and the crop yidk:
will be quite doubled.

“Clay soils having no underlying strata of sand or gravel-nu_'
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epough to the surface to afford an outlet for the excess of water, need
tile drainage. '

.'“Thorough work in drainage involves the construction of under-
drains in parallel lines, near enough to cach other so that the soil
and subsoil will be affected nearly alike, and the water level in the soil
be lowered to a point where it will not injurjously affect the growing
crops, and give a circulation of air through the soil and subsoil above
the water level.

“The drainage is expensive when well done, and more expensive
when .po‘orly done. But it is most costly of all when not done at all.
when it is badly needed, and it is often needed more than we think.

“The Work of Drainage. A broad, correct view of the extent of
the wqu needed to he done is very essential for a right beginning.
otherwise much of the work done at first may prove a hindrange to its
progress afterwards; in ‘the failure of not having well-planned the

work, in the using of sizes of tile too small, and in digging the drains
too shallow. -

“A general Plan. 1In planning to drain a field or any given area
of land, the general surface configuration of the land should be care-
fully studied and levels taken, if the use of an engineering level can
be had at a reasonable cost. It is important to know deﬁn?te]v where
the best outlet should he located to afford a Tree flow of the -ivnter;—-
where tl}e. main and submain drains should he placed to sccure the
most eﬁ?ment drainage. Tt is also important to know what fall can
be had in the several drains, including the main and lateral drains
for the reason that drains, including the main and lateral drains, hav:

in id - . ) .
lci ;:;151 erable fall require a less size of tile than those_ havmg_muc.h

‘ .

. “Again it is important to know the character of the soil and sub-
soil. If open, the lateral drains may be laid further apart (from 60
to 100 feet) ; if the soil, or, more particularly the subsoil; is retentive
or close, allowing the water to percolate slowly through it, the drains

need to be closer together (from 20 to 50 feet
b o 2 apart
most efficient drainage. part), o seeuwre the

. “Another important factor to be considered in the general plan
13 the n‘mount of water that flows on to the land to be drained from
land adjoining. This, if considerable, must be provided for by using

:;l;;]er tile for the drains that will necessarily carry this extra or water
hed. :
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“After determining all these factors that have to do with the ef-
ficiency of the work when completed, the entire system should be out-
lined on paper, including the levels, each drain, mains, submains, and
lateral drains, and the sizes of tile to be used, including, also the depth
of the drains.

“The Outlet. The work of construction properly begins at the
outlet, which, if sclected carefully, should give the most fall and direct
outflow of water {o drain the area in the system mapped out, in the
mind of the owner or on paper. Beginning at the outlet, the main drain
should be as decp as the conditions will allow, or the perfect working
of the system requires, not exceeding ovdinarily 4 or 5 feet. The tile
for the main drain should be large enough to carry all the water that
will fall on or run onto the area intended to be drained by the outlet.

“Size of T'ile. 'Lhe size of tile to be used depends first upon the
extent of the area to he dratned; second, upon the inclination or fall
and third, upon the depth of the drains and the character of the soil
and subsoil. ' '

“First, as to the area to be drained. 'T'o illustrate more fully: A
proposes to drain twenty acres of land through one outlet, and wishe
to determine the size of the tile for the main drain. He finds that
here is an arca of as much as twenty acres of land adjoining thi
sheds its surface water from rainfalls and water percolating through
the soil upon and into the land of the twenty acres which he wishes &
drain. T'he natural outlet is over or through A’s twenty acres under
consideration. Therefore, the tile for the main drain and subdrains
should be large enough to receive and carry the water shed onto the
Jand.

“For a simple rule for those who wish to construct drains through
the low places of the farmn, a practical drainage contractor gives the
following as the result of his expericnce: ‘On the average the fal
usually secured is about 6 inches in 100 feet. With ordinary accurate
work in securing a regular fall, a 3-inch tile drain will carry the
water of six acres; a 4-inch tile will drain eight acres, a 6-inch twenly
acres, and an 8-inch eighty acres” The above rule is for casual, nd
thorough drainage.

“In thorough work, the following brief estimate of the number o
acres drained by different sizes of drain tile to be used in the cor
struction of drains is taken from a table prepared by Prof. R. C. (i
penter:
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“SIZE: OF I'ILE—ACRES DRAINED.

o 3-In. 4-In. 6-In. 8-In. -10-In. 12-In.
Bate_of Ineclination. Tile. Tile. Tile. Tile. Tile. Tile.

84 170 477 980 1704 296.0
5.7 119 331 69.2 1206 1905
4.5 9.5 266 560 97.3 1544
3.9 82 228 48.0 839 1325
3.5 75 204 424 744 1170

6.9 184 382 655 107.0

59 165 346 603 907
52 148 301 540 816
48 133 28.0 486 1740
41 114 240 419 650
— 102 212 372 56.0

S S R S SO U

. “The above table is intended for accurate, thorough drainage, but
it is better practice, in our judgment, in ordinary or casunal worit to
use larger sizes of tile in proportion to the number of acres rto’ be,
drained. To make sure of sufficient capacity in the drain to carry the

;v:lstter of ten acres, we advise the use of 4-inch tile, instead of 3-inch
ile.

. .“Second, the inclination or fall is an important factor in deter-
mining the size of tile to be used. The greater the fall the greater
will be the rapidity of the water flow, increasing correspondingly the
amount of water discharged through the drain. A 4-inch drain may
ha.ve a fall enough to carry as much water as would flow through a
S-inch drain laid with much less fall. A main drain may be laid
at almost a level grade and do good work, but the size of the tile

should b_e larger I'I.l proportion to the less fall for the reason that the
.water will flow with less rapidity than would the water in a drain

¥ith much more fall.

) “Third, the depth of the drain is also a factor in determining the -
fize of the tile needed to secure the most efficient drainage. The greater
de'pth Tequiring a less size, when the fall is the same as that of a drain
laid at a less depth, other conditions being equal.

) “Tl_le increased depth gives an increased water pressure in the
soil, \fvhlch increases the water flow in the drain. Another reason why
the size of the tile may be less in deep drainage is that the greater
the dep.th of the drained soil and subsoil, the more water there will
be required to bring the deeper subsoil to the point of saturation, when
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the water will fall away and enter the drain. A ¢oil drained to the
depth of 4 feet would receive and hold the water of a heavy rainfall
almost to the point of saturation hefore the water would pass into the
drain. The deeper drainage will aid in conserving needed moisture for
the growing crops. '

“Drainage in England is usually at a depth of from 4 to 5 feet.
Tn their retentive clay soils, the drains arve laid from 20 to 30 feet
apart, the tile used ave small, 1 1-2 inch and 2 inches being in com-
mon used for the lateral drains: with almost perfect coustruction their
drains do good work, but in the experience of some of our most ex-
tonsive land drainers in this country, a 4-inch tile i= as small as they
will use for the side drains to carry off the water of heavy rainfalls
besides, it is claimed that by using larger tile, a hetter aeration of the
soil is secured. ‘ ’

"“Another factor in determining the size of tile to wuse is the
method of constructing the drain, the regularity of the fall, the direct-
ness of the flow of water in the drain, and the laying of the tile.

“A drain may bhe dug and leveled correctly, but the laying of the
tile may be so imperfect as to greatly diminish the working capacity
of the drain. By placing the lile in the drain unevenly jointed, o
shouldered, more or less. the water in flowing through the drain strike
against the shoulders and deflects across the current, hindering the flow.
reducing the capacity of the drain at every uneven joint.

“Connecling Drains. Lateral or ¢ide drains should be made to enter
the main drain at an acule angle.  Otherwise, the water flowing in from
the «ide drain will interfere with the eurrent of the main drain. If en-
fored into the main at an acute angle, the currents will flow as nearly in
the same direction as possible, giving the best results.

“Depth of Drains. 1f our knowledge of the benelits of drainage
is broad, embracing not only the removal of the excess of water on or
in the soil, but also the greater depth of food supply secured for the
growth of crops and the circulation of air through the soil and sub-
soil, we will, if true to our best thought uwpon the subject, practics
deep drainage if the conditions will admit of 3 to 4 1-2 feet and deeper.
if necessary to perfect the work.

«l'here are cases. lhowever where it is hardly possible at any -res
conable cost to sceure an outlet for deep drainage. Then we advise thee
interested o do the hest that can he done, and drain shallow, rather
than not to drain at all where the lands need it.
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“Width apart of drains. The width between drains to secure the
most eflicient drainage at a reasonable cost, depends upon the depth
of the drains and the character of the soil and subsoil. Deep drains
drain’ 2 much wider space on each side of the drain than shallow drains
would in the same soil. In any case, the width drained depends on
the character of the soil and the subsoil. But we should not conclude
that because the surface soil midway between the drains is made dry
enough for the plow, that the drains may be 80 feet apart if it is
intended to drain deeper than we plow midway between the drains.
For the reason that the water in passing through the soil and subsoil
to the drain must have some fall toward the drain. Drains laid at
the depth of 3 feet and 80 feet apart in a close retentive clay soil would
afford very little drainage to the soil midway between the drains, but
would probahly be satisfactory in an open soil. In an open soil and

su'bsoi] the water, in passing through the earth to the drain, meets
with less resistance. ' '

“If it is intended to do anything like thorough work in drainage,
we must take these conditions under consideration to determine how
deep and wide apart the drains should be laid to secure the best results.

“Digging the ditch. Tt may be thought that to dig a ditch is a
very simple undertaking, but ‘there is much importance in doing the
work well. In digging, make the ditch only wide enough to work in
conveniently, make the side sloping to the bottom, which should be
mly wide enough to lay the tile, whatever the size of tile may he. In
eveling the bottom, use a push scoop the size of the tile to be laid.
ind grade the bottom so as to give a regular flow of water from head

to mouth, if at all practical, or if any change in grade is made it should
be gradual. ' ‘

. “Laying the Tile. Begin at the outlet and lay up grade. Lay the
tile end to end in a straight line, and avoid shouldering or uneved.
ness at the joints; fit the joints close together, and secure, as far as
possible, a regular flow of water on the inside with the least resist-
ance. Settle the tile firmly at both ends, so as to secure a regular fall
After laying a few tile, shovel in clay from the top of the bank and
cover the tile so as to secure them in position, then proceed to lay
more and so on continue the work. If water is running in the ditch.
be. careful not to let the Joose earth wash into the tile. To prevent
this a short board of right width may be used to set at the end of the
last tile Jaid. ~ After laying the tile as directed, the filling of the ditch
may be done in the most convenient and speedy way.”
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Statistics for Drain Tile.

The great majority of the drain tile used in the United States are
made and used in the north-central states. In much of this region
draining was absolutely essential before the land could be successfully
farmed. Many of the southern states are beginning to use tile, and
although none are being made or used in Oklahoma at present it is
certainly only a question of time until their use will be quite common
especially in the eastern and southern part of the State.

In 1907 the value of the drain tile produced in the United States
was $6,864,162, while in-1908 it was $8,661,476, a gain of $1,797,314
or 16.18 per cent. When it is considered that all other clay products
(except vitrified paving brick) showed marked decrease in production,
the increased use of drain tile is excellent proof of its value and increasing
popularity. It is also interesting to note that in 1908 the five states,
Towa, Indiana, Ohio, 1llinois and Michigan—the states where drain tile
has been used most extensively and where its value is most appreciated—
produced 89.84 per cent. of the total for the country.

ROOFING TILE.

Roofing tile is usually made of shales by the stiff mud proces.
Auger machines with special dies may be used for the more simple
forms, but hand or power presses are used to give the more complicated
designs.  The most important qualily of elay for roofing tile is slight and
uniform shrinkage, i. e. they must not warp' in drying or burning
The burned color is also a very important item if the tile are not to
be glazed.

Clays of long vitrificatioh range are usually selected for roofing
tile as these are less likely to suffer deformation in burning. If the
natural burned color is desired they must be burned nearly fo vitrif-
cation to render them impervious. I entirely vitrified they are more
liable to warp and “sweat” on the under surface after being laid
Where the natural burned color is not satisfactory or where too high
temperatures are required to produce partial vitrification, the tile may
be glazed or enameled by dipping in slip or spraying slip on the tile
and rehurning. By choosing a slip of the proper composition, the
product may be given any desired color and at the same time the porow
body may be rendered impervious. Care is required in drying and in
setting in the kilns to prevent warping. Roofing tile are often burnd
in semi-muffle kilns and sometimes are set in saggers. No roofing
tile is at present made in Oklahoma, but several deposits of shale an
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well adapted to their manufacture and one or two companies are con-
templating installing the necessary machinery to produce them.

WALL AND FLOOR TILE.

Wall tile are usually made of high grade, white burning clays.
'.I‘he body of the tile is formed on hand power dry press machines and
is burned steel hard in saggers. The body is thus quite porous, show-
ing absorptions as high as 15 to 20 per cent. They are then glazed
or enameled by dipping or spraying and using different glazes or enam-
e.]s. Hand painting and printing are also used for decorating ornamental
Flle. The defects which wall tile may show are warping, crazing, (crack-
ing of the glaze due to its having a greater rate of contraction than
the body), peeling of the glaze (due to the body having the greater
contraction than the glaze), and bubbles, spots or pin holes in the
glaze. Imperfect tile are always sorted-out at the factory. Crazing.

ho;\;ever, may not appear until sometime after the tile are set in the
wall.

] Floor tile is also made by hand power dry press machines. Care
Is required in the selection of clays for floor tile as they must be free
from warping and cracking in burning and must have good clean
b.urned colors. They are burned in saggers in down draft kilns. Floor
tile must be burned to vitrification so that they will not absorb mois-
ture. Floor tile are of two varieties, one in which the whole tile is
of one color throughout, and the other—encaustic tile—in which the
colors of the surface extend in about one-eighth inch. White tile are
made fr_om mixtures of white burning clays, fint and feldspars; buff
wd. artifically colored tile from fire clays, and red tile from shales.
Artificial colors are produced by mixing ‘ various substances with the
clay e. g. manganese and umber for the browns and blacks: chromium
for.green., ete. Encaustic tile is made by making the pattern of the
d%lg.n with brass strips. This is placed in the mold and the clays
or mixtures which will produce the desired colors sifted into the propér
compartments to a depth of one-fourth inch. The pattern is then re-

moved and the buff clay is added to the required thickness for the
body and the tile pressed.

, No floor or wall tile is being manufactured in Oklahoma af present.

TERRA COTTA.

‘The. use of terra cotta as a structural material has increased very
mpidly in the last few years and the rate of increase bids fair to
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continue for some time to come. ''his popularity of terra cotta is due
to its many advantages, some of 'which are (1) its durability, which i
greater than that of many building stones in use; (2) its strength
which is more than ample for any use to which it is likely to be put:
(3) its lightness and the ease with which it can be handled; (4) t
endless variety of design and color which can be had; (5) tlie sharp
ness of line and regularity; (6) outline of the designs which is greatu
than can usuallv be had in stone; (7) the impervious surface whic
prevents the absorption of moisture and which is not discolored b
atmospheric agencics; (8) the cheapness of the material when its af
vantages are taken into consideration.

Terra cottn is now made almost altogether of fire clays, usuall
No. 1T or mixtures of No. TT with No. T or No. TTI or hoth. Vey
seldom is a single clay found which is satisfactory in every resped
'The important factors are (1) small and vegular shrinkage with fre
dom from warping and (2) long vitrification range. Where the tem
cotta is mot glazed the burning color and freedom from soluble salk
liable to cause scun or whitewash is also important. Tower grad
clays are sometimes used for ferra cotta, but poorer material necessar
ly results. Such clays are not used so much as formerly and the prae
tice should be discouraged.

Manufacture. "T'erra cotta is molded By hand either in plas
molds or by hand wodeling. When molds are used, the patterns »
first made and the molds cast from the patterns, so that the inm
surface of the mold forms the outer surface of the picce of ware. T
clay is usually weathered to leach out the soluble salts and to oxidi
any iron carbonate concretions. Tt is ground in a dry pan, screemd
and is then tempered in a wet pan and also in lorizontal or vertid
pug mills. The clay issues from the pug mills as a continuous b
about 8 inches square, which is cut into picces about one foot in lengk
and stored in bins, where it is allowed to remain for sometime hefe
being used.

When molds are used the clay is spread over the inner sury
by hand, care heing taken to work it carefully and smoothly inted
the depressions and corners of the molds to a thickness of about @
and one-half inches. The molds are then set away for a few hoursd
until the ware is dry enough to remove. The rough edges are trinmi
smooth and any irregularities remedied. Large designs are mold
in sections and the scctions placed together in the building. Intrisl
or undercut designs must be modeled by skilled workmen. The dral
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must be conducted very slowly and carefully. The slatted floor system
is usually used. After the ware is dried the slip for the glaze is sﬁra.x'ed
on to the outer surface. The slip usually contains kaolin, groﬁnd
guartz,- and feldspar with the proper coloring materials. Terra cotta
is burned in circular down draft kilns. Each piece of ware is sur-
Founded- by a frame work of slabs or fire brick so that it supports only
its own weight. The usual burning temperature is cone 6 to cone 8.

Terra-cotta lumber is made on stiff mud auger machines. A large
amount of saw dust or other combustible material is added to the clav.
During the burning this combustible matter is burned out making the
ware extremely porous—so much so that nails can be driven through it
ylfhout breaking. The presence of so much combustible matter n“eces-
sitates very slow and careful burning. There is at present no terra
cotta made in Oklahoma although some of the clay veins under the

coal in the eastern part of the State would probably be suited to its
manufacture. .

FIREPROOFING, HOLLOW BLOCK AND HOLLOW BRICK.

All types of hollow ware are made on stiff mud machines and cut
by end-cut cutters. They are usually burned in down draft kilns. Clavs
of moderately high fusion point and long vitrification range are usuallly
telected for these products. The shrinkage is an important factor while
the color is immaterial since this ware is covered in the building.

ELECTRIC CONDUITS.

Electric conduits which are used to enclose underground wires and
ganles, are made of clays by the same methods of manufacture as the
sther kinds of hollow ware, but, as they must be entirely waterproof.
they are burred to vitrification and are salt glazed. This makes it

Becessary for them to be made of tolerably refractory clays, usually No.
M fire clays. ’

- SEWER PIPE.

i1 Sewer pipe is made from stiff mud by a machine of the plunger-
!ape as previonsly described in connection with manufacturing process-
& (p. —). Elbows, turns and all odd shapes of pipe are molded in

er molds as previously described under the molding of terra cotta.
ghe halves of the pipe are molded in separate molds and then the
fasls placed together and the halves cemented by a slip. After the
e has partially dried the molds may be removed. :
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No. 1I or No. I1I fire clays or mixtures having properties sim
ilar to these clays are used in manufacture of sewer pipe. The cly
is ground in dry pans, and then screencd and well tempered in wet par
or pug mills. After having been molded the pipe are dried on glattd
floors by steam heat. The drying, especially of the larger sizes of pip
must be conducted very slowly and with extreme care to prevent an
warping or cracking. The pipe are burned in round down draft kilm
at temperatures approximating cones 6 to 9.

nested, i. e. the smaller sizes set in the larger ones, in the kilnsj
economize space and fuel. All sewer pipe are burned to vitrificati
and are salt glazed to render them impervious.

Although large quantities of sewer pipe are used in Oklahom
none is made in the State. Some of the clays from the coal mim
are well adapted to its manufacture, e. g. sample Nos. 47, 287, 0. (4
Chap. VII.) .

DOMESTIC AND SANITARY WARE.

Domestic and sanitary ware includes a great variely of ware whi1 ‘

is generally included in the general term “pottery.” There are

many different grades of pottery and so many terms used in describid
these grades that anything resembling a complete discussion would}
out of place in this connection. The principal classes of pottery

carthenware, stoneware, and china of porcelain.  Barthenware, s

as flower pots, can be made of low grade red porous burning clays.

is usually not glazed, but may he. Stoneware such as jugs and
are made from buff burning clays of dense body. China and porceld
are made from mixtures of ball clay and kaolin with ground qu

(flint) and feldspar (§par.)

Manufacture of Pottery.

Clays for pottery must be well tempered in order to develop tba
best plasticity. They are usually ground, worked through vertical
mills and stored in wet closets or hins. They are also well workell
hand or by rollers previous to molding. Molding is done in four d
ferent ways, turning, jollying or jigging, pressing and casting.

Turning is performed by placing o lump of plaslic clay on a sl
horizontal wheel which can be rotated rapidly. While the whe
rotating the potter wets the surface of the lump with a thin sl
clay and water to prevent the clay from sticking or tearing, and d
gradually draws the lump into the desired shape with his hand. AH

The pipes are usualj .
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thfz object is completed it is cut loose from the wheel by a wire or
fhm blade .an.d set away to dry. Many articles of stoneware as jugs
jars, and sxml.la.r‘ articles are made by turning. In recent years how:
ever, presses similar to the sewer pipe press have been devised to’ make

many of th i 3 : . )
o rm);r;)y' these articles and turning is not so extensively practiced as

Jollying and jigging are more rapid than turning. The clay is
made up much softer and a lump is placed into a plaster mold which
tets upon a rapidly revolving plate. The interior of the mold corre-
spon'ds to t}.1e exterior of the vessel to be made. While the mold is re-
Yolvmg rapidly the clay is pressed up around the sides and the shape
is produced by a template which is forced in from above. Articles of a
Jug shape are made in two pieces which are later cemented together
Plates, saucers, bowls, etc., are made in a similar manner, the mold hav-.

ing the shape of the top or hollowed surface, while t}
the bottom surface. , while the template forms

Pressing has been described under the manufacture of sewer pipe
and terra cotta. This process consists in pressing the clay into plaster
molds. Large objects are molded in sections, and the molds placed
logc:'ther and the different parts cemented by clay slip. After partial
I?rylng the molds may be lifted from the objéct. P

C’asn.ng consists in pouring a slip of clay and water into a plaster
mold having the shape of the exterior of the object. The mold being
porous absorbs some of the water which causes a layer of clay to stick
to the mold. When this layer is thick enough the remaining slip is

::;:]ed out. After a few hours the object can be removed from the

Drying. All kinds of pottery are usually dried on shelves in steam
beated rooms.

Glazing. Common earthenware is not often glazed. When it is,

easily melted glazes in which lead oxide and boracic acid form the im-
ortant constituents are used. Stoneware is either slip or salt glazed
‘;"hlte earthenware, china, and porcelain are glazed with mixturex;
rbose composition depend upon the nature of the ware and the kind
i color of glaze wished. The ware is first burned to steel hardness.
#!ﬂer cooll.ng it is dipped in a slip of the glazing material, dried and
pburned in saggers in round up draft kilns. Enough of the glaze
bdberes to the ware to form a coating which in the second burning melts
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In high grade china and porcelain the second burnin,

into a glass. _
conducted at a higher temperature than the first.

Decorating.  Stoneware may be decorated by etching designs |
the green ware and filling the etching with coloring matter. Whi
earthern ware or china is usually decorated with print work. Color
designs are printed on special paper. The paper is moistened and p
ted face of design down, on the ware before glazing. After the pap
has dvied on the ware it i« Tubbed off with a wet sponge, the desi
remaining on the ware. The ware is then glazed as previously ¢
scribed. 'The designs may be retouched by hand or in fine china #
porcelain the whole design may be hand painted. Gold and ok
delicate colors must be applied over. the glaze as these colors are #
stroyed by hard firing. ‘

Sanitary ware such as bath tuhs, wash basins, etc., are usul
made of huff burning clays. They are molded in large plaster moll
Fxtreme care must he taken in drying and burning the larger pie
of ware. This sort of ware is heavily glazed. The burning temp
ture is high—usually cone 8 to cone 10.

At present no pottery is made in Oklahoma, and so far no
has been found which, is suitable for the manufacture of the hij
grades of clay products.  TTowever, since the fuel is about as an i
portant an item as the clay, there is no reason why the vast amo
of fuel in this state should not make the manufacture of this w
possible here even if all the raw material should not be found d
at hand.’ : ‘

REFRACTORY WARE,

Refractory wares are those which will withstand high temperat
there are many products of this type, but the principal ones areﬁ
brick, glass pots and saggers. Only the three named will be menti
here.

TIRE BRICK.

Tire brick are used for setting hoilers, lining furnaces, cups
and kilns; walls of fire places, ete. No. I fire bricks should not s
below cone 32 and should carry a load of 50 pounds per square i
at a temperature of 1350°C. TFire bricks are made out of mixturs
plastic and flint fire clays. The flint fire clay has a very high bum
shrinkage. Crushed old fire brick or “grog” is often added to
mixture to reduce this factor. ) .

.and dried on steam heated
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The materials are ordinarily ground in dt"y pans, molded by hand
floors. They are usually repressed in hand
Power represses when partially dried. Tor special puprposes ll)lrlicllm:f
a;l acid nature are requiréd, and silica fire brick consisting princip;tljv
0 dquartz are made. At present no fire brick are made in Oklahoma
;n. therg seems t.o be no No. I fire clay known to occur in the State.
bt ltsh entlrily possible that such clays may be found and if they should
€ the vast amount of cheap fuel available should m: i i

centor for this wmpeene® e should make this g leading

GLASS POTS.

~ Glass pots are used for meltin
window or plate glass. T
to resist the strains incide
heat into the ordinary ro

g the charges in the manufacture of
he pots must be very refractory and str.mg
nt tct) being taken from a furnace at white
iny om temperature, and to bej i i
:!ontammg_ a charge of several hundred pounds of ml:;tzﬁ ;it:sd ‘;\'}Ilil}:
; ures of high grade light burning clays are used. They are te.mpered
very carefully and seasoned to develop their maximum plasticity. The
p;)ts are‘usua]ly 42 by 31 inches in size and hold 170 square i’eet of
Blass. The pots are built by hand, about 30 are started at once and 3
:1?5:,. ;iell.:]cl:::éils'eabmlt on'tolea';'ch o]ne every day until the group is ﬁnishe(i.
Te required for drying. When ir

ionce each day. The average life }(l)f i pot is 201dl::,§: 3;82!())021.;? fred

SAGGERS.

5bi Saggers are large containers in which ware tl
iby direct contact with the flames, are set to be burned.
burning of all sorts of ching and

1at would be injured
They are used

one serves as
They are made of a plastic, refractory
Lgrge amounts of grog are used. They
ndition either by hand or by especially

the cover of the one below it.
th with high bonding power.
are molded in the stiff mud co
designed presses.

OTHER PRODUCTS.

E"lectrtcal. porcelain is made of high grade white burning clays
In this ware it is especially important that the shrinkage can be con:
Mal accurately since the pieces must be of exact sizes in order to
B each other or the metal parts in which they are introduced. The
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ware is molded by the dry press process, is glazed and burned in
saggers at high temperatures. 1t is carefully tested for flaws, for ac
curacy in size and as to its insulation powers,

Chemical porcelain, evaporating dishes, crucibles, etc., are utt
of high grade, white burning clays and is glazed. Practically all d
this ware is made in Germany.

Battery cups are porous cups used in electric batteries to permi
of a slow transfer and mixture of different solution.

Porlland cement contains some form of clay as an essential cot
stituent. 'This is a very important product but can not be conedere

in this connection.

Clay is often burned sufficiently to destroy the plastic propertit
and then used for railroad ballast. Unless burned almost to vitrifie
tion it wears down rapidly and is not much used except in regioy
where crushed stone or gravel is difficult to obtain. Burned clay Toud
are huilt hy digging trenches across the road at short intervals i
filling these with wood which is then burned. This treatment destror
the plasticity of the clay and tenders the road less muddy. Such rost
are heing constructed in parts of the southern states where stone cautf
he obtained.



CHAPTER VII.

- THE TESTS ON THE OKLAHOMA CLAYS

- INTRODUCTION,

The tests on the Oklahoma clays were performed in co-operation
with the clay products division of the Technologic branch of the United
States Geological Survey, now a part of the Bureau of Standards. The
samples were collected in Oklahoma and shipped to the testing plant
at Pittsburg, Pennsylvania, where they were tested by the writer. The
work was performed under the direction of A. V. Bleininger, now of
the University of Illinois. The writer desires to express his thanks to
Mr. Bleininger and to his assistants Mr. G. H. Brown and Mr. R. K.
Hursh for their uniform kindness and assistance while the work was in
progress. '

COLLECTING THE SAMPLES.

Owing to the lack of appropriation for such work it wag found im-
Poesible to visit each locality and collect the samples so some of the
mmples were collected by the owners of the deposits. The writer visited
88 many localities and collected as many samples as was possible with
the time and means at his digposal.

In collecting the samples the following points were noted :

(1) Location of clay; (2) thickness of deposit; (3) area of depos-
#; (4) amount of strippin ; (5) distance to railroad and shippin fa-
pping pping
flities; (6) kind of fuel available and a roximate price.
aliti ki fuel ilabl pproxi pri

The following directions were followed in the collection of the
mmples, '

“Dig back into the clay or shale bank so as to get into the fresh,

Bweathered material. Get a straight face of the whole thicknesg of
Bhe bank if possible.

From the straight face, dig down and throw into a heap 400 or

#99 pounds, taking care that all the bed from tip to bottom is repre-
8$Gs : '
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gented equally. Mix this pile thoroughly and take one-fourth of it
as a sample.”

. These samples were placed in boxes or sacks and shipped to Pitts-

burg.
WORK AT PITTSBURG IN .1909.

The work at Pittsburg occupied the months of July, August and
September in 1909, and May, June and July in 1910.

in 1909 the following procedure was followed :

The clay was ground dry in a wet pan but was not made up to the
tiff mud in the pan. 1t was taken from the pan and screened through
- piano wire screen (akout 8 mesh). Some of the clay was then taken
and made up to a gtiff mud by hand and carefully kneaded. Discs wer

then made of each clay in & hand press with a die three jnehes i
.diameter.

Twenty dises of cach clay were made, taking pains to obtain 8
uniform a thickness as possible (1 inches.) Kerosene Was used to
Jubricate the die to prevent the clay sticking. The pumber of the clay
sample and the number of the dige (1 to 20) was stamped cn each dise

Thirteen of these discs were weighed as soon as. made and the vob
ame of three of them determined. Tor this purpose the wel discs were
jmmersed in kerosene for at least two hours and the volume measured

by displacement of kerosene in the Seger volumeter.

While these discs were in the kerosene, the diameter and thicknest
of the remaining ten discs, that had been weighed were measured with
ernier calipers and the discs were then placed on pallets in the drying
soom and allowed to dry.

After the discs were dried perfectly; those that were weighed before
were reweighed. The volume of the three diges whose volume had bees
found before was taken by the same method except that they were im-
mersed in kerosene for six to twelve hours. ‘

After all the measurements of the dry discs had been made, three
dises of each clay were purned at each of the following temperaturs:
cone 08, 06, 04, 02, 1 and 3. One disc of each get of three was taka
4o determine the porosity. A piece weighing about thirty to forty grm
and representing the average composition of the disc, was broken from
st and weighed dry. 1t was then immersed in distilled water and 8o
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for twelve hours and .

. then boiled in

or six hours. water under reduce

nine inches vamrll;}: dma’fometer registered from thgt;l__ eIi’l'*laistsutre for five

end alsc. il : uring the boiling. The wet weight ght to twenty-
1e weight of the pieces suspended in waterg] was then taken

‘Per cent. of pore space=—=

- Wet .weight—dry weight
et weight—suspended weight 100.

The two remaini i
. . ning discs
dried at 100° S 'S were measured by th ; .
0°C, and were weighed. They were tﬁen ?m:z;l::; 10 allpetr >
sed in water

for forty-eigh

ght hours and wei .
ghed again TRV
Seger volumeter by displacement Ofgwat’e:nd the volumes taken in the

CALCULATIONS OF RESULTS.

F rom e d a Ob g p p .
th a.t tallled the fol lOW in roper ti €5 were Calc‘ﬂated
1' tEI Df plashclt)

Weight of wet disc—weight of 'dry dise
' Weight of dry dise
2. Linear drying shrinkage

X 190.

(a) in per cent. of wet length—
Wet length—dry length

X 100.

wet length
(b) in per cent. dry length—
Wet length—dry length
dry Tength X 100,
3. Volume drying shrinkage |
(a) in per cent. of wet vol.=
wet vol.—dry vol.
wet vol. - X 100.
(b) in per tent. of dry vol.=
wet vol.—dry vol. '
X 100,

dry vol.
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4. Linear fire shrinkage at each of the siX temperatures in per

cent. of the dry length=
d th— > th
dry ler—l_gﬂll_ﬂlﬂrﬂed leng X 100,
dry length

5. Total linear shrinkage in per cent. of wet length=

wet 1ength—i}urncd length X 100.
wet length

6. Volume fire shrinkage at each of the six temperatures in per

cent. of the dry volume==

v, Total volume shrinkage in per cent. of wet volume=

wet vol.—_—l)lr_ned vol. < 10'0.
wet vol.

8. Ahsorption of the dises burned at the six temperatures in per

cenl. of the weight of the dry burned dire==
wet wo‘ighl',_(.)‘!l.,li',,r!:(_l(} fl_ljf_——:(]l_\»\\(_‘l(_!l_lt of hurned disc X 100.
dry weight of burned dise
9. Porosity of the discs hurned at each of the six temperatures in
Jume of the burned dises=
eight—dry weight
Wet -\\elg.l_x_tm_r_.l.‘y weight ¢ 900.
Wet welght——suspended weight
From the per cents of porosily at {he different temperatures the

porosily curve for cach clay was plotted.

per cent. of the vo

PROGRAM OF TESTS MADE IN 1910,

or the work of the summer of 1910 a slightly different plan wab
followed on account of a small auger machine (pl. 9) having been in-
stalled which made it possible to make up the discs in 2 manner more
nearly resembling the conditions in commercial practice.
crecned if necessary) and made up into
t was then run through the gmall anger
The column was eut into pieces

The clay was ground (s
otiff mud in the wet pan. 1
machine, using a three inch square die.
about a foot long, placed in a mitre box,

and cut into briquettes one and
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n i ; : .

C"v e‘i*;llll; 'I:If(lll IL};lcl:: W'lth a wire cutter. Twelve of these discs were

the ver n,ier ol ks erl‘ght c. m. apart made on the large surface with

previous sea per’s. 1139 volumes were taken on three pieces as in the

i measur:do? tﬁheddlstance between the marks previously mentioned

caliars and i n the dry a.nd burned condition by means of the vernier
pers and the linear drying and fire shrinkage caleulated as before

rl\ . . .

proxim“;’e]ot :lhe stiff m\.ld briquettes were cut into small pieces of a

The numby ;e same size, (each block being cut into eight iecesp_
er of the clay was stamped on each of the pieces. AftI(Jer dr\)r:

ing, these small pieces were used ini
o orecity a8 oo sed for determining the temperature range

Ab clay
oo 01'1’1:‘;3 etwgnty clays were burned at one time. 'en sets comsisting
o o te};t k‘10 ffziach the twenty clays were prepared and set in a dow;
iln (fig. 156 and pl. 10) in long trough shaped setters.

Fig. 15. Do
wndraI;Test Kiln in Clay Testing Laboratory of the United S
ureau of Standards at Pittsburg, Pa od States

Si

of triallx S;::;::s we(;e used , eacl} of the two upper ones containing one set

ok Onz : ;han the two middle and lower ones containing two s;ts
) n the front end of the setter and one in the back portion
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Cone pats were placed in front of each set of trial pieces. 'The pats
each held three cones, the middle one representing the temperature to
which the set of trials was to be burned and the ones to the left and
right being respectively the next lower and next higher cone. The set-
ters were supported by checker work of fire brick which permitted the
free passage of the kiln gases but prevented them from striking directly
upon the cone pats.

Fig. 16. View of portion of machine room in Clay Testing Laboratory of
the United States Bureau of Standards at Pittsburg, Pa.

1

The sels and cone pats were arranged as follows: The two upper
setters contained sets to be burned at cone 010 and at cone 08. The
right middle setter contained the set to be burned at cone 06 in the front
and at cone 04 in the rear, the left middle setter contained the sets to
be burned at cones 02 and 1 in the front and rear respectively ; the lower
setters contained the sets to be burned at cones 3 and 5 in the right
hand setter, and the sets for cones ¥ and 9 on the left.

The wicket was built with a brick with a peep hole set loosely in
front of each setter, so that it could be removed. The peep hole was
closed by a glass disc fastened to the bhrick with clay.
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After the wicket was closed the kiln was heated up until cone 010
in the upper right hand setter was down; the brick in front of the set-
ter removed and the trial pieces drawn, by means of an iron hook, froi
the setler into a small square setter and immediately covered with sand
to prevent too rapid cooling. 'T'he brick was replaced in the wicket
and the temperature increased until cone 08 was down and the set of
trials in the left hand upper setter drawn in a similar manner, and so
on until all the sets were drawn from the kiln. About two hours were
required, on the average, to raise the temperature two cones, e. g., from
06 to 04, the time being shorter between the lower cones and longer
between the higher ones.

As soon as the trial pieces were cool enough to handle they were
placed in a desiccator and, later, the porosity was determined by the
same method as was used the previous year.

Five of the large discs of each clay were burned at the best burn-
ing temperature as determined by the trial pieces. All the more refrac-
tory clays were burned at cone 5. The burned length was determined on
these, as well as the absorption. The burned volumes were taken on
threc of them by displacement of water in the Seger volumeter.

NOTES AND DATA OF THE CLAYS TESTED.

On the following pages will be found a description of the occur-
rence of each clay tested, together with the results of the tests and re-
marks on the working, drying and burning properties, and the producis
for which the clay is adapted.

'The clays are taken up in the order of the number assigned to the
samples, without respect to their distribution or geological horizon.

'The porosily curve for cach clay is given in a figure placed near
the description. The meaning and use of the curve in determining the
propertics of the clay as well as the importance of the various tests
usually applied to clays have been discussed in Chapter V.

The results of the tests are also brought together in a table at the
end of the chapter. '

Clay No. 4, Boynton, Oklahoma.
Location, NE. 14 sec. 30, 1. 14 N., R. 16 5. Thickness of deposit,

30 ft.; area of deposit, 160 acres; amount of stripping, 4 to 5 ft.; sit:

uated 7% mile from Frisco Railroad. TFuel, gas at hand at low .price.
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DATA.

Water of plasticity 15.2%
L. D. st '
\;7' > SS 2.2%w.l 2.39%d.l.

. 8. 7.8%w.v. 8.4%d.v.
ﬁt I«Sonse et et 08 06 04 02 ?o ' 3
V: F S e e 1.3 2.3 44 4.7 6.0 60
ol ] s ............. .8 5.0 106 11.9 168 16.5
'Tot. {7 s ............ . 34 4.4 6.5 6.8 8.1 8.1
Abs.o . S. 84 123 175 187 232 299

Ip. .. 12.9 8.6 8.0 5.1 4.3

Porogity

29.1 216 21.8 '16.1 14.4

' Re.marks :'—Hard shale. Shows considerable mica. Works well and
dries m‘cely with moderate shrinkage. Burns to rich dark red color f
fro'm discoloration. Suitable for building and common brick. - Is stripi(la
quite porous at cone 3 and would probably be available for sewe;r pipe.

Porosity curve on fig. 17.

Cl
ayLl;Tco;;biIO, s 1, Coalgate, Oklahoma.
ocavion, SH, 14 sec. 14, T 1 N, R. 10 E. Thickness, 3 ft.; area
underlies all the coal in the Coalgate region ; must be mjned,; distéz;:e eto’

railroad, 100 yards; M., K. & T. and 3
bng tach, o orics, 1o - and Rock Island, Ardmore branch;

DATA.

Water of plasticit

Y
L. D s. e
= 5.83%w.l 56%d.1.

13.7%w.v. 16.0

IA,,t Fclorée 08 06 04 020 1 4%2.“
v F. S. 3.4 4.0 5.6 5.6 5.9
To .L q 9.1 12.7  16.4 17.3 18.5
Tot' V. é 8.4 8.9 10.4 10.4 10.8
&bs;)r S R . 221 24 28.8 8.0 298
:Poms}f):. 9.0 6.7 4.1 3.8 2.
Porosity %0.6 134 97 9y g3

mfﬂii;m:;l}:z;r—fsilriikcl%ydot; d;;;k ]gray color; very fine grained. Some
" sided.’ orks very nicely in pan and machi

. » N v h i

es evenly and without cracking. Burns to rather dirty red Cc;ll:;

H

1. The abbreviations I.-]
. ~Hnear, V-volume, D-g
!Llﬂre. S-shrinkage are used thro{xghout these tal:arl}:sng' Adry, wowet.
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© 123
. ) d sewer DATA.
‘ Jiscolored. Suitable for paving brick, fire pr()oiing9 an
Slightly e e ware it should be burned at cones 5 to 9. Waer of plasticit 81%
pipe. For vitr oo 11 L.D. 8. : L Uk 65% W 1.0%d.1.
Porosity curve on hig. 2{. V.D. 8. 18.2%w.v. 22.3%d.v.
Coalgate, Oklahoma. At cone 06 04 02 1 3
Gy, . :1, SE. 1 sec. 14, T. 1 N, R. 10 E. Thickness of deposit L, B 8.
Location, 74 BYR 2 TS

7.4 8.2 8.5 9.5 8.5
208 253 9264 267 251
132 139 142 151 140

i 5 i i ﬂ' . F. S,
25 ft s area, O erlies a]l the Coal in Coalgate reglon, stl‘lpplng, 10 V
. s \/

a|1)1| ()\I' ()[) (ll n all (ia(l ]00 yal(ls M. ];.. & r.l. and I{‘mk 'IO
g CT' 3 Sta ce tO T T ] 3 3 t [ S

) ice $1.25. Tot. V. 8. ... 36.5 388 398 40.1 38%
Tsland ; nearest fuel % mile; coal, price Hl. _ Absorp. .. . 42 1LY 8 5 4
: Porosity 224 123 6.8 4.0 3.9 4.5

' Remarks:—Black, fissile shale, with organic matter. Being in-
10 clined at a considerable angle this shale would have to be mined if it
thould be used largely. Enough can be obtained along the outcrop to
last for considerable time without mining. Works nicely in pan and
machine and dries evenly and without cracking Burns to a peculiar
] speckled Ted which is very pleasing. Matures at too low a temperatnre
e aand [ERER R and is too brittle for paving brick or sewer pipe. Vitrifies at cones 04

_ 4 to 1. Begins to lose shape at cone 3. Suitable for building and front
k| B—— brick.
Blec ‘f.}
E N A | i Porosity curve on fig. 17.
1 .
__,Clay No. 12, Coalgate, Oklahoma.
% Location, SE. 1 sec. 14, T. 1 N, R. 10 E. Thickness of deposit,
Y 20 ft.; area, extends several miles southwest and northeast ; stripping, 2
§ ylo 6 ft.; distance to railroad, 50 yards; M., K. & T. and Ardmore
Np ;Pmnch of Rock Island; nearest fuel, 1% mile; coal, price, $1.25.
§ b DATA.
Water of plasticity 26.9%
LD 8. ‘ 82%w.]l. 89%d.l.
- [ I lv D. 8. 23.4%w.v. 30.1%d.v.
________ ML___—JL L it.cone 08 "06 04 o2 1 3
" » o4 2 e I F. 8 7.6 8.7 101 103 8.9 7.8
| 0 Temperalure expressed Lt cone L Y.F s 0.5 272 293 276 218 215
Fig. 17. Porosity Curves for Clays No. 4, 10 and 3L ot gt | g - 153 176 17Y  1v8 165 155
& ;'ﬂ. VoS o, 473 443 486 478 402 41.1
dbeorp, ... 56 1.1 8 6 8 4
Povosity ... . 134 . 39 24 31 28 17
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Remarks:—Clay shale with concretionary structure, Concretion

tosted show much ferrous carbonate and a little lime; concretions plent
ful and hard to separate. Works well in pan and machine. Dries evenl
and without cracking but has very high drying and burning shrinkag
Burns to a brick-red color. Vitrifies between cones 08 and 06 and thy
shows little change up to cone 3. The great shrinkage is the . princip
objection to its use. Suitable for building brick. ‘Has a fine color fo
roofing tile, but the high shrinkage will probably prevent its use ft
this product.

Porosity curve on fig. 18.

Claremore, Oklahoma.

Location, see. 17, 1. 21 N, R. 16 L. Thickness of deposit, 5 to!
ft.; area, unknown; strippng, 5 to 10 ft.; distance to nearest railrod
14 mile; Prisco and Iron Mountain; nearest fuel, 14 mile; gas, pi
5 to 10 cents per 1,000 ft.

Clay No. 16,

DATA.
Water of plasticity 32.2% o
L. D. S. 13.1%w.L. 15.1%4d.L.
L. F. 8. %
Tot. L. 8. %
Vol. D. 8. 30.5%w.v. 43.8%d.v.
Vol. F. 8. %
Tot. Vol. S. %
Absorp. % :
Cone ... 010 08 06 04 02 1 3 5 (i
Por. ....21.2 18.2 104 2.4 167 150 9.3 ‘

Remarks :—Surface clay, light colored. Tt is very plastic and I
nates verv badly. Makes up to light yellow color. Has a few limeht
concretions. Shrinks very greatly and jrregular in drying. Al
pieces cracked badly; steel hard at cone 04, and swollen badly st e
1. Puils very badly and cracks at all temperatures above cone 03. ul
not be used in the manufacture of clay products. No porosity. @
shown.

Claremore, Oklahoms;

Location, sec. 17, L. 21 N, R. 16 B. Thickness of deposit, 58
ft.; area, unknown; stripping, 5 to 10 ft.; distance to railroaod, 1 ¥
Trisco and Iron Mountain; nearest fuel, 14 mile; gas, price 5 to 10

Clay No. 17,
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DATA.
Water of plasticity 21.8%
LD S A
). 5. . 6.7%w.l 7.
L. F. 8. (cone &) 1 Z‘?Wl TRl
Tot. L. 8. 8'5‘70
Vol. D. S. 2%
Mg EE.S%W.V. 25.3%4d.v.
Tot. Vol. S. 24‘0%
Absorp. - 5.6;6
gone ............ 010 08 06 04 02 - 10 3 5. 7 13
f)r. ............ 24.5 24.6 238 237 209 220 163 186 17.6 l
{———0%7% 17
= ——(
3 | ™~
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Temperalure expressed in cones. 3 3 i
Fig. 18. Porosity Curves for Clays No. 12, 17 and 38.

Hemarks :—Li

;’Imire:dar:;é vi)lrgl:st fiza){ surface clay with considerable sand, is fine

B . ely in pan and hi : U

i . ‘ machine.  Littl

Dries nicely. s a brownish pink at 010 and 06 tumi:"]:;nll?sgogé
? =]

e 0
ne 04 and 7, steel hard at 04; no melting at 7. Some spalling dua

g ime paI blcles when soaked. ou ave 1o be gloun Le[. ne to
I p
N "d Of the pleces Of hlne. LaIge 1eces bulned at cone 5 SI’]OW ﬁrm
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but not dense structure and rich buff color. Suitable for building and
front brick, if the pieces of lime can be eradicated.

Porosity curve on fig. 18.

Clay No. 30, Perry, Oklahoma.

Location, NW. 14 sec. 15, T.922 N, R.1W. Thickness, 3 fi;
area, 200 acres; stripping, 7 ft.; nearest railroad, 7% miles; Santa Tt
and Trisco; nearest fuel, coal, 85 miles, gas, 45 miles.

DATA.
Water of plasticity %
L.D. 8. %
L. F. 8. 12.5%
Tot. L. S. 12.5%
Vol. D. 8. Yo
Vol. F. S. %
Tot. Vol. S. _ %
Absorp. 10.8% ,
Cone . 010 08 06 04 02 1 3 5 Tt
Por. 42.8 32.8 374 306 316 953 2.8 19.6 42

Remarks :—Soft light colored. Grinds and works well but is som
what punky. Crumbles and rubs off and must be handled carefull
Burns to red color with open structure to come 7, soft at cone 3, vilt
fied and dark gray color at cone 9. Targe pieces were burned at em
1, but would stand at much higher temperature. Good for commt
brick.

Porosity curve on fig. 1.

Clay No. 31, Perry, Oklahoma
Location, NW. 14 sec. 15, T, 22 N., R. 1 W. Thickness of dept
11 ft.; area, 200 acres ;‘ stripping, 10 ft.; nearest railroad 7Y% mile
Santa Fe and Frisco; nearest fuel, coal, 85 miles, gas 45 miles.
Remarks:—7Too sandy to work on machine. Contains very Tt
clay matler.

Clay No. 33, Stigler, Oklahoms.

Location, NE.14 sec. 13, T.9 N, R 20 E. hickness of depf
9 ft.; area of deposit, 3 acres; stripping, 5 ft.3 nearest railroad, % ok
nearest fucl, 1 mile; conl, $2.75 per ton.

OKLAHOMA GEOLOGICAL SURVEY.
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DATA.
Water of plasticity
¥ 44
L. D. 8. o
CF S foome 5 ) 2.4%w.]l. 2.4%d.l.
L 9.8%
V?j II)I: ss.' 120%
Ve F 8 D7.0%W.V. 1.6%d.v,
Tot. Vol. 8. oy
Absorp. 66‘3?
Cone ... 010 08 i o ’
...... 06 04 02
Por. .. . 3 5
POT. ... 34.6 344 258 2.2 170 229 3% 3.3 s“z)llen ?

Re —A li '
propentir(r:sar;(r: peAc 1:lllgalll‘t coIl:r;d shale which grinds easily. Its working
t ec . oes not seem i
;Zl;}irojliitlebplas‘tlmty an@ is very “punky.” Iﬁr:lcslt)la}i}; Zanii lt?ut b
pavior dml :;gutlf’ sh?w?ng. little condensation or change bgzwe::elllaf:ol:-
badly at C,(;nes ] endv1tr1fry1n'g completely at cones 3 and 5, and swellirf .
o 8t eonee T an d9. This property would cause a great variation iﬁ
tommenatars thrumﬁ \:'arelunless the kilns were of remarkably uniform
oughout. The burned color ig rath i

red. The material could be used to make common el:riillli l::)rlllstat;:f;?;ozy

5 0

its working and burnin ies i
12 ok g properties is not recommended for any other

Porosity curve on fig. 19. .
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Clay No. 34,

Location, SW.14 sec. 7, T. 9 N, R. 21 E.
ft.; area, 20 acres; stripping, 4 to 6 ft.;
{uel, 2 miles; coal, price $2.75.

Stigler, Oklahoma.

Thickness of deposit, 13
nearest railroad, 1 mile; nearesb

DATA.
Water of plasticity 31.6%
L. D. s. 2.3%w.l 2.3%ad.l. -
L F 8 14.9% - ¢
Tot. L. 8. 16.6%
Vol. D. 8. 4.7%w.v. 4.9%d.v.
Vol. F. 8. 39.1%
Tot. Vol. 8. 41.8%
* Absorp. 3%
Cone ... 010 08 06 04 02 1 3 5 T 9
sPor. .. 42.6 378 211 72 29 2 .8 R

Remarks:—Ts a soft gandy clay of light gray color. Working, dry-
‘ing and burning qualities very similar to those of sample 33. Swells
_badly on leaving die of machine. Is not desirable on acrount of working
"qualities and rapid change in color and texture at cone 1.

Porosity curve on fig. 19.

Clay No. 38, Muskogee, Oklahoma.

*  Location, NW. see. 34, T. 15 N., R. 18 E; amount of deposit is
not known, but it js very large. Stripping, 8 to 5 ft.; railroads, 114
miles to M., K. & T. and

m/‘
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Fig. 19. Porosity Curves for Clays No. 33, 34, 45 and b63. :‘.:2

34 mile to Midland Valley; nearest fuel, gas,
1% mile,
DATA.
Water of plasticity 21.8%
L.D. s. 6.4%w.l. 6.85%4d:1,
Vol. D. 8. 19.2%w.v. 23.8%d.v. _
At cone ... .08 06 04 . 02 1 3
LF S ... - 4T 60 w4 83  gv gy
Vo. F. 8. . - 183 173 993 235 255 248
........... - 96 106 133 141 145 147
- 299  33.% 3ve 382 391 399
..... . 9.2 7.1 3.1 1.8 1.1 A
Porosit_v 223  19.0 9.2 3.3 4.5 2.6
9GS . .
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Remarks :—A brown clay shale of good working and drying prop-
ertics. Burns to a good brick red color and a good but not dense struc-
ture. Can be burned between cones 04 and 3 to common building brick

or drain tile.
Porosity curve on fig. 18.

Clay No. 39, Muskogee, Oklahoma.

Location, 8.1% of NI18.14 see. 19, T. 15 N., R. 19 K. Stripping, 3
ft.; amount of deposit, very large; nearest railroad, 1% mile; M., K. &
1. and Midland Valley; nearest fuel, 1 mile, gas.

DATA.

25.6%

‘Water of plasticit‘y
6.4%w.l. 6.9%d.].

L. D.S.

V. D. S 16.9%w.v. 20.3%d.v.

At cone 08 06 04 02 1 H

1. F. 8. 1.0 2.3 2.9 3.6 3.6 38

V. F. S 3 6.3 9.9 9.9 12.4 138

Tot. L. S. 7.1 8.3 8.9 9.5 9.5 94

Tot. V. S, e Uiyl 222 251 251 o1 M

Absorp. . 18.3  1ws 145 125 127 1U

Porosity 36.1 341 320 321 2273 M
Works and dries well. Burnsh

Remarks:-—A red, sandy shale.
brick red color and has a somewhat open structure. Would be a go

goft mud clay. Suitable for drainage tile and common brick.

Porosity curve on fig. 20.

Clay No. 40, MeAlester, Oklahoms.

Tocation, NW.14 scc. 32, T. 6 N., R. 15 E. Thickness of depos
100 ft.; area, 100 acres; stripping, 4 ft. of building brick shale. &
M., K. & 'I'. Railroad, switching rate of $3.00 to Rock Island; nears
fuel, 1 mile; bituminous coal, price, $1.50. Clay is used for buildig
and paving brick by McAlester Brick Co. ‘ |

DATA.
Water of plasticity 23.1%
L.D. S 71%w.l. 7.7%d.l
L. F. 8. (cone 3) 9.7% :
Tot. L. S. 16.1%

OKLAHOMA GEOLUGICAL SUR VEY.

Vol. D. 8 B
o1, . .
VL b o 18.4%w.v, RR.5%d.v.
Tot. V. S, ey
Absorp, ey
gone .............. 010 08 06 o4 g9 'i% 3
OF, oo %96 268 152 119 49 g4 1.5 1{)) ?

Hd

T
mp

1]

L]
I
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&2 pror conk.
T

/2ressect

LPorose. &y e

v
\

1
oo | _I d
Demperalure expressed i cornes
Fig. 20. ]
g. 20. Porosity Curves for Clays No. 39. 40 and 42

]
] LJM\]M 04 e A

=Nk .
Remarks: A dark gray, fine-grained clay shale.

ped dries evenly and without warping or cracking Works very nicel;

"The total shrinkage
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is rather high. Burns to a dark red. Shows some discoloration from
whitewash. Becomes steel-hard at conmes 04 and 02. vitrifies at cones
3 and 5 and is slightly blue-stoned at cone 7. Gives a very fine bright
red color and unusually dense, firm structure on the dry press.

Suitable for common, building, sidewalk and sewer brick. Is rather
brittle at cone 5 for good pavers. Is also adapted for drain tile.

Clay No. 42, Oklahoma City, Oklahoma.

Location, sec. 31, I 12 N, R 3 K. Thickness of deposit, 80 it;
area, 10 acres; stripping, about 2 ft. Railroads, on Rock Ieland; Sants
Fe, Frisco, and M., K. & T. available with switching charge. Fuel, g
piped trom Sapulpa at 10 cents per 1000 ft. Clay is used for dry pres
brick by American Brick & Tile Co.

DATA.
Waler ol plasticity 20.4%
L. D. S. 59%w.l. 6.2%d.l.
L. F. 8. 3.8%
Tot. L. 8. 9.5%
Vol. D. 8. 18.0%w.v. 21.9%d.v.
Vol. F. 8. 14.0%
Tot. Vol. S. . 29.5%
Absorp. : 5% -
Cone o 010 08 06 04 02 1 3 5 v !
Por. e 28.2 ov.2 9ov1 23.2 12.7 13.6

Remarks:—A red clay shale of excellent working, drying and burt
ing qualities. . :

Tt burns to a fine dark red color below cone 5. It hegins to vitrifr
at cone 02 and can he burned safely to cone 4. By careful burningd,
could be carried to eone 5 where it gives a fine light chocolate color. |

Tt is well suited for use as common, front or sidewalk brick, holle
brick or drain tile. Tt vitrifies too rapidly and is too brittle for dnt
tile or sewer pipe. Porosity curve on fig. 20.

Clay No. 44, . ~ Hartshorne, Oklahome.
Location, roof in mine No. 8 of Rock Tgland Coal Mining O
thickness of deposit, 20 ft.; area, 600 acres; on Rock Tsland Railra
nearest fuel, - conl under clay, bituminous; price, $2.00. Has ba
, used for ballast after burning.
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. DATA.
Efater of plasticity ' 16.0%
.D. 8. 1%wl. 3.5
3.1
gone 010 08 06 04 02 ]%W‘L 2-2%d-r|- 7
or. .. )
........... 384 358 31.5 28.2 232 21.1 19.7 16.8 14.0 133
£ | ST T
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Zempeeralure exriressed in cores. > i

Fig. 21. Porosity Curves for Clays No, 30, 44 and 108
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Remarks —Black carbonaceous ‘shale. Grinds down and works
well. Very tough and gummy. Small pieces were steel-hard ab cone

02 and completely vitrified at cone 9.

The large pieces could not be oxidized owing to the large amount
of carbonaccous matter. This would prevent the use of the clay in com-
mercial processes.

Porosity curve on fig. 21.

Clay No. 45, Hartshorne, Oklahoma.

Location, floor of mine No. 8 of Rock Island Coal Mining Co.;
thickness, 6 {t; deposit inexhaustible; mine workings cover 600 acres;
on the Rock Island Railroad; fuel on ground, bituminous coal, price
$2.00. Clay has been used for ballast after burning.

DATA.
Water of plasticity 14.6%
1. D. S. 3.4%w.l 3.3%d.l
(01 T-— 010 08 06 04 02 1 3 5 7 9
Por. . 43.5 42.9 40.2 340 335 303 299 27.8 158 154

Remarks :—Black plant impressions. Stiff and gummy. Thin veins
of coal. Works and stands up well. Burning behavior similar to that of
No. 44. Almost white at cone 010, slightly yellow at 08-1 and light grey
7,and 9. Stecl-hard at cone 1. All large pieces black colored at 5 and
not fully oxidized at cone 1 when fired for 60 hours at oxidizing cond

. tions. Could not be oxidized in commercial burning. '

Porosity curve on fig. 19.

Clay No. 46, Alderson, Oklahoma.
Location, roof of mine No. 5 of Rock Island Coal Mining Ca
. Thickness of deposit, 10 {t.; amount of deposit, inexhaustible; mie
workings cover 500 acres; fuel on ground, bituminous coal; prie!.j'r

$2.00. Clay has been used for railroad ballast.
DATA.
Water of plasticity 17.1%
L. 1. S. 3.9%w.] 4.0%d.l.
1. F. S. (cone 5) 8.8%
Tot. L. S. 12.3%

OKLAHOMA GEOLOGICAL BURVEY.
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Vol. D. 8. .
Mo SS 14.1%w.v. 16.4%4d.v.
Tot. Vol. 8. ;33%
Absorp. 3-5?
Cone ... 010 . 08 08 04 02 ' 1 ’ 3 5 7 9
Por. .. 29.7 258 198 183 8.1 e -4 By

emarks :—Very dark gra
; y to black;
nicely. Burns to red color ;g , ack; hard shale.

at cone 7. At cone 5 the |
from all discoloration.

! Works and dries
is stee!-hard at cone 08 and stands up well
v arge pieces burn to a'magnificent red, free
1 ' : €y possess an exceedingly sound and perf
:i;i‘ll;(g:;g.onOw1ng tt% tts excellent working and drying qualities angelro;:(};t
, range the material is too valuable to be used i

' n th -

facture of common bricks. Tt could be used in the manufacture o; ;I;?n]'];llg

and face brick, sewer pipe, condui
Tois o o materi};l p , conduits, and for all structural purposes.

Porosity curve on fig. 22.

Clay No. |
y No. 47, : Alderson, Oklahoma.

Thicliizz U?dgr coal in mine No. 5 of Rock Island Coal Mining Co.

workings co(;er ;g((;s;tc,re(si fft. ;1 amount of deposit, inexhaustible; mine
5 Tuel on ground, bitumi i

‘Clay has been used for railroad ballast. uminots coal, price $2.'00-

‘ DATA.

:’ater of plasticity 18.9%

$L.D. S .
X 6.3 1. 6.
L. F. 8. (cone 5) 71;’5;7WI PR
f. '

Yol F..S.. 17.2%w.v. 20.8%d.v.
;gj}.'l'ot. Vol. S. ‘;‘?.2%
i, Abrorp. l ~4Z7
A .

(;’one ............... 010 08 06 04 02 1 3 5 o 9

or. ... -26.9 221 17.6 14.6 9.1 62 14 56. 89

Remarks:—A black clay shale w

_ Re ith plant impressions.
idnes nicely. - Burns steel-hard at con and standy el by s 4

e 02 and stands up well at cone 9.

It has a rather

droct poor, very dark buff color and shows a sound flawless

It is very similar to the No. 3 fire clay of Ohio and Illinois.

!t 18 very useful for the manufacture of fire proofing, conduits, paving
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brick, and probably for sewer pipe. It can be ‘used for bl‘;il'd:(ng brick,
altl;oilgll its color would limit the demand for it as'front biick.

Porosity curve on fig. 22.

’,
’

|

//' 4

cenk.
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Porasily expressed in per

G
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0 iy N
\ W | ]
i - N R e
b ~ 9.9af cone §
- 7
~\
T T ‘\ /
- -1 - I R A - 7
,
06 4 .2 I
“ ’ Temperabwre_expressed L cones. A

Iig. 22. Porosity Curves for Clays No. 46, 47 and 60.

lay No. 53 Blackwell, Oklahoma.
0. 53, cwel ‘ :
- Location, NW.14 sec. 26, ", 27 N.,, R. 1 W. Thickness ofdd?hois:
626 [t.; knm\,m aren, 120 neres; stripping, 8 ro flG ft‘s(;it;!;lroll;:..mi“
o ; ilr ide track from Ss ;

v be used as baliast. Railroads, 8i : nin Te; ok
Tzu:;e distant available with switching charges; fuel, hals); is E;{;gdh
lease at 6 cents per 1000 ft.; coal, $2.25 per ton. Has been use
common building brick.
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_ DA'A.

Water of plasticity 20.6%

L.D. S 3.0%w.l. 3.2%d.l,
"L.F. 8. 1.8%

Tot. L. 8. 4.6%

Vol. D. 8. 127%w.v. 14.5%d.v.

Vol F. 8. 8% -

Tot. Vol. 8. ‘13.4% '

Absorp. 34.8%

Cone ... 08 06 04 02 1 3 5 7 9
Por.

52.2° 52.0 53.0 55.3 551 55.6 540 158

Remarks:—Is a siliceous cla
. and dries nicely.

4.5
y with large grains of quartz. Works

Burns to light buff color with open porous, structure up to cone 9.
It shows little change from cone 010 to cone 3 and then shows a rapid
condensation at cones 5, 7 and 9. Ig completely melted at cone

15.
Is especially adapted to use as fire proofing on account of its open
porous structure. Is also suitable for conduits and for common brick
and drain tile.

Porosity curve on fig. 19,

Clay No. 54, Blackwell, Oklahoma.

W.  Thickness of deposit,
5 stripping, 10 fi.; distance to
ta Fe; nearest fuel, 1 mile; gas, 6

Location, NE. 14 sec. 5, T. 27 N, R. 1
very deep but unknown; area, 160 acres
railroad, 114 miles; Frisco and San

cents per 1000 ft.; coal, $2.25 per ton.
DATA.

Cone........ 010 08 06 o4

vﬁPor....... ......... 164 98 19 19

s Remarks:

Is an extremely plastic red shale.

v Works with great
difficulty on the machine, th

e edges tearing badly even when lubricated
with water or steam:. All the large pieces cracked very badly in drying.
‘The small pieces puffed above cone 04. Owing to these qualities it could
Rot be used by the stiff mud process. It can be used by the dry pro-
Lcess, giving a good red color 5 but its short temperature range makes
its use in any way questionable. No porosity curve shown.
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Clay Nos. 60, 61, 62, 63, Cleveland, Oklahoma.
Thickness of deposit, 65 ft.; area, 100 acres; stripping, 18 ft.;
pearest fuel, 1 mile; gas, price 2 cents per 1000 fi, Nearest limestone,

1 mile. Clay has been used for brick.

DATA FOR NO. 60.

Water of plasticity 20.4%

L.D. 8. 6.0%w.l. 7.6%dl

V. D. s ) 17.1%w.v. 20.6%d.v.

At cone i 08 06 04 02 1 3
LT S. 4.0 5.1 7.2 7.8 7.9 19
V. F. &S 11.9 146 228 226 217 210
Tot, Ti So s 87 10y 138 134 132 132
Tot. V. 8. . 26,9 29,2 359 358 350 85l
Absorp. 1 7.5 6.5 1.2 v 4 3
Por. 201 145 6.8 6.2 36

Porosity curve on fig. 22.

DATA FOR NO. 61.

Water of plasticity * 20.5%

1. D. 8. 6.0%w.l. 6.3%4d.l

V. D. 8. 15.6%w.v. 18.5%4d.v.

At cone 08 06 04 02 1 3
L. F. S. 2.1 3.8 5.4 6.0 6.7 66
V. S, . .60 11,1 15,9 18.2° 18.5 184
Tot. 1. S. ST (% 9.2 106 113 120 114
Tot. V. S. .. i 220253291 309 313 312
Absorp. 11.3 8.4 4.8 3.4 3.3 2
Porosity 243 219 151 11.3 113 6l

Porosity curves on fig. 23.

OKLAHOMA GEOLOGICAL SURVEY.

DATA FOR NO. 62.

Waler of plasticity 18.9%

L. D. S. 47%wl. 4.96%d.l.

V. D. 8. 12.4%w.v. 14.8%d.v.

At CONE o 08 06 04 02 1 4
L. 1. 8. 2 7 1.6 2.3 2.0 o
2% L .0 1.5 P 6.4 58 5
Tot. L. S. .. 4.8 52 °6.2 6.8 6.5 u
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Tot. V. S.
Ahsorg S J 124 136 169 164 16.3
PorOSit. ......................... 11.8 9.7 108 8.5 7.2
¥ 246 194 24v 231 219
Porosity curve on fig. 23.
5 \)
8 I~
: . -
3
R B I
v‘ § T 1
§ T — ]
N — ] |
R S ]
% Bt
§ ®
N—— ] |
N AN
0./0 0.8 0.6 0.4 .2 / 3 y
Termperaéure expressed tr cones.
Fig. 23. Porosity Curves for Clays No. 61, 62 and 63.
DATA FOR NO. 63.
{ater of plasticity 21.3%
LD s, 5
V DS 5.9%w.l. 6.29%d..
a e 16.8%w.v. 20.1%d.v.
); e .......... 06 04 02 1 3
Y F & - 3.8 5.3 7.0 6.7 7.6
1 1;; 153 171 189 188
] . 9. 102 111 12.0 120
: .
Tot. V. s 214 262 291 310 328 3905
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3.3

9.4 83 23F

20.5

4.2
10.3

11.2
R3.5

5.3
11.0

Absorp.

Water of Plaslicity
Porosity

L. D. 8.

Porogily curve vn fig. 23. e
Remarks:—60, 61, and 63 are dark colored clag shaltes ofd :;ll{mrl:; ]

. , i a 3

i They : y dry nicely. All burn to 4
roperties. "They all work well and ‘ .
5’;;’0119 Any of them or mixtures of them are suitable for comm ;
building brick or pavers.

y i han J§
No. 62 is somewhat more sandy and has a sm.allel‘ Shn?k?ﬁ\i td:;;s 4 Absor.p‘
the othe‘rs The slight difference between the clays is shown in the 3 Porosity
and in the porosity curves. Remarks:—A soft,

Wilburton, Oklahoma.
Claylf\j)o. t?z; S 14 see. 13, 1. 6. N., R. 18 B. Thickness of depofsiigj
ft.; arezcla unl,imitéd; stripping, crops out along hlllI, lha?1 .sl;)lll):l (:m th;
ncz;rest ;ailroad, 3 miles to M., K. & 1. and Bockt "seari/ ,mil& ’
grounds; wood and coal, price $1.50; nearest limestone, 14

bright red color,
.the excessive shrinkage.

OKLAHOMA GEOLOGICAL SURVEY..

3 shrinkage, but does not
maturing about

“tent by mixing with sand
ited to common brick and t
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DATA.
299,
11.2%w.1. 12.6%d.1.
29.9%w.v. 42.6%d.v.
06 04 02 1 3
7.3 9.2 886 9.6 101
214 200 9929 6.6 284
176 193 187 19.6  20.1
448 487 450 48.5  49.0
5.0 1.8 1.8 1.3 .5
158 135 6.1 8.0 4.1

blue, very plastic clay shale.
crack in drying and burning.
cone 02.

This could probably

Has very high
Burns to good
Its greatest difficulty is
be overcome to some ex-
or 2 sandy clay such as No, §9. Use is lim-
ile. Porosity curve on fig. 24,

. ' ¥ Clay No. 71, Wilburton, Oklahoma.
DATA. Location, SE. 14 sec. 13. T. 6 N, R. 18 E. Thickness of deposit,
o 22.9% [’ 8 ft.; area very large; crops out along hill and dips at 8°; distance
Water of plasticity ’%3%‘”. 5%l k. to railroad, 3 miles ; K. & T. and Rock Island; fuel on ground ;
L. D. 8. 19'7%“, v. 24.4%d.v. Bl Wood and coal, price, coal $1.50 per ton.
- . . et . ’ H
gus 08 06 04 02 ; 4
At CCONE e P 26 2.9 4.0 4.5 \ DATA.
LIS 30 74 58 -92 113 Water of plasticit 28.6%
v 8. TS 9% 100 110 114 LDt ¥ 0.8%m ] 10894
MTot, Too S. e, ‘)100 25.‘6 243 971 28.% V. D S 27-5%W. . 38. 8% d .
Tot, V. 8. e 32 s 100 85 "6 V. D, - %W.v_. -8%d.v.
Absorp. 135 11 o ey ore il 08 06 04 g g 4
Porosity 30.5 238 232 2L " 6 90 90 (R
o : king and drying qu R1.1 260 ov4 224 3232
:—1s a rather sandy clay of good working .
iti Re]:f:'rr:(ss to li?rl?t brick red. Should he a good soft mud clay. S'"L -~ 17.2 igg me . 171 173
18, [ahhid . . i n
;ﬂ;fe for common brick and drain tile. 4?(1) 19 4:(‘) 43:;4 43'38
Porosity curve on fig. 24. 4 96 - 26 .. . 17 19
Wilburton, Oklahoma. Remarks —Very similar to 70 except that it matures earlier, Is
Clay No. 70, Thicl of depei@vitrified at cone 0g but stands up well at cone 3.
- . 0 T. 6. N.,, R. 18 E. Thickness
Location, SE.}4 see. 13, 'I'. 6. N,

i ips ot &8
3 £t.; area, unlimiled; stripping, crops out al;)ngk lllls]]la:g(-l ;1;5:%‘ [
nearést railroad, 2 miles; M.,. K. & T. and K octon' near’est i
on ground; wooq and coal ; price, coal, $1.50 per H ‘
1% mile.

. Porosity curve on fig.

24.
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Temnperalure eIpressed n cones.

Flg. 24. Porosity Curves for Clays No. 69, 70, 71 and 107.

Enid, Oklahoma, .
('lay Nos. 72, 13, and 74, d .
)’Locntion, SB.14 sec. 17, 1. 22 N, ;} |:6 W.t T]u'(i‘lr\::SS ;)f/zdz)ﬁs;
L ’ ai , ,

; .+ area, 10 acres; stripping, 3 ft.; distance to r Iroad,
(l)::-isf:o’ aSuntu Fe and Rock Vsland, Nearest fuel, Tulsa; ;Oi'llrﬂt;:
oil; p’rice, coal $3.00, oil $1.00 per bbl. Clay has been used fo be
manufacture of brick.

DATA.

Did not arrive in time to be tested.

Remarks: Nos. 72 and 73 are redbeds shale similar to Nos. &,
173, 196 and 197.
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Clay No. 78,

Location, sec. 22, 1. 4 N, R. 5 W.
known; area, large; stripping, 6 ft.;
i ]

Lindsay, Oklahoma.
Thickness of deposit, not
nearest railroad, 4 miles; Santa
'e and Rock Island; fuel on ground, wood ; coal $3.00.

Remarks :—Material too sandy

to bear handling after being made
up. Not suitable for clay products.

Clay No. 107,

Miami, Oklahoma.

Location, NE. 1 of the NW. %4 sec. 18, T. 28 N, R. 23 E. Thick-
ness of deposit, 10 ft.; area, 40 acre
mile; Frisco; nearest fuel, 6 mil
stone, 14 mile.

s; stripping, 5 ft.; nearest railroad, 1
es; coal, price $2.50; nearest lime-

DATA.
Waster of plasticity 18.3%
L.D. s. 4.6%w. 1. 4.9%d.l
12.7%w.v. 14.5%d.v.
08 06 04 02 1 3
1.9 2.5 4.5 4.1 6.1 7.0
5.4 76 151 131 191  19%
6.3 7.8 8.7 84 103 111
173 19.3 244 258 297 299
Absorp. ... 128 121 8.0 8.2 3.7 3.0
Porosity 29.4 2.5 21 217 126 13.6
Remarks:

A black shale. Works nicely and dries evenly with
slight shrinkage. Burns to rather unsightly light red color.
vitrify below cone 3. Suitable for fire-proofing,
.ably for paving brick and sewer pipe. Its col
I}\its being used for fromt brick or roofing tile.

Does not
conduits, ete., and prob-
or will probably prevent
Porosity curve on fig. 24.

§\Clay ‘No. 108, Miami, Oklahoma.
,. Location, NW.14 sec. 24, 7. 28 N, R. 22 E. Thickness of deposit,
/10 ft.; area of deposit, 150 acres; no stripping; nearest railroad, 14

;gnile ; Frisco; nearest fuel, 1% mile; wood, price $2.00,
i

£ DATA.
Eiwater of plasticity 19.29

D. S. 1.9%w.L 1.9%d.l.
V. D. 8. 5.6%w.v. 5.9%d.v.
b
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R (- R ——— 08 06 04 02 1 3
L. . S. .

\;‘ . S. Yo shrinkage.

L \CCY T TR TR ——— 1.6 1.3 R 2.1 2.2 2.0
L P U S 2.7 5.7 3.9 5.8 5.0 5.2
Absorp. ... 186 195 182 168 174 160
Porosity 37.v 378 352 353 33.7 333

Remarks: A very sandy surface clay with little drying and 1o
purning shrinkage. Should be a good soft mud clay. Use limited to
common brick. Porosity curve on fig. 21.

Clay No. 126, Guthrie, Oklahoma.
Location, SI15. ¥4 see. 10, T, 16 N.. . 2 W. Thickness of deposit,
unlimited ; area, unlimited: stripping, 2 ft; nearest railroad, Rock
Tsland ; competing lines, Qanta Te and Fort Smith and Western and
M. K. & T.; ncarest fuel, 100 miles to soft coal; gas in Guthrie. Clay
has been used for brick hy Guthrie Brick & Tile Co. '

DATA.

Clay did not arrive at Pittsburg.  Lost in transportation.

Remarks:—A red bheds shale.

Clay No. 134, Quay, Oklahoma.

Location, NW. 14 sce. €9, T. 20 N, R.+6 T. Thickness of depost
10 ft.; avea, 1500 acres; stripping, 2 ft.; nearest railroad, V4 mile; Sar
ta Fe and M. K. & T.: nearest fuel, 15 miles; gas and oil; price oi
50 cents per barrel; nearest limestone, 1 mile.

DATA.

Water of plasticity 23.7%

L. D. S. 8.4%w.l. 9.2%dl

V. D.S. 93.9%w.v. 31.4%d.v.

AL CONE oo e+ I8 06 04 02 1 2
L. F. S 25 38 50 47 63 63
VRS, C 70 103 161 151 180 118
Tot. To 8. o 104 118 130 127 141 14k
Tot. V. 8. oo C999 313 362 353 315 3
Absorp. ... 9.6 7.9 3.9 41 2.6 1k
Porosity 909 194 138 146 116 68

Porosity curve on fig. 25.
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Clay No. 135,
Quay, Oklahoma.

ca ’ S Zh / gec. y . . . . 0 ep()slt 6
Il() ll(!]l l n 1 e 25 I 20 Iq R‘ 5 )

4 y ]J l I]l(',kness f d
Et- , area, 1000 acres 5 St]]pp]ng, 3 ft s ]leaIeSt T al]l Od(], 1/2 ]ll]le San tB

e nd . . I. rest 1 15 1111 S, gd an 1 T 1 l
I a M K & ; Deares ue], 1les g'lS d 01, p ce 01 01i,

) cents per gallon; nearest limestone 14 mile

30
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/ N B
\\ b l
N 74R
g. Ty
]
Slza == s/ ‘
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\
\ q
5 \
¥ =~ :
?i \\ v
E AN - - \U\%
§ \ R
% \‘:1;
<
§:1/0 \ N
3 N
§ \, Sample §36 A
A Vo
,\
b0 .8 los 04 0.2 ’ & 5
Temperaluwry expnressed in cones. ’

P .
1g. 256. Porosity Curves for Clays No. 134 135 and 136

DATA.

z.zti;zr of plasticity 28.6%

LD. s Y% '

Y.D 8 9.2%w.]. 10.1%d.].

Al cone 26.1%wW.v. 36.4%d.v.

i'.: pg, —— “(.)8 06 04 02 1 p

Y.FS. ;g -2-1 S 2 32 25 920

Tl L. 8. ... 1o 0 53 64 70 6.0
wes - 110 111 116 121 114 11.0
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ot. V. St o 9291 30.1 3804 3L1 314 30.6
Absorp. ... 181 119 8.9 7.2 5.9 5.7
Porosity - eG4 284 282 196 26.1 186

Porosity curve on fig. 25.

Quay, Oklahoma.

Clay No. 136,
Location, NW. 1} sce. 6,1 19 N., R. 6 I "I'hickness of deposit, 20
ilroad, Y5 mile; Santa

ft.; area, 2500 acres; stripping, 1 foot; nearest ral
Te and M. K. & 'I.; nearest fuel, 15 miles; gas and oil; price of il
2 cents per gallon; nearest limestone, 14 mile.

DATA.
" Water of plasticity 23.1%

L. D. 8. 8wl 9.5%dL
V. DS 24.0%w.v.8L5%d.v.
At cone 06 04 02 1 3
L. S . 5.4 6.1 5.0 6.1 6.
V. 1S, 16.0 163 ... 18.9 183
Tot. 1. S. 13.6 142 132 142 142
Tot. V. 8. ... 334 361 364 .. 37.8 3%
Absorp. o 8.0 4.3 2.1 e 9 8

16.5 15.2 L 1C — 8.0 6.1

Porosity

Porosity curve on fig. 5.
Remarks: Nos. 134, 135 and 136 are Plastic clay shales of vert
similar propertics. They all work and dry nicely and burn to a wd
color with a tendency to whitewash. ‘
Nes. 135 and 136 shows the presence of lime particles, which ca®
a spalling ofl’ of the curface when the hurned picces are soaked in wale
This would prevent their use for front brick and drain tile. No. ¥
Aid not show the spalling off and could probably be used for dn

tile. All are suited for common brick. i

The difference in the behavior of ihe three clays is shown by B

data and porosity curves.

Rush Springs, Oklahoma.
Town of Rush Springs. Thickness of deg&jl
1 to 5 ft.; on Rock ldm
$3.50.

Clay No. 137,

T.ocation, Block 78,
3 ft.; area, unknown but large; stripping,
Railroad ; nearest fuel, 1 to 3 miles; wood, price,

ORLAHOMA -GED LOGICAL SURVEY
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‘ DATA.
LVa;Jer of plasticity 23.59
. D. 8. 9.99
v r9.9%w.l. 12.1%d.1.
N 5.7%w.v. 34.5%d.v
Lo ——— 08 06 04 0;‘.3 - 1
Ve 3.0 6.5 - 6.1 4.8 43
e L 7.2 156 184 18-1 ‘)0.'7
g 123 155 152 14:0 i?‘;
sy 310 . 39.8  39.1 4' ¥
porosity 5.8 2.3 1.9 1.1 "
j 255 81 44 44 2'iL
. . 1

Remarks: A redbeds soft plastic shile

rack in burni

] tl)ummg. Burns to nice red color
! 1 to melt and warp at cone 3 .
g brick and drain tile .

4
Shc.)ws some tendeney fo
o Begins to vitrify at cone
itable for common and build-

Porosity curve on tig. 26.

Jlay NO. 145’

Location, SE. 1

4 sec: 18, T. 12 N, R. Heeker, Oldahoma.

10 to 50 ft.: ar i e “ v
i, 15 ,m;;i:atoofEdegos}lt, 100 acres; strippingThllc'lc\:e;ngf oty
’ ' . 0. branch 3 o L b i

atural gas, price 10 cents per 10()001;1:&"1ta s mearest fiel %4 mile;
* DATA.
ua{fr Sof plasticity 27.0%

- . ‘. "
n 12.5
l’ne 010 08 06 04 02 ol HATL
for. 184 16.1 4.8 2.6 17 1 ?1, ; y ! ?

1.5

i Chocolate red .
B and burning, Burms toe reglagOlgi}a.le 5 works well.
bones at cone 7. ’

# Remarks: 0.5

Cracks in dry-
stee] hard at cone 04 and bhg-

N
Not recommended for clay products on account

Porosity curve on fig. 26, of cracking.
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50 b Clay No. 151, Sweetwater, Oklal
g L i o water, ahoma.
ot ZT_ZSOI;;E]E(]). 1/1. sec. 13, T. 11 N., R. 20 W. ’l‘hic’kness of deposit
: neare’st fueyl 1 xyn, €rops out on surface; nearest railroad, 16 nI; il ’
0\/‘1\ o ) mllgs; coal, price $10.00 > 1 es;
S P Y
N \ : ' Sa
: N ; w T P~<Zwe] st
o iSaan
20 A F 30 \
N \ \ - = ] \
\ - \
R ]\ 1 v \L~ A;
Np—— —] \ _ ¥ \ p—’
\ \ \ R ) \
» . \ .
\ \ < 8 ? A —\‘
- \1\.@ A .8 347,0,“ ]
8 \ 35 F (3 N
% E- . 1
we 1 R SM e
3 \ ® 8 ,
8 \ E [ \ ¥
é \ ??O \\ a ‘\ \
) N < = g ! SN N
> RS \ .
e < A g/ e 1 7 " ]
207 ———— 2 \ ! \
S NS 1 S N T e
1 —pe— — P L E\ ) ’ \
.10 8 o6 4 2 / s T~ 1 HP \\ YT 1 S
Tempicrature expressed in cones. . § 1 \
Fig. 26. Porosity Curves for Clays No. 137, 145  159. . A \ ]
‘ — ]
1
Clay No. 150, Sweetwater, Oklahoma. \ '
Location, NE. 1 scc. 34, T. 12 N, R. 26 W. Thickness of depo ——— ] S '
50 ft.; area, unknown; stripping, 15 ft.; ‘nearest railroad, 20 mils, ] -
nearest fuel, 20 miles; coal, price $10.25. i — P~
ATA .10 0.8 06 .4 02 , s
D ’ ) ; Temperalure expressed in cores “
L.D S 4.6% Fig. 27. \Porosit
Cone ... 010 08 06 04 02 1 ; rosity curves for clays No. 150, 151, 152,
Por. ....14.6 185 152 113 21 2.5 :’;_ DATA
Remarks:  Almost white clay shale, very plastic and has m‘! F!l(er of plasticity 94
erable lamination. All pieces cracked too hadly. Very short temped LD S. - 4'3_(-?
ture range, is light colored below cone 5 and swells hadly at.cous LF. s. (cone 1) 5.() Jow.l. 5.3%d.l.
Cannot be used for clay products on account of cracking, short tem !\)L L. S. 9.3-%
‘4 WD s 6%

ature range and poor color.

Porosity curve on fig. 7.

17.6%w.v. 21.5%d.v.
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VRS 16.5%
Tot. V. S. 31.29%
Abhsorp, 3.8%
Cone .....010 08 06 01 02 1 3 5 7 g
Por. ... 32,9 33.0 320 331 275 30.0 174 183
Remarks:  Red surface elay.  Works well and dries with smal

Does nol b satisfactorily when made by stiff mud pre
Gives a nice brigh

shrinkage,
Darkens and swells at cones 3, 5 and 7.
red color and burns fairly well when made on dry press.

e8RS,

Porosity curve on fig. 27.

Clay No. 152, Waurika, Oklahoma.
Location, SE. 1 =ee. 12,71 5 8., R. 8 W. Thickness of deposit,?
ft.; avea, large: stripping, 0 to 2 ft.; necavest -railroad, along Roed
Tsland and near . & A. Nearest fuel, 65 nites; coal, price $3.00, wool
$3.00 per cord. '

DATA.
Water of plasticily 20,34,
I.. D. 8. 6.9%w.l. 7.4%d.l
I. . 8. (conc 3) 4.3%
Tot. T.. S. 10.8%
. D S 23.5% w.v. 30.6%d.v.
V.S 13.2%
Tol. V. S. 33.6%
Ahsorp. 1.3%
Cone ... 010 08 06 01 02 | 3 5 YO |
Por. ..3610 211 205 102 81 28 38

Remarks:  Chocolate-red elay shale: works nicely with little lam

ination. Pries nicely: vitrified at cone 02; stands np well at cored
1t has some white specks, possibly lime hut don’t spall off. Some whit

M

washing. Suitable for common and sidewalk brick,

Porosity curve on fig. %7.

Clay No. 153, Waurika, Oklahoma.-i

Localion. S1. 14 sce. 12, T. 5 8., R. 8 W. Thickness of deposité
to 8 ft.; area, several acves; stripping, 5 ft.; along Rock Island rig¥
of way, near E. & A.  Nearest fuel, coal G5 miles, .wood on groul_’_\i
price, coal $3.00, wood, $3.00 per cord. g

OKLATIOMA GEOLOGICAL SURVEY.
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DATA.
Water of plasticity 27.0%
L. D. 8 '
. 11.9%w.). 13. .
L. F. 8. (cone 1) 5.9;:‘ Hedl
Tot. L. S. 17.1%
) .
\7. 13 S. ILT%wx. 43.0%d.v.
\f S 18.9%
Tot. V. 8. 44.6%
7%
010 08 06 04 02 1 3 5 7 9
18.4 204 134 128 49 15 19 17 :
Remarks: Red clay shale; works nicely ; some Jamination. Burns

to a red color with dirty white specks.

06 to 3; begins to melt at cone 5.
brick.

_Hard and fair color from cone
‘Smtal)le for common and sidewalk

Porosity curve on fig. 28.

| Clay No. 1.54, Waurika, Oklahoma.
Location, SW. 1, s?c'. 35, 1. 4 8, R 8 W. Thickness of deposit,
'ind miea]_.{ u?kno]wn; stripping, 1 foot: nearest railroad. 1 mile; B &;
A and Rock Island. Nearest fuel coal, 65 miles , round :
Price, coal $3.00, wood $3.00. , " oo on grownd;

DATA.

Water of plasticity 15.1%
LD, 8 9
. . T %wl. 1.0 B
LTS8 (cone 5) .0'2) edd
“Tot. L. §. %
v:.' ll; g’ +1%wyv. 4.2%d.v.

- F. 8. 1.4%
‘-'lot. V.S 1%

Absorp. 12.1%

Cone .. 010 08 06 04 02 1 3 5 7 9
f?’or. ............ 33.0 320 33.6 337 32.0 323 317 312 315 314

i . ;

%’I.m] l]fe'marks. Light gray, fine sand with little clay material. Works
g‘ dries well.  Practically no shrinkage in drying. or burning. Buff
dat cone 010, changes gradually to gray at cone 9.. Shows tend(;ncy to

i .
“erack 'ni Por

,frack in burning. Porous and open throughout. SRuitable for common
process.

h’ick by soft mud

57 Porosity curve on Fig. 28.
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Tlg. 28, Porosity curves for clays No. 153, 164 and 155.

Clay No. 155 Calvin, Oklahoma.
ay No. 155,

Location, Thickness of deposit, 4 ft.;dstripping, 1%
ft.- nearest railroad, Y% mile; fuel, wood, $1.75 per cord.

DATA. '
187%

Water of plastieity 2.5%w.L. 2.6%(1.1-

L. D. S.

1. . 8. (cone 5) .3;%

Tot. 1. S. .réb 15.0%dy
V. D. S 11.5%w.v. 13.0%d.v.
V. F. 8. ]n.({':?

TOt. V S 070
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Absorp. 12.0%

Cone ... 010 08 06 04 02 1 3 5 7 9
Por. .. 32.3 325 324 332 31.6 33.0 321 32.2 29.1 %6.8

Remarks: Red and very sandy clav. Works very .well, but
“sandy.”  Dries easily with little shrinkage. Burns red; gradually
darkens and hardens from cone 010 to cone 9. Bluestones at 7 and 9.
Some cracking in burning. Suitable for common brick. Would prob-
ably work well by soft mnud process. Porosity curve on fig..28.

Clay No. 156,

Calvin, Okalhoma.
Location -

Thickness of deposit, 4 ft.: stripping, 1 to
1Y% feet; nearest railroad, 4 mile; fuel, wood, $1.75 per cord.

DATA.
Water of plasticity 28.5%
L D. S. 12.2%w.). 13.8%d.1.
L. B 8. 3.6%
Tot. L. S. 15.6%
V.D. 8. 31.6%w.v. 46.1%d.v. '
V. F. 8. 13.4%
Tot. V. 8. 40.6%
Absorp,

3% :
Cone .....010 08 06 04 02 1 3 5 <+ 9

JPor. ...222 221 184 19.2 123 135 12.9 12.2 9.4

Remarks: Brown surface clay with roots and chert. DPacks in dry
pan; laminates considerably, but makes smooth column from the ma-
chine. About half of the pieces cracked in drying and the others in

burning. Burns to a red color; is steel hard at cone 06, bluestones at
cone 7. . Not recommended on account of the er

acking in drying and
burning,

Porosity curve on fig. 29.

Clay No. 159, Ramona, Oklahoma.
Location, NW. 14 sec. 34, T\ 24 N., R. 13 B. Thickness of
wver 50 feet; area, 60 acres; stripping, 4 to 6 ft. of the weathered shale;
Santa Fe Railroad at hand; nearest fuel, 1280 ft.;

Ws to 6 cents per 1000 ft.; nearest limestone 14

kK

deposit,

natural gas; price
mile,
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DATA.
Water of plasticity 19.7%
L. DS 18%dA1. 41%w]
V. DS, 15.1%d.v. 13.1%W.v.
At cone 06 04 02 1 3
| I O M 4.1 6.7 7.3 6.2 6.8
V. T 8 195 18.0 199 207 22.0

g0 105 11.0 103 10.8
g3.6 287 304 311 32.2

’.6 4.2 3.4 1.2 b
208 142 129 7.9 4.9€

Tot. In. 8.
Tot. V. 8.
Absorp.
Porosity

Temarks: A Jight colored clay shale of excellent working and dry-
ing properties. Burns to good, dark red color free from discoloration,
with a good sonund siructure. Is vitrified at cones.1 and 3, but stands
up well at 5 and 7. Suilable for puilding, sidewalk and paving brick,
fireproofing and drain tile, ete.

Porosity curve on fig. 26.

(lay No. 166, MeAlester, Oklahoma.
Location, sce. 19, 1.3 N, R 1 | 1. "Phickness of deposit, to 18

ft.: area, 5 miles long; stripping. 10 ft.; Ardmore branch of the Rock
Jeland and M., K. & T Raitroade at hand; slack coal at hand, $1.00

per ton ; nearest limestone 14 mile.
DATA.

28.3%

Waler of plasticity
J.().4%7\\'.l. 11570(1].

L. D.S.

V. DS 2065wy 42.1%d.v.

P L) L R——— 06 01 02 1. 3

oo IS T4 i R— 6.8 6.4

V. TS 212 R03 18.0 197

Tot. T S 1.0 173 . 16.4 162

Tot. V. 8. 44.5 439 . 422 4l

Absorp. ... . 1.2 9 N 9

Porosity .- 10.9 1.6 20 W
Remarks: A very soff, fine-grained white clay. Ts very plasit

anidl dries slowly with some warping, hut without cracking. Shrinksg
high. Samples at cone 02 black cored on aceount of too rapid firing. I
vitrificd at conc 08 but stands to cone 3. Bluestones ahove cone k)

v
i
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1% BT - . . N

isl']l,gf-dfo a ll:glrht vellow color with dense, brittle structure. Used alo

o Shri)lrlkaq‘;z 2;1;113 igrlglay plt';)du(cl'ts, but if mixed with sand to r;du]clz
¢ ssen the density of the burned ware i

make good common and building brick. Porosity curve on 111?; 1295110111(1
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\ | gample 4168
o bo s s g 1 — -
. 2 jo. —
Temnperature eayzrasied n /cone.s. 3 -
Fig. 29.

Porosity curves for clays No. 156, 166, 171 and 172

(‘lay No. 171
>
' Poteaun, Oklal ¢
) - o y Klahoma.
llllkl]()\\'??:lillsz‘ﬂ ‘?17'11111(23] Stlll : .‘ J ’2“ﬂ? ()?' Thidi])]ess aolfl aePOSity’
Son] p ’1,- : 5 ppmg, .3 on tracks of Kans hk
Southern and l‘llSCO, nearest fuel, 1000 f’t, bihlminous CO'I]Q' spl(‘;il(,te
bl €,

£2.50. ]
), Clay has been used for manufacture of brick.

‘ DATA.

}\ atlc)u' of plasticity 25.9%

L D. 8. 3
v 9¢

P S (qone 1) ;).gébw.l. 8.5%d.1.
. (]
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Tot. L. 8. 16.6%

V.D. S. 217 %w.v. 21.7%d.v.

V. IS 25.8%

Tot. V. 8. 41.9%

Absorp. 2% at cone 1, or %100°F.

Cone ... 010 08 06 04 02 1 3 5 7 9
Por. .. 128 245 19.0 .. 5.2 9 4 14

‘Remarks: All pieces cracked in drying or burning showing lam-
ination. Burns to red color badly discolored by whitewash.  Steel
Lard at cone 02; vitrified at cone 1. Edges begin to melt at cone 5.
et recommended for use by the stiff mud process. Is used to make

dry press brick.

Porosity curve on fig. 29."

Clay No. 172, Poteau, Oklahoma.

Location, NW. 14 sce. 25, 1. 7 N, R 95 1. Thickness of deposit,
3 ft.; deposit under vein of coal; ¥4 mile to XK. C. 8. and Frisco; fuel
on ground; coal, $2.50 per ton for mine run. Gas in Poteau. Clay
has been used for dry press brick.

DATA.
Water of plasticity ‘16.4%
1. D. S. . 1.7‘70“".1. 1.800(1.1.
Is. . S. (cone 5) 6.9%
Tot. L. 8. 8.5%
V.D. S 8Y%w.v. 9.5%dv.
VRS 15.8%
Tot. V. S. 28.7%
Absorp. . 2.9% at cone 5
Cone . oto 08 06 04 02 1 3 5 v 9
) 540] R 98.6 277 274 %45 184 135 82 6 ‘mells.

Remarks: A stony clay from under 26-inch coal vein. Is rather
hard to grind but works well through machine. Is only moderatelf
plastic and shows very little lamination. Dries evenly without warping
or cracking. Burns steel hard at cone 02 and begins to melt at cone?
At cone 5 it burns to a clean light choeolate color and possesses 2 good
hut not a dense structure. It is evidently well suited for all kinds of
brick, including paving brick, sewer pipe, fire proofing and gimilar pre
ducts. ’

Porosity curve on fig. 29.
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Clay No. .173, Oklahoma City, Oklahoma.
Location, Blogks.4 and 5 Dittmer Heights. Thickness of dev sit
II:Ot known,. b1.1t pit is 60 ft. deep without finding bottom; areapono'é
nown ; Strlpp]l?g, 5 ft.; nearest railroad, 14 mile; nearest filel T’ulc ;
natural gas, price 10 cents per 1000 ft.; clay is ,used for m 1; (ia’
press brick by Oklahoma Brick Co. ’ rmene A

DATA.
Water of plasticity 19.4%
L. D. 8. 8.7%wl 7.2%dl.
L. F. 8. (cone 1) 5.9%
Tot. L. 8. 12.2%
:;. i‘) S. 22.1%w.v. 28.3%d.v.
V. I s. 18.1%
ot. V. 8. : 36.2%
Absorp. 8%

Cone ... 010 08 06 04 02 1 3 5 N 9
s e e 23.3 23.5 24.0 15.3 6.2 6.6

bud] Remark‘s: Redbeds shale. 1s very plastic but does not laminate
12.1 y and. gives no trouble in drying. Burns to rich red color free from
discoloration. 1t hecomes steel hard at cone 04 and hecomes vesicular
igt '(1:(]>pe 3. Sgould be burned about come 02 to cone 01. Suitable for
uilding or si i in ti i

o s % O(Tr sidewalk brick, hollow block and drain tile. Porosity curve

-

C]ay]‘ho. t.174, Muskogee, Oklahoma.

100 f;o'ca 1‘on, I\‘]rW. 14 sec. .10,.'1‘. 14 N, R. 17 5. Thickness of deposit,
. .; area, 2o.acres; stripping, 1 to 4 ft.; nearest railroad, 15 mile;
earest fuel, 3 miles, natural gas, price 3 cents per 1000 ft. |

DATA.

;\'a{)er of plasticity 16.6%
IS
v D SS. 4.1%wl]. 4.3%d.l
A cone. ‘ 11.5%w.v. 12.9%d.v.
L one 08 06 04 02 1 3
v F. S. . 4.1 4.8 7.0 6.9 7.0 6.9
A .L. .S 12,2 143 19.Y 181 192 19.%
v S. 7.9 %1 107 104 108 104
ol . S, 22.3 241 288 275 28,5 288

p- 6.8 5.7 2.7 2.3 2.7 2.1

Por.
() 21.2 146 103 114 © 105 10.2
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TRemarks: A laminated shale of excellent workiltlg andBdrying p;t()elgl

s i discoloration. Becomes stec

‘tics. Burns to a rich dark red free from ¢ | tec!

;H“'((f}lﬁ atlc::ne 06 and is vitrified at cone 3. Sta'nds up Welﬁ ;th coxll)?(s)c‘o

a]x{:zl n.  Suitable for building, sidewalk or paving brick, hollow Y.
and drain tile.

Porosity curve on fig. 30.
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Fig. 30. Forosity curves for clays No. 173, 1.” and 180.

No. 177 Hinton, Oklahoma.
lay No. 177, nto .
Clay I al;io.ll SI, 1/ sec. 12, T. 12 N, R. 11 W. Thickness oflldepssﬂz,
8t J10“c ft "-u-et; :’0 acres; stripping, 2 to 4 ft.; nearest railroad
< 0 1< oy d s & K A :

miles; nearest fuel, 1 mile; wood, price $2.00 per cord.

DA'TA.
ater astici 10.4%
N ait)ﬂ é) fplstiely 10.8%w.l. 12.2%d.L
]:. S. ' 45.2%d.v.
Xt ‘c.(me 08 06 04 02 1 3
Por 8.9 9.3 125
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Remarks:

A Redbeds shale. 1s very plastic and rather difficult
to work.

Cracks in drying and burning. Burns to red, discolored by
whitewash. Shows tendency to black core. Melts and becomes vesicular
at cone 1. Not recommended for commercial use,

No porosity curve.

Clay No. 180, Marlow, Oklahoma.
Clay used at plant of Marlow Brick Co., Marlow, Stephens County.

DATA.,

Water of plasticity 25.3%
L. D. 8. 1.4%
L. F. 8. (cone 04) 6.5%
Tot. L. 8. 13.3% :
V.D. 8. 20.4%w.v. 26.1%d.v.
V. F 8. 23.0% ’
Tot. V. 8. 38.7%
Absorp. 2% :
Cone .. 08 06 04 02 1 3 5 7 9
Por. .. 19.0 134 29 28

Remarks: A Redbeds shale, Very plastic and shows considerable
lamination. Dries nicely.

Burns to good red, very slightly discolored
Has a very short temperature range, becomes swollen
and vesicular at cone 02. Suitable for common brick and drain tile.

by whitewash.

Porosity curve on fig. 30.

Clay No. 181,

Distance to railroad, 14 mile;
per cord ; nearest limestone, 1 mile.

Ravia, Oklahoma.
fuel on ground; wood, price $2.00

DATA.
21.8% _
4.6%w.l. 4.8%d.l.

Remarks: Very impure kaolin, containing lumps of green soft ma-
terial and hard unaltered stuff. Occurs as veins in granite. No burned
data; all pieces crumbled after 48 hours. Worthless for clay products.

No curve.

Water of plasticity
L. D. 8.
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Clay No. 194, Altus, Oklahoma.

Location, SI.14 see. 17, T. 9N., R. 20W. Thickness of deposit,
12 ft.; arvea, hundreds of acres; stripping, 0 to 4 ft.; nearest railroad,
100 yards; Orient, Frisco and W. F. & N. W.; nearest fuel, wood, 6
miles, coal 100 miles; price, $1.80 for slack coal. Clay has been used

for vitrified brick.

DATA.

Water of plasticity 22.7%
L.D. S 50%w.). 5.3%d.l
1. F. 8. (cone 3) 6.1%4d.1. ’
Tot. I.. S. 10.7%
V.D.S. 18.8%w.v. 23.3%d.v.
V. I 8. 15.4%d.v.
Tot. V. 8. 37.3%w.v.
Absorp. 3. 7%
Cone ... 010 08 06 04 02 1 3 5 7 9
Por. e 949 227 210 200 7.8 111 74

Remarks: Red and grecnish gray, mottled. Rather hard to tem-

ne: very slight lamination. Dries very
nicely. Burns to a good red with a little whitewash. Steel hard at

cone 06, vitrified at cone 02 and begins to melt at cone 3. Has good
Quitable for common and building brick, tile and

per, but works finely in machi

dense structure.
similar products.

]?oros'ity curve on fig. 3L

Clay No. 196, Comanche, Oklahoma.
Location, sce. 30, T. 2 §..R. 7 W. Thickness of deposit, unknown;
area, unlimited; stripping, 6 inches; nearest railrond, 2500 1t.; neares!
fuel, coal fields; price $4.50 per ton. Clay has been used for the manw
facture of building brick. .

DATA.
Water of plasticity 21.0%
T. D. S 5.6%w.l. 6.0%d.l
1. F. 8. (cone 1) N.5%
Tot. L. 8. 12.7%
V.D.S. 19.8%w.v. 24.7%d.v.
V.F 8. 18.9%
Tot. V. S. 36.0%

Absorp. 2%
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Cone 010

........ o 08 06 04 02

Por. ... 243 222 152 13.6 3.8 12 1?) 5
Porosity curve on fig. 31. - °

JSample 138 - .
9297701 e T \
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Porosily expressed in reer cond.
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N77I0/E £00) \ ' . /, ’
J

—

e be f‘L?L

Torn, ' :
yeralure expressed in cones.

E3 4

Fig. 31,
Porosity curves for clays No. 194 196, 198
, 3 and 200,

CIEy No: 197,

Location, sec. 30, T. Comanche, Oklahoma.

. %8, R 7"W. Thi

wrea, u e > . Thicknes :

nlimited ; stripping, 6 inches; nearest railsogfl d;};g;l.t,ﬁunknown; )
’ .; nearest

‘“EI C‘Oal ﬁ'elds i e $ n. ( h
1] . 3 prlC 4.50 per to . y
‘7' I ll i i . la as been used for the manu

; DATA.
i,, agr é)f plasticity %2.89%
. . " o
:-ﬁF.LS. (cone 1) gg? Wl T1%dl.
Tet, 1. S. v/o
1es 13.7%
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VD8 - -' ! 2L % w27 1%d .

V.F S. ) o " 19.7% N '

Tot. V. 8 37.19 .

Absorp. 0%

Cone ... 010 08 06 04 09 18 5 7 9
Por, ... 24.3 218 16.7 12.0 3.1 6.3 O a i

Remarls ; No§.‘__196_and' 197 are entirely similar. Both are plast'ié
They burg. te

red shales of excellent working and drying qualities.
a rich red color free from discoloration, becoming steel hard . at-:cone
02, vitrifying at cone 04 anq standing up well at cone 5, . They have 4
very dense, firm structure, Suitable for common or front fbrick_-, 8ide-
walk brick, drain tile and hollow - hlock. e - o

;

| Porosify curve on fig, 32.

Clay No. 198, _ . Henryetta, Oklahoma, -
Location, N, Y4 sec. 11, T. 11 N, R. 12 E. Thickness/’of deposit,

3 ft.; area, unlimited ; stripping, 14 inches ; nearest railroad, 34 mile;

Frisco and Missouri, Oklahoma & Gulf; nearest fuel 1% mile; soft‘qoal.

' : " DATA;

Water of plasticity 24.6%

LD 8. . 10.1%w.l. 11.259d.1.

V.D.S. _ . 28.5%w:v.” 39.99,d.v.

At cone ... RN 08..- 06 04 g2 -y 3

L. T 8. ' SR1 16 34 gq 26 o4

V.F 8. . 2. 85 RT N i4n oy g
Tot. L. S. . 120 115 '133 IRs 194 199
Tot. V. 8, . 315305 336 316 816 397
AbSOTP. 122124 114 120 115 gg
Porosity ot <84 284 9.8 26.0 260

- Remarks: Asurface él:-ay,' very plasﬁc and difficult to Wdrk._ Burns
to an indifferent red color.  Has a porous structure.  Conld be used
for common brick, but is not 3 satisfactory clay,

\
Porosity curve on fig. 31.

Clay No. 199, Henryetta; Oklahoma, .

Location, NI 14 sec. 13, 7. 11 N, R 12 1. Thickness of deposit,

3 ft.; area, unlimited ; stripping, 14 inches;

nearest railroad, 34 mile;
Frisco and Missouri, Oklahoma & Gulf; neare

st fuel, 14 mile; soft coal.

{ 163
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DATA.

nieces ) i i ing.
80% of the pieces cracked in drying, the rest in burning
(1

y p [V excesslve S]u"lkage boﬂl 1n
Remarks. ]thlelﬂel ]ash and hﬂs

rned.  Worthless
Has very poor red color‘ when bume - |

drying and burning.
for clay products.
No porosity curve. ‘ | .7
lay X - | MecAlester; Oklahoma. "
O oetion ' .. Thickness of deposit, 60 ft.;
i 87T 6 N., R. 15 k. r ost, 60 ft-5
Izigtlon’e:?c.sti?];pilng 1 to 3 ft.; nearest railroad, 1 mle; fuel o
a acres; . ‘
;zu’nd; coal, price $1.00 per ton.

DATA.
| ici 25.9%
Py of plasticly 9.6%w.]. 10.6%d.l.
L D. S 9
L. F. 8. (cone 1) ]Z.E(‘;Z N
e 24.3%w.v. 322%d.v.
V. D. 8. WA "
b F.VS'S 42.7% E K
Tot. V. ®. oo .
o 02 1 3 /5 7 9
Cone ..o 010 08 08 04 > : s sy
PO, e 26.2 13.3 41 3.9 B B — ,

' h derable
: ks well,- but shows consi
: colored clay. Wor! show, aderable
: 'Rer'narksﬁ r'I‘acnred with marked tendency to crack in dly(l,fgware
o vessaive shrink Txtreme whitewashing. All pieces

to excessive ehrinkage. Not recommended for use unless poss?b]y

on test cracked at come 1.
for dry press brick.
Torosity curve on fig. 31.

McAlester, Oklahoma.

" i it, 25 ft.;
5. Thickness of deposit,

't F'M l]( & ‘T* Railroad near at

lo 1 Clay has

Clay No. 201, :
TLocation, se¢, 5, T 5 N., R

ippi ft.;

; stripping, 1 to b 1t.; . ' .

i}lnrea(i 64f?1e{’c;:35 ;)it; cl:g)al, ’price 60 cents o $1.00 per ton
and ;

been used in the manufacture of brick.

DATA.
. 23.1%
Water of plasticity 8.7%wl. 9.6%dl.
IJ. D. S. 4.1%

I. I 8. (Cone 1)
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1

2.5%
e ;'I.GZ)W.V. 28.1%d.v.
V.D. 8. st
g. tF.VS.S 34.0%
ot. V. S. o 9
Gomere: 010 08 06 04 02 1 1?;; 5. - 7
one = .24 1 186 78 99 27 20 6 ) il
.Por.li ........ ; k.;;' Similar to No. 200, but doesn’t whitewash so
emarks:

itewashing
not crack. Should he burned. at 02 and_Olt.ileWhl ew
T’nd'tsd 0ilia:ss use to common or sidewalk brick and drain .
imi

Porosity curve on fig. 32.

30
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‘\0\. \( ] ]

7
= q
-~

2
.6 0.4 g
oL 2l Temperalure expressed tn cones.

Porosily expuressed in jier cerd.
S~
4
1o

~

7
e _ s 5 7]

and 202.
Fig. 32. Porosity curves for clays No. 197, 201 an

McAlester, Oklahoma.
Clay No. %02,

!

i leposit, 225 fL;.

i . 15 B. Thickness of deposit, 226 ft;

T840 arons 5" T.' : Ni, ?0 5 f;.; railroad crosses deposit; coal
area, 640 acres; stripping,
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at pit, price 60 cents to $1.00 per ton.

Clay has been used for the
manufacture of brick.

paTd.

Water of plasticity 18.89%

L D. 8. 6.9%w.l 7.49%d.l,

L. F. S. (cone 1) 7.1%

Tot. L. 8, 13.5¢,

V.D. S 19.1%w.v. 23.5%d.v.

V.F. 8. 21.3% .

Tot. V. 8 36.5% ‘

Absorp. 1%

Cone ... 010 08 06 04 g9 -1 3 5 7 9

Por. ... 253 203 9.1 29 17 T 3 13.2
Remarks:

Gray shale; grinds well and works well.
Bures to a rich dark red, free from discoloration.
06 and vitrifies gt cone 1. Swells at cone 4.

front or sidewalk brick, drain tile ang possibly r
products.

Dries nicely.
Steel hard at cone
Suitable for common,
oofing tile and similar

Porosity curve on fig. 32.

Clay No. 205,

Mangum, Oklahoma.
Location, SW, 14 sec. 27, T. 5 N,R. 22 W. > area, 160 acres ; nearest

railroad, 34 mile; Rock Island and W.T. & N. W. Nearest fuel, Me-

Alester; coal, price $3.00, Clay has been uged for the manufacture of
brick.
. DATA.
Water of plasticity 27.6%
L D. 8. T4%w.l. 8.0%d.l.
Cone ... 010 08 06 04 02 1 3 5 7 9
Por. ....161 71 24 34
‘ Remarkg:

Cracks in drying, showing lamination, Cracks are very
1small and drying is regular. Whitewashes; vesicular at cone 02; steel
thard at cone 010, Cannot be used by stiff mud process owing to puffing

due to decomposition of caleium sulphate, Ig successfully used for .dry
‘press brick.

Porosity curve on fig. 33.
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Clay No. 231, Sparks, Oklahoma.

Location, SE. ¥ sce. 28, 1. 13 'N'., R. 5 BE. Thickness of depdsit,
100 ft.; area, 40 acres; nearest railroad, 1 mile; Santa Fe, Rock Island

and Frisco; nearest fuel, 5 miles; coal, price $7.00.

DATA.
Water of plasticity 20.5% L
L.D. S. 8.7%w.l. 9.6%d.l
I. . 8. (cone 3) . 4.1%
Tot. L. S. ' 12.5%
V. D. S. 24.3%w.v. 32.1%d.v.
V. F. S 12.0%
Tot. V. 8. ‘ 33.4%
Absorp. 1.9%
Cone ..o 010 08 06 04 02 1 3 5 7 9 -
Por. . 912 21.0 19.1 13.2 65 .70 53 990 :

Remarks: Red shale. Large pieces of argillaceous limestone must
be thrown out. Works nicely, but shows some lamination. Dries nicely.
Steel hard at come 010, no swelling at cone 5. IHas an excellent red
color, and good, sound, stony structure. Unfortunately shows the pres-
ence of small lime pebbles. If these could he removed the clay would
be well suited for front brick, but with them present the value of the
clay is impaired and is suitable only for common brick.

Porosity curve on fig. 33.

Clay No. 241, . Nelagony, Oklahoma.

Location, SI8. 14 sec. 80, 1. 25 N, R. 10 K. Is from 10 to 30 ft.
deep and composes a hill many acres in extent. A large hill to the south-

west scems to be of the same shale. Stripping, 0 to 4 ft.; is along

the Midland Valley Railroad and 14 mile from the M., K. & T.; nearest

fucl, gas within 4 miles

DATA.
Water of plasticity 24.2%
.. D. S 7.5%w.l. 8.4%d.l
I.. . 8. (cone 3) ' _ 4%
Tot. L. S. 14.3%
V. D.-S. . 21.1%w.v. 267%(‘V
V. IS 17.83% :
Tof. V. 8. : 37.6%

Absorp. 5%
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Cone ....010- 08 ' )
........ 06 04 02 1 3

Por. ... 38.6 356 231 74 53 719 8.37 154" Y

_Renmr].cs: A yellow shale of fairl ‘working qua

shows considerable lamination

airly good working qualitie.s‘ 1t
1 ‘ Ination and in drying there is s ki
:egrr:]i tge] hr(lies of ]ammat'l.on. From the character of Q(t)llqulae c(lzradfclln'g
seems pm}))eablsewtp kthe"ach(})]n of the auger in the small machi?it 1I]’:
probably work all right in a large machi i :
and building brick or sewer pipe. Porgsity ccurlxrrl: 'on'sflilgag;e for front

40

Y

N
S
30 \
A\

72 eer cered
S

Lorosily exypressed ire

L"" 25 _lﬂ 04 2 ’

13 5 ’
14 N Z

J’em/zerql'are expressed ixn cornes.

Fig. 33. l .
z. 33 Porosity curves for clays No 205, 231 and 241
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Clay No. 242, Nelagony, Oklahoma.

Red shale which underlies No. 241.

DATA.
Water of plasticity 28.4%
L. D. 8. 10.7%w.l. 12.0%d.L
L. F. 8. (cone 04) 10.1%
Tot. L. S. 19.7%
V.D. S 25.0%w.v. 33.3%d.v.
V. F. 8. %4.8%
Tot. V. 8. 43.6%
Absorp. 3% '
Cone ... 010 08 06 04 .02 1 3 b v 9
Por. e 270 265 83 17 1.1 1.2 4 1.8

Remarks: Is very plastic and laminates very badly in the machine.
Whitewashes very badly. Cracks along the lines of lamination in dry-
ing and burning. Not recommended; unless possibly for common brick
by the dry press process.

Porosity curve on fig. 34.

Clay No. 261, Binger, Oklahoma.

Location, SE. 1 sec. 9, T. 9 N, R. 12 W. Thickness of deposit, ?
to 5 ft.; area, over 15 acres; stripping, 18 inches; nearest railroad, 10
miles; wood on the ground, $3.75 per cord.

DATA.

Water of plasticity %2.4%
. D. 8. 6.9%wl 7.4%d.l
. F. 8. (cone 3) 5.2% :
.L. 8. 11.8%
21.9%w.v. 28.0%d.v.
19.3%
37.0%
8% :
010 08 00 04 02 1 3 5 T
231 23.8 23.5 237 171 6Y 8 24

Remarks: A dark gray surface clay; very plastic. Dries well,
‘but shows marked tendency to crack in burning. Burns to dark red ;
with dense, stony structure. Its tendency to crack in burning would;

OKLAHOMA GEOLOGICAL SURVEY.

cause extren}ely high kiln loss and while it mi
careful working, the probabilities are against it.

Porosity curve on fig. 34.
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Temnperalure expressed in cones

Fig. 34, Porosity curves for clays No. 242, 261 and 263

Clay No. 263,

) Locat{on, three miles southwest of Ravia.

tieal and s exposed as a long belt about 400
Another good exposure is about 1
fuel, wood on ground. y

Ravia, Oklahoma.
Shale stands almost ver-
ft. wide; no stripping;
mile from the Frisco Railroag;

ght be used by very '
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DATA. lagony and with Frisco, Santa Fe and M "
Water of plasticity - 25.1% : at hand, 3 to 6 cents per 1000 ft. ) K & T. at Tulsa.  Gas
L. D. 8. 7.0%w.l  7.5%d.L ) ;
L. F. S. (cone 3) 6.1% ’g‘
Tot. L. S. 12.5% : .
V.D.S. 17.9%w.v. 21.9%d.v. -~
V.F. 8. ' 18.6% e P
Tot. V. 8. 33.2% ' ’CJ§
Absorp. 4% N < \\ ) .
Cone ... 010 08 06 04 02 1 3 5 T .9 ? \\ : =
Por. ... .36.9 37.1 353 352 244 162 117 o 8 .
Remarks: Working and drying quahties excellent. Burns to ar sm \\“ \
indifferent neutral color, but shows a good structure. Owing to its ex- N e \\
cellent working qualities it is well suited to the manufacture of build- S| X S \
ing brick and tile and also for sewer and sidewalk brick. Might be 3 S \\
used for paving brick, but the material seems to be too bfittle. - g ™ - \ c\% v -
Porosity curve on fig. 34. 3 N AN R )
- - § \3& 3
Clay No. 271, : Bartlesville, Oklahoma. -’ S, < —_—
Tocation, NW. 1 sec. 12, 1. 26 N., R. 12 B. Thickness of deposit, § N <
30 ft.; area, 10 acres; stripping, 2 ft.; railroad at hand; gas pined 5 . \3 . \
to plant; price 414 cents per 1000 ft.: clay is used in the manufacture N ' W ,7\/ <
of hrick by the Bartlesville Vitrified Brick Co. =~ \\ >R
; . BE ) N \
DATA. L . _ = — § |
Water of plasticity B 27.8% o S , N N
L. D. S.. 9.3%w.l. 12.0%d.L . 2 Zi % "
cone. ... 010 08 06 04 02 1 3 B ¥ 9 Temperalure_expresaed tn concs. z
POr. oo 250 19.6 158 .. 95 23 19 20 Fig. 35. Porosity curves for c'ays No, 271, 277
Remarks: A plastic” shale which shows considerable laminatios ' B and 280.
in the small machine, and some cracking in drying. Made on the larg DATA.
machine it does.not crack. Burns to a-good red color and vitrifies ol Water of plasticity 25.5%
cone 06. Melts and beeomes vesicular at cone 1. Suitable for comme L D. 8. 7 7; wl 8
and building brick, but not for paving brick. L. T. 8. (cone 8) " ' 78‘72 v '4%d'1f
Porosity curve on fig. 35. $,0tbL'SS' 14.8%
, : VF S 21.7%w.l. 27.6%d)
Clay No. 277, Bigheart, Oklahoma. Tot. V 9 . 24.8%
Location, W. ¥ of the 8W. 1} scc. 18, . 24 N., R. 11 E. Thicknes; Abs'orp: 40.4%
of deposit, 2 to 25 ft.; area, 160 acres; stripping, 2 to 4 ft.; 80 rods®:  Cope . 010 08 " 06 - 2% 7
Midland Valley Railroad, which connects with the M., K. & T. at Xi  Por 26 Y 974 23?: 04 02 1 3 5 v g
P e @00 . . 13.3 3.3 4.7 6.6 1.6
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Remarks: Works well. There is a slight tendency to crac}l: ieI;
drying, but this could probably be overcomenb‘yfvi use (;f propesr méiv:sl .
1 is still firm at cone 9.
and dies. Steel hard at cone 06 and is 8 o
i i firm structure. Sul
olor, free from discoloration and a goqd _ ;
flill)lli rfe(;lr ccom;non and front brick and for drain tile. Porosity curve

on fig. 35.

Clay No. 280 . Vinita, Oklahoma.

Location,’ NE.V4 sec. 14, T. 25 N,, R. 20 E. Thiclfness 0f1depo'iltf
12 to 15 ft.; area, 10 acres; stripping, 4 ft.; I.Jearest ralh.'oad, 1/2 ml(:;
M., K. & T. and Frisco. Nearest fuel, 15 mile; gas, price 221, cen
per 1000 ft.

DATA.

lasticit; 29.6%
gagrst)f pashe 111%wl. 12.2%d1.
L. F. 8. (cone 3) 7.6%
Tot. L. 8. 17.8%
V.D. S 27.7%w.v. 38.4%4d.v.
V. F. 8. 19.1%
Tot. V. 8. 41.8%

8%

Absorp. .
Cone ... 010 08 06 04 02 1 3 15“’ v
Por. ... 248 265 226 171 14 10.0 w— 2

Remarks: Soft, light colored, almost white Wit}.l iron §ta'ltnedhpslrt-
ings. Very fine-grained. Made up very sof!:, but still laml.na es Ba n{!
Dries somewhat irregularly with some cracking and scumml}r}lg.(1 :os
to a buff color, darkens from cone 0% to a gray. Steel artha i
and still very firm at 5. Not suitable for mam}facture b); ebrsi&'
mud process, but makes a very nice buff brick, suitable for face
on the dry press. Porosity curve on fig. 35.

Clay No. 285 Midway, Oklahoma.
ay No. ,

Location, sec. 36, T. 2 N., R. 10 E. Thickness of deposit, 4 'mchei‘;zq

? ) . . . '

arca, several square miles, covers coal vein; railroad at hand; cogl &
y

hand.
DATA.

$3.3%

it
Water of plasticity 10.0%w.l. 11.1%4d.1.

L. D. S. .
No burned data.

area, several miles; railroad at hand; coal on ground.

. Clay No. 287, 4

i
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Clay No. 28s, Midway, Oklahoma.
Location, sec. 36, T. 2 S, R. 10 E. Thickness of deposit, 7 ft.;

b

DATA.
Water of plasticity 28.1%
L. D. 8. 9.4%3.1. 13.4%d.1
V. D. S. 24.9%w.]. 33.3%d.l.
Remarks:

Nos. 285 and 286 are respectively the over line and un-
der line clays of the coal in the mines at Midway. Both contain plant
impressions and thin veins of coal. Both crack in drying and scum
badly. Neither clay can be oxidized, even the small test pieces black
coring, due to the presence of an excess of carbon. This property ren-
ders them useless for clay product. No porosity curves.

McAlester, Oklahoma.
Location, sec. 4, T. 5 N, R. 15 E. Thickness of deposit, 11 ft.;

itrea, 160 acres; found under coal 260 ft. deep; M., K. & T., and

' Rock Island railroads at hand; coal on the ground; price 60 cents to
£ $1.00 per ton. '

DATA,

; Water of plasticity 14.5%

#b D. 8. 5.6%w.l. 6.0%d.l

il F. 8. (cone 5) 6.4%

(Tot. L. 8. 11.9%

{V.D. 8. 154%w.v. 18.2%d.v.

V.F 8. 20.0%

'Tot. V. 8. 32.3%

{ Absorp. 119

sCone .. 010 08 06 04 02 1 3 5 7 9
: Por. ............ 26.1 231 179 179 86 8§ 21 %2 39 1.0

¢ Remarks: Fine gray fire clay. Grinds down completely and works
well in pan and machine. Very slight lamination. Dries nicely.
Burns to dirty buff color and shows a sound flawless structure, Very
similar to the No. 3 fire clays of Ohio and Illinois and is a useful ma-

Ef‘orosity curve on fig. 36.
[

berial for the manufacture of fire proofing, conduits and probably for

ﬁ‘urer pipe. Could be used for paving brick, but would have to be
:

burned at a higher temperature than is usually used for such work.
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Fig. 36. Porosity curves for clays No. 287, 296 and 29

Clay No. 296,
i T w.
- Location, sec. 14, T. 10 N, R.. 23 ' ;
miles distant; occurs in relatively thin layers in clay No. 23‘7. |

Doxey, Oklahoma.

DATA.
. .y 21.1%
1\.’Valt)er Sof plasticity 9.7%w.]. 10.8%d.1.
' . .
L. F. 8. (cone 3) %

Rock Island Railroad, 1%
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i Tot. L. 8. 9
L V.D. 8. R  94%w.v. 10.49%d.v.
' VLR S 21.6%d.v.
Tot. V. 8 " R2.6%w.v.
Absorp 1.7% _ <o
Cone ... 010" 08 06 04 02 1 3 5 7 9
Por,

............ 383 3v2 376 '36.3 37.8 M 28.3
Remarks:*

14 -
Salmon pink up to cone 02 5 bur
white specks at cone 02 and 1 ; steel hard and
gins to melt and darken in coloy at’cone 5..
and tile, but not for paving brick.

n light gray color with
vitrifies at cone 3; be-
Useful for building brick
Porosity curve on fig. 36. '

et e e

Clay No. 297,

Doxey, Oklal_loma.'
Description and location same as No, 296. . h

DATA.

Water of plasticity : 24.69 .

L. D. 8. i 5.3%w.l. 5.7%ad.l.

L.F. 8. No hurned data;

V.D. 8. P 194%w.. 24.09%d.y.

V.F. 8. S i !

Tot. V. 8§ .

Absorp ‘ P

Cone ... 010 08 06 04 02 . 1. 3 5 7 9
Por. ... 30.7 29.3' 269 222 56 '

............

Remarks: Melted down at cone 1 in which
-were placed by mistake. Dries well.,
ture below cone 09. / Vitrifies and dar
;eommon, :building and sidewalk brick
onfig. 36. . . ’

kiln the large pieces
Good red color and firm strue-
kens at cone 02, Suftable for
and drain tile, Porosity curve

;_Clny No. 298,

i - Location, sec.'15, T.°2 8, R. 11 B
'1000 ft. ; area :

Atoka, Oklahoma.

_ " Thickness of deposit, 600 to
» 9 8q. miles; stripping, g0 ft.

5 nearest railroad, 100 yards;
M, K. & T.; wood and gas close at hand.
. : /
e DATA.
Water of plasticity 20.5%
LD s - 6.7%wl 7.29%d.l.

L F. 8. (cone 3) 4.5%
e
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OKLAHOMA GEOLOGICAL SURVEY. 17
Tot, L. S. 10.8% 1 DATA.
V.D. 8 20.2%w.v. 254%d.v. Water of plasticity £6.1%
V. F S 15.5% L. D. 8. . 87%wl 9.6%dl
Tot. V. 8. 3?2‘;6 L. . S. (cone 1) 5.6%

) v 13% Tot. L. S. © 13.8%
f}f,’f,‘;“"_ ..... 010 08 06 04 02 1 3 5"; L V. D. S 24.8%w.v. 33.05%d.v.
Por. .22¥ 237 220 .. 81 12.6 3% 8. . V.. 8. l 15.1%

' le with excellent working and drying Tot. V. 8. ' 38.1%

Remarks: A tan collzlrei)lz};a f)a‘gly_ discolored by whitewash. The Absorp. . 1% ,
propertice. B}m‘]s t.O uso t om,mon and sidewalk brick and drain tile. Come .....010 08 06 04 02 1 3 5 7 9
discoloration limits its use to ¢ Por. .. 215 237 180 50 19 .13 4 15
Porosity curve on fig. 37. . .

Remarks: Very similar to clay No. 298, except that it white-
washes worse. Porosity curve on fig. 37. :

P =~

) S~ Clay No. 308, Ardmore, Oklahoma.
‘\\ ‘ Located in yard of Ardmore Brick & Tile Co., 8 to 10 ft. deep;
yld \ G ] area, about 1 acre; stripping, 4 ft. which can be used with shale for

; 3 ) brick. On switch from Santa Fe Railroad ; fuel, gas from Wheeler

Rz ‘ =
3 \ \ \‘i field at 10 cents per 1000 ft,
) AN
§ \ % ‘\ _— : | DATA.
3 e K i "\‘ : Water of plasticity 23.2%
@ & \g \ L. D. s. - T5%w) 8.4%d.l
W AN\ x L F. 8. (cone 3) ' 5.1%
8 \‘& \ / \ \ Tot. L. S. 12.2%
e J \ \ . V.8 22.5%w.v. 29.1%d.v.
2 \ \ . VRS, 22.5%,
S \\ \ A Tt V. 8. 16.1%
B \ \ ) : Absorp. 14% '
N . T Cone 010 08 06 04 02 1 3 5 7 g
' \\ o Por .26 264 255 22.6 154 158 710 57 '
;z\ — '~ 3,/‘ s A ' {  Remarks: A red shale. Works and dries well. Burns to red, badly
Y 2 6 w4 Y —— ‘I discolored by whitewash. Lime specks show on surface prohibiting its
Temperalure expresse " use for drain tile. Good only for common brick. Porosity curve on
Fig. 37. Porosity curves for clays No. 298, 299 and 308. ﬁg 37, .
i’
Glav No. 298 Atoka, Oklahoma. ‘Clay No. 310,
ay . #dJOy i,

) Madill, Oklahoma.
froad 1 1 Clay No. 310 was ‘shipped from Madill but was lost in transporta-
1000 ft.; area, 9 square miles; stripping, 10 ft.; nearest ralroad, 1. {tion. e
mile; M., K. & T.; wood and gas near at hand. as

Location, sec. 16, T. 2 8., R. 11 B. Thickness of deposit, 600t  ;
> - ’ M 1
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It is a gray shale located along the right of way of the A. & C.
division of the Frisco Railroad. The shale is extremely plastic and con-
tains many veins of calcite about 1-16 inch thick. A brick plant was
formerly in operation here, but has suspended operations several years
gince. Judging from the appearance of the clay and its similarity to
No. 325, it is probable that much difficulty would be encountered in
working it owing to its extreme plasticity and great excess of lime car-
bonate in the form of the calcite veins.

Clay No. 312, white Ardmore, Oklahoma.

Located 6 miles southwest of Ardmore; thickness, 20 ft.; outerop
shows for 300 ft.; no stripping required ; nearest railroad, 3 miles.

DATA.
Water of plasticity 23.9%
L. D. 8. 6%wl  6%d.l
L. F. S. (cone B) 8%
Tot. L. 8. 1.4%
Vv.D. S. 45%w.v. 5.0%d.v.
V. F. S 11.1% |
Tot. V. S 15.3%
Ahsorp 17.9%
(870317 Jp— ol0 08 06 04 02 1 3 5 v
Por. 362 359 356 318 326 39.7 319 324 317 30
TRemarks: Course grained gilicious clay of light gray color. Show
87.1% Si 0,. Required extra time in grinding and working in wet pi-

Worked very nicely through the machine. No lamination. Drying
behavior good. Very little shrinkage in drymng or burning. Bum
to a white with pink specks. Is soft and porous at cone 9. Begine
to melt at cone 30. There is no doubt that it is an excellent materisl
for boiler work as it possesses sufficient plasticity and working qual-
ties it can be manufactured into fire bricks at a low cost. The clay
could also be used for the manufacture of common brick though i
value would probably be too high for this purpose. 1t is well suild
to the manufacture of fire proofing or similar products. It is especitly
adapted to such purposes owing to its high porosity which causes @
to possess low heat conduetivity and sudden temperature changes. Par

osity curve on fig. 38.
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Clay No. 312, R
Located ’1 I:ldl WOOdV'ille, Oklahoma.
ness, 10 o 30 o oouthoast of Woodville, Marshall Gounty. - Thick
) ; -5 area, unlimited ; many square mil . _
’Fl‘ifi” R&i;l River is covered with this clay. qRed Ilgilwl/eers (i’ifviﬂ'le country
sco Railroad crosses the deposit in several places sion of the

hand or coal shipped in. el wood o

DATA.

Efater of plasticity 21.7%

. D. 8. 0%

L. D. 8 3.0%wl). 3.2%d.l
Tot. L. 8. ) Z‘S?
V. D. S. 49,
M 13.4%w.v. 15.4%d.v.
Tot. V. §. g
Absorp. 12‘8‘%
g(());le . 9.10 08 06 04 02 1 3 5

. 7.5 35.6 348 33.0 - .. 35.0 333 33.2 301 2990

Remarks: v
marks: Is a very sandy red clay. It burns to a very clean

and bright red, and show
Ted, an s an open sandy st
e ) y structur d
progzblof ‘zltli;ﬁl():atlon. It is a typical soft mud bfic?ll(ncl;)?s:f;es s
y work better by this process tham any other. Su'itgble f(;rwc()c:lrlnd

mon brick, but probably f i
o y for no other purpose owing to sand. Porosity

Clay No. 317
A Bristow, Oklahoma.

L(N)atl()]l I‘;.l gec. 19 I 6 N. R I hl kll 0 e 1)S|i
5] S /1 C 3 . 1 X . 9 ]il. c ess f d p
]

; area, a 3
: nllk]l()w]l ea ]SO un k]lOWn OlltCIO Sho W fO tW() or thI ee Inlles
5 p 8 T
::5 Ilpp]ng, tO 2 f .y FI 8CO alll‘odd- a n » g a C
£ 0 0 t - 1, R ’ t ha d . oas t hand., at 3 cents

;per 1000 ft.
.»“ e of o1 DATA.
; Water of plasticity
L D. 8. 0%
gl* RS 6.7%w.l. 7.2%d.l
T s 1130
V. D. S, P
{“‘.V. P S 20.6%w.v. 24.6%d.v.
')T . 14.3%
¥ ot. V. S. 31.8%
sobsorp. 1'072
ne ... 010 08 ]
Con 06 04 02 1 3 5 v 9

8.0 24.6 241 208 106 141 V5
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Remarks: Light gray, fine-grained, soft shale with reddish streaks.
Works nicely, but shows some lamination. Dries evenly and without
cracking. Burns to dense firm structure. Has a clean- light brown col-
or at cone 3; bluestones to a nice gray at cone 5. Owing to its fairly
high drying and burning ghrinkage it probably would not be suited
for the manufacture of products where exact dimensions must be main-
tained. It is well adapted, however, to all sorts of building brick, but
not for pavers or sewer pipe. Its unique color would make it useful

for front brick. Porosity curve on fig. 39.
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Clay No. 319,
Antlers, Oklahoma.

Surface clay from flat 1 i
Frises Raﬂmad.y at land 2 miles southwest of Antlers. Near
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Temprerature expressed tr cores.

Fig. 39. '
g. 39. Porosity curves for clays No. 317, 319 and 320

. DATA.
L\'a]t)er of plasticity 31 6‘7
. D. 8. 070
L. F. 8. 13.9%w.l. 15.6%4d.1.
Tot. T.. S. li-gZz
V.D. S. 8%
V. P, 8. 35.2%w.v. 54.4%d.v.
Tot. V. 8. 3.9%
Absorp. 3;(7)‘;:1
7o
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Cone ... 010 08 06 04 02 1 3 5 7 9

Por. . 211 20.8 194 19.7 299 18.¥ 17.8 19.0 173 171
Remarks: A white surface clay, color probably due to leaching

by standing water. Extremely plastic and difficult to work on ma-
chine. Has excessive drying shrinkage and cracks badly in drying.
Burns to unsatisfactory red color and is still porous at cone 7. Not
recommended for clay products.

Porosity curve on fig. 39.

Clay No. 320, Antlers, Oklahoma.

Shale from 1 mile north of Antlers along Frisco Railroad. Ex-
posure is about 100 yards wide and extends back from the track in both
directions. 1ts steeply tilted, but a vast quantity can be obtained by
surface working.

DATA.
Water of plasticity 20.4%
1. D. S 61%w.)l. 6.5%dl
L. F. 8. . 6.8%d.L '
Tot. L. S. 12.5%w.lL
V. D.S. 18.3%w.v. 22.4%d.v.
V.F. 8. %
Tot. V. 8. %
Ahesorp. %
Cone ......010 08 06 04 02 1 3 5 79
Por. . 302 255 1.9 66 48 4.6 2.9 29 :
Remarks: A black shale of excellent working and drying proper

ties. Vitrifies at cone 06 and is slightly deformed at cone 1. Best
burning temperature about cone 04 to cone 02. Burns to a bright ver
million red with a pronounced sclf glaze. Suitable for common o
¢ront brick and for drain tile. Porosity curve on fig. 39. :

Clay No. 321, Antlers, Oklahoma. |

Location, along the Frisco right of way 1 mile south of Antlersi
A layer 8 to 12 feet thick covers many acres. The upper two fedt,
is very sandy and the lower portion is a very stiff somewhat sandy|
clay. Fuel: wood at hand and coal can be shipped from Poteau. :

!

! ‘.l

g
4
b |
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| DATA.

E[a]t;ar of plasticity 35.5%

L. F. SS 8.7%w.l. 9.6%4d.l

- B 8. 3.8%

Tot. L. 8. 12.2%
V.D. 8. '
Ve SS 21.7%w.v. 38.4%d.v.

. F.S. 11.3%
Tot. V. S. 35.9%
Absorp. ' 6.1‘70
Cone ... 010 08 NA 04 0;3 ’ 1 3 b v 9
Por. ... 24.5 240 217 217 207 217 199 20.0 19.0

Remarks: Works and dries nicely. Burns to a peculiar brick red
2

free from discoloration.

Structure is sound. Is well suited for com-

mon brick and drain tile. Porosity curve on fig. 38

Clay No. 322,

Garvin, Oklahoma.

- Pocation, NW.14 sec. '18, T. 78, .R.‘ 23 B. Thickness of deposit
-5 area, 40 acres; 14 mile from Frisco Railroad; no stripping; fuel,

wood, $1.50 per cord.

DATA.

Waier of plasticity ’ 28.3% '

. D. 8. ' '

LD. & 8.§%w.l. 9.1%d.1.

Tot. L. . 7'6?

V.D. 8. 47,

VD5, 26.4%w.v. 35.9%d.v.

Tot. V. § 2;?;?

gbsorp 14:4‘73

Cone —..010 08 06 04 020 1 3 5 7
OF. ....334 318 334 332 32.0 33.0 325 3%8 2.6 329‘

Remarks: Works and dries nicely. Burns to a peculiar brick red

free from discoloration.

Structure is sound.

Is well suited for com-

mon brick and drain tile. Porosity curve on fig. 40

Clay No. 323,

Garvin, Oklahoma.

C t . ’ " a4 . °

L() atlon sec. 13 I 7 S :R 22 E ThiCkneS Of dEPOSit 10 ft-
S I s

tle:l, 40 aCIeS) neaIeSt Iallloﬂ,d, /2 nllle’ HOOd on bhe gIUﬂnd fOI $1 5E

per cord.

ihe
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DATA.
ticity 21.4%
}Yagr sOf plastief 18%wl 84%dl
L. ¥ S . 3?
Tot. L. S. s1.5%d.v
V. D. S. 24.0%w.v. o
V. ¥. S. 1.6%
Tot. V. S. 25.2%
o™ 08 06 04 1?).22% 1 3 5 7 9
....... 10 L
g?)?e ..... (?:4.0 342 33.2 334 33.0 335 334 32.6 32 v 389
Py pdl il =
50 p322\at cone 9

i

N

R, e

% o

3 .

3

k]

K

X

3

N

£l

3 |5
/0 4

WWWW

Fig. 40. Porosity curves for clays No. 322, 323 and 328.
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Remarks: Surface clay with small iron concretions.
ind only slightly plastic. Peels up and gives rough surface through
nachine. Crumbles easily. Dries nicely. Brown color due to pres-
meée of manganese. A very sandy clay which even at cone 5 does
10t burn to satisfactory hardness. Structure is not sound, but is what
s called punky. Nothing to hinder its being used in the manuiacture
»f common brick as it works well in machine, dries well and burns safe-
y, but evidently not suitable for the manufacture of production other
than common brick or tile. Porosity curve on fig. 40.

Very sandy

l

Clay No. 324, Garvin, Oklahoma.
Location, SE.14 sec. 13, T. 7°S.,, R. 22 E. Area, 40 acres; thick-
ness, 8 ft.; nearest railroad, 1% mile; wood on ground at $1.50 per cord.

DATA.
Water of plasticity 26.3%
L D. S. . 6.0%w.l. 6:8%d.l
L. F. S. (cone 5) %
Tot. L. 8. : - %o :
V. D. S. - ' £3.3%w.v. 30.5%d.v.
V. T 8. 2%
Tot. V. 8. %
Absorp. ) 12.9%
Cone ... 010 08 06 04 02 1 3 5 7 9
Por. ... 340 34.0 33.% 324 32.Y 321 318 318 32.0 318
Remarks:

A very sandy clay and difficult to work. Has a poor
red color and open porous structure. Cracks badly in burning. No
value for clay products. Porosity curve on fig. 41.

Clay No. 325, Garvin, Oklahoma.
Location, NE.14 sec. 14, 'I'. 7 8., R. 28 E. Thickness of deposit,

12 ft.; area, 120 acres; nearest rullroad 1 mile; wood on ground at
1.50 per cord.

DATA.
) Water of plastieity 31.5%
L.D.S 12.9%w.]. 14.8%d.1.
'L F. S %
“Tot. L. 8 ’ o
V.D. S. 30.1%w.v. 43.0%d.v.
V.F. S. : %
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Tot. V. S. . %
Absorp. %
Cone.

Por.

Remarks: Shale containing veins of calcite and some fossils
(lime), is very plastic and shows extreme lamination, with great diffi-
culty in working through the machine. All dises eracked lo pieces in
drying. Burns to unsatisfactory red color. Could not be used for clay

products. No porosity curve.

Clay No. 326, Garvin, Oklahoma.
Tocated on tram road 3 miles south of Garvin. About £0 ft. thick,
stripping, 10 to 20 ft., part of which can be used for brick.

DATA.

Water of plasticity 28.0%

L. D. S. 9.9%w.l. 10.9%d.l

L. F. 8. 5.0%

Tot. L. 8. 14.3%

V. D. S. 26.5%w.v. 36.1%4d.v.

V. F. 8. 14.1%

Tot. V. 8. 36.9% .
Absorp. 4.3%

v

Cone 010 08 06 04 02 1 3 5
298 29.% 256 198 185 18.2 172 170

Remarks: A plastic shale which works and dries well. Vitrifies
at cone 3, and stands up well at cone 7. Has peculiar red color. Suit:
able for common brick and tile. Porosjty curve on fig. 41.

Location, W. V4 of the SW. 1/ of sec. 31, T. 6 S, R. 9 1. Thick- ‘
ness of deposit, 50 ft.; avea, 8 acres; stripping, 10 ft.; ncarest railroad °
3 mile; M., K. & I and M., 0. & G. Nearest fuel, 50 miles; coal,

price $3.00.

Clay No. 327, _ Durant, Oklahoma. |

DATA.
Water of plasticity 43.9%
L. D. S. 71%w.l. 7.7%d.L
L. F. 8. 4.7%

Tot. L. S. 10.2%
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V. D. S
M SS 21.2%w.v. 36.8%d.v.
. F. 8. 10.1%
Tot. V. 8. 29.39
Absorp. 6‘970

. (2}

](?)one ............ 010 08 06 04 02 1 3 5 Y 9
OF. .. 2886 29.1 23.7 210 198 175 167 145 99

Remarks: Clay shale of i
ks: excellent working and dryi i
?Sm;lns to I;ght red co.lor 5 steel hard at cone 0g2, b]uesgnrgg :L)il;‘ogggeg'
n excellent material for common brick, sidewalk brick and drair;

tile. " Its color is not satist i
osty curve oy B 1y istactory for front brick or roofing tile. Por-

=
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Fig. 41, Porosity curves for clays No. 324, 327, 329 and 331
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Clay No. 328 Avant, Oklahoma. -
ay No. 328, : . -
i s thickness, 30 to 40 ft.;
Located on a large hill south of Avant; s, 30
area, se(i'qe:al acres; 14 mile from Midland Valley Railroad; fuel, gas
at h:md at about 5-cents per 1000 cu. ft.; hmestong at hand.

DATA.

ici 22.4%
},Va;;r ;f plastiety 6.2%w]. 6.7%dlL
L. F. S. (cone 3) G.OZo
Tot. L. S. 11.8%
v D S 18.6%w.v. 22.4%d.v.
V.. 8. 17.8%
Tot. V. 8. 33.1%
Absy ’ 4%
Absorp. L
Cone ... 010 08 06 04 02~ 1 38 157 . 42
Por. ... 27.9 256 223 171 47 34 3. . .

i aall ironstone concretions.
Remarks: A black shale with some sma
Good working and drying qualitics. 1t burns to a (},ens%ﬁm; srter(lllczglr:;
ifyi 1 i rell at cone 5. as :
itrifying at cone 02 and standing we . (
:lligzrlllt}ly gdiscolored by whitewash. Suitable for common 0{) mdewrzldk
orick, and drain tile. By sorting, face brick could probably be secured
Porosity curve on fig. 40.

Avant, Oklahoma.
Clay No. 329, t, 0 .
yComposes a large hill northeast of Avant, 14 mile 1romFMulllaI;C:
Valley Railroad. 'Fhickness, 20 to 50 ft.; area, many acres. Fuel, g
at a very low price.

DATA. :
ticit . 25.6% i
KVagar SOf plasticlty 8.3%w.l. 9.0%d.l ;
TS 6.7% )
. ne 3 :
L.F. S (co. ) e v
D.S. 24.1%w.v. 3L.7%d.v. i
20.5% o
39.7%

4% . .

. 5 |

010 08 06 04 02 1
Por. ... e 224 119 11.3. 55 4.3 .9 1.3

Remarks: A yellow clay shale with some ?ro.r}‘stone concretw:;;,
Has excellent work‘ing and drying qualities. Vitrifies between co

i
o
B

i
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04 and 0% and could be burned safely up to cone 3. At cone 8 it burns
to a very admirable effect. The structure is soun
pervious. It is well adapted to the manufacture
ing brick, especially front brick. It can also b
Porosity curve on fig. 41.

d and practically im-
of all kinds of build-
e used for drain tile.

Clay No. 331, Woodville, Oklahoma.

Location, 5 miles north of Woodville, 1 mile east of PFrisco Rail-

road ; thickness, 20 ft.; stripping, 2 to 12 ft. Fuel, wood.

DATA.
Water of plasticity 28.3%
L. D. 8. 10.7%w.l. 12.0%d.1.
L. F. 8. (cone 5) 5.7%
Tot. L. 8. 158% =
V.D. 8. 27.7%w.v. 38.4%d.v.
V.F S 18.1%
Tot. V. 8. 40.8%
Absorp. ) 2.1% .
Cone ... 010 08 06 04 02 1 3 5 7 9
Por, ... 254 218 125 117 93 75 65 55 10.4

.Remarke: A dark colored clay shale, some layers somewhat sandy.
Works well, but requires care in drying. Burns to a dark red, some-
what marred by white ypecks.  Structure good. Good for the manu-
facture of brick and tile. Porosity curve on fig. 41.

No. 332.

The clay shale used by the Pawhuska Vitrified Brick & Tile Co.,
st their plant 1 mile northwest of Pawhuska was tested by the Richard-

son-Lovejoy Engineering Co., Columbus, Ohjo. A summary of their
-Teport follows: )

Physical characteristics. The material is a bluish (yellow when
oxidized) shale, medium hard and quite fine grained. It contains some
sand in a finely divided condition. s very slightly carbonaceous, and
contains no visible nodules or concretions. ILime and mica are not
present except in very small quantity. The shale grinds easily and
‘when pugged develops fine plasticity without stickiness. No cracks or
faws developed in severe drying tests and dried ware is quite strong.
}ly‘)ried blocks show  considerable white seum (whitewash).

: Burning tests. Burn without difficulty if oxidized sufficiently.
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Marked change in color and shrinktage (C‘}vfltlgct;z%m%i%n?i ;:;g:eatfl:onn)l
- . ov che ' ;
o 0 Ot2 ‘l::eh;E:?::Zil}i:::slt?(fnar:nogeyfrom cone 02 to cone 5. Slight
o o in o ¢ from cone 3 to 5. Color sahnon red at cone 07, dark-
ons £ & me Sllz brownich tendency at cone 3 with darker browns at co:)xe:
;n:nttcl) C'TOH Sﬁilxxllning or whitewash is bad feature of the red colors bu
off above cone 3. o . .
bumilwila.bility. 1s suitable for common'bull(-lmg fbmcl;il:n%uélrf?:llé
tile. Scumming mars ware for red face brick oxA lr)()ormt%'oI1 o,f e
rade of brown face brick can be. produced'. SO pf  Durned
gare is rather high for paving bl‘le.' P(.)ss1bly.good Oi‘t se;aze pip
;vlthough scumming might interfere with its taking a salt glaze.

DATA.
Drying shrinkage—5 to 7 per cent. of wet length according to
amount of water used in making up. ‘
Burning shrinkages. (Extremes of 3 burns.)
Cone 07—2.0 per cent. to 2.7 per cent. dry length.

t. dry length.
c 04—5.4 per cent. to 7.4 per cen
022: 0%—7.6 per cent. to 8.2 per cent. dry length.

Cone 1—7.8 per cent. to 8.1 per cent. d1:y ieng:il.
Cone 3—7.7 per cent. to 8.2 per cent. dry engﬂl.
Cone 5—%.4 per cent. to 7.7 per cent. dry }enbt,ll.
Cone 7—7.0 per cent. to 7.5 per cent. dry length.

Absorption of burned pieces. (a) and (b) represent different burns:

Cone a. Z.G

07 10.0 8.6

04 4.1 5.5

02 2.7 3.5

1 1.0 3.1

3 2.1 2.7

5 ' 2.4 2.6

v 2.1 22

The chemical analysis as reported for this clag;;

Silica  (8i0,) e

Alumina (ALY,) 4,80

Iron oxide (Fe,05) s 1:04

Lime (Ca0) o

Magnesia (Mg 0) ;?'50
Ignition loss

i e
Alkalies (K,0 & Na,0) 5.03 (by d“f”“?’, k

.of apparently a sandy nature.
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The following clays were tested at th
University of Illinois under the directio
reports of the tests were not received in time to have the porosity
curves drawn for this report or to have the clays represented in the
table of data at the end of the chapter. The remarks on the working
and burning properties are by Mr. Bleininger.

Shale from' Jenks. Location 8.1 SW.14, sec. 30, T. 18 N.,, R. 13
E. Thickness, 12 feet known. Area, 80 acres known, Transportation
facilities, three-fourths mile to Midland Valley Railroad.

e Ceramics laboratory of the
n of A. V. Bleininger. The

Fuel, two
gas wells in less than one mile. Gas pipe line passes through property.
DATA.

Water of plasticity 22.1% .
L. D. 8. (% dry length) 5.3%
L. F. 8. (at cone 03) < 7.8%
Porosity at cone: . :
07 05 03 01 2 3
%106 1251 6.v9  5.16 4.66 8.74

Remarks: This materi

al seems to be a sandy shale of moderate
plasticity requiring 22.129

water of plasticity. It does not work well
in the auger machine as does the average shale hut with a good lubri-

cating die it should form 5 satisfactory column. It dried without dif-
fieulty and showed a drying shrinkage of 5.3%.

Burning. The shale burnt to a red body showing yellowish grains

It forms a sound body showmg con-
tion range is wide and it would hence
A peculiar feature observed with this
ach zero porosity but became more por-
cone 2. The minimum porosity reached

d somewhat strange this was repeated
and this time a porosity of 8.75% was determined at the same tempera-

ture, cone 2. 1In spite of this fact it is believed that this material
may produce satisfactory paving brick as its toughness was well defined
and its temperature range makes it a distinetly safe material,

Black shale from Nowata,

siderable toughness. Tts vitrifica
be a safe burning material.

material was that it did not re
ous after having been burnt to
was 4.66%. As this appeare

Locality and oceurrence are given on

Page .

' DATA.
Water of plasticity 18.5%
LD. 8. (% dry length) 43%

L F. S. (at cone 03) 9%
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Porosity at cone:
07 05 03 01 1 3
38.8 3614 32.27 32.04 24.12 fused to slag.

Remarks: This material also shows good working qualities and
produces a perfect column on the auger machine. Its water of plas-
ticity is 18.5%. 1t dries very easily and shows a drying shrinkage of
only 4.25%. It will hence stand any kind of abuse im drying.

Burning. This shale evidently is calcareous in nature as it burns
to a clean cream color. The lime, however, is disseminated uniformly
and in exceedingly fine grains and there is mot the slightest evidence
of larger particles which might cause trouble. Like in all calcareous
materials the initial porosity is high due to the expulsion of carbon
dioxide. The safe burning limit of this material is somewhat above
cone 1 when it softens and fuses quite rapidly. When burnt at cone 03
the clay possesses good hardness and this would be about its average
commercial temperature, far enough removed from the danger of over

burning and softening. Any attempt to vitrify this shale would be

tutile as it could not be done commercially. .

This shale could be manufactured into cream colored building
brick similar to the well known Milwaukee product.

Light colored shale from Nowate. Yocality and occurrence s
gbove. Underlies Black shale.

» DATA.
Water of plasticity 24.3%
I. D. 8. (% dry length) 5.2%

L. T. 8. (at cone 03) , 8.5%

Porosity at cone: _
010 o8 06 04 02 1
on.65 22.00 15.67 120 117 15.27 (vesicular)

Remarks: 'This shale works up to a good plastic mass, requiric
$4.31% of water. It also seems to work well in the auger machine, &
it is shaped into a perfect bar. On drying it shows a shrinkage of 5.1%
in terms of the dry length and offers no difficulty whatever, 1t est
dently could be dried safely under the conditions of any commercit
dryer. ) ‘

Burning. ‘This material burns to a good red color with som
tendency to whitewash. Its limiting temperature is evidently cone il
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and it is easily overburnt on exceeding this temperature. TIts tendency
to become vesicular at a higher heat as well as itg comparative lack of
toughness render it unsuitable for the manufacture of paving brick.

FAD T A TR




tute.
- Wichita Mountains, in the south-central part of the Sta

(
/

CHAPTER VIIL

ENT
THE DISTRIBUTION AND DEVEIE)?}:;{
OF THE CLAYS OF OKLA

INTRODUCTION.

. . dis-
. ssible in the present state of knowledge t'(;). dls{t:]l::e?;:e, o
. 1? 8 HF[;? clays and shales of the State by coun lfs(,] As far 1
tnibutlon o. ‘s[ ;;,ypreliminnry report will be attemplel.fned It
tlnﬁiil():;:lp:lle OSt):;te is divided into m?red_oi‘ .lcissisw;ilsmii;d wth ref-
D0* s Rach distri 8 i
Igraphic al,l({ t‘zpogrighilcy.dlsftxllicisl.l’orzl?s made to tie the fofln‘f""';on(s)s;{]
eretice to its stra ]f?’ rifs streams, towns and railroads wlmrf. lc é dgaling
with county bounc l;l ken’ of the reports which have been publishe tern and
b].e' Advant;lgf v’sofdthe State, namely ; those of 'T'aff for the ei:‘eind y
with the geo 0551 of the State; of Gould for t’:he wesfcm pa ,il;le e
southeaStemS'p?lerfthal for the northeastern portion. W her(.: P(:ss bs;rva-
Oherl.l and | l?)invegtigaﬁons are supplemented by the wrlterls oment :
rf\su]ts .of tl(;ll" o .to the clays and shales. The present develop i
t'ons'w.lth N e“;ehil short descriptions of all the plants now OIzie avai-
I'l()tflde lgt:?:]sei(ng"gi‘ven with especial reference to the nature an :
in the St:

ahle supply of the material used.

THE STRATIGRAPHY OF OKLAHOMA

General Statement,

i d

i d in the Arbuckle an

The oldest rocks in Oklahoma are expose e

i hean age,

i te, apparently of Arc

ins sist of central cores of granite, of Archear vet

:;i?:lii’;:dcg; belts formed by the edgeslof tli;a st:{eg;lgs&filfnfhese e

( i ks. Lying almost level on the ext ' o

;‘ldler 1;:‘:0:;:;(2 1;20'"1 immense thickness of Carbontlfelolil;ls1 ;ﬁ(i:s?sid a!

ronnding the Wichi i 1 on the west, nor

i Wichita Mountains and "

5‘;”3““‘1{’;%“2]130:’10 'll‘hese reach to the Arkansas, Kansas and Te :
of the A kles.

. ively. 4
lines, on the east, north and west, respectively i
’

Mountains, some small areas of Cret

- mountains,

Possible with the limited 5
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From the Arbuckle Mountains north and east the Carboniferous

rocks belonging to the Pennsylvanian system, South of Arkansas river
the rocks are practically all sandstones anq shales while north of that
river there are several ledges of limestone. Arkansas River thus divides
the area of Pennsylvanian rocks into two regions. To the west and
northwest the rocks are of Permian age and are known as the Redbeds .
on account of their color. In the stutheast corner of the State are the
Ouachita Mountains, which consist of an immense thickness of Carhon-
iferous and Silurian rocks extensively folded and faulted. The south-
eastern cxtension of the Ozark Uplift occupies the northeastern portion
of the State and consists of rocks of Mississippian, Devonian and Sil-
urian age. Cretaceons rocks occupy a belt north of Red River and south
of the Arhuckle ang Ouachita Mountains and several small areas in wesi.
ern Oklahoma. Terfiary rocks lie above Redbeds in the extreme north-
western portion of the State,

For the pur
following parts:

(1)

pose of fuller discussion the State is divided into the

The Arbuckle Mountain region.

(%) The Ouachita Mountain region,
(3) The;Mississipian area or Ozark Mountain region.
(4) The area of Pennsylvanian rocks north of Arkan

sas River, in-
cluding a small area of Permian rocks. )

(5) 'The area of Pennsylvanian rocks south of Arkansas River.
(6) The western or Redbeds area, comprising the upper or red
nortion of the Pennsylvanian rocks, the red Permian rocks, the Wichita

accous rocks and the Tertiary rocks.
The Cretaceous area gouth of the Arbuckle and Quachita
e areas will be taken u

Thes
of the shales and cldfy

P in turn and the distribution and char-
s will be considered witl, as much detail as

mount of field work which has heen done.

acter is

THE ARBUCKLE MOUNTAIN REGION.

' Location and Area,

The Arbuckle Mountains occupy an area 60 miles long and 10 to

30 miles wide in the south-central part of the State, "The area includes
southern Murray, northern Carter, the greater portion of Johnston,
ortion of southwestern Coga] courns

of the land is suitable for grazing.
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Stratigraphy.
ite sur-
The Arbuckle Mountains consist of a centr'a‘l C(;ritorf ‘ir;i:lll; Jur
ounded ny belts of consecutively older rocks. lhe tz.x ne o this i i
;?"h dips away from the granite although th}a lf]ilref: ?is el
it i i The following g
d faulting.
often changed by'foldmg an
gection of the region.

Age i)
th of Mountain
‘ani Franks conglomerate (Nor .
Fenneyhanien GTenn formation (South of Mr_)‘untaln) L600"
Mississippian Caney shale .. :

Sycamore limestone ...
Woodford chert
Hiunton 1imestone .o
Sylvan shale
Viola limestone
Simpson formation
Cambro-Ordovician Arbuckle limestone ...
Cambrian ](eagan. sandstougt ...........
Archean Tishomingo granite

! tions from Reagan to the Caney were am')g;i:tlo}; llr;lt:
’“'le fomm' ,ontal osition over the granite, but in mlTle or Lo
Pomagive 'hontz' o weI:'c elevated into a dome and erodt?d.1 1(1 Pronts
e enate l{nfﬂtor Pennsylvanian rocks were deposnt;?.( an
2?;:‘5)2‘:11]‘,2::;(9)111:;])’ oﬁ the uptﬁrned edges of the older rocks.

Missiesippian (7)
Devonian (?)
Siluro-Devonian
Silurian
Ordovician

i ast of Washi-
e G o iy the southern half of T. 2 5,
. ; cimately the so

mo '5, 61 ﬂél and '; E. and two small areas west of the nv'etz in th.ese'
3 8 "i iw mnd in T.18, R 1B and R. 1 W. 1‘hefgr““.:1ual clay s
S, R 1E,an P d the covering of resi

) p mes near the surface an . facture of
e “S&]"illlz’ :l(l)ough to be available ac a mnf.erml forl::he‘]T:m:l‘;u’;ny o
sfldoni'oducts Where there is a sufficient thlcknestf'tt . (’th)f,lt its use for
clay p ’ it disintegrated granite so :

i iderable quantities of disintegrated brick are
tﬂ'(:‘(:ﬂz;’: sel)((:epf co:]nmon brick is very questionable. Common
pr

[) 8 k) Yy TiShO'
]
repor 'ed t() have be(}" ]llﬂ(l(} SUCCOeS: fll“ fl()"l tll]S ]llﬂ.tel lal near

mingo.

< q t ca R
n
ccu
l{ l()hn 18 known tO ocecur m S"la]l llllltltles 1 veins ﬁ]l(l V]hu
p 1 e y but no dE[)OSIt Of COIIIIIIEICIal lmpmt-,
mn dleEIellt laces n ”l lllOllIltalIlS

ance has yet been reported.
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The Reagan sandstone outerops as a narrow belt around the granite. |

It is thicker towargd the west end of the mountains and contains some
shale in this portion. |t is exposed in a very rough country and ig so
“far removed from transportation that itg development for clay manufac-

ture is extremely improbable, even if shale beds of workable thickness
should be found in the formation.

The Arbuckle limestone oceupies a broad table land in
land 2 8, Ranges 1 E., and 1 W., an
., in Ranges 5 and ¢ E.
there is no residual clay of any im

Townships
d in Townships 1 and 2 8., and
The surface js a rocky upland ang
portance.

The Simpson
limestone table lan.

side of it, so it is worn down into a valley
land and the rows of knobs of the Viola.

The Simpson consists of from 1200 to 2000 feet of
shales and limestones, Taff gives the following general section® of

thé Simpson on the south side of the uplift west of Washita River, the
beds being given from above downward :

sandstones. -

1. Thin limestone with green shales interstratified 400"
2. Sandstone ... " 90’
3. Limestones and shales interbeddeq 400"
4. Sandstone .. 100/
5. Shaly limestone __ 195’
6. Sandstone T 33’
7. Thin bedded limestone and shales interstratified - 295’
8. Greenish shales with few thin limestone layers........ 245"
Thin saI‘lstone.
9. Granular crystalline limestone in thin beds.. 3507

10. Thin limestone and shales interstratified wit
al thin sandstone
11 White to light brown s

h occasion-

The Simpson formation is much thinner on the north side of the

e of the lower beds. The whole forma-
tion is more siliceous to the north. The Simpson is well exposed along
the Gulf, Colorado & Santa Fe Railway, in the gorge of Washita River
southwest of the village of Crusher. Here the shales in the lower
Part of the formation are not of workable thickness, Some of the

. 1) U s G S., Prof, baper, No. 33, Page 23.
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greenish shales of the upper Simpson are 20 to 40 ‘feet thick and
“might he available. The whole formation, at this place, is standing
almost on edge and there is much deformation and local folding in
the formation. (Scc fig. 42). The Simpson is also exposed along the
St. Louis & Sen Francisco Railroad, in three localities between Ada
and Ravia, but no detailed work has been done on these exposures.
A sample (No. £67) from one mile southwest of Ravia'is probably
from the Simpson, but time was not taken to determine the horizon
accurately. This clay is a greenish, clay shale of good qualities. It
burns to a peculiar mottled, dark buft and is one of the few non-red
burning clays so far found in the State.

All things being considered, it is not probable that the Simpson
formation will ever be an important horizon for development of the
clay industrics. 'The shale members are as a rule, too thin and contain
too many thin layers of limestonc to be worked profitably. With the
éxceptions already noled the exposures of the formation are in a rough.
thinly settled country and are not available to transportation.

The Sylvan shale which is from 60 to 300 feet thick, lies above
the Simpson formation and is separated from it by the Viola limestone.
1t oulcrops as wooded valleys between the high prairie knobs of the
Viola limestone and the lower knobs of Woodfort chert which are
overgrown with jack oak. The basal portion of the Sylvan is a black
shale, somewhat bituminous and calcarcous. The greater part of the
formation i a uniform, greenish clay shale drec from iconcretions
or irregularly distributed matter. The exposures of the Sylvan are ak
ways near those of the Simpson. The Olklahoma Portland Cement Com-
pany at Ada obtains its shale from the Sylvan south of that city.
The following analysis furnished by that company shows the composi

tion of the shale at that place:

ANALYSIS OF SYLVAN SHALE SOUTII OF ADA.

531 417 —— 42.30
Terric oxide 5.92
PN L TT 3T A ——— 12.36
Iime 12.86
Magnesia 5.50
Toss on ignition .. 18.11

Alkali not determined.

This analysis shows the shale to be high in llme and magnesia
Burning tests would be necessary before its suitability for the manu
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facture of cla.y products can be determined. To the writer’s knowl
edg('-': no burning tests have been made on the Sylvan shale. O img
to its geographical location and the nature of the exposurt;s itwu'lﬁ
probably not be utilized to any large extent in the ne:ar future "

The Hunton formation, Woodford
_ , chert and Sycamore It 2
contain no shale or clay members capable of develoI;nZent. re fimestons

The Caney shale, 1500 to 1600 feet i i
Y > (¢ 3 eet In thickness, lies ab
S)ctamczl‘e limestone or the Woodford chert where the Sycamor:viz atll;f
ii;le;lt ; ile wh.ole tﬁ)rnxtion is greatly broken by faulting and in dif
aces in the Arbuckle Mountains it is brought i ‘
. . . t -
with all the lower sedimentaries except the Reagan sfndstol;: eoniact

. th’illengllﬁcrcl)p of the Caney shale is level or very gently undulating
ral exposures are rare. The principal areas :

' of the C
s:ﬁ:;}]: ire; nl(rll ;heS noIr{thwestern part of the Atoka quadrangle i:l t:vnvfly
£ » R. 8 E. There is also a belt from or ilo
: S, ; m one-half mil
:Eet\;v;n;mlesf v:Jl‘de in the central part of the mountains, starting a;)]'])luet!
e or ;r (t) T. 2 »'S., R. 5 T. and extending northeast to the vicinity
of I g‘fer' v ;}r: which the Caney shale and the Glenn formation which

les it in this region, are so folded togethe indli

i s ogether as to he indistinguish-
able. The Caney shale also appears in several rather small are:::g;;]ofg

the north side of the OQuachi i
achita Mountai
Caney shale is described by Taff! as fol]o?:;:farther fo the eact.  The

({12 3 M ’
file I‘lhel Car'ley shale' in its lower part consists of black, bituminous
b 1'8 hale with sp.herlca], caleareous segregations, and irregular, dens :
e limestone bodies. This bituminous shale is succeeded b;" c]ae);

Sha 8 ll](fll In lll(]e sma ro: 'U 1”8111) 1S all(l occeasion 1 T-
C H ironston
le w e con
Cas al caica

SCI‘ipil:\iT;)n tei:its of gns slla‘le have been. made, but from the above de-
toription I acan e cons1fiered as suitable for only the lower grade

- . § common bnolf and drain tile. The caleareous and iron
gregations would prevent its use for the more refractory wares

geomz hte olnly prob7ab1e location for development of this shale at present

.Ran o he z}t Wapanucka where the Missouri. Oklahoma and Gulf

PaCi\ga.yRal'lld {the Ardmore bhranch of the Chicago, Rock Tsland &

¢ Railway cross the outerop. The shale 1 ' .

crop at this place and is covered b ot of sufl whidh conlt
, : y only a few feet of soil whicl

probably be used with the shale. Material thrown from we]lllsc lqtcillllli(:

1. U. 8. G. S, Atoka folio, p. 4.
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locality shows the hlue shale with iron concretions. No calcareous
segregations were noted.

The Caney shale seems to have been deposited over large areas
and it is believed to practically surround the Arbuckle Mountains al-
though in many placs it is buried beneath younger rocks and is not
exposed. At the end of the deposition of the Caney, conditions began
to change and as a result the overlying rocks present three distinct
phases. In the central part of the Arbuckle uplift and to the south
and southwest the Caney shale is overlaid by a series of lenticular
ghales and sandstones known as the Glenn formation; to the north and
northeast the Caney is presumably covered by the Franks conglomerate,
while to the east of the main range of the Arbuckle Mountains and
north of the Ouachita Mountains, the Wapanucka limestone lies con-
formably on the Caney shale.

Of these three formations the Franks conglomerate and the Wapa-
nucka limestone do not contain any bodies of shale sulficiently large for
development as a source of clay products. The shale from the basal por-
tion of the Wapanucka limestone is used for the manufacture of Port-
land cement at Hartshorne. Some of the residual clays of the ¥Franks
conglomerate near Sulphur appear to be suilable for common brick and
tile, but they have not heen tested and no delinite statements can be
made concerning them. .

The principal outerop of the Glenn formation is in the structural
.depression south of the west end of the Arbuckle Mountains, which i
known as the Ardmore Basin. The formation consists of irregularly
stratified and lenticular <hales with some sandstones, limestone and lime-
stone conglomerate. The rocks have heen felded into several folds
generally parallel with those of the Arbuckle Mountains. The shales

are extremely “pockety” in nature, and a given shale bed can usually
be traced for only a short distance.

The shales of the Glenn formation are well exposed in the vicinily
of Ardmore. The Ardmore Brick and Tile Co. uses these shales at its
plant at the crossing of the Ardmore hranch of the Chicago, Rock Island
and Pacific Railway and the main line of the Gulf, Colorado and Sants
Fe Railway at the north side of the city.

In the pit, which covers less than one acre, there are four kinds of .
shale shown. TImmediately southwest of the plant the material iz s
red clay shale, which rapidly changes to the south to a yellowish brom |
and this in turn to a mottled red and gray‘sllale with some iron con;;‘-

- Gas piped from the Wheeler field js used for fuel.

vrndo and Santa To Railway and Red River division St.
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cretions.  These different bhases of the material are all at the same level
and seem to grade into each other. A thin yellow laver is fjlil‘l on
;itant a-t‘ the bottom of the variable stratum and this is unllel;laig lﬁgna-l
c;lnel-ilesli)r;:d;nﬁrzastz)icblu; shale t\}x]rhich weathers rtapidly and soon be-

s ] - Lwo or three “pockets” of a pj ithin
alra(tln'ls of a mile of the plant have beeg worked out ;)nlcllkhzllljlfl ‘tvczt]t]}llne
P flln In wagons. A body of uniform blue clay shale one and one-half
miles northwest of the plant is also worked and the material hauled in

wagons. This deposit has an areal extent d
known thickness of 30 feet. ot of about five acres and

i ;l‘he removal of‘the plant to this locality has been considered as it
dso onir ope-fourth mile from the railroad, and as the shales at the plant
not give good results by the dry process. There is some cracking in

t=1

burning when t i i
bur g when the blue shale is used, b-ut not sufficient to prevent ite

The plant is equipped with a Frost 8-foot dry an an
) ‘ ‘ x Yoy and a Ber
;]n;slgr;ily ItJlless. Two reet'angular updraft and two ?ound downdraf%
. " used. The-output is about 15,000 common building brick per
ay. Most of the brick are used in Ardmore. Those shipped are loaded
onto cars on a switch from the Gulf, Colorado and éanta Fe Railwai

r Ahout 25 m
employed at the plant and in hauling the clay from the depositseli)rir\i

" iously mentioned.

Shat l!]e nearest approach to a high grade fire clay so far found in the
e 1s a white, siliceous clay, presumably from the Glenn formation

which is found 6 miles southwest of Ardmore. This clay was repre-

. tented by sample No. 312 (white) and the details of its occurrence and

properties are given in Chapter VII.

Gendfal Conditions in the Arbuckle Mountains.

al ’.lh;:ﬁ fprmatlons of the Arbuckle Mountains region which contain
& sutficlent for development are the Sylvan, Caney and Glenn. Thes

o'cz:ur aromfd the margin of the mountains, None of them can .be corf

;le e;‘s;id a;(;?lil;lnel for hki)g‘h] grade wares, but any of them could probably
se mmon brick and drain tile. The country isvery

la,ﬁ;;l fllrlllgr :mld Is thinly settled. There is some wood available f;)rr(;::g%:

. eve c?pxr'leni.; on a large scgle coal will have to be shipped from

e MeAlester distriet or gas obtained from Wheeler. The Gulf Colo

Louis and San
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Francisco Railroad cross the mountains from north to south and the
Ardmore branch of the Chicago, Rock Island and Pacific Railway follows
the southeastern margin for considerable distance. Development will
necessarily be along these lines of transportation. In view of these facts
it does not seem probable that this region will be the seat of any ex-
tensive development of the clay industries in the near future although
there is opportunity for the establishment of small plants, similar to the
one at Ardmore, to supply local demands.

THIE QUACHITA MOUNTAINS.
Location and Area.

The Quachita Mounlain region is in southeastern Oklahoma, south
and east of the Choctaw fault—which extends from the Arkansas line
west through the central part of TeFlore and Latimer counties and then
couthwest to Atoka—and north of the belt of the Cretaceous rocks which
lies north of Red River. The region comprises the south half of Le
Flore and Latimer counties, southwestern Pittsburg and northeastem
Atoka conntics and the northern two thirds of Pushmataha and Me
Curtain counties.

Stratigraphy.

The Quachita Mountains are made up of five formations. The sew
tion as given hy Taff for the northeastern corner of the Atoka quadrangle
is as follows:

Jackfork sandstone 3800 feet
Standley shale .. 6100 fect
Talikina ehert . . 1150 et
Stringtown shale 600 feet (base not shown)

Of these formations the Stringtown shale and Talihina chert are
certainly Ordovician. The question of the age of the Standley shale and
Jackfork sandstone has given rise fo eonsiderable discusgion. They were
firet considored of Silurian age by Taff and mapped as such in the
Atoka folio. Tlis reason for so classifying them was that limestone
bowlders which he thought .to represent a continuous thin ledge, wer
found above the Jackford sandstone, and contained Silurian fossil
and that the Talihina chert is manifestly of Ordovician age. Later he
discovered that the limestone bowlders did not represent 2 continuou
ledge, but were erratics deposited in the basal portion of the Caney shilt
and arc probuhly derived from the Arbuckle Mountain Paleozcic limﬁ
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stones. This left the age of the Standley shale and Jackfork sandstone
in doubt. David White classes some poorly preserved plant remains
found in the Standley as Carboniferous. Girty! correlates the fauna of
the Caney shale which lies above the Jackfork sandstone with the
Upper. Mississippian of ‘Arkansas. This together with White’s deter-
mination of the plant remains of the Standley as of Carboniferous age
places the Standley, Jackfork, and Caney in the Mississippian, giving
that system a thickness of about two and a half miles of rocks, which is

a n.mch greater thickness than that of the Mississippian in any known
region.

The structure of the Ouachita Mountains is very different from that
of the Arbuckles. Instead of being a dome, the Ouachitas consist of a
number of steeply tilted fault blocks, so that the different formations do
not occur as successive belts around a central core as in the Arbuckles,
but. they are repeated many times on the surface. The surface of the
region c'onsmts principally of Joug hills and ridges of the Jackfork sand-
stone ‘wlth intervening valleys of Standley shale. The Talihina chert
snnlletlmes forms rounded knohs which are surrounded by a level plain
which is the outerop of the Standley shale. ‘

. The S'tringtown shale is exposed in small areas, the principal one
being a strip about one-fourth mile in width, paralleling the main line
of the Missouri, Kansas and Texas Railway from Atoka to Stringtown
No detailed examinations nor tests of the material have been ma(?e an(i

nothing iz known as to its availability for the manufacture of clay
products.

) The Talihina.. chert containg a large amount of shale. but it occurs
in the form of thin bands between the layers of chert and consequently
cannot be used for manufacturing purposes.

) The Standley Shale is estimated to be 6100 feet thick and as pre-
viously mentioned, the faulting brings it to the surface in several
Places. The lower slopes of the mountains of Jackfork sandstone, and
the valleys between them such as the valleys of McGee and Jackfork
treeks and of the Kiamichi River, are occupied by the Standley. The
{Prlnnti011 is described by Taff? as follows: o

- “This formation follows the Talihina chert in gradual transition.
Siliceous chert, black shale, and greenish clay shales occur in alternate
?lembers for nearly 800 feet above the base. There are two cherty mem-
ki

oL
o9,
i

U. 8. G. S., Bulletin No. 3177.
Atoka Folio, p. 4.
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bers, 80 and 40 feet in thickness which were noted in sec. 7, T .2S., R. 13f product. Wood or fuel is abund
L., 550 and 800 feet, respectively, above the base of the formatlop. The.se ,
cherty strata resemble many of the thin and more shaly cherts, found in

the Talihina formation. Continuing upward in the section, there an
greenish and dark shales alternating with drab or brown and moderatels

ant and the coal fields lie to the north
" and west of the mountains. The St. Louis and San Francisco Railroad

 follows the course of Kiamichi River through the mountains and fur-
nishes the only transportation facilities for the region. Although the
Standley shale furnishes an immense amount of raw material for the

: . : thickness off manufacture of clay products, the mountainous nature of the region,

hard sandstongs .untt i tllle ti?llznﬁ;);lbeﬁail;isg:l;nestgl;:;:f;isﬂflrlzi? 90 pf with consequent. paucity 'of popula.tiqn and transportation faeilities will
6000 feet. Distine san § by shales or shales interstratified with sand§ Prevent the region from being an lmmnant manufacturing center.
10(]) er(t) itllldz Oa(;ef Setl)f“ﬂttle‘ k)rz,esssl’z’l e 0 . There is no development of the clay industries at present.

beds 140 to eet in thic .

is ex i ¢ long the Parisk
+ The Standley shale is exposed in several. places along HE OZARK _—
branch of the St. Louiz and San Francisco Railroad which follows'the : THE OZARK UPLIFT.
valley of Kiamichi River through the mountains. It alsg outerops ins§ Tocation and ares. The southwestern extension of the Ogack aplitt
plail; from 3 to 4 miles in width and parallels the main line of the MitE

! _in Oklahoma lies in the extreme northeast corner of the State. The
souri, Kansas and Texas Railway northeast from Atoka to Stringtow. .

"F western boundary is an irregular line entering the State from Kansas
The northeastern edge of the outcrop is from one-half mile to one mik . about ten miles northeast of Miami and extending in a general south-
distant from the railroad. ] éwester{llly difre‘i;ion to I;ryor Qreek, from tll?ere S.(};lllth to wlif:hint }z:.boutt
\ ity i ‘Standley shale which has been observed i "¢ miles of Wagoner, 1€nce 1 a zig-zag line with general sou east-
detai'll ll;; iﬁiy\\}:?zal;t?; ];oti: t?ltcaPari); branch of the St. Louis an.d Sa " ;]rl'y :1;1(‘;0:111020? ﬁb?tuht ttlte r]nld(ne ofhthestsotuthdillneﬂof T. t13 st’ t'll{' ?]3
Francisco Railroad 1 mile north of Antlers where the lower porFlon o ! Til’e area c:m rise(; alia:)tf ]f:l‘;ﬁfre goun: eandref(::hy aiia'i Ot lrt“'?e -
the formation is exposed. The shale is a black fissile clay shale tll!:ed to } of Ottan ("1811' M;] s, Cherokes and Ayd > C e o 1 Cend po ‘OT;T
the south at about 30.° It shows for over 100 feet along the railroad o of’ nor(tlfz’aqterzes\’\’a f] e?)u ’i' alr Countles and a sma
and could he worked back indefinitely in either direction. An inexhau po e goner county.

tible supply is in sight with very little or no stripping. A full die -
cussion of the properties of this shale is given in the report of the tests
on sample No. 320.

Stratigraphy.

The surface of this area is principally an upland formed of Mis-
It is certain that in such a thick deposit of shale that variatios Jf, S5ippian Jimestone, through which the stlreams have cut narrow val-
18 certs : S A i There are several outliers of
o d ts 011]‘ B .
shoulddbe f]Ol;"d “;d létls é)lroba;)le]eﬂmt many different produc o - Pennsylvanian rocks upon the higher hills in the western and southern
be produced from the Standley shale. 4

& part of the area. The stratigraphy of the region iz shown by the fol-
Higher Formations. So far as known the Jackfork sandstone con :_'.;llowi.ng section? of the Tahlequah quadrangle.

tains no shale beds of workable thickness. The Caney shale and he,

feet
Wapanucka limestone lie above the Jackfork sandstone and are exposal | Pennsylvanian Winslow formation with Akins shale

around the north margin of the mountains. These have already beﬂi‘ member i . S 900
described in connection with the Arbuckle Mountains. Morrow formation with Hall sandstone

lentil 80-210

General Conditions of the Ouachita Mountain Region. Mississippian Pitkin limestone ... —— 3- 80

Fayetteville formation with -Wedingt(-)n
sandstone member at top..
Boone formation

The surface of the Ouachita Mountains is cxtremely rough anlg
consequently the region is thinly populated. T?]e honlg nfarket forlchl‘:
products of plants in this region will .nec‘essarlly be limited and :g
plants would have to depend upon shipping the greater part of t '}' ‘
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Devonian Chattanooga formation with Sylamore from very sandy. deposits to clay shales which may be utilized in the

sandstone member 0-140 § - Production of bricks. Clay shales of the better quality outcrop in Skin
Silurian St. Clair marble 100 Bayou Valley. They invariabl_y contain a percentage of disseminated
Ordovician Tyner formation 60-100 iron, but are believed to be almost free from lime. That part of the

Akins meml?er of the Winslow which is exposed in the Tahlequah quad-
; rangle consists almost entirely of shales, a large part of which are

similar to the better grades found in the upper part of the Winglow

As previously indicated, the Boone formation occupies by far the :
greatest area of any of these formations while the older rocks oceur § formations. These shales dig; tegr: ilv i :
in the decper stream valleys, and the younger ones on tops of the hills . are not usually exposed.” * Cisintegrate readily, forming clay soils, and

near the boundary between this area and the area of Pennsylvanian rocks. § :

Burgen sandstone 5-100

The Prineipal exposure of the Tyner and Chattanooga formations

z}fla;]lr;;m.msle; favorably for development is in the valley of Barren Fork
ois Riv .

The Burgen sandstone, St. Clair marble, Boone formation and Pit- § gy Louis and §;DmF1,‘I;ncli:col\Tﬁa§‘ro§§ g'” 'lh:I Muskogee branch of the
kin limestone contain no shale members of importance. The clays of § fo, about six miles and careful worl how? he outerop of these shules
the other formations are well described by Taff in the Tahlequah folio | for development, wh work should show locations
and his description will be used here. 1 .

Character and Development of the Clays.

suitable

The §ha1es of the Morrow and Winslow are exposed in several hills

_ near the_ h.ne of the Kansas City Southern Railroad from Westville south
!’0 the lnm'ts of the area. These formations are exposed over wide. areas
n tbe region of Pennsylvanian rocks to the west and south and will
receive more attention in that connection.

“Clay shales occur in abundance in the "Tyner, ‘Chattanoogs. ¥
Fayetleville, Morrow, and Winslow formations. All of these clay-shale §
deposits vary in their different parts in percentages of lime, sand and
iron, but none were found of sufficient purity to produce a clay of high
grade. A large part of the 'Pyner formalion consisls of greenish o 3
bluish clay shale. There are thick heds of moderately soft, even-ter
tured shale of this formation exposed in the valleys of 1llinois River
and Barren Fork northeast of I'ahlequal. )

General Condition,

The chales of this area are confined to the deeper river valleys and

¥ to the higher hills, T s :
“I'he Chattanooga shale is invariably an even, hard, laminated. ] g 8. The country is a highly dissected plateau and for

& the most part ig ratj ; v .
siliccous clay shale containing an intimate mixture of finely divided P rather thinly settled. The St. Louis and San Fran-

! & cisco Railroad has £ i e : . LT
bituminous matter. On burning or long weathering it changes to whil | I from Vinita no;tqlfea;;mt-hlrl;fshoi}:ﬂ1.Oad In the region; the main line
ish hues. 'The Fayetteville shale is similar in character to the Chatts- - g on; a branch north from Afton; the

. branch from Musk . .
nooga, but less homogeneous and softer. It contains less bituminous & east from Grove, Oggzl;as:nzhzugtﬁ e’SI;ahquuah and Wgs bville and .a line
matter in the upper part, but more iron, which occurs in the form Kansas City Southern Railroad enters thC:qu::iet;e ge;:ul‘? reglgn. ;I‘he

. : ] £ K by elin in-
ocherous concretions. : ' ues to the southwest through Westville and Stilwell. Woog ;:: pf;a()[i]tili‘?ll

. over g i
! much of the area and oil, gas and coal oceur in the region to the

i West. The comparative scarcity and small areal extent of the shales, the
’

rough topography, and lack of railroads wi.ll brevent any extensive devel-
gion for the present, although

opment of the clay industries in the re
there are opportunities for development in a smaller way to supply local
ade on a small scale at Westville, Th's

“The shales of the Morrow formation occur in the middle and. 3
upper parts. Those in the middle lie hetween beds of limestone and 3
probably contain a large percentage of lime. The shales of the upper ;
part are thicker, but more variable in constituents of lime and siliceons}]
sand, being interstralified with both limestrne and shaly sandstone
beds. There are beds of even-textured shale, however, which may pre-
duce a brick clay,

“It is estimated that one-half of the Winslow formation considl?f
of shales, which occur chiefly in the lower and upper parts. They range 4

fiemands. Soft mud brick are m
the only attempt at development in the area.
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THE PENNSYLVANIAN AREA NORTH OF ARKANSAS RIVER ‘
LOCATION AND AREA.

The area of Pennsylvanian rocks north of Arkansas River includes
all of Washington, Nowata, Rogers, Wagoner, and Osage counties with
the greater parts of Craig, Mayes and Tulsa counties. Ior convenience !
the non-red Permian rocks in Kay County are discussed in conncction
with this area.

STRATIGRAPHY,
INTRODUCTION.

The Pennsylvanian rocks of the State have recently been divided into. ]
four groups', the Muskogee, Tulsa, Sapulpa, and Ralston. These
groups arve the equivalents of forty-six formations, consisting of alter-’
nating limestones and shales which have been identified and mapped in’
Kansas. However, about the latitudce of the Kansas-Oklahoma line these ‘]
formations rapidiy lose their identity; the limestones become lenticular ;.
and pinch out; the shales thicken greatly and two or more may coalesce r
due to the disappearance of the intervening limestones; sandstones come |
in and thicken very rapidly to the south. Very few of the formations :
vamed in Kansas have been traced as far south as Arkansas River and{
none of them appear beyond the river. It was consequently necessary
lo adopt some new basis of classification and the four groups were es-{ffh
tablished to give this baris. The group names apply to the whole ares: il
of Pennsylvanian rocks but as the rocks and the formation names differ;
north and south of Arkansas River the two parts of the area are discussed
separately in this report. The areas of each group are shown on the
sccompanying map (Plate 11). The two research bulletins? of the Uni}
vergity of Oklahoma have been used extensively in the discussion of the
Stratigraphy of the area north of the Arkansas. ik

Local folding In Simpson formation

Cu
Santa Fe Railway south of t of Gulf (ol

orado a
« Crusher, nd

THE MUSKOGEE GROUP. s

1. Gould, C. N., Ohern, D. W., and Hutchison, L. L., Unl. of Okla, R
Bull. No. 3. -
2. No. 3. Proposed groups of Pennsylvania rocks of eastern Oklahoms
by C. N. Gould, D. W. Ohérn, and L. L. Hutchinson i
No. 4, "The stratigraphy of the older Pennsylvanian rocks of north Fig. 43
eastern Oklahoma, by D. W. Ohern. ) ; ;} ’

il
e
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Hill of shale capped by Eigl

Fig. 45.

Steam

n sandstone at Faxlwhhska Brick
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Kansas) formation and its approximate southern equivalent, the Calvin
sandstone of the Coalgate quadrangle.

Vinita Formation,

The area north of Arkansas River is crescent shaped, bending around
the Ozark uplift and terminated by the Kansas and Arkansas lines. The
rocks of this area are all included in the Vinita formation by Ohern!
which is approximately equivalent to the Cherokee shales of the Kansas
geologists. e gives the following section from Pryor Creck to Clare-
more: :

14. Shale, with a few interbedded saildstones . 135 feet

13. Massive, medium-grained sands'one ... 17 feet
12. Shaly sandstone , 3 feet
11. Auxgillaceous, heavily-bedded, fossiliferous
limestone 21/ feet
10. Bluish shale 35  feet
9. Carhonaceous shale, capped by six inches of
ferruginous, siliceous limestone . 3 feet
8. Qray, fine-grained sandstone 7 feet
7. Arenaceous, shale . 70 feet
6. Alternating shales and sandstones ... 70 foet
5. Argillaceous, fossiliferous limestone .. 8  feet
4. Massive, medium-grained sandstone 37  fest
3. Shaly sandstone ... 8  feect
2. Massive, medium-grained sandstone ... ... 14 feet
, 1. Bluish shale, weathering to a light yellow, and ‘
a few intevstratified sandstones ..........o. 500 fect
960 feet

The Cherokee shales or Vinita formation thickens enmormously to
be south and in the Muskogee quadrangle Taff differentiates three for-
uations oceupying the horizon of the Cherokee shales of Kansas. These
Te the Morrow, the Boggy and the Winslow. Since these have not
een differentiated north of this quadrangle and since there is no de-
clopment of the clay industries in the areas which have heen differen-
iated north of the Arkansas, these formations will not be discussed in
onnection with this area. They will be noticed more fully in the discus-
;ion of the area south of Arkansas River. The only development of the

1. L.oc. Cit. p. 12
14 G S
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ll) llldlmt]$ in the northern pdlt Of tl]e Vllllta forlnatlon 15 at llyOI
Cld
Cl‘eek, .\lnlta and C]aIenlOIe

f forma-
v crop of the shale at the base of the fo -
i o1 f(Jé)ii(rlf!;e s(zl:ttf;ﬂg) spreads out in a broad‘, le‘],:ilnp-tilél rz—
o st . ldo rthwest of the town. Over much |of .thls ‘[,)eml e 1
tho west an .n‘o »d by the weathering of the shalg'ls stebliShEd -
ot A 101111"“13]13 which uses this residual clay,‘ ig esta hod abon.
ol o 1 'I:h of’ the depot along the Missouri, .Kansals d Toras
Om'-half r'n‘lle nl01 t has been estahlished very recently and on :ho e or
ins e beta borm d. The pit has been ‘opened to a (1eptl o oy
e et oot n. b“ﬁle r.ea "I'he material is light colored, ra 1]ed o thé
i il lS":a T{tl is ‘WOI‘kOd by picks and shovels and hau1 eate
o r_eﬁld“ﬂ:) Cttt‘n.pdu‘mlp car, by a hoisting drum. ‘lf& czr::ng;ln -
D vaher o 0' it for a 10-foot single-geared pug mi ..1 ermal auge
‘31'“5]"_31' P_l'el’a“:ls Bensing automatic cutters for drain tile a Jor on®
machln'e s unec. tq]le(i Drying is conducted in clo.sed.room.nd h e
cut brick are ';‘Sl , en;l-cutlbr'ick show strong lam}ﬂat]o;\zdﬁ e
s]()ttle'd ﬁ?or'dryin;re It seems to require a corr.lanrtatn;elt)]fm1‘1‘?pathor ng
Tomperatu : rick hard enough to withstanc > weathe
zomp((‘;lllnlf:emat:11]};;]c‘;‘ert]l‘l(; b(;;fl‘}k red color to be ngrefea{ﬂ?r.‘ r(l,::r;tttzmi)}:
t b l : een entirely successfu g
fl;t_I;“"f}:‘l?tgi:()qlf;‘;'];‘ag: :(?:sil}))le to produce good common brick from
rick, $

a ;:()Od structure anc !l])'}('al t e burnec I'd n 24 to be F'lhs a Ty.
|l '['d c Ouhh st Cto
lh('U S]l()"ld OI course, ])e t”(’(l ma q]llﬂ]l way l)ef()le be"lg USEd eXtell-
2

i ¢ draining.
reatly improved by ‘ N
: Vinijta, the plant of the Vinita Brick Oo'm.pané/s ‘:;::lwsfale ot
hal At] ich'is’apparently a part of the same horizon
shale wh )

) h il
dlL 1188 Cd 1. Iq 0 l. 0‘ Oh 8 sectlo he assive :hﬂ]e a )
C ’) e. . ern (fl n t ma v l l e l)ﬂse

. pl openin, ShOWS a SGCt 82
Of the fOImatlon 'lhe t p g 0n as foll()w
.

3 feet 0 ine}lzes
Sandy soil 4-5 inches
Soft sandstone 30 feet 0 inches

UIl]lOlm ])l“e (f[(‘l‘l Sh(lle
1 1] S l 0 € 1 l P an I:]le pIESE'nt‘
lhe ll ue sl ale 1 kKnown t Xten( much (lee eT t]l

el () t]l S, 1 ' e COolY ]) lny ()"h() acres Of lle Shale Wh]&
I f e wm k]"g. . 1e comps [¢] 15 6 t ’ I
ev

i i sit for working purposes.
may be considered an inexhaustible depo

l l 1 al r1 W ql . | (il uger machibf-.
e g '.ndS eﬂsily and Ork._ nicely t]r Ugh the a g
1e sh

d-roll 3

. lies the town of Claremore anq ig use
" Company which ig located near the
. San Trancigeo Railroad and St. Lot

. ain ti e JE . :
" terial when its properties ave understood.. The drain tile hav - Rallway at the north side of town. T
this materis ’ j y

v l } 1 l d k t fof l "0 bIaCk Sh
S1y e' 't e TOVe qt to f_h Te RfRhou be a Q0(] Tke i
Y f >y l) 84 1Sfac Ty e o l g 1 ma B

.

ill 1e - 4ndstone 4 to 6 inches i thickness,
t all the land in the vicinity of Pryor Creek will be,v‘ :
them, since almost all the la v

§: Works nicely ang burns to
E wash.
- walks are made,

hauled to the plant by 4 hoisting drum.
L. eonsists of a 9-foot dry pan; 12-fo
. chine of abont 35,000 capacity ;
2mold repress,

kilns are four in number ang are of the re

‘white clay which occurs in this formation
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No trouble ig experienced from cracking in drying, but the brick scumns

dly from the scum,

g and deformation of
the arch brick and wit| i ick above the arches,

Part of thig trouble is probably due to not having the brick sufficiently
dry when set in the kilns, and 4 great deal of jt certainly arises from
raising the temperature too rapidly during the. early stages of burning,

All of the troybles with the exception of the whitewashing can be over-
¢ome by careful drying and burning,

The plant ig equipped with bottom-du
9-foot dry pan, Fate single-geareq pug*mil
000 daily capacity, American S-wire rolary automatic cutter, ang 2-mold
repress.  An intermittent S5-track dryer he

ated by gas, and three rectang-
lar updraft kilng are used. Gas was formerly used for fuel, but oil
burners have been recently installed, Only common brick are made

and few are shipped. The plant usually runs four months oyt of a
“ear, the brick produced in this time being sufficient to supply the local
demand. Sixteen men are employed when the plant jg running,

The top of the Vinitg formation,

mp cars and hoisting drum,
I and auger machine of 35-

No. 14 of the section given, under-
d at the plant of the Howard Brick
intersection of the 8i. Louis and
tis, Tron Mountain and Southern
he pit workings cover aboyt one-
half acre and are 12 to 15 feet in depth. The material Is a dark blye

ale which ig somewhat arenaceous, There is one thin layer of
This is not used. The shale
a good red color slightly discolored by white-
Common building brick ang vitrified repressed brick for side.

The shale ig blasted looge, thrown by hand into dumﬁ-cars and

The equipment of the plant
ot single geared Pug mill; auger ma-
6-wire, automatic, rotary cutter; and
tunnels 80 feet long. The
ctangular, updraft type. A
0 ¢ars on a swiich from the
is used for fyel.

Arge percentage of the brick are loaded int
t. Louis and Sap Francisco Railroad. Qae

One of the few buft burning clays of the State .is a fine-grained
about one and g haif miles
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ortheast of Vinita. Tt is very plastic .and has too hig]ll ta S:;il(!:k:iﬁ
:1 be ;l;itabie for manufacture by the stiff mud process but w ivén
in the dry press. Details as to ils occurrence and properties are g

in . .

in the report of the test on Sample No. 280.

THE TULSA GROUP.

This group includes all the rocks between the base oistlgio?‘}irs?i;i
Calvin formation and that of the Lenapah hnﬁlsto;lel.“kansas o on e
accompanying map the part of the group ]n.or t‘o(;l A e 15
strip extending in a northeast-southwest (II‘EC‘I L 2 iy, aboot
to 20 miles, and including the northeastern part o lfnngo ! bounty
two thirds of Nowata County, the northwestern half o Z

and castern Tulsa County. .
]
Stratigraphy.

{ollowing formations named from

The Tulsa group consists of the Oolagals for-

the bottom uwpward: Claremore formation, Labette shales,
mation, and Nowata shales. .
’ alion is a succession of three limestones and
f sandstone and one or
t to the Tort Seott of
aries from 50

The Claremore form
‘e » 0
intervening shales, with one prominent bed

is approximately equivalen
more beds of coal. Tt is appr ately ec e o ¢
The thickness in the arca under com i

. jck
"The lower shale of the Claremore reaches a workable thic

fo 150 ot in the vicinity of thicker and more acces
ness, but as it usually occurs A e o o tasts have

sible beds it has not been utilized. So far as 1
been made upon it. . .

The Labette Shales lie above the. Clare-mo¥e g)]r{niitl::;. thler; e
hese shales are from 30 to 80 feet thick W}\Ilf‘ in '<a 1'0 . R A
e thward, and arc ahout 135 feet thick nmt]m.est 0 ‘1, o
i S(lml ly 206 fect thick in the Coody’s Bll.lff region. 'lﬂley lem-
the Henrese hotwoen the ridges formed by limestones of 1tet 0. "
e deP“GSS(‘)m; ah formations. The outcrop is usually aho.u : \;{. ;
res ﬂ".d 'O a;:r'(idth From Coody’s Bluff to Catoosa, Verdigris Rive
”]:‘lee zn::]l?: flm?lf:*rm) n.n('li the greater part is buried heneaﬂl\ tlhe 'ﬂs“:‘;);:]ﬁ
",‘I?h:‘(‘);ﬂy development of clay industries in the Labet‘tc shales i “

plant at Broken Arrow.

Kansas.

[ ivan, i d on the

This plant which is operated by W. . Srlrllna.nitlfl ](;cate.us(i); o

Tuls b;"mch of the Missouri, Kansas and Jex.as mf\v Z’OIJ- ]

f“t.i?e to;\m of Broken Arrow. The clay worked is a surfac {
o
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clay, which has been worked to a depth of 1% feet. "The material is
carted to the plant. The soft mud process is used and the clay is pre-
pared and molded in an “Iron Quaker” soft mud machine of 8000
daily capacity. Drying is by the rack and pallet system and is con-
ducted in closed sheds as the clay is too tender to permit of drying
in the sun or wind. Three updraft rectangular kilns of 100,000 capaci-

ty each are used. The daily output is 8000 of common building brick
of good qualtiy. Gas is used for fuel.

The Qolagah formation lies above the Labette shales. TIn the south-
ern part of the area under discussion the formation consists of layers
of siliceous and cherty limestone. Near Talala the lmestone split into
two divisions which are separated by a shale which thickens to the
northward and is continuous with the Bandere shale of Kansas, The
lower limestone is equivalent to the Pawnee of Kansas, and the upper to
the Altamont. The Bandera shale varies in thickness from nothing
at Oolagah to 100 feet at the Kansas line. The exposures are all at

some distance from any railroad and there has been no development of
this shale in Oklahoma.

The Nowata, shales form a very important horizon for the develop-
ment of the clay industries of the State and deserve detailed description.

For this purpose the portion of Ohern’s paper dealing with them is
given in full.

“Lying above the Oolagah formation and constituting the highest
beds of the Tulsa Group, is a series of shales with a few interstratified
sandstones and at least one bed of coal, for which the name Nowata
shales is here proposed. The name is from the town of Nowata where
the shales are widely exposed; and well developed. 1t is used by Hutch-

ison in his unpublished work. (Fig. 43 shows the Lenapah limestone
and the top of the Nowata shales at Tulsa.)

“Area: Near the Kansas line and east of Verdigris River, the No-
wata shales occupy, but a narrow band between the escarpments of the
subjacent and superjacent limestones, They also  occupy irrregular
areas along Snow, Crow, Hollow and Cedar creeks, generally lying on
the slopes of elevations which are capped by the Lenapah limestone.
West of the Verdigris they are first seen near the mouth of Hickory
Creek three miles north of Lenapah, where, as shown on the map, thev
occupy but a narrow zome. The width of the outerop at the vicinity
of Talala is 5 miles. In the Claremore quardangle the width is still
greater, the area heing the most conspicuous in the quadrangle. Fast
of Tulsa it is 8 miles, and not less than 10 at Arkansas River.
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i i tony of surface is
“The belt is a broad, flat plam. whose mono ’
broken occasionally by the effect of thin sandstones. .South oftho"\JaZ:
the belt is united with that formed by the shales ly'lng near 1;1 2
of the Sapulpa Group, the Lenapah limestone offering but feeble re-
sistance to erosion.

i T in their northward extension in
“Thickness: The Nowata shales in t ' :
()kln.honia are probably less than 50 feet t'lnck, although Sl?ben(;hﬁ}
gives the thickness as 55 fect near Cofteyville. Atr ‘Nf)w?ta the ;n-
shows that the thickness has increased to 130 feet. This 1nc.rl(lease‘ cter
tinues until at Tulsa it is about 600 feet and probably still grea
gouth of Arkansas River.

“lror the most part the Nowata shales hlave no lithologic lfleat;::
which is not possessed by others of the region. They gen(tel:zrii“ .
bluish or greenish in color, but give almost .ﬂl\vg‘[ys, (;utlwez.xmn 'f}’ley
soil, green or buff according to the §tage of oxidation ?hl he i na.ceous ‘
are essentially clay shales, but not infrequently are highly are: .

“Stratigraphy: The stratigraphy of the Nowata shn]les iT simple.
‘ i f shale. Near Oolagah a mas-
The lower part is almost wholly a mass o ,
i about 35 feet above the base.
sive sandstone ahout three feet thick .lles a base.
fll“}’)is makes a well marked scarp which can be traced for a conmder.

able distance along the strike.

“In the vicinity of the mouth of Rahb Creek other sandstones make

noticeable escarpments, but sufficient data are not at hand to say wheth- 2

er they are more than mere local lenses.

“One of the most persistent stratigraphic features of the Nowala §

shales is a hed of coal. The most northernly point at which is was ol:i-
served by the writer is about midway between Talala and Watova an

two miles west of the railroad. IFrom here southward, its outerop follows ¥

. : f
a sinuous course passing just west of Talala and three miles west o
Oolagah.

it is usually called the Dawson coal.

“In its northward extension the coal lies ahout 100 feet above the

top of the Oolagah limestone, or about the middle of the Nowata shales. #

. - . ite
and maintains this relative position somewhat persistently. THence its :

-1

outcrop lies about midway between those of the Oolagah and Lenapah"f_
limestones.

- ling or bursting of softer burned brick when they

-~ hard and tough.
.\ The paving block are being
© e s X Nowata.

Outerops are frequent near Collinsville where the cO}il1 . & owata
. ) i ricinity of Coal Creck and near Dawson whence
mined, as well as in the vicinity §. 9-foot dry pan, elev
- brick machine, rotary automatic entter

ing common brick and three,
© 30 feet in diameter, for repressed si
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“The coal is from 20 to 30 inches thick and seems to extend far
to the southward of Arkansas River as shown by Taffl.

“Correlation: The Nowata shales are at present to be correlated
with the Walnut shale of Kansas. Whether the former are the exact
equivalent of the latter, paleontological evidence must determine. But
the limestones which limit the Nowata above and below are continu-
ous with those which demark the Walnut shales in Kansas.”

Development,

The only formation of the Mulsa group which has been developed
is the Nowata shales. These shales are being worked at three localities
in the area north of Arkansas River, at Nowata, at Collinsville and
four and one-half miles east of Tulsa. '

'I'he shale worked by the Star Brick Company (west of the city
of Nowata) is at the top of the Nowata shales and immediately be-
neath the Lenapah limestone, which forms stripping from nothing to 8
feet in thickness. This is used extensively for walks and walls in No-
wata and almost all is removed without expense to the operators of
the plant by parties wishing to use it. The shale is a uniform, blue
shale which grinds easily, works nicely in the pug mill and auger
machine and dries evenly, and with slight shrinkage. The burning
color is a rich dark red. 'The shale from near the surface shows no

whitewash, but that from g second bench, which has been started,

shows
some discoloration.

The only trouble encountereq is that fragments

e stripping oceasionally get into a brick and cause

it to be deformed in burning if carried to vitrification, or cause spal-

take up moisture.

produced are very
There are practically no overburned or deformed brick.

used for pavements under construction in

The rate of vitrification is slow and the paving block

The plant is equipped with Raymond machinery consisting of a

ators, piano wire screens, No. 2 pug mill, “yyy”
, and two Victor Tepresses.
are built of brick and concrete.
50,000 capacity are used for burn-
round, multiple stack, downdraft kilns,
: dewalk brick and paving block. Gas
13.used for fuel. The plant is about one-half mile from the railroad

-—
1. Bull 260, U. 8. G. S., 1905, pp. 396, 397,

tinuous tunnel dryers heated by gas,
Three updraft rectangular kilng of 2
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and the brick which are exported must be hauled that distance in 9-foot dry pans, bucket elevators, stationary inclined piano-wire screens.
wagons. A large percentage of the output goes to supply the local de- storage bin with automatic feed by conveyor belt to pug mill, 15-foot
mand. sizzgle-geared pug mill, auger machine of 75,000 block capacity, rotary
) . automatic cutter with four seis of eight wires, ang four 2-mold re-
sar a hard clay shale which occurs about three miles ; . ’ :

eoutl:za‘sl:d()l;'p'i\?cn(\):ltar,L w:; sllow)n Zt t]l; plant just deseribed. This shale E;;S;iz ‘er]jna la-lge I];]_lmb.er oftsteel.dry or cars. A travel‘mg overhead
oceurs at the surface, is about 14 feet thick, covers several acres and b4 e . lapels omatic setter take; the bI‘.le from. the

8 Tyer cars at the exit of the dryer and sets them m the kilns. All the

is exposed about 1 mile from the St. Louis, 1ron Mountain and South- machinery is of American Clay Mach c ,
ern Railway and within 100 yards of the line of the proposed road to f Y ¥ achinery Company’s manufacture,

the southeast of Nowata. The material has heen made up into trial f
briquets and burned on top of paving block which were fully vitrified.
Under these conditions it burns to a light buft color and is very soft |
and porous.  See report of test on page 191.

The dryer consists of twelve tunnels, 100 feet long, built of brick
a?d heated by waste heat which is drawn from the kilng by a large fan.
r]here‘ are three updrafi rectangular kilns, each of 250,000 blocks capac-

;ity, with steam Pipes arranged so that he heat may be teturned through
. o ves in the walls of the kilns. A lar ti s ki 7
The horizon of the coal about the middle of the formation is also B ploclk capacity is used. It ig reportedgfo c;)): ;ZEZ?TC::TI; foof]. ‘050(:;10,223

an important horizon for the clay industries as two large plants are f brick, but to require too long a period of | firi : s
using the shale above the coal in this region, at Collinsville and cast B piock. 1 gap of hard firing to produce vitrified

of Tulsa.

. T The power Plant is equipped with three boilers, two hi
The plant at Collinsville is operated by the Coffeyville Vitrified E and one low pressure. Aq 2§b i p C:):ESS0:31?;;;]et“f(;r}:]liiiiefreis‘;::
Brick and Tile Company, of Coffeyville, Kansas. "TI'he plant is located f for the pug mills, auger machine and vepresses. A 75 L p };ltla
about onec-fourth mile north of Collinsville on a switch from the Inde § engine drives ap :l]telznating current frenemto; :ll]d a 90 H P Eri:

pendence and Tulsa branch of the Atchison, Topeka and Sania Te ' engine drives a direct current generator which furnig), power for g

Railway., "The company owns 30 acres of ghale. l’cr.manent buildings - 35 H. P. motor that drives the dry pans, to operate the traveling crap
of brick have been erceted for grinding, engine, boiler and machine ' and automatic setter, to light the plant and als furni(sh 1 g;lt N

rooms and development is on an extensive scale. Water ig pumped from town, and to pump water from Caney River. (as is used for fiel uzr
Caney River. . der the boilers ang in the kilns, ) '

The shale is a hard, blue shale, free from concretions. The thick- 3 The plant of th . . L
Dess varies with the contour of the hil, Over 30 feet has been worked i bant of the Tuls, Paving anq B uilding Brick Comipany has

: : : ¢ ¢ recently been installed four ; e-half mj T

In the middle of the hill. A vein of coal 28 to 3Q inches thick under- | son, on) a switch ;1-0(;:1 t;),le]r(;l]:](.:]?(:;:].})]rfa:;(lzl]iesofatslfeogtllJl'lsa'"earanw-

lies the shale about 20 feet below the present working level. The over f- Francisco Railroad. 7he buildin q( are permanent) onstruetad
8 atlroad. S8 are permanen y

den i al et of weathered she ( =andstone, The e br : .
burden i 1 ).Ollt 10 feet of weathered lm.lo and Ist 'llore’r‘lre | brick and the cquipment is all noy,
large quantitics of sandstone howlders which must he thrown ont, e 3
blne shale works nicely and gives no trouble, except some whitewag, B
which, as the shale is used for paving block and common brick, does

construcled  of

. The shale workeq is that overlying the Dawson coal and seemng
P to be very similar to that worked at Collinsville. 1In the small opening
oot impair the usefulness of the material. The burned color js a good §' 80 far made, about 18 inches of soil is stripped, below this is 10 feez
dark red, some brick showing the whitewash while others are free from ki of the brown shale and then 10 feet of the blue shale to the coal vein
it. The paving block are tested in g rattler at the plant and shows i The thickness to the coal vein will vary from 30 to 40 feet back in the.

losscs of from 15 to 23 per cent. g hill. The shale gives no difficulty in drying or burning except for
The pit is worked by a Vulean Steam shovel and the shale hauled - }s}on;fa;v('ih;tzgalsh.] (Iit s b]as?ed .loose and thrown into b'otf:‘om-dump cars
up an incline to the plant, by a hoisting drum, in rocking-dump cars of 4 1ated up an incline to the plant by a hoisting drum,

2 cubic yards capacily.  The mechanjcal equipment consists of tyo The plant is well equipped with Q. W. Raymong Company’s ma-
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chinery consisting of three 9-foot dry pans, bucket elevators, station-
ary piano-wire screens, large single-geared pug mill, “999 special” brick
machine, 23 wire rotary automatic cutter, three represses, and a Berg
4-mold dry press with automatic feeder. A 500 H. P. Corliss engine
drives the machinery.

'Ground is leveled for a 20-tunnel, continuous, gas fired dryer
of which only six tunnels are built. Two scove kilns have been built
and filled, but only one has been burned (Feb. 1911). The brick show
a dense, firm structure, and a good red color. Some brick whitewash
rather badly while others are entirely free from discoloration. Judg-
ing from the brick in the arches, the shale should make a good vitrified
body with little danger of over burning or melting. Ground is leveled
for the construction of permanent updraft and downdraft kilns. One
hundred men will be employed when the plant is running.

THE SAPULPA GROUP.
Stratigraphy.

This group includes all the rocks above the Lenapah limestone
and below the base of the Pawhuska limestone. 'The outerop occupies
a belt 25 to 30 miles wide. North of Arkansas River it includes Wash-
ington Counly, castern Osage County and western T'ulea County. 'The
stratigraphy of the lower part of the group in this region is discussed
by Ohern in Research Bulletin No. 4. The upper part exposed in the
Pawhuska quadrangle, has heen worked out by the United States Geo-
logical Survey, but the vesults have not been published.  The group is
equivalent to a large number of well defined formations in Kansas con-

sisting of alternating limestones and shales. 1In Oklahoma, the nature ‘; ;

of the rocks changes rapidly; the limestones thin out and disappear or
become lenticular, the shales thicken and hecome more arenaceous, and
many sandsones come in and thicken to the southward.

In the Nowata quadrangle, north of a line passing east and :west,

about 2 miles south of Ramona. Ohern? gives the following fo_rmations:‘
(1) Lenapah limestone, (2) Curl formation, (3) Wann formation, con- X
sisting of the Ilogshooter limestone and Copan members with two I

limestone lenses, the Dewey and Avant, and (4) Stanton limestone.

Of these, the Curl formation, and Copan member of the Wanp : ]

formation are discussed in this connection.

The Curl formation consists of clav shale of a greenish or bluish

1. Op. Cit, p. 25 et seq.

The shale would probably run rather high in aj

: dinary clay products and should
—wmufacture. Ny burning tests have been made.
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f:olor In the lower portion and of arenaceous shales and sandstones
In the upper part. The thickness is about 300 feet. The outero ih
a belt 6 to 10 miles in width extending from the Kansas line negr]s
south. through . western Nowata County. These shales are availably
to railroad transportation at Lilliott and Lenapah on the St Louise

The Copan member of the Wan ' i
. Wann f
sion of shales and sandst e e

Dewey ang Avant are cong icuo i i
4 : us.~ It
the Wilson formation, as ; e Tdopone,
rangle. The outcrop near the Kansas line i
e is ab
narrows to the southward. The thick ot
stones predominate jn the basal portion

t'ion. With the exceptions of certain |
tions are shale.

% miles wide, but
ness is about 250 feet. Sand-
8 and near the, top of the forma-
Imestone lentils, the middle por-

The shale just below the D i
] . ewey limestone is exposed |

z!:a;ll areas;.to the east of Bartlesville. Here it is a brf)wn toui)lzzvi(r)?l

fiepending on degree of oxidation), arenace i :

! 3 » Arenaceous  and  mieg

s}l:ale. ,A hl.” about 40 acres in extent just northeast of Bflrlflzii(i)ll;s
about the middle of the north line of section 8 T. 26 N I‘? 1?: Ee
offers favorable opportunities for development. o c )

A chemieal anal sis of g g i
where the interm'bany]ine turns atrtr)lptll?e o el
to Dewey, gave the following results -
Silea ...
Iron oxide _
Aluming __
TLime

. , taken at the point
north in going from Bartlesville

Sulphur trioxide
Loss on ignition

Total (alkalieg not determined) ......... N~ 96.159%

lkalies as it js micaceous.

From the analysis the shale should be suitable for any of the or-

not give any particular difficulty in
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The shales from about the same horizon were formerly used at a
small plant at Ochelata. This plant has not been operated for the past
4 or 5 years. The shale from above the Hogshooter limestone near
the base of the Copan beds at Ramona was tested for this report. The
description of the occurrence and report of test on the sample (No.
159) is given in Chapter VIL.

The shales of the upper part of the member immediately above
the Avant limestone lens are well exposed at Avant. The hills to the
northwest and southeast of the townsite on the opposite sides of Bird
Creek are both composed of shale. A well on top of the hill to the
southwest penetrated over 50 feet of blue shale containing small iron-
stone concretions without reaching the hottom of the deposit. The hill
to the northeast scems to he of precisely similar material although the
surface shows a brown color due to the oxidation of the. blue shale.

Tronstone concretions are present. This hill is a fine location for a

clay produets plant. The supply is practically inexhaustible as the
hill is over 70 feet high and covers an area of 100 or more acres. A

switch less than one-half mile in length could be built from the Mid- §

land Valley Railread over level ground fo the foot of the hill. (as is

already at hand in abundance at a very low price. The properties of
the shales are given in the reports on samples 328 and 359 in Chapter §
VIL. No. 328 is the blue shale from the hjll southwest of the townsite

and No. 329, the oxidized shale from the hill to the northeast.(®

The shales of the top of the Copan beds or Wilson formation are well §
exposed in cuts of the Midland Valley Railroad at Big Heart. Sample §
No. R77 shows this material to be well adapted for the manufacture of §
brick and tile. The railroad is at hand and gas for fuel can be had ot §

a very low price,

From the line between the Nowata and Claremore quadrangles | 5
south to Arkansas River, Ohern divides the Sapulpa group into the

Skiatook formation and Ramona formation.

The Skiatook formation consists largely of shales with some sand- )
stones. The continuation of the Lenapah limestone lies at the base :

and is immediately succeeded by 150 feet of clay shales. The outero

of the formation is a belt 6 to 15 miles wide extending west of south:"
from Ramona to Arkansas River between Tulsa and Wekiwa. The

shales of the formation are available at Skiatook and Turley on the

(1) Since the akbove was written a brick plant of 50,000 daily capacity
has been installed at this location.

- The hill to the southwest is capped by sand

least 25 feet above the level of the top of the
t;lle;efore Over 40 feet. This ghale is
8hale represented hy ga N i

e » determined’ybu;ng)le No. 242, The thickness
Midland Valley Railroad
obtained from Bird Creek and gas for fuel ¢
tance of 4 or 5 miles.
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Midland Valley Railroad an

d the lo i
are utilized by three plants, ¢ lower portions at Tulga where they

i ' The forma-
tions mapped in the Independence quadrangle continue to the Sol;ltfll-

‘West, but. as is the case with the lower formation
merease in the arenaceous element ang i
pear. The following outline of the stratj

Che 1 aphy of th
rangle is given by R. 7. Carpenter Whgr}p ' i
I the quadrangle, Beginning at the botto

uska quad-
138 8pent two field seasons
m of the section :

(1}  Approximate equivalent of the i i

of the Wilson format f

the Tndependence quadrangle (Wanp formation of Ohern) o {!’Z:t ’

(2)  Approximate equivalent of the B ‘mati he T
depersine oadrams € Buxton formation of the In-

Subdivided ag follows : !

(2)  Sandstone called Bigheart sandst ' i i
publichey ool g one, by Hutchison in un-

(b) " Sondy and cly s, 65 tut
(e) S:mflstone (Nelagony sandstone) S 40 feet.
(3) Elgin sandstone 90-150 feet.

Th.e nature of the ghales in the Wilson forma
cussed in the preceding paragraphs,

The shales (b) of the Buxton

tion has been dis-

o . ) (?) formation are shown at the
crossing of the Midland Valley and the Missouri, Kansas ani Texas

(r);lltli:)ads at _Nelagony. The hillg on the southeast ang southwest
e townsite are composed of shale represented by sample No. 241.

! . stone (Nelagon sandstone) ;

but most of it hag geen eroded so that the strippi-n; “?;uld not 21:
ed 6 0d a very large amount of the shale is availab)
;gt? l;ttle or no stripping. The sample was obtained from a test hol:
eet deep near the foot of the hill and the base of the sandstone is ot

hole. The thickness is
apparently underlajq by a red
s of this shale conld
ver 10 feet shows ip 4 small gully, along the
- Water for manufacturing purposes can be

! an be piped from a dis-
Owing to these conditions and the excellent

L Univ, of Okla.. lerar}’., 1907.
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. . . ]
transportation facilities this is certainly i} good loca(;;zlilsufzr oaf cti_:
ka the upper
ducts plant. Northwest of Paw]}us 1 i ‘
%r:‘itl:)(;.( ?) forms a large hill which is capped with the Elgin sandstone

Development.

The development of the clay industries in the Sapulpa groupt lii)r‘tvki
of the Arkansas consists of planis at Bartlesville, Sapulpa and at Pa
huska.

Bartlesville. ‘The lower part of the shale betW.een tll_e .De\;’e)}? .‘:‘I:]i
the Stanton limestone is worked by the Ba}tlf{ebwlg :llglﬁ? Sta;ion
L their ile southwest of the Bartle:

Company, at their plant one mi ! . ol S
' i i d Texas Railway. 'The pit ¢
along the Missouri, Kansas an % fout the vp-
to a depth of about eet,
one-half acre and has been worked ou B o e e
i il and weathered shale and the lower :
et s o i fragments of limestone which cause
blue shale. The soil contains some Irag i o which caues
i i i times cause them to burst. 1e fres
white spots in the brick or some : o Ll e
i ion from whitewash. The prop
blue shale shows some (llscoloratlop : . il
i i ! in the report of tests for samp
of the clay are more fully discussec . for s e
’ ! it i y Marion steam shovel and the s
No. 271. The pit is worked by a ovel ane e
‘ i - ars by a hoisting drum.
hauled to the plant in bottom-dump c r "o
i i j - iry pans, an Awmerican aug
hinery consists of two Raymond 7-Toot ¢ !
g:ngline );f 60,000 capacity, Raymond No. 2 cutter, and t“{O g-mold
The’ dryer has twenty-one tunnels, each tuqnel ]lOld].ng elevin
transfer cars. These are five rectangular updraft k'llns of;‘250,00?1 :
300,000 capacity and six 30-foot round downdraft kilns. The pro uc;(
is 1;1"1ctic'111y all common building brick althoughbson]l{e 1'ep11'css;dd bor::go
re sold for s ing The brick are loade
are sold for sidewalk and paving purposes. T A ;
i i i ‘ 'i, Kansas and T'exas an
ar a switch connecting with tl‘le Missouri, .
i\qt]cshi(:;n Topcka and Santa Fe Railroads. Gas is used for fuel. The
plant employs about forty men.

represses.

Tulsa. The plant of the T'uisa Vitrified Brick and Tile Company .

is located along the Missouri, Kansas and Texas tracks about one-half

t.
ile northwest of the passenger depo ; : ;
(I)nnle(-ehalf acres of shale which makes a low hill at this point.

The pit shows the following section from the top down:

Residual hrown to red clay 13_1(; iz(e::
Brown oxidized shale 10:12- oot
~ Blue shale

The whole face is worked together, the surface clay being mixed

ng
The company owns seven al |

!
1
{
E

i

* 9-foot dry pan, elevators and inclined

‘number.
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with the shale. The workings cover about one-fourth acre. The blue
shale has been prospected to a depth of 40 feet below the bottom of
the present pit so that the supply is practically inexhaustible. The
working qualities of the shale are excellent and, except when too great
a proportion of the surface clay is used, there is practically no drying
or kiln loss. The majority of the brick burn to a pleasing dark red
color free from discoloration, but considerable whitewash shows in part
of them. This is probably due to a greater proportion of the blue,
unleached shale being used. Vitrified paving block and common build-
ing brick are made. The vitrified block show a uniform shape and

good firm structure. They have been used for face brick in several
buildings in Tulsa.

The pit is worked by a Thew automatic shovel and the shale
hauled to the plant in rocking-dump cars by a hoisting drum. The
mechanical equipment consists of g Raymond and Stephenson 9-foot
dry pan, elevators, stationary inclined screens, Freese pug mill and auger
machine of 60,000 brick capacity, Freese automatie rotary side-cut cut-
ter, a Victor and an Eagle repress. An Atlas 120 H. P. engine drives
the dry pans and a Sampson engine the other machines, :

The dryer consists of twenty tunnels directly heated by gas. The
action is continuous. Six rectangular updraft kilns and two round
downdraft kilns are used. The rectangular kilns have capacities of
from 150,000 to 400,000 block and the downdraft of 50,000 block. Gas
is used for fuel throughout the plant. Forty men are employed.

The plant of the Tuisa Brick Company is located at the foot of a
large hill of shale at the north side. of the city. A pit opening 80
feet deep has been made in the side of the hill. The face shows 5 to 8
feet of soil and weathered shale which is stripped and 75 feet of homo-
geneous blue shale. This is blasted loose and hauled to the plant in

' dump cars by means of a hoisting drum and wire cable,

The dry-press process is used. The equipment consists of a Frost
screens, and an American 4-
mold dry press of 20,000 daily capacity. 'The brick are set directly
into the kilns which are of the rectangular updraft type and four in

Gas is used for fuel. The product is a good grade of red
face brick and common builders, Most of the product is disposed of

in Tulsa. The brick which are‘shipped must be hauled to g’ loading
switch one-half mile distant,

The plant of the Acme Brick Company is located on the opposite
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side of the hill from that of the Tulsa Brick Company. The plant is

i i and man-
of the same size and capacity and the raw material, product :
ufacturing conditions are the same.

-

Pawhuska. The shale underlying the Elgin sandstor}e is usted b):
the Pawhuska Vilrified Brick and Tile Company at their plt:;n 1\(}!;3_
fourth mile northwest of the city limits of Pawhuska a.lon{(;1 1{; e
land Valley Railroad. 'The company owns 5 acres of la,nf w dcstone
underlaid hy shale over 100 feet in tluck.ncss. Fraglpents (3_‘5211{: fone
occur plentifully on the surface of the l'ull, but not mﬁsuffizlen q
tity to prevent their being used along with the shale. (fig. 44.)

The shale is a clay shale of concretion.mry strl}cture andb varies
in color from tan to steel blue. Its onkmg, drying, fmd u;mﬁg
qualities are excellent. The shrinkage is slight and ther.e is prac(:llc]a rz
no cracking in drying or burning. The b.urr.ned colf)r is a golo (ah-
red somewhat marred by whitewash. The \'Itrl.ﬁed 1)1'1ck from tlli arcll—
ez show a good firm hody and there is very little meltl.ng or r}fe OTT;i_
tion. There is a very gradual change from salmon b.rl(fk to.t e vi
fiel brick and all the appearances indicate a long 'v1tr1ﬁcatlon r(:;nfge.
This with the other properties of the sl.mle renders it well adapted for
use as paving brick or vitrified face brick.

The pit is worked with a Thew steam §hovcl (fig. 45) an‘d ?1; sh;l)}g
hauled up an incline to the plant in a rockmg:dumn steil cntll OR'1 r(::md
vards eapacity, by a hoisting drum. The ])lﬂl-lt is equipped with .”( yr<777»
machinery consisling of a ®-foot dry pan, single gcz.u-ed pug mi é ;
brick machine of 50,000 capacity, No. 2 ﬂlltomatlc rotflry c]ut]erbat.llt
two 2-mold represses. There ave three mtern'nttent dryl.ng s 10t(.s ‘;:es
of brick with galvanized iron roofs. Gas pipes are laid ln"llen}(;,
under the car tracks. Two permanent rectnngular upﬂraft ki nsb ave
heen built and there arve four adobe (scove) kll.ns which are tql e ;e-
placed by permanent ones. It is p]anne(.] to build downdraft k}l niilo:
huming‘\'itriﬁed paving brick. The bI‘lC.].( are loaded frm_n tde Gn
directly into cars on a switch from the Midland Valley Railroad. Gas
is used for fuel throughout the plant. About twenty-five men are em-
ployed. The report of the tests on, {his shale may be found on page
189.

THE RALSTON GROUP.

i i 1 outerops in a belt
This group lies ahove the Sapulpa group an(‘ :
lying to tl?e west of that of the latter group. The outcrop is about

20 miles wide and includes the western parts of Osage and Pawnee 4

Counties and castern Payne County. North of Arkansas River the

A ing much more prominent.
@ co that there is little prospe
:J South of Arkansas River the rocks chan
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group consists of limestone, sandstones and
brown in color. South of this river the limest
become red in color. 1n other words th
beds.  This change is shown on the accompanying map (Plate 11).

None of the formations recognized north of the Arkansas have been
definitely traced as far south as the Cimarron.

shales which are gray to
ones die out and the shales
e group merges with the Red-

Stratigraphy.

The stratigraphy of this group north of the Arkansas is as fol-
lows!, beginning at the bottom: -

(1)  Pawhuska formation 165 feet
(2) Sandstones and shales and limestones.... ... 250 feet

(3) Limestones and shale (Burlingame- of Kansas) 175 feet
(4) Wreford limestone. Base of Permiarnr

The sandstones, limestones and shales between the Pawhuska and
the Wreford are in great measure lenticular so that a detailed section
in one locality will not correspond to a section a short distance away.

Some of the shales of this region may be thick enough to be con-
sideved as available for development, hut there has been so little de-
tailed ficld work that it is impossible to discuss any of them in this re-
port.  There s at present no development of the clay industries any-
where in the territory occupied by the outerop of the Ralston group.
It lics just outside the present oil and gas field and unless these fuels
are found cannot be considered as promising any great development
in the future, since gas hurned brick can be shipped in as cheaply as
the brick can be burned with imported fuel. .

THE NON-RED PERMIAN AREA.

As shown on the accompanymg map (Plate 11) there is a tri-
angular area of non-red Permian rocks comprising most of Kay County
and the extreme western part of Osage County. The rocks of this
region consist of alternating limestones and shales, the limestones be-
The shales are thin and usually calcareous
ct of extensive development in this section.

ge to a red color and merge
with the Ledbeds.

1. For this section I a

m indebted to Mr, B. Z. Carpenter.
15G S
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Development.

The only development of the clay industries in this region is at
Blackwell, where the shales near the line hetween the red and non-red
Permian are worked by the Blackwell Oil and Gas Company. 'The
plant is located one mile southeast of Blackwell on the Wellington-
Tonkawa branch of the Atcllison, Topeka and Santa Fe Railroad.

The pit is worked to a depth of 15 feet in shale, the top 6 feet of
red shale and the remaining 10 feet of blue shale. Five to six feet of
gravel is stripped from the surface and is used as ballast by the rail-
road. 'There is a layer of gypsum 4 to 12 inches thick at the bottom
of the blue shale. The shale works and dries well, and burns to a
dark, brick-red color somewhat marred by white spots due to lumps
of some substance in the clay, possibly gypsum. Small cracks often
appear in the brick, starting from these white lumps. They do not,
however, apparently appear to weaken the brick. The white lumps and
this cracking could probably be avoided by finer grinding and screening.

The pit is now drained by pumping, but a cut which is being made’
through the hill will soon give drainage for the whole pit. The shale. |

is worked by a Marion steam shovel and is hauled up an incline to
the plant in bottom-dump cars, by a hoisting drum. The plant is
equipped with Raymond machinery consisting of a 9-foot dry pan.
elevators, perfornted screens, 12-foot single geared pug mill, “77?”
auger brick machine, 15-wire rotary automatic cutter, 2-mold repress
and small auger machine for drain tile. The dryer has eiglit tunnels.
90 feet long, built of brick with a brick subtunnel for gas pipe. Three
rectangular updraft kilns, each of 400,000 capacity, and one rectangular

downdraft kiln of 185,000 capacity ave used. The output is all common

brick, no drain tile having been made.

THE PENNSYLVANIAN AREA SOUTH OF ARKANSAS RIVER.
LOCATION AND AREA.

This area is bounded on the northeast by Arkansas River on the
cast by Arkansas, on the south by the Arbuckle and Ouachita moun-
tains and on the west by the eastern line of the Redbeds. (The lower
portion of the Redbeds is of Vennsylvanian age, but for convenience
all of the Redbeds arc placed in one area for discussiort in this report.)

There is also a small arca of rocks of Pennsylvanian age south of the
Arbuckle Mountains (The Ardmore Basin), but as these rocks were :
involved in the uplift of -the Arbuckle Mountains they have been on- :
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sidered in the Arbuckle Mountai i
' . alm region. As limited in thj
:?ez .areﬁe;nder c‘onmderatlon includes all or part of the f;ﬁo:v;;s r:é)lfrt
: lore, Sequoyah, Haslell, Latimer, Pittshurg, McIntoshgl'ul::

Pawnee, Creek, Okmul i
vin and Aeesy ulgee, Okfuskee, Hughes, Seminole, Pontotoe, Gar-

STRATIGRAPHY,

The Pennsylvanian rocks s -
outh of the Ark ivi i
the same groups as those north of the river. et e divided nta

MUSKOGEE GROUP.

Coal'.l?;ea:::teori; this tgrm;p élllcludes Haskell, McIntosh Muskogee and
al, parts o kmulgee and Hughes, a :1 t
parts of Atoka, Pittshurg, Latimer, and LcFIoreg cot,mt?es he northern

Stra.tigra,phy and Development,

o Ail::;si:o;l}l;v]s rep:les?nted by the Vinita formation in the areq north
thickens o idlv ir and 1s only 450 feet thick at the Kansas line. It
of o beds 5 g’d %ward the south., probably béth by normal thickening
reached e en-o Y overlap until in the Coalgate quadrangle it has
rangle the rp mous thickness of 9000 feot. Tn the Muskogee quad-
i g\V'lp]]s about 1500 feet thick. Here Tafl! names Fwo form-
thick_, L themgooxlv, 800 to 1000 feet thick and the Bogey, 500 feet
&) fhe s auta}ll Ogate quadrangle (Coe}l and southern Hughes Coun-
) e r names the following formations, the oldest be-

Senora formation

Stuart shale .. 140- 485 feet

;ls‘hurman sandstone gg' 280 feet
oggy shale ... - 280 feet
Savanna sandstons . 2000-2600 feet
McAlester shale ... L000 feet
Hartshorne sandstone . 1800-2000 feet
Atoka formation 150 feet
. 3100 feet

The outerop of the formati
ons from the Atoka t i i
the Boggy, extend to the east through the coal ﬁe]dsaof Ol’li‘tl::blill‘]:lul(};lg
= 1-

mer and LeFlore counties, where they have been mapped by Taff?
mier and LeRlore countie .

;. g S. Geol. Survey, Muskogee Follo, 1906
3: - 8. Geol. Survey, Coalgate Folio, 1901..

U. S. Geol, Survey, 19th Annual Rept,,

Rept, Pt. II Pt. II, and 22nd Annual
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The Atoka formation outcrops over an area of between 200 and 300
square miles in the valley of Clear Boggy Creek in the northern portion
of the western cxtension of Atoka County and in southern Coal County.
and as a belt from 2 to 18 miles wide which extends northeast from
Atoka and lies along the north side of the Choctaw fault. There are
also exposures in the eroded anticlines to the north of the eastern por-
tion of the coal fields. At the Oklahoma-Arkanzas state line the form-
ation has a thickness of helween 6000 and 7000 feet! and consists largely
of blue clay and sandy shales with oecasional ferrnginons coneretiy .
There are four groups of sandstone strata. cach about 100 feet thick,
separated by intervals of approximately 1000 feet. To the west the
two lower groups of sandstone are cut out hy the Choctaw fault and the
two upper groups cannot be traced heyond weslern TeFlore or central
Latimer counties. The combined thickness of the shales is about five
times that of the sandstones.

In the western portion of the outerop, in southern Coal and north-
western Atoka counties, the Atoka formation is mueh thinner than in
the castern portion. The following description? applies to this region:

“With the exception of thin lentils lm‘.' limestone and of caleareous
cherty sandstone necar the base in the northwest and northeast corners
of the quadrangle, the rocks of the Atoka formation are sandstone and
shale. Thev are estimated to be nearly 3000 feet in thickness, the
shale as a whole heing very much thicker than the sandstones. The
formation is divided by the sandstone strata into shale members vary-
ing from thin sheets to beds several hundred feet in thickness.

“I'he shales are [riable clays and sandy clay shales and erop in
smooth valleys and in the lower slopes of ridges and hills.  Under such
conditions fresh exposures of the shales are exceptional and little is
known of their original color or physical appearance. When partly
weathered, however, they show various shades of yellow and blue
Bome fresher exposures in see. 11, 1. 2 S, R. 9 15, on Clear Boggy
Creck and in Delaware Creek Valley, show dark-blue to black clay
shales

“The sandstone beds are many, and vary from thin plates embedded
in shale to massive strata making prominent sandstone members. These
thicker sandstones are generally variable in thickness and would be
classed as lentils. Several of these occur in the upper part of the form-
ation cast of Clear Boggy Creck and make prominent ridges, especially

1. Taff, J. A, U. S. Geol. Survey, 22nd Annual Rept., Pt I, 1900, p, 273.
2. Taff, J. A, U. S. Geol. Survey, Atoka Folio, 1902, p. 5.
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in their northern outerops. Another member near the base makes local
rough sandstone hills southeast of Wapanucka...
In the northeast corner of the Atoks quadrangle and in the southeast
corner of the Coalgate quadrangle west of the great fault, the lower
beds of the Atoka formation have heen 8o folded and fault;d that the
same beds are repeated many times in long, narrow, parallel helis for
a width of nearly a mile. Southeast of ihis faulted strip the sand-

stortle and shale beds are folded and steeply inclined toward the south-
east.”

~ The Atoka formation is exposed near railroads in several locali-
ties. The western part of the outerop is crossed hy the Missouri, Qk-
lahoma and Gulf Railway north of Wapanucka and by the Ardmore
branc‘h of the Chicago, Rock Island and Pacific between Wapanucka
and Olney. "The main line of the Missouri, Kansas and Texas Railway
follow.s or lies near the outerop from & miles south of Atoka for 12 or
15 miles to the morth. In the eastern part of the exposure the belt
a.long the north side of the Ouachita Mountains is crossed by the main
line of the Chicago, Rock Island and Pacific Railway between Folsom
n.ml Wilburton: by the Paris braneh of the St. Louis and San Fran-
cisco between LeFlore and Folsom, and by the Kansas City Southern
bctween.llouston and Thomasville. No detailed work with reference
to lo.c%ltlon of available clay deposits has been done in any of these
localities, but such work would certainly reveal workable deposits near
tl'nnsp(?rlntiml. There is no development of elay industries " in this
formation and the only samples have leen tested from it are Nos. 298
and 299 from Atoka and 69, 70, and 71 from Wilburton. These
samples are entirely suitable for common brick and tile, and probably
for face brick. 1t should be borne in mind that these samples repré—
sent only small portions of a vast thickness of clay shales of great
arelal. extent and that shales of the same formation from different Io-
CE'llltleS or from different horizons in the formation may show widely
dl.ﬂ'erent properties. Samples 69, 70, and 71 are from the Atoka form-
ation near Wilburton in the eastern part of the outcrop. They are
from dlf.ferent levels of the formation and show considerable varjation
The shrinkage of 70 and 71 is very high, hut this may be due to the:
samples being slightly weathered. The shrinkage could be reduced by
adding a sandy clay like No. 9. All of the outcrop of the Atoka

form:_ltion is near the coal fields so that the fuel question need not be
a serious one.

The ﬂ[cz%lester shale lies above the Atoka formation and is sep-
arated from it by the Hartshorne sandstone. It includes a belt in
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southern Coal County which starts at the northeast corner of T. 1 N,
R. 12 E, and extends southwest to Coalgate. This portion of the
outerop is from 2 to 8 miles wide. At Coalgate the outcrop swings
to the south and widens until it is dbout 6 miles in width, but grad-
ually narrows southward and directly west from Afoka turnms to the
northeast and continues along the south side of the McAlester and BEast-

" ern Choctaw coal fields as a narrow belt from one-half to two miles

in width which lies just north of the helt of the Atoka formation pre-
viously mentioned and is separated from it by a range of hills com-
posed of the ITartshorne sandstone.

Near the Arkansas line the outcrop widens greatly and most of
the area of T. 6, 7 and 8 N., in R. 26 and 26 I, is underlaid by
this formation. A belt from 2 to 5 miles wide extends around the
north side of Cavanal Mountain, Potato Peaks and San Bois Mountain,
and connects with the southern belt at Red Oak. As in the case of the
Atoka formation there are possibly exposures of the McAlester shale

in the anticlines to the north of the eastern coal fields but the exposures

have not been worked out.

The nature of the McAlester shale is shown by the following quota-
tions from Taff.

For the western part of the outcrop he gives the following de-
scription?:

“Shale, sandstone, and clay constitute this formation. Its thick-
ness is estimated to be nearly 2000 feet, and the total thickness of the
shales is nearly ten times that of the sandstones. The shales are lam-

_inated and are blue and black when freshly exposed. They are chiefly
clay shales, though sandy shales and shaly sandstones occur interstrati-
fied with them. Two local beds of sandstone in the lower half of the
formation, separated by nearly 400 feet of shaly strata, outcrop in low
ridges west and southwest of Lehigh. Two or more thin beds of sand-
stone occur also in the upper part of the formation, and in places
make low hills, but their ledges usually do not outcrop. In the west-
ern part of the Lehigh basin, where the rocks dip at low angles, the
various heds occur in hroader areas. Betwecen the low ridges of sand-
stone the shale surfaces are spread in wide, flat, and shallow prairie
valleys. In the eastern part of the basin where the formation is steeply
.upturned, the outcrops are narrow. The surface is more elevated and

the harder beds make rough low hills and ridges. DLike the Hartshorne |

sandstone the sandstones of this formation: occur in the western part

1. U. 8. Geol. Survey, Atoka Follo, 1902, p. 5.

b

+ especially, one of the sandstones occurs in ma
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of the Lehigh basin, while in the eastern portion many of the sand-
stone beds are replaced by chert coglomerates.”

. For the eastern part of the coal fields the following description is
given:! : '

. “This formation occupies the largest area of any occurring in
this coz}l field, and its coal beds are the most numerous and the most
economically important. On account of the soft nature of its beds
the surface is worn down nearly to a level, and the generally low dips

of its rocks permit successful mining of its coal beds in relatively large
areas 3

. ‘f’l‘he MeAlester shale is estimated to range from 2000 to 2500 feet
in thickness. The measurement in the western part of the field gives
ne':arly 2000 feet and in the eastern part about 2500 feet of strata
Since the dips are variable both along and across the strike, the esti-.
mates for thickness are only roughly approximate. ’

“Seyeral sandstone beds occur in the McAlester ghale, but none
are continucus, so far as can be determined, throughout the field. As
a whole, however, they become generally thicker and more prominent
at the surface from west to east. Many of the sandstone beds can be
trace(} s.everal miles, but none ern be accurately mapped, even within
the limits of “their oceurrence. These sandstones arc g’enerally thin
bedded, though locally they are massive and form ridees. Like most
?ther sandstones in the Coal Measures 1 Lhis field, theycare fine grained
in texture and brown in color, and are usually hard, but are sometimes
friable, when they are worn down with the shales so that their edges
are concealed. Where the sandstone beds are thickest and are not cut
d‘own by streams they form low, nearly level-topped ridges. Such
ridges occur between Redoak and Wilburton, in the vieinity of Fan-
shawe, and between Wister and Howe, north of the Choctaw, Okla-
homa and Gulf Railroad. In Brazil Creek Valley north of ’Redoak
some upper,la}'ers of these sandstones are exposed on the low afch of
the Bra'zﬂ anticline and produce low, irregular hills. North of Brazil
post office and between Cameron and Shady Point some of the san;i-
stone heds are locally much inereased in thickness. North of Brazil

. ‘ ; : ssive beds, making a wide
ridge. The prominence of this ridge, however, is due in part to the

. Structure, the sandstone being nearly horizontal.

1. Taff, J. A, anda Adams,

G. 1, U. S. Geol.
Pt. I1, pp 275 and 276, 1900, S: Geol. Survey, 22nd Annual Rept.
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“T'he shales of this formation probably aggregate more than five
times the thickness of the sandstones, though their natural exposure
can rarely be found. The occurrence and areal extent of these shales
may be determined with comparative case and accuracy by studying
the soil and the surface configuration of the country. On careful ex-
amination of the surface it will be found that the most insignificant
sandstone hed makes its presence known by a ridge or rising ground
or by its undecomposed talus or debris. The soil of the country above
the shale outside of the flood plains of the streams has been produced
by decomposition of the rock in place, so that the soil becomes an
index to the nature of the rocks beneath. Outside of the immediate
stream valleys the shales produce a clay loam and usually form prairie
lands. The shale of the McAlester formation, as shown by the prospect
drill and other artificial means, as well as by occasional natural ex-
posures by streams, is generally some shade of Dblue, although black
bituminous shales are commonly associated with the coal seams. The
shales are always laminated or stratified in thin beds, and vary from
bed to bed in the quantity of sandy material they contain.”

14

The McAlester shale is excellently situated with regard to rail-
roads. It is available from the following railroads: Atoka-Oklahoma
City branch of the Missouri, Kansas and Texas Railway {rom two
miles west of Atoka to Coalgate; the Ardmore branch of the Chicago.
Rock Island and Pacific from its crossing with the Oklahoma Central
Railroad to Cairo; the main line of the Chicago, Rock Island and
Pacific for most of the distance from McAlester to the Arkansas line:
the Paris line of the St. Louis and San Francisco, between Pocahontas
and Wister, and between Poteau and Jennison; the Kansas City South-
ern Railroad between Panama and Shady Point, and hetween Poteau
and Heavener. (Sce Fig. 46); the main line of the Missouri, Kansas
and Texas in the vicinity of MecAlester; and the Fort Smith and West-
ern Railroad at different localitics between Coal Creek and Quinton.

The McAlester shale is the great productive coal horizon of the
State, the Hartshorne coals occurring near the bottom of the forme-
tion and the McAlester coals in the upper portion. The immense thick-
ness of shale in the formation, combined with the extensive outcrop
and the good railroad facilities together with an unfailing source of
fuel at hand will certainly make this region one of the principal see-
tions in the devclopment of the clay industries in the future. Iig. 46
shows the outcrop of the Hartshorne coal at the base of the McAlester
shale near Heavener.
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The only development in this shale at present is at MecAlester
where the McAlester Brick Company works the shale represented by
Salmjzle No. 40. The stiff mud process is used and a large number of
building and paving brick have been turned out. The slightly over
burned brick have been used to excellent advantage as face hrick in
the.cons.truction of the Busby theatre in McAlester. The earlier street
paving in the same city was constructed of these brick. Sufficient care
was not taken in rejecting soft brick and the pavements are wearing

somewhat rapidly. If properly vitrified the shale shoul
Paving material. ’ rhte should be a good

. '%‘he clays. which form the floors and the roofs of the coal mines
in t}.ns formation, should be investigated more in detail than has heen
Eossﬂ;letfgr the preparation of this report. Only a few samples have
een tested so that any general statements made concerning tl

must be regarded as tentative. ing Hlese clays

In general none of these clays seem to be high grade, i. e. No. 1
or No. 2 fire clays. Several of them are No. 3 fire clays ’for exam .le
Nos. 287 from McAlester, 47 from Alderson, and 1¢ f’rom Coalggt(;
Others are go carbonaceous that it is impossible to oxidize them in a
commcrqml way, e. g. 44 and 45 from Hartshorne, and 285 ang 28¢
from Midway. The majority of the underlying clays in the western
part of the coal .fields seem to he of this character as small sam les
sent to the Survey laboratory from Lehigh and Atoka, are ver (I:)ar-
bonaceous. As mentioned ahove, No. 10, an underlyi’ng clay yfrom
Coalgate, can be oxidized. There is also considerable variation from
clay from different beds in the same region for instance sample 44 and
45_ from the roof and floor of the Rock TIsland Coal Mi’ninor Company’s
2[11[6 No. 8 at Hartshorne, cannot be oxidized, while sam}]es 46 and
7 the roof and floor respectively of the same company’s Mine No. 5
at Alderson are hoth good material, the roof giving a ma niﬁcént
red color and fine structure for face brick, roofing tile or pavii brick
and ?he floor promising well for paving brick and sewer pipe gWhicl
no high grade fire clays are known to oceur in this r'egign; only :

i * small percentage of the available deposits have been tested and it is

entirely possible that such material may he found.

The Winslow formation. North of the region just described, alon
Arkansas River the Atoka, Hartshorne, and Iv;’cAlester fo;matim;s *an;r
not. be separated and the rocks equivalent to the three formationsLaré
grouped into the Winslow formation, named from Winslow, Arkansas
The lower 200-400 feet of the Winslow is believed to re;)resenf the:
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Atoka and Hartshorne while the remainder is equivalent to the Me-
Alesterl. : | .

The Winslow outcrops in eastern Muskog'ee County and m())lo lfzrer:;
Haskell and LeFlore counties. The thickness is from 800 to 10f feet
n Muskogee County, but increases toward the east fo 1500 fee
the Arkansas line.

The following excerpts [rom Taff’s description of the it‘?l'ln-atlon
as given in the Muskogee folio show the nature of the formation:

“The Winslow formation consists of blnish and bl]ackish clay shale,

- , thin beds of coal.

andy shale, brown sandstone, and ;

fl;)eds)for thé most part oceur in two groups, one near the base and the
other above the middle of the formation.

“The rocks near lhe hase and below the lower body of sandsi_:ofr(l)i

are inferstrutiﬁed sandstone and shale beds. 'ltlllc? ]ianl(ll(slto;isss;:;e o
i in places are thick a ass h

t} ost part thin or shaly, but in P : and

oégu;nat tlll)e base in contact with the limestone of the under lying Mor

Locally they are coarse grained at the base and may
* ok ok

row formation.
contain small rounded pebbles of quartz. .

“On the lower group of sandstone and shaly beds reststlaindes;;?ls&f
of shale composed chiefly of clay. Locally sandy s.h:‘xle toihigkness v
stone may occur in this position, but not of sufficien {hicknes
hardness to become apparent in the surface of the land.

“The upper group of sandstones consists of yellowish-brown beds
interstratified with bluish clay shales.

* ok K

locally indurated the rock.
" “From the top of the upper group .of sandstone beds shale con-

tinues to the top of the formati.()n.
beds and beds of thin coal occur in the shale.

does not exceed 100 feet.”

This formation is worked at Muskogee. The plant of th'e Mu.?kog]it_z :%.
Vitrified Brick Company is located on a switch from th('z ]\’[]SSOUI‘I, ) ]"
lahoma and Gulf Railroad, one mile north of the Missouri, Kansa
i Forty acres of land underlaid by 3

and Texas depot on Mill Street. :
s}r:ale are controlled by the company and an opening ?5 feet deep h;a:
been made over an area of about an acre. ‘The deposit reaches a co

1. Taff, J. A, U. S. Geol. Survey, Muskogece IFollo, p. 4, 1906.

The sandstone’
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siderable depth below the level of the present pit. The shale is a
dark blue to black, somewhat carbonaceous material, overlaid by 3 to 4
feet of soil which is used with the shale. The working qualities are
good and no difficulty is encountered except some cracking when too
large a proportion of the surface material is used. "The burned color
is a rich, dark red free from whitewash. Owing to its carbonaceons
nature, rather slow firing is necessary to prevent black coring. The
shale is blasted loose and thrown by hand into bottom-dump cars and
hauled up an incline to the plant by a hoisting drum.

The plant is equipped with the American Clay Machinery Com-
pany’s machinery consisting of three 9-foot dry pans, elevators and
stationary screens, pug mill and auger machine of 100,000 daily capacity
and 8-wire rotary automatic cutter and two There
are two dryers, one of 12 tunnéls heated by direct heat and one of 17
tunnels heated by waste heat. Nine round downdraft kilns, each of

: eastern Choctaw coal field it ¢

These beds are in part fer-
i regati iron have ;
ruginous and are generally soft, except where segxegathns of iro

vf} the town of (South) MeAlester is built.
Locally variable shaly sandstone }

Accurate determinations

1§ high-Coalgate region the sandstones beco
could not be made, but it is estimated that the thickness of this shale .

tandstones, but on account of

55,000 capacity, are uged. Power is furnished by a 250 H. P. Corliss
engine. The product is principally common building brick, bul% large

number of repressed pavers are made, These have-been used for paving
in Muskogee with satisfaction. ’

Sample No. 38, a clay shale from one mile southwest of Muskogee

and 39, a sandy shale from 2 miles northeast of Muskogee are from
the Winslow formation,

The Savanna formation lies above the McAlester shale. In the
onsists of basal, middle and lower sand-
stones with two beds. of shale. The whole thickness of the formation
in this region is 1200 to 1500 feet. Tt outerops in the lower slopes
of the mountains such ag Cavanal, San Bois and Potean. In the

MeAlester district the formation forms ranges of hills on one of which

In this district there are
To the southwest in the Le-
me cherty. The formation is
wvell exposed as ranges of hills which extend southwest from MecAlester
past Savanna to near Coalgate. Here the outcrop splits on account
of folding, one branch runs south in the direction of Atoka, a second
extends west and south passing just east of Coalgate and Lehigh and
turns to the east uniting with the first branch; in other words it sur-

rounds the syncline known as the Lehigh Basin. Another branch ex-
tends west from Coalgate past Nixon.

five sandstone beds separated by shales.

The shales of this formation equal or exceed the thickness of the

the great resistance of the sandstones to
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he formation. The shales
i appear to form the bulk of ¢t
Weathe”lng :?eeyli;}z[t]er in color and are more sandy than thosedoz ,t:;z
;\Z Zl;‘:lt:; formation. They are worked by the Choclaw Presse

cAles . )

‘hi Rock
Company at the plant one mile cast of McAlester on the Chicago, Roc ‘

Island and Pacific Railroad.

The company owns 6 blocks of land and has a pit opening covering

rp t
! 30 feet. 'The upper 10 fee
-half an acre to a depth of 25 t_°
l'lboll'letsi?irlllzl]mclay and weathered shale with sandstone fragments, the
is

i he
radi to blue at the bottom. T
feet of brown shale grading in : |
RN '20 leet d loose, loaded by hand into dump cars and hauled up
i o : Two 9-foot dry pans are |

d for grinding and two Ross-Keller 6-mold presses for molding.
use g

an incline to the plant by a hoisting drum.

There are five rectangular updraft kilns, one of 620,000 capacity

. . L J

and four of 280,000 each. Wood is used as luel for water simoking an
~ 2

slack coal for finishing.

brick. of the product

half shipped to neighboring towns. ' !

color and of very dense structure for dry press.

countered in manufacture.

T'he shales of the Savanna formation are worked at POt(éu;:lh:tcittl‘l,e :
plant of 1l;he Potean Brick Company in the no;thwist pairtc;) o Ka;]. :;
\J h M 1 N s . |

T is reached from the St. Louis and San Franc ‘
e Gy Sonthorn. The pit is worked to a depth of 12 ;;)ro]slz
indi -IKeller 4-mold diy j

‘ g i 1 for grinding and a Ross :
Do e 1:ls‘?x(e bricka are burned in three rectangular updraft §
Natural gas is used for fuel -

s City Southern Railways.
i'::t 'i"he shale is blasted loose and shoveled onto horse carts.

press for molding. ok A
kilns of a capacity of 225, each.
’i‘he shale used is that represented by Sample No. 171.

1 e gi 156.
tails of its occurrence and properties are given on page

Boggy.

ion j th 3
The Boggy shale lies above the Savanna formatl(i;‘111101;:19;:;‘-?1
part of the area under consideration and above the Wins , o

The product is dry-press common and fﬁce :
i in M the other |

- t is used in McAlester, and .

oo Lo mieborins o lg’l.‘llc brick are ol a clear dark red ;
No difliculty is en-

. & s generally massive and has a thickne
M fin lying the coal vein in the vicinity O_f Poteau o it is white or a light shade of ink,
. ,“.le ﬁledCLﬂy b}:;;ge);l)llili 172. 1t is an excellent material. De 1 wlidated deposit of pure sand. P
18 represented by ! i this field, is rarely well exposed.
4 cealed by sandstone talus and dehris,
but thins very rapidly to the north and "l’wmftlly (;hs:pptﬁ: il;ef:l:
the south line of the Muskogee ‘1““(hang-le s redc\l\f'l:slo(:v the upper
region immediately south of Arkansas River the Wi s

i i th
part of which is equivalent to the McAlester, lies directly beneath the

(avanal Miountajn.
thove the main sandston
fone and sandy shale are interstratified with the c
res of this shale are very limited in extent.
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ton in the northern part of the same area,
over large areas in northern Coal, southeastern
and northwestern Pittsburg, central Tatimer and LeFlore counties, Iy
the last two counties it forms the upper portions of Cavanal, Poteau
and San Bois mountains and of Potato Peaks, (sce fig. 47.) Tor these
Tegions it has heen mapped and described by Taff in his different papers.
The same author maps an area of the Bogay formation jn the southwest
portion of the Miuskogee quadrangle (south-centra] Muskogee and
northeastern MeIntosh ceunties). The formation douhtless outcrops in
considerable area in the (anadian quadrangle, (northern Pittsburg and
most of Melntosh counties) and in the San Bois quadrangle, (Haskell,
northeastern MecTntosh ang southeastern Muskogee counties) but noth-
ing has been published on the stratigraphy of thig regjon.

The Boggy is exposed
Hughes, and western

The fo]lowing quotations from T

aff give descriptions of the forma-
tion in different parts of jts area. '

In the eastern Choctaw coal field, he describes it as follox;/s:“)

“To those acquainted with

the surface rock of Cavanal and San
Bois mountaing the word ‘shale’

doubtless would not seem to be appro-
priately applied to this formation, because of the great mass of sand-
stone howlders and talus known to oceuy in many places on its upper
slopes. In spite of the apparent prominence of the sandstone, it makes
relatively a very small part of the formation when compared to the
shale.  "The sandsione strata altogether will not much exceed 400 feet,
while there jg nearly 2000 feet of shale in this field. Lxcepting one
Mass of sandstone, which oceurs about 400 feet helow the crest of
Cavanal Mountain, the beds very much resemble those of the forma-
tions below in character and composition. They are chiefly thin bedded,
brown in color, and of fine texture. The single sandstone referred to
3¢ of nearly 100 feet. In places
and resembhleg very much a con-
The shale, as in other formations in
In the mountains it js usually con-

Immodia,tely helow the massive
endstone referred to there is about 400 feet of even-textured blue clay

This section is exposed at the west end of the main peak of
The lower part of the Boggy shale as well ag that

e is, on the whole. more sandy, as shaly sand-
lay shale. Expos-
As in the lower forma-

1) U.s. G S., 22nd Ann. Rept.. Pt. II. )




238 OKLAHOMA GEOLOGICAL SURVEY.
tions, the determination of the character of the §ha]y bedsd‘is. at ma:;c:é
olt? ir;terpretation from surface indications of soil and disintegr
rock.”
The following description® applies in the Atoka and Coalgate
quadrangle: | -
“Above the Savanna sandstone there is a mass of shale(a)s fnr;il s:_q[‘ligs
stone interstratified aggregating a thlicl:]nessBof 1203]:;)0 21(3)3(3&“:0 .Of he
. ‘ gey shale
llection of strata has been named the Bogg: ¢ fhe
‘ E(I)'osg extent of their outcrop in the Boggy Creek val{)eyds. r’i:eirsg "
robably in the formation not less than 20 sandstone be :,d nghales
fhickness from thin strata to probably 50 feet and separated by
which in some places exceed 600 feet.

“The sandstones vary but little in physical character, and ’11‘1}11':
generally brownish or gray, and in places rather ferruginous. ‘

shales are exposed only to a very limited ex.tent on l?ccoun:uzfsth:fg:}?e
erally low relief of the land and the wide, sha (;;: vs.wiere g
streams; but in the few steep slop.es and strgam cu ,bllnigh here et |

cnr;s were ohserved they consist of lamlpated, uish clay ”e; .:
containi small ironstone concretions and thin wavy sand.stone plates
conltml?:llg sandstone bheds. * * * 1In the larger area, in t}}e cez}- ‘
;:Ta(l ;)arty of the quadrangle, the beds are generally near!y hf}flzz:,tﬂ}: ;
By erosion the soft clays and shale beds are removed, :;aawlngin eridm'
stone capping low flat hills and mesas and low gently-sloping ridg L
with terraces upon the exposed ledges.

“As a result of the broad exposures of sandstom'a andfsllie :1111:2 |
to the low dip of the rocks, there®are produc.ed on t]helr Sl;l' 2f ;H?OOth 4
extensive stretches of hilly timber lan.(l and still broad e&' étrnees o
grassy plains, corresponding respectively to the sandstone a
areas.” N
The lower portion of the Boggy as exposed l;n tlfizz)southwest cor
ner of the Muskogee quadrangle is described as follows: ' . )

“Character. The Boggy formation is com]::med of lblulsl(l1 c::idsstzng %
sandy shale, and gray or brown sandstone: The sha e;;le ol
occur in alternate strata, and the shale in the aggreg 3

tone '
than the sandstone. There are twelve or more groups of ;?nd;?:‘k
heds separated by thicker deposits of shale which include thin s i

gtone and shaly sandstone strata.

(1) U. S. G. 8., Conlgate Follo.
(2) U. 8. G. 8., Muskogee Folio,

g of the Boggy, although the field work which has bee

branch of the St. Louig and San Francisco Rail
I8 also accessible from the Missouri,
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“In the Muskogee quadrangle omly the lowest sandstone and its
inclosing shale members are exposed. The basal deposit is a compar-
atively soft shale, approximately 200 feet thick * * * The lowest
shaly strata, lying above the sandstone, occur in the southwest corner
of the quadrangle. A bed of bituminous coal,  feet g inches thick,
occurs in this shale near the base. It should be found to crop out
across the southwest corner of the quadrangle, * * *

“The greatest development of the sandstone members of the Boggy
formation is found along the Canadian River Valley in the Canadian
quadrangle, which ad joins the Muskogee quadrangle on the southwest,
From the Canadian Valley, both toward the southwest and northeast,
there is a gradual thinning of the sandstone beds and of the formation
as a whole. In both directions there is an introduction of limy strata
in the shale, with thinning of the sandstones, This thinning of the
sandstones or their gradation into shaly deposits becomes so pro-
nounced farther north that the formation cannot be distinguished north
of Arkansas River. Formations lying above the Boggy have been traced
from Arkansas River to the Indian Territory-Kansas line, showing that
the 2000 feet or more of the Boggy formation in the Canadian River

Valley must be correlated with a part of the Cherokee shales of south-
eastern Kansas.”

The Boggy shale is accessible to transportation at several locali-
ties in the portions of its outerop which have been mapped and there
are doubtless many localities in the region which has not been mapped
where the shale ig exposed near railroads. This is especially true of
the territory along the Ft. Smith and Western Railroad in eastern
Hughes, northern Pittsburg and southern Haskell counties. The north-
eérn part of the outerop is in the ol and gas field and the southern
Part in the coal fields, so that fuel is abundant.

At present there is no development in the area of the Boggy which
hag ‘been mapped.  Plants are located at Crekola, Wainwright and
Boynton which use shale which is almost certainly from

n done is not
It may be that they helong to a
the Stuart shale of the Coalgate quad-

sufficient to determine this definitely.

higher horizon, possibly that of
rangle.

The plant of the Muskogee PrcLs'sed Brick Company is located at
Crekola, 8 miles southwest of Muskogee on the Fayetteville-Muskogee

road. The location
Oklahoma and Guif Railroad. The
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shale occurs in a large hill to the north of the slation. The shale is
blue in color and apparently of uniform composition. Sample No. 174
is from this deposit.

The pit, which has recently heen opencd, is worked by hand, the
shale being shoveled onto dump wagons and hauled to the plant. The
product is dry press brick of a red color and of good structure. The
plant is equipped with a 9-foot dry pan and a Berg 4-mold dry press.
"Pwo rectangular updraft kilns of 150,000 each are used. Gas is used
for fuel.

The Wainwright Adamant Brick Company has recently established
a plant at Wainwright, 18 miles southwest of- Muskogee on the Mis-
souri, Oklahoma and Gulf Railway. The shale bed is on almost level
ground one-fourth mile southwest of the depot. 'The pit is at present
opened to a depth of 10 feet in a hrown clay shale which is somewhat
micaceous, with an over hurden of 3 fect of sandy soil. At the bot-

. . - . . 1
tom of the pit the shale becomes blues The pit is drained by a ditch.
The dried brick show considerahle lamination, but no eracking. The §J Fi& 46. Exposure of Hartshorne -Coal near the base of
g . . . ase
color of the vitrified brick is rather dull, dark red with small black | (Near Heavener, Le Flore COunty.;) the MeAlester shale

spots. There is some melting in the arches and some kiln loss due to
cracking. 'T'he latter is probably due to the presenee of loo large a
proportion of the sandy soil which is used with the shale.

The shale is blasted loose, loaded by hand in a bottom-dump car |
and hauled up an incline by a druwm hoist. - The plant is equipped with
Raymond machinery consisting of a 9-foot dry pan, hucket elevators,
inclined perforated screens, pug mill and auger machine of 50,000 daily
capacity and an 1l-wire rotary automatic cutter. The dryer consists
of twelve tunnels, dirvectly hecated hy gas.. There are four updraft rec-
tangular kilns of 250,000 to 300,000 capacity cach. Gas from wells
southwest of the town is used for fuel.

The best equipped brick plant in Oklahoma and one of the best &
in the entire country is that of the Irancis Vitric Brick Company. ;
which is located at Boynton, 19 iiles southwest of Muskogee on the:
Fayetteville-Okmulgee branch of the $t. Louis and San Francisco Rail-;
road.

The company owns 80 acres of land, all of which is under-laid:
with shale. Forty acres is a hill of from 30 to 50 feet above the level, 3
of the plant. "The pit opening is being made in the end of this hi
and now has a face of about 20 feet in height. This will increase
to 30 to 40 feel back in the hill. ‘The shale shows for 45 feet in s

Fig. 47.

Sugar-loaf Mountain near Poteau

(Boggy Shale.)



Fig. 49.

Motor car and rocking-dump car used at. Cleveland.
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well at the plant which was started 20 feet below the bottom Ilevel
of the pit workings. This shows the thickness of the shale bed to be
at least 110 feet. In other words the deposit is practically inexhaustible.

Before the plant was located here a large hole was dug to a depth
of over 30 feet on top of the hill, and a carload of the clay from it
was shipped to Coffeyville and Cherryvale, Kansas, and tried out with
the well known shales used at the plants there. It proved to be very
similar in working and burning properties to those shales and is Te-
ported to stand up well at temperatures at which the Cherryvale shale
was deformed.

The pit is worked by a 95-ton Vulean steam shovel, and the clay
loaded on side-dump motor cars, operating on a third rail track. Two
cars are used, a small siding giving Passing room. From the shovel
to the siding the cars are controlled by switches at the shovel and
from the siding to the plant by switches at the dumping floor.

The shale is dumped into a large bin, fed through a Climax jaw
crusher and elevated to an automatic feeder for the dry pan. The
latest type of 12-foot dry pan is used. The grinding floor under the
mullers is mounted separately from the screening floor and at a higher
level. The floor under the mullers has a speed of 90 revolutions per
minute while the screening floor has a speed of only 20 revolutions
per minute. With this construction there are no sweeps to return the
large pieces wnder the mullers. Only a small amount remains on the
screens and this is re-elevated and passed under the mullers again,

Trom the dry pan, the ground shale is elevated to a lTong, con-
cave, conveyor belt which passes over large storage hins which have a
capacity of two weeks run for the plant (1,500,000 block). The
belt pasces through an automatic tipple, which divides the stream of
clay equally and delivers it to both sides, This tipple may be set over
any part of the bins or so as to deliver directly into the automatic
feeder for the pug ‘mill.

Trom the automatic feeder the elay passes through a large donhle-

~geared pug mill and down into a Giant auger brick machine with a

daily capacity of 100,000 brick. A new type of rotary automatic cutter

is being installed.

A new model 4-mold repress is used and another of the same

~ type is being installed; most of the product is repressed. TFrom the
' Tepress or the off-bearing belt, the brick or block are set up in units

16 G S
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of 1142 brick upon a platform which consists of an endless apron
revolving slowly so that as soon as one unit is completed it has moved
far enough to give space on the platform for another. These units
are picked up by a Francis automatic setter suspended from an elec-
tric traveling crane having a capacity of 7 1-2 tons and a span of 70

feet.

The dryer and kiln shed is built at right angles to the building
containing the machinery and storage bins, and is 70 feet wide and
300 feet in length, built of etructural steel, with a corrugated iron
roof. The track for the electric cranc extends the whole length of
the shed. The dryer is of the open top type to permit the use of the
automatic setter. The walls are built of brick and concrete and the
slotted floor is of concrete. 'There is a large central tunnel running the
length of the dryer with branch tunnels beneath the slotted floors. The
waste heat used in the dryer is drawn from the kilns by a large fan. -

The kilns are of the rectangular updraft type with steam jets
arranged to return the heat through flues built in the walls. 'This
type of kiln is used extensively in the Kansas plants with marked
success. Only two large kilns have so far been built, but others will
be constructed as soon as the plant is in full operation.

Power is furnished for the plant by a 275 H. P. Buckeye gas
engine which drives a 250 volt, direct current generator. Iach ma-
chine in the plant is driven by a separale motor supplied wilh power
from the large generator. 'Ihis arrangement climinales all line shaft-
ing and belting. "The power of the motors used varies from § M. P.
for some of the elevators to 85 1I. . for the auger machine. ‘The

plant is lighted by electricity.

Gas for fuel is obtained from three wells owned by the company.
These wells are located near Wainwright and show capacities of frum
10,000,000 to 15,000,000 cubic fect per day. The gas is carried to the
plant through 5 miles of 5-inch pipe line. Water for cooling the engine
and for tempering lhe clay is pumped from Cloud Creek by an elec-
trically driven pump.

The plant has its own machine shops equipped with all necessary.
machinery. All the buildings are of permanent construction of brick
and steel. The whole plant is arranged to permit of doubling the
present capacity without adding to the buildings except by the con-
struction of another dryer and kiln shed, which is to be built on
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the side of the machine room o i
pposite to the shed This wi
transform the building from an “L” to a “p” sl(la;g v veed. i will

The Stuart shale is the next formation whi i ale i
commercial quantities. It Mes above the Boggy flilm(;(t)?(fsu;i;lli:lz;:
arated from it by the Thurman sandstone. The Stuart shale is conll-
posed of three: members, an upper and a lower shale separated by a sand-
stox.Je of variable thickness. The lower member «consists chieﬁh f
bluish and black laminated clays, which have a thickness of 120 fet}a’t ;)n
southern Hughes and northern Coal counties, The upper member i
cortnp.osed of bluis}l shales 50 to 120 feet thick. The lower meu:'bei
:)llllem';gs as a plain to the north and west of the high, stony hills of
e o lg;m:fnt}fanl(]l.sliione. The upper member ordinarily outerops in
formati}()n.l i ;al Uls capped by the overlying Senora formation. The
e is we exposed. at Stuart on the Chicago, Rock Island and

acific Railway from which town the formation takes its name. N
tests have been made on these shales and there is at pr . ;
velopment af this horizon. ‘ present no de-

The Senorg formation lies immediately ab : '
il:snat .tlucktl‘]es? of about 500 feet in nOI'thEI?I,l Co(:iealtlltllesi:;ll;l::nsﬁlllzhi:

les, o w rich the lower 320 feet is of sandstone whi i
;1)2;1 1-l;gg;ad.h]lls. This grades through sandy shalesein?om:lxl :l?;;zsrrzlelih
b'u,c wcl]]:yl lj";'lll;(:ufmldGObfeet f,h!ick. '.l]‘his shale memher is composed of

, clay shales rownish, sandy shales.
tests on shales from this formation in th:e1 eregiorllhxevrl;r{elayte hbeen on
mapped and there is no development at present, e been

The formations above the Bo
: . g2y have not heen mapped to th
norlthb of (hanadian River. The Thurman, Stuart and Iéenora. car‘:
proba ]-V, be mapped through eastern Hughes, and Okmulgee and west-
ern Melntosh and Muskogee counties, although it may be necessa;y

to apply other n - .
o thg iorth_l ames as the sandstones probably thin out and disappear

; tln eastern Hughes anfl Okmulgee counties the shale horizon at
t.1e op of the Senora contains coal. One vein has been mined at Dus-
(;l'nE Lamar, Henryetta and Morris and farther north at Broken Arrm‘v

atoosa, Claremore and Chelsea. Good deposits of shale are reporte(i

from this hori t i .
beon . zon at Dustin and Henryetta, but no official tests have

The clay above this coal vein is w
) i vorked by the Okmulgee Coal and
Brick Comypany at their Plant at Gaither, four miles east i])f Okmul(ff;e
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on the TFayetteville-Okmulgee branch of the St. Touis and San Fran-
cisco Railroad. The shale pit has been worked to a depth of about
15 feet over an area of one and three-fourths acres. The overburden
consists of from 2 to 3 feet of soil which is used with the shale. The
shale for the upper 10 or 12 feet is slightly ‘weathered and is of a
brown color. The lower 2 to 3 feet is a dark blue color. The shale
is often concretionary in structure and there are several kidney shaped
ironstone concretions. The iron in these secms to be all limonite.. The
larger concretions are thrown out as the cars are loaded. " A three and
one-half foot vein of coal underlics the shale a few feet below the
pesent workings. The clay under the coal is only 18 inches thick and
is reported useless. ‘

There is no trouble experienced with the shale at any stage of
the manufncturing process. There is very little lamination, slight
shrinkage and practically no cracking in drying or burning. The
burned color is rich, rather dark red, free from whitewash. The vitri-
fication range is long and there is very little evidence of overburning
even in the arch brick. The paving block from the downdraft kilns
are completely vitrified, but show little kiln marking. The vitrified
brick are very tough. Rattler tests have been made at Guthrie where
the brick were used for paving, in which an average loss of 9 per cent.
is reported. '

The shale is loaded by a steam shovel onto steel rocking-dump
cars.of 2 cubic yards capacity and hauled up an incline to the plant
by a hoisting drum. The mechanical equipment of the plant consists
of a 9-foot dry pan, bucket elevator, stationary inclined ecreens, a
combiried 12-foot double geared pug mill and auger machine of 75,000
brick daily capacity, an 8-wire rotary automatic cutter and Eagle re-
press. All machinery is American Clay Working Machinery Company’s
make. A Frey-Scheckles 2-mold dry press is installed, but no dry press
brick have been made for some time. The brick are dried in a con-
tinuous dryer, built of brick, of 32 tunnels, 40 feet in length. A sub-
tunnel for the heat extends under the entire length. " Each tunnel has
a stack and there is no forced circulation.

There are seven rectangular updraft kilns of 225,000 capacity
and cight round downdraft kilns, 30 feet in diameter with capacities
of 40,000 paving block or 50,000 common brick. Iour of the down-
draft kilns are connected to a central stack, and the other four are of
the multiple stack type, each having four stacks. Gas is used for fuel.
About 45 men are employed in all parts of the plant. )
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The plant of the Morris Brick and Coal Company is located about
300 yards southeast of that of the Okmulgee Coal and Brick Co. The
sz}me.bed of shale is used at both plants, but that from the Morris
pit differs from the other in showing a strong tendency to whitewash
Since tbe shale in this pit is used down to the coal vein while in i;h(;
other pit the 2 or 3 feet immediately above the coal is not used it
seems probable that the soluble salts are in this portion and the white-
wa.shmg might be avoided by discarding this shale. "I'he overburned
bl‘lclf .also puff badly and some black coring was noticed. Owing to these
fluahhes the use of the shale from this pit as material for paving brick
is doubtful. It makes a good firm common brick, however, ¢

The pit is worked with drag scrapers and the shalé loaded on to
a bottom-dump car through a trap, and hauled up an incline to
the plant by a hoisting drum. The mechanical equipment consists of
a'9-fc.>ot dry pan, bucket elevator, inclined stationary screen, Fate com-
bmat.lon pug mill and auger machine of 10,000 daily capa’city and a
Bensing automatic (“Ferris wheel”) side-cut cutter. A long off-’bearing

belt carries the brick to the front of the kil i
ilns witheat groinn e kilns and they are set in the

Six rectangular updraft kilns are used each holdi i
: 4 8 olding 280,000 brick.
Gas is used for fuel under the boilers and in the kilns.g Only comlx‘lllixn

brick are produced by this plant. About twenty-five men are employed.

THE TULSA GROUP.
Stratigraphy,
‘ The Tulsa group south of Arkansas River cobsists of shales, sand-
st(?nes, qnd an occasional limestone lens. Only a very small portion of
this area, the extreme northwestern corner of the Coalgate quadrangle
has l‘)een .mapped. In this region Taff describes four formations which
fall in this group. These are in descending order:

Holdenville shale

250 feet
Wewoka formation 700 f::t'
Wetumka shale 120 feet
Calvin sandstone 200 feet

The outcrop of the east line of the Calvin sandstone is approxi-

mately shown on the occompanyin :
| ying map (Pl 11). It
shale members of any importance. P ) confains no

The Wetumka shale has been traced morth from the Coalgate quad-

, Tangle across the Wewoka quadrangle, (northern Hugles and south-
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ern Okfuskee counties), but the maps have not been published. The
formation in the Coalgate quadrangle is composed of friable, laminated.
clay shales, 120 feet thick and has an outerop of about two miles in
width. "The surface of the outerop iz a belt of rolling land lying be-
tween the hills of the Calvin sandstone to the east and those of ihe
Wewoka formation to the west. The formation is named from the
town of Wetuinka'in Hughes County. The level land around Okmulgee
is probably the outerop of this formation. “The formation has not been
traced to the southwest of the region which has been mapped in the
Coalgate quadrangle. Clay shales, which occur at Ada, are probably at
this horizon.

The Wewoka formation consists of seven members of alternating
sandstones and shales. The shales vary in thickness from 40 to 120
feet. For the most part they are blue clay shales with large numbers
of fossils. No tests have been made on these shales and no detailed
field work has been done for this report so it is impossible to say any-
thing specific concerning their availability.

The Holdenville shale has been mapped only in the extreme north-
western part of the Coalgate quadrangle, although it is known to oc-
cupy extensive areas farther to the north. "Taff® describes it as follows:

“This shale, 250 fect in thickness, rests upon the Wewoka forma-
tion and its erop in this quadrangle is limited to a small triangular
area in the northwestern corner. The surface of the formation he-
comes hroader northward in the more level country about Holdenrville,
3 miles north of the border of the quadrangle.

“The formation is composed of friable, blue clay shale with local

thin heds of shelly limestone and chaly calcarcous sandstone in the
upper part. The sandstone ledges outerop in terraces around the slopes
of the hills hordering the north side of Little River. The thin lime-
stone occurs about 35 feet below the top of the formation, and its out-
crop is usually covered by the sandstone and conglomerate debris from
the overlying formation. 1In its usual exposure 1 to 2 feet only of shaly
limestone may be seen. At other places a hed of shell breceia loosely
cemented is found, representing the thin hard plates of the shelly rock.
The shales arc rarely exposed. 'The smooth grass-covered prairie soil,
however, even in the steep slopes, bears evidence of the friable shale
beneath.”

The area in eastern Okfuskee and western Okmulgee counties may
be regarded as the northern extension of the formations just described

(1) 1.8 G. 8., Coalgate Follo p. 5.
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or as the southern extension of the formations of the Tulsa group de-
seribed by Ohern®. Tlowever, the limestones which oceur morth of
the Arkansas, disappear before or soon after crossing that river and
since the limestones are usually taken as the limits of formations to

the north, it is improbable that the formation names used by Ohern will
apply south of the river.

Development,

The only development of the clay industries in the Tulsa Group
south of Arkansas River is at the extreme south end of the outerop
at Ada. The horizon is not definitely known but it is probably that
of the Wetumka shale. The plant which is operated by Messrs. Coop-
er and Bones js located 2 miles southeast of Ada on the Atoka-Okla-
homa City branch of the Missouri, Kansas and Texas Railway. The
material used is a soft, brown clay shale. An excavation 20 to 30 feet
decp has been made over an area of 1 acre. The material is very uni-
form. Only dvy-press brick have been made. The material has been
tried by the stiff-mud process for brick and hollow ware, but it shows a
strong tendency to crack in drying so that the attempt to work it by
this process has been abandoned.

. The clay is blasted loose and hauled to the plant by scrapers. It
13 ground in a 9-foot dry pan and molded in a Ross-Keller 4-mold dry
press of 20,000 daily capacity. There are two round downdraft, one
rectangular downdraft, and two rectangular updraft kilns. The brick
burn to a dark red color and are of good structure. They are well suit-

"ed for use as common and face brick. The plant has a switch from

the railroad and a large part of the production is loaded on to cars.

Coal is used for fuel. Twelve men are employed under ordinary con-
ditions. ‘

THE SAPULPA GROUP.
Stratigraphy.

This group south of the Arkansas comsist of a great, but unde-
termined thickness of shales and sandstones, which outerop in Sem-
inole, Okfuskee and Creek and in eastern Pawnee and Lincoln counties.
No detailed mapping has been done and the formations are unnamed
except fqr the Seminole conglomerate which occurs at the base of the
group. In eastern Payne and Lincoln counties this group grades into
the Redbeds and forms part of the “Chandler beds” of Gouldl

(1) Univ. of Okla., Resear¢h Bull. No. 4.
(1) See Page 254,
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Development,

The only development of the clays in the Sapulpa group in this -
area is the extreme northern portion at Sapulpa in Creek County, and -

Cleveland in Pawnee County. 'Ihe shale which is worked at Sapulpa
is the southern extension of the Skiatook shales, while that at Cleve-
land is almost certainly near the horizon of the shales at Pawhuska.
which have already been described. An interesting shale at Bristow
is represented by sample 317.

The descriptions of the plants at Sapulpa and at Cleveland follow:

The plant of the Sapulpa Brick Company is located about one mile
west of the St. Louis and San TFrancisco Railroad station on the north
side of the track of lhe Monett-Quanah division. The, same shale
which forms the bed rock under the town here forms g pronounced
ridge. The plant has been recently installed and so far only a small
opening about 25 feet in depth has been made in the shale. About 10
feet of the top of the bank is slightly weathered and is a brown ~jisr
while the lower part is a dark blue. There is no stripping and except
for a thin strata of iron ore (principally limonite) which varies from
six inches to one foot in thickness the deposit is remarkably unilorin

and the whole depth of the deposit is used. There is little difference

in working or burning properties of the weathered and unweathered
shale. Borings for waler wells show that the blue shale reaches a thick-
ness of over 80 feet below the present bottom of the pit. 'The company
controls 16 acres of the shale, a supply which may be con-
sidered inexhaustible. The working, drying, and burning properties
of the shale are excellent. 'There is practically no lamination pro-
duced by the auger and the drying shrinkage is very slight. Cracking
either in drying or burning is very unusual, the average loss from all
causes including soft and overburned brick being less than 2 per cent.
The burning shrinkage is about 10 inches for a kiln set 41 high. The
burned color is a clean, bright, vermillion shade of red. Only common
brick have been made so far and no attempt has been made to pro-
duce vitrified ware. However, where the brick have been vitrified in
the arches the structure is very firm and dense and the color a bright
red which is decidedly pleasing and should he popular for face brick.
The vitrified brick are extremely tough under, the hammer, and prom-
ise very well for paving brick. Judging from the appearance of the
brick the rate of vitrification is slow as there is a gradual change from
- salmon brick to the dark red color and also as there is usually no dis-
tortion or sticking of the arch brick although they are fired very strong-
ly.
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The shale is blasted from the bank, loaded by hand into rocking-
dump steel cars of 2 cubic yards capacity, hauled up an incline by a
hoisting drum, and dumped by the side of two 9-foot dry pans. From
the pans it is elevated in bucket elevators and screened through sta-
tionary inclined screens. The pug mill and auger machine have a
daily capacity of 100,000. The cutter is a rotary, automatic, side cut
with 23 wires. Two 2-mold represses are installed. From. the off-
bearing belt or the re-presses the brick are stacked on steel dryer cars
and transferred to the dryers. All the machinery is from the Ameri-
ican Clay Machinery Company. Power for the plant is furnished by
two 150 H. D. boilers, and a 250 H. P, Monarch Corliss Engine, A
separate 18 II. P. engine drives the fan for the drying system.

The dryer is a 20-tunnel, continuoug dryer, 96 feet long. The
subtunnels for the heat extend back from the exit for 20 feet. A
large fan is used to draw the heat through the tunrels. The tunnels
will hold the daily output and about 24 hours are required for a car
to pass through,’ '

There are six updraft rectangular kilns varying in capacity from
350,000 to 500,000 brick. Two more are under construction. Gas at
three cents per thousand feet is used for fuel in' the kilns and dryer
and under the boilers. About twelve days is required to burn a kiln.
The last two days are required for “finishing” with the gas pressure at
10 pounds. From the kilns the brick are loaded directly onto cars
on a switch from the St. Louis and San Francisco Railroad.: Thirty-
ﬁve to forty men are employed when the plant is operated at full capac-
ity. '

The Sepulpa Pressed Bricik Company operates a plant diagonally
across the railroad track to the southeast of the plant just deseribed.
A nparrow gap through which the railroad is built separates the two
hills of shale. The deposits are continuous in the lower portions. The
shale is similar in appearance and in working, burning and drying
qualities, to that on the north side of the track. This plant has been
In operation for eight years and about one-half of an acre has been ex-

cavated to a depth varying from £0 to Go feet. The company has 30
acres under lease. I

The clay is hauled up an incline to the plant in rocking-dump
cars. The mechanical equipment consists of a 9-foot dry pan, ele-
vators, stationary inclined piano-wire screens, a 12-foot pug mill, an
auger machine of 60,000 capacity, a rotary automatic cutter with 18
wires, and a Berg 4-mold dry press. The dryer is a six tunnel con-
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tinuous dryer heated with steam from the boilers. The dryer has a
capacily of 30,000 brick and as 24 hours are required for drying, the
stiff mud capacity of the plant is limited to this number. There are
four rectangular updraft kilns. Gas is used for fuel. The brick are
loaded from the kilns directly onto cars on a switch from the Frisco.
Both dry-press and stiff-mud common building brick are produced, but
only enough of the former to supply the local demand. '"The plant em-
ploys 28 men when operating at full capacity.

One of the up-to-date brick plants in Oklahoma is that of the
Cleveland Vitrified Brick Company, located at Cleveland, in north-
eastern Pawnee County.

The company controls 10 acres of shale which has been worked
to a depth of 100 feet without reaching the bottom. The chale is a
dark gray to blue color and is very uniform from top to bottom ex-
cept for one layer about 5 feet thiek which is more sandy than the rest.
So far no stripping has been required hut farther back in the hill
it will be nceessary to remove a few feet of soft sandstone. The shales
are represented by samples Nos. 60, 61, 62 and 63, which are described
in Chapter VII.

The shale is.removed from the hank by an automatic steam shovel
and hauled vp an incline to the plant in steel rocking-dump cars, by
a trolley motor car. " (fig. 49.)

© Al the plant, (fig. 50) which is a permanent building of brick,
the shale is dumped hy the side of three 9-foot dry pans. The step
box of each pan is mounted on two heavy “I” beams, the ends of which
are embedded in the concrele walls of the shaft. The pans have no
bottoms, and the clay falls through the scrcens into the shaft which
leads at an incline to the elevator shaft.

After the clay is ground it is elevated to a double-geared pug
mill and made up into a very stiff mud. It is fed down into a large
auger machine of 100,000 daily capacity. The column from the ma-
chine is cut by a side cut, automatic rotary cutter, cutting 20 brick
per revolution. From the off hearing helt the brick are stacked on
steel dryer cars, about 600 brick on each car.

The dryers consist of 20 tunnels built of brick and concrete, each
tunnel having a capacity of 13 cars. The heat is supplied by gas which
is burned in tunnels under the floors. These tunnels extend back from
the exit for about twenly feet. 'I'he heat is passed up into the drying
tunnels through openings in the floor and is then drawn through the
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length of the tunnels into a stack by a large fan. About thirty-six
hours are required for a car to pass through the dryer. Room for a
cooling floor is provided at the end of the tunnels. From the cooling
floor the cars of dried brick are taken by an electric transfer car to
the kilns.

The kilns are fourteen in number, six round downdraft, one rec-
tangular downdraft and seven rectangular updraft.

TFrom the kilns the brick are loaded directly onto cars on a spur
switch from the Missouri, Kansas and Texas Railway. Storage room
is provided across the track from the kilns, but for some time the pro-
duct has been disposed of as rapidly as it could be turned out and it
has been necessary to work night shifts a good share of the time.
For this purpose an electric light system is installed throughout the
plant and loading floors.

"The product is principally common building brick of a fine red
color. No difficulty in working, drying or burning is encountered. The
greater portion of the product has been sold in Oklahoma City. Morris
& Co. used 8,000,000 of these brick in the construction of their packing
plant. and the Schwartzchild and Sulzberger plant an equal number.

A Boyd 4-mold dry press has been recently installed, and represses
are to be installed immediately. The plant will then be able to pro-
duce face and paving brick. The shale vitrifies very slowly and seems
to be eminently suited for the latter product.

Power for the plant is furnished by a Monarch 250 H. P. engine.
A 70 K. W. generator furnishes the power for the trolley system, and
a 6 K. W. generator for the lighting system. The fans for the dryer
are driven by a separate small engine. Gas is used for fuel under the
boilers, in the dryers and for hurning. The plant is equipped through-
out with the American Clay Working Machinery Company’s machines.
The offices of the company are in Oklahoma City.

THE REDBEDS AREA.

The Redbeds area includes, with some minor exceptions, all of the
State west of the line which enters the State from Kansas near Cald-
well and extends southeast past Blackwell, Tonkawa, and Red Rock.
swings south, passing east of Cushing, Stroud, and Prague, turns
slightly west and south past Maud, Konawa and Vanoss, to Davis, then
swings west around the Arbuckle Mountains, From the west end of the
Arbuckle Mountains it extends south to Red River. The areas west of

ety o
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this line which are not Redbeds consist of the (1) Wichita Mountains.
(®) several small isolated areas of Cretaceous limestone or shell rock
capping hills in Washita, Custer, Dewey, Woodward, Harper and Beaver
counties, (3) the sand hills along the Salt Fork of Arkansas, Cimarron
and Canadian rivers, and (4) Tertiary areas in the northwestern part
of the State occupying almost all of Texas, Cimarron and Beaver coun-
ties, and portions of lillis and Woodward counties.

AGE OF THE REDBEDS.

The question of the age of the Redbeds has given rise to much
discussion. This arose from the fact that in Kansas, where much study
has been given them, they have so far proved to be absolutely unfossili-
ferous. In Oklahoma, however, some invertcbrate fossils have Dleen
found near Eddy, Whitehorse, Chickasha, and Altus and a few verte-
brates have been found at Orlando, and in Texas many vertebrate re-
mains have been discovered, all of which lead to the conclusion that
the Redbeds are of Permian age. In Kansas a great thickness of the
underlying light-colored rocks is also Permian in age. The Wreford
limestone las been usually regarded as the base of the Permian, but
Beede has recently placed the contact lower in the series and now tenta-

- tively regards the Klmdale limestone as the base of the Permian.

The lower light-colored members of the Permian of Kansas, such
as the Wreford, Winfield and Herrington ~ limestones cross the
line into Oklahoma but soon pinch out and are replaced by red
shales and sandstones. In other words the line of contact between the
red and non-red rocks swings east across the outcrop so that succes-
gively older and older rocks are included in the Redbeds. The line
between the red and non-red deposits crosses the Pennsylvanian-Permian
contact near Cushing and continues to the southeast so that the lower
or eastern portion of the Redbeds in Oklahoma is of Pennsylvanijan
age. Taking the Wreford limestone as the base of the Permian in Kan-
sas, Kirk! has traced the contact between the Pennsylvanian and Per-
mian in Okahoma. He found that the Wreford was replaced by a
red sandstone (Payne sandstone) which extends southwest through
western Lincoln, eastern Oklahoina and central Cleveland counties.

The approximate line hetween the red and non-red deposits as well
as the approximate Pennsylvanian-Permian contact is shown on the
map accompanying this chapter. (Plate 11.) : '

1. Okla. Dept. of Geol. and Nat, Resources, 3rd Blennial Report,
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CONDITIONS OF SEDIMENTATION.,

The Redbeds were deposited during a period of gradual withdrawal
and shallowing of the waters of the Pennsylvanian sea. It seems also
to have been a time of increasing aridity. Under these conditions
the waters became more and more concentrated so that the mineral con-
tent became so great as to prohibit animal life. This concentrating pro-
cess seems to have begun at the south and to have proceeded north-
ward. This is shown by the red color of the rocks descending to lower

and lower geological horizons on going from Kansas into Oklahoma. The .

red color of the rocks in itself is strong evidence of the scarcity or ab-
sence of life. The red is due to the presence of the oxide of iron
(ferric). If much organic matter had been pre.ent in the water it
would have settled to the bottom with the mud and sand which formed
the shale and sandstone. As decay took place the ferric or red iron
compounds would have been reduced to ferrous compounds which give
the blue and black colors of rocks. The remarkable scarcify of fossils
also indicates that animals with shells were very rare in the waters in
which the beds were deposited.

In the latter part of the time occupied by the deposition of the
Redbeds, this area seems to have heen a great land-locked basin, or one
which had very little connection with the main ocean. The principal
source of deposits seems to have been to the south since in Texas
the deposits are of the nature of deltas and also contain many fossils
of land and shore animals. The waters gradually hecame concentrated
until finally great beds of gypsum, interstratified with red gypsiferous
and saliferous clays were deposited. The water was finally completely
evaporated leaving the entire area a land surface.

LATER HISTORY OF THE AREA.

A considerable part of the western Redbeds was again submerged
in early Cretaceous times, but all except the extreme northwestern por-
tion was re-elevated before late Cretaceous. The record of the Cre-
taceous submergence is preserved in the limestone which has already
been mentioned as capping many’ of the hills in Washita, Custer, Dewey,
Woodward, and Beaver counties. The greater portion of the Cretaceous
rock has been removed by erosion so that we have no knowledge of
the extent of the Cretaceous sea in this part of the State. Dakota sand-
stone of late Cretaceous age was probably laid down over much of the
northwestern portion but with the exception of a small area in Cimar-
ron County, it has been removed by erosion or covered by Tertiary de-
posits which" were washed down from the Rocky Mountains. The Ter-
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tiary deposits consist largely of unconsolidated beds of gravel, sand and
clay.

STRATIGRAPHY OF THE REDBEDS.
Pennsylvanian Series.

The Chandler Beds. 'The name Chandler Beds was applied by
Gould! to all the red colored rocks of Pennsylvanian age, i. e. the por-
tion of the Redbeds east of the Pennsylvanian-Permian contact. Their
outcrop comprises the western part of Pawnee, all of Lincoln and Pot-
tawétomie, and the eastern parts of Noble, Payne, Logan, Oklahoma.
Cleveland, McClain and Garvin, and northwestern Murray counties.
The rocks consist of alternating red clay shales and red and white sand-
stones. "The sandstones are often 5 to 20 feet thick and sufficiently
hard to produce considerable relief. The shales are often quite arenac-
eous. This region is mostly well timbered. -

The shales of this region ‘were formerly worked at Chandler in
Lineoln County. The plant has not been in operation for several years,
but the brick made are still to be noticed in sidewalks and in depot
platforms in many of the towns in the central part of the S'.tate. Judg-
ing from the appearance of these brick the shale is very similar to those
described from Oklahoma City and to sample No. 231 from Sparks
a few miles from Chandler (See page 166). Samples Nos. 145 and 148
from Meeker also represent the shales of this vicinity.

Similar shales are at present utilized by the plant of the Shawnee
Pressed Brick Works, one-half mile southwest of Shawnee. The red
shale is plowed loose and hauled to the plant in wheeled scoops, ground
in a 9-foot dry pan and molded on a Freese Union machine. The dryer
is heated by gas. Three rectangular updraft kilns with a capacity of
200,000 each are used. The output averages 18,000 common and
pressed brick per day.

The Permian Series.

Gould? gives the following classification of the Permian Redbeds:

1. Gould, C. N., Water Supply & Irrigation Paper No. 148. U. S. G. S.
2. U. 8. G. S, Water Supply and Irrigation Paper No. 148, p. 39.
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Mangum dolomite member
Collingsworth gypsum member

Greer . Cedar Top gypsum member
formation Haystack gypsum member 300 feet.
Chaney gypsum member
Kiser gypsum member
Day Creek dolomite member :
Woodw.ard Red Bluff sandstone member 425 feet.
formation Dog Creek shales member

Blain Shimer gypsum member

: ame Medicine Lodge gypsum member 100 feet.
ormation Ferguson gypsumn member S

Enid .

formation 1500 feet.

The Enid formation includes the portion of the Redbeds from the
base of the Permian to the lowest of the gypsum ledges of the Gypsum
Hills. The area comprises all of Kingfisher, Garfield, Grant and Al-
falfa counties; the weslern parts of Kay, Noble, Payne, Logan, Okla-
homa, Cleveland, McClain and Garvin, and the eastern parts of Woods,
Major, Blaine, Canadian, and Grady counites. Rastern Stephens and
Jefferson and western Carter and Love counties probably belong in

this area although the stratigraphy in that part of the State has not yet
been worked out.

The Enid formation consists of red clay shales with thin soft sand-
stones. The sandstones are usually red, but are sometimes white or gray
(See Figs. 51 and 5%). The relative amount of sandstone decreases
toward the top of the formation. The clays of the upper portion are

“often gypsiferous and contain thin layers of selenite. The thickness

of the Enid formation is probably between 1200 and 1500 feet.

The Blaine formation consists of three ledges of gypsum sep-
arated by red clay shales. The total thickness is about 75 feet. The
gypsum ledges being harder than the red clay shales stand out as pro-
nounced ridges and hills known as the Gypsum Hills. This escarpment
extends northwest from north-central Canadian County through Blaine.
Major, Woodward, Harper and Woods counties. The outerop is a belt
a few miles in widtl, lying between the North and South Canadian
rivers and extending parallel to these streams. Southeast of central
Canadian County the gypsum ledges disappear and the Enid and Wood-
ward formations are not separated.
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The Woodward formation consists of about 300 feet of shales, sand-
stones and dolomites. Shales predominate in the lower member, sand-
stone in the middle or Whitehorse member and dolomite in the upper
or Day Creek member. The Woodward formation outerops as a broad
helt extending from the Kansas line southeast through Harper, Woods,
Woodward, Major, Dewey, Custer, Blaine, Canadian and Caddo counties
and farther to the southeast where it merges with the Enid and has
not been separated from it.

The Greer formation consists of five gypsum members separated
by red and green clay shales. A thin ledge of dolomite occurs at the
top of the formation. It outerops over a broad helt extending from
northwestern Stephens County northwest through Grady, Cadde, Wash-
ita, Custer, Dewey and Roger Mills counties. An arm extends west
through southern Washita County and connects the belt just men-
tioned to a sccond area which comprises all of Harmon and the con-
tiguous portions of Jackson, Greer and Beckham counties.

Undifferentiated Permion. As may be seen from the above classi-
fication the gypsum ledges arc the principal factor in the subdivision
of the Permian series. On approaching the Wichita Mountains these
ledges die ont and the whole series is a mass of red clay shales with
some sandstone. The rocks of this portion of the area have never been

separated into formations, although they undoubtedly eontain the south-

ern equivalent of the Trid, Blaine, and Woodward formations.
This area of undifferentinted Permian comprises all of Kiowa, Swanson.
Comanche, Stephens, Jeffersan and Tillman, eastern Jackson, and west-
ern Love, Carter, Garvin and McClain counties, with the exceptiong of
the relatively small aveas of igneous and early Paleozoic rock in Co-
manche, Kiowa and Swanson counties and a sand hill area in Tillman
county. :

Cretaceous Rocks, _ -

The Lower Cretaccous rocks in western Oklahoma consist of small
isolated areas, the remmants of a large area which formerly connected
the Lower Cretaccous of Kansas with that of Texas. Almost all of these
rocks have been removed by erosion so that we have no knowledge of
their ariginal extent. "They consist largely of shell limestones which lie
on the eroded surface of the Redbeds. The Dakota sandstone of Upper
Crelaceous age outerops in the extreme northwest portion of Cimarron

County. 1t consists of a series of sandstones and shales lying on the

eroded surface of the Lower Cretaceous and the Redbeds.

Fig. 51.

CUff a’ong Sa't Fork of Arkansas River at Jet, showing nature of
. the Enid formation.
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The Tertiary Rocks.

The Tertiary deposits, whose exact tge has not been 'determined,
occupy extemsive areas in northwestern Oklahoma. The streams have
cut canyons through these deposits down into the Cretaceous rocks and
into the Redbeds which lie unconformably below the Tertiary. This
leaves the Tertiary capping the hills and high divides between the
streams. Almost the whole area of Cimarron, Texas and Beaver coun-
ties and extensive areas on the divides between Cimarron and South
Canadian rivers in Harper, Woodward and Ellis counties are occupied
by these deposits. There are many smaller areas farther to the east.
These deposits consist of clay, sand and gravel irregularly stratified and,
'as a rule, loosely consolidated. Quartz and other pebbles form-a con-
siderable portion of the rock and as they remain behind when the rock

is eroded they form a conspicuous feature of the hill sides and stream
beds.

The Tertiary deposits differ from the older rocks of the region in
being fresh water or land deposits instead of being of marine origin.
They are probably the wash from the Rocky Mountains at a iime when
the mountains were much higher relative to the plains than they are
at present.

I

Fig. 52. Shale pit of the Enid Vitrifed Brick and Tile Co.

Sand Hills,

Along the valleys of Arkansas, Cimarron, North and South
Canadian and Red rivers there are large belts of windblown or dune
sand, known as Sand Hills. This has probably been blown up from. the
river beds by the prevailing winds acting through immensely long per-
iods of time. The belts are often several miles in width along the
north side of the rivers, but in a few cases along the south. In thege
cases it is possible that the stream has shifted its channel in compara-
tively recent time, or that the sand hills represent the remains of buttes
which were composed largely of sandstone.

GEOGRAPHY AND TOPOGRAPHY,

The Redbeds area may be divided into the following topographic
-Tegions (1) the sandstone hillg region, practically co-extensive with
the Chandler beds, () the low plains or area occupied by the Enid
formation, (3) the Gypsum Hills or the area of Blaine, Woodward and
" Grecr formations, (4) the High Plains or area of Tertiary rocks, (5)
the Wichita Mountins, (6) the Sand Hills region.

(1) The Sandstone Hills region occupies the outerop. of the
1768 ‘ .

Fig. 53. Up-draft rectangular kiln at Pawhuska.
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Chandler beds and the lower part of the Enid formation. It has a
rolling topography due to the streams cutting through the shales and
sandstones which compose the country rock. There are occasional rath-
er steep blufls along the streams. The country is well timbered prin-
cipally with oak and hickory. (2) The low plains occupy the outcrop
of the greater part of the Knid formation and lie to the west of the
Sandstone Hills. The country rock is principally shale with only a
few thin ledges of soft sandstone which are not resistant enough to give
any pronounced topographic effects. The country is almost level. The
streams have broad channels only a few fect below the general level.
The country is all prairie except for a little timber along the streams.
(3) The Gypsum Hills, which are the outcrop of the Blaine and Greer
formations, stand as an escarpment of from 200 to 300 feet in height
above the low plains to the east. The streams have cut narrow canyons
through this escarpment and have broken the ridge into a number of
hills. There is little timher in the region. (4) The High Plains re-
gion is a level, priarie, table land into which the streams have cut broad
and shallow valleys. 'The High Plains are underlaid (principally) by
Tertiary rocks. (5) The Wichita Mountains consist of several granite
peaks entirely surrounded by the level Redbeds plain. A range of lime-
stone hills lies to the north of the granite peaks. The formations ex-
posed in the Arbuckle- Mountains are supposed to be present in the
Wichitas but, with the exception of the range of Arbuckle limestone
and two or three knobs of Viola limestone, they are so deeply buried
beneath the Redheds as to be inaccessible. (6) The location and
topography of the Sand Hills region has already been noticed.

NATURE OF THE SHALES.

The shales of the Redbeds are principally red clay shales although
in the higher formations there are some greenish and bluish shales. In-
terstratified with the red shales there are occasional strata of soft, white
fine-grained sandstone with considerable elay matter. 'These layers of
sandstone vary from less than 1 inch up to about 3 feet in thickness.
(Sce figs. 51 and 52.) 'The red shales are colored by iron (ferric)
oxide, the percentage varying from 5 to 20 per cent so that they all
burn to a dark red color. 'L'hey are extremely fine-grained and very
soft so that they weather rapidly and are casily prepared for manu-
facture. Owing to' the fineness of grain, they require a considerable
amount of water to render them plastic and consequently have rather
high shrinkage but are tough enough to resist eracking and, unless gyp-
siferous, burn to a very dense body.
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. To the east in the Chandler beds the shales ar

but f.arther west the proportion of sand is usually iegsf.ten(};;ﬁe(x?
curs 1n practically all the shales above the lower portion of the Enid
formation. In the shales of the Enid the gypsum usually occurs as ir-
regularly distributed concretions, while in the shales of the higher form-
ations, the B!aine, Woodward and Greer, thin bands of selenite and satin
Spar are very common. The greenish shales usually contain a con-
siderable amount of evenly disseminated gypsum. Some of these shales -
run very high in gypsum as is shown by the following analysis of a

gypsiferous green clay from the slope of the Gypsu Hill
Heman, eastern Woodward County?, YR S mear HMount

Caleium sulphate
Calcium carbonate
Magnesium carbonate
Water ...
Oxides of iron and aluming,
Silica and Insoluble residue

. 58.05 per cent.
5.35 per cent.
3.49 per cent.
............. 15.38 per cent.
3.27 per cent.
13.58 per cent.

It is manlfgstly impossible to utilize shales with so large a percentage
of gypsum in the manufacture of clay products. The composition gf
the red clays from these formations is shown by the following analysi

of a clay from near Ferguson, in Blaine County: ¢ o

Silica

i 64.17
Calcium oxide B4 per cen:.
Iron oxide -34 per cent.

. 8.10
Aluminum oxide ... .. 18.40 g:: s:z:.

Magnesium sulphate 5.57 per cent

Magnesium carb
Watger ‘c onate ... 27 per cent.

6.54 per cent.

These shales cannot be used b the plasti
fine-grained that the resulting bod.\): is toI; derfseprt?)ci)s:rr?lsitt}tl}‘z csonpe
of the gases formed by the decomposition of the sulphates durin bu:‘;i}’e
"I‘hey can be used for common dry-press brick, as the dry- g1'essx b dg
is gufficiently porous to permit the escape of the gases 'l‘flere o ly
ways a strong discoloration by whitewash even in the (‘ll'y-press i:a:e-

A good example of this clay is Sampl No. 2 ich i
s bridh a8 Merg y Ple No. 205 which is used for dry

The shales of the lower

portion of the Enid i i
been testod oy ot oty e Enid formation which have

contain enough gypsum to cause damage

Water Supply and Irrigation Paper No. 148, U. 8. @ Sv p. 43

1.
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from whitewashing or puffing in burning. There is a great amount
of variation in these shales, however, and it is almost impossible to
make generalizations from the small number of samples tested. How-
ever, the statement is true for shales from Oklahoma City, Blackwell,
Enid and Chickasha. The variations between the shales in small areas
is well shown by the two samples from Oklahoma City, No. 42 from
the pit of the American Brick and Tile Company, and No. 173 from
- that of the Oklahoma Brick Company. Both are used for dry-press
brick with good results. ‘When made up into stiff mud, however, No.
42 has a porosity of 13.6 per cent at cone 3, while the porosity of No.
173 is down to 6.6 per cent. No. 173 melts rapidly above cone 3 while
No. 42 retains its shape up to cone 7. o

The true stratigraphic relations of the shales from Chickasha.
Rush Spring, Marlow apd Comanche is doubtful bhecause, as has al-
ready been mentioned, the Blaine formation does not appear southeast
of El Reno and the Jinid and Woodward coalesce and farther south the
stratigraphy has not been worked out. The succession of rocks and
their nature however, is very similar to the Iinid formation and the
eastern part of the area called “Undifferentiated Permian is probably
the same age as the Enid. :

The Dog Creek shales of the Woodward formation are principally
dull red clay shales having a total thickness of from 100 to 225 feet.
The samples from Binger (No. 261) and Hinton (No. 177) are the
only ones tested from this horizon where it has been mapped.

The Greer formation contains a great amount of red and green clay
shales interstratified with gypsum and soft sandstones. The stratifica-
tion is very irregular, the shales often giving place to gypsum or sand-
stone in short distances. The red and green colors are irregularly mixed
in most of the shale beds. The shales are quite gypsiferous and hence
not well adapted for use in manufacturing. The only sample tested
from this formation (No. 205) is fromm Mangum where the red and
green motlled shale is well exposed.

The Quartermaster formation consists largely of ved clay shales
which become more arcnaccous toward the top of the formation. The
shales as a rule contain less gypsum than those of the Blaine, Wood-
ward, or Greer formations, and more nearly resemble those of the Enid.
A sample of the red shale (No. 297) from Doxey in Beckham County,
is very similar to those from Oklahoma City and Comanche. A thin,
stratum in the same vicinity (No. 296) is the only non-red burning
clay so far found in western Oklahoma. An extremely fine-grained

OKLAHOMA GEOLOGICAL SURVEY. 261

white clay (No. 150) is found near Sweetwater but it js not satisfactory
for manufacturing purposes.

The clflys of the Cretaceous and Tertiary in western Oklahoma have
never been investigated in detail and no tests have been made upon them.

MANUFACTURING ‘CONDITIONS IN THE REDBEDS AREA.

The principal difficulty encountered in the manufacture of clay
products in this region is the lack of cheap fuel. In only a very few
places is wood available in sufficient quantity for use as fuel; the
nearest coal is the McAlester-Lehigh field which is 100 miles from the
Dearest cities of the Redbeds area and 200 to 300 miles from the ma-
jority of the towns of the region. Except in the immediate vicinlty
of the Wichita Mountains, oil or gas has never been found in com-
.rnercial quantities in the Redbeds and the geological structure renders
it highly improbable that these products will ever be found here. The
distance from the oil and gas fields prevents piping these products to
many of the towns. Oklahoma City and Guthrie are the only cities
at present supplied with gas from the main feld, This feature will

prevent the Redbeds area from ever being a great center of the clay
industries.

The transportation facilities of the region are fair; the Atchison
Topeka and Santa Fe, Chicago, Rock Island and Pacific, St. Louis’
and San Francisco, and Kansas City, Mexico and Orient railways give
north and south connection and the same roads (except the Kansas

City, Mexico and Orient) have several east and west connecting branch-
es.

The popula'tion of the region is increasing rapidly and towns such
as Oklahoma City, Guthrie, Enid, Bl Reno, Chickasha, Hobart, Alva:
Cordell, Lawton, Anadarko, Altus, Snyder, and many others are doing

a vast amount of permanent building for which clay products are re-
quired.

PRESENT DEVELOPMENT OF THE CLAYS OF THE REDBEDS.

Plants which use the Redbeds shale or clay derived from it are
located at several towns in the State.

. Th_e shales of the Enid formation are used at Oklahoma City, Guth-
rie, Enid, Kingfisher, Hennessey and Alva.

Oklahoma City. The plant of the Oklahoma Brick Company is
located on morth 13th street. The Pit opening covers about 1 acre to
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a depth of 30 to 50 fect. Three to four feet of soil is stripped. The
qualities of the shale are described under the description of clay No.
173. The shale is worked with a Vulcan steam shovel and hauled to the
plant in a sleel, rocking dump car of 2 cubic yards capacity, by a wire
roep and hoisting drum.

The plant is equipped with two Frost 9-foot dry pans, elevators.
screens, and two Berg 4-mold dry presses. The brick are burned in
“four updraft rectangular kilns, one having a capacity of 360,000 and
the other three of 200,000 cach. Gas is used for fucl. The plant has
no railway facilities and- practically all of the product goes to supply
the home demand.

The American Brick and T'ile Company’s plant is located west of
Oklahoma City along the Chieago, Rock Island and Pacific Railway,
about one mile south and west of the Oklaloma Brick Company’s plant.
The material used is a red shale tested and described as No. 42. The
pit opening covers about one acre to a depth of 30 to 50 feet. There
is no stripping. *

The shale is worked by a Vulean Steam shovel and hauled to the
plant in rocking-dump cars of 2 cubic yards capacity. Three Amer-
iean and two Frost 9-foot dry pans arc used. There are two dry-presses.
a Berg and a Boyd 4-mold press. A Fernholiz dry-press is to he added.
The stiff mud equipment consists of a pug mill, auger machine and ro-
tary automatic cutter of 100,000 daily eapacity. A 12 tunnel continu-
ous, gas-fired dryer is used. 'There are 5 updraft rectangular kilns and
a large continuons updraft kiln is under construction. The stiff-mud
machinery has been recently installed and at the present writing,
(April, 1911) some difficulty has been encountered. The shale is very
fine-grained and grinds down into g very tough, plastic mass so that
considerable power is required to force it through the die at a suifi-
ciently rapid rate. The mnachinery can certainly be adjusted to the
needs of the clay and when this is done the stilf-mud brick will un-
doubtedly be a popular product as they are free from imperfections
and have a rich red color and a dense, firm structure. The dry-press
brick are a dark red color, with small light specks. The structure is
unusually firm for dry-press ware. They are burned at cone 3. 'The
plant has a switch from the Chicago, Rock Island and Pacific Rail-
way but the greater portion of the production goes to supply the home
demand. ;

~ The shale pit of the Enid Vitrified Brick and Tile Company, 1

UKLAHOMA GEOLOGICAL SURVEY. 263

mile southeast of Enid, shows a typical section of the Emid formation.
(fig. 52). The section exposed in the pit is as follows:

- 1. Seil 2—3 feet.
2. Boft, fine-grained white
: sandstone ... - 3 feet.
3. Red clay shale 20 feet.:
4. Boft, fine-grained white
sandstone 30 inches
5. Red clay shale 20 feet.
6. White sand ' 3 feet.
7. Red clay shale ..o 30 feet Bottom not shown.‘

The shale and sandstone are blasted down and used together. The
material is hoisted up an incline to the plant in dump cars by a hoist-

- ing drum, ground in a Frost 9-foot dry pan and molded in a Boyd 6-

mold dry press. From the dry press the brick are set into the updraft
kilns of which there are three, with a capacity of 500,000 brick each.

The stiff-mud process was used at a former location of the plant
about 80 rods west of the present location where the same deposit is
worked. The machinery from the old plant consisting of a 9-foot dry
pan, pug mill and auger machine of 85,000 daily capacity, and re-

press is being moved to the new plant and ground has been leveled for
dryer room.

The dry-press brick are of a dark red color, and exceptionally firm
dense structure. There is considerable whitewash on the sides of the
brick which are exposed to the kiln gases but none on the faces.
The arch brick often burn to a chocolate color with metallic luster and
sometimes are blackened and roughened. These “over burmed” brick
have been used as face brick for several* residences in Enid with good
effect. Buildings faced with the brick from the middle benches of the
kilns compare favorably with those faced with Kansas dry press briek.
The stiff mud brick made at the old location show rather high shrink-
age, but no cracking and burn to a fine, dark red color and an ex-
ceedingly dense, stony body. Sidewalks in Enid built of the. vitrifiea
repressed brick are in excellent condition after years of service. Al-
together the shale seems to be almost precisely similar to the samples
tested from Oklahoma City and from Comanche. (See report of tests
of Nos. 42, 196, and 197))

Coal is used for fuel, the estimated cost of fuel for burning being
about two dollars per thousand brick. There is no railroad switch to
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the plant and coal must he hanled from. and the brick which are shipped
must be hauled to the railroad 1 mile distant. Most of the output,
however, finds a ready market in Enid. The company controls 10 acres
of the shale and employs about 40 men including those engaged in haul-
ing brick and coal.

Alva. A stiff-mud plant is operated at Alva by Z. W. Cox. The
plant is located in the city. The Chicago, Rock Island and Pacific
and Atchison, Topeka and Santa e railways furnish transportation
facilities. The material used is a rather sandy surface clay which is
worked and hauled to the plant in scrapers. The clay is pugged and
molded by a Leader No. 15 stiff-mud machine, Drying takes place
‘in an open shed. Three round downdraft kilns, each of 60,000 capacity,
are used for burning. Coal is used for fuel. "The output is common
brick of which ahout 10,000 are produced daily.

Guihrie. The plant of the Guthrie Brick and T'ile Company is lo-
cated near the Chicago, Rock Island and Pacific Railway, one-half
mile east of Guthric. The material worked is a Redbeds clay shale.
The pit workings are 40 feet square and 40 feet decp. The shale is
carried from the bottom of the pit to the plant by a car operating
in a tower. The dry-press process is used. The mechanical equipment
consists of a 9-foot dry pan, elevators and screens and a Fernholts 4-
mold dry press. "There are three rectangular updraft kilns of 260,000
capacity each. Wood and slack coal are used as fuel. The product

is a red face and common brick of good structure. The daily output
is 20,000.

Hennessey. "'he Hennessey Pressed Brick plant is locited one-
fourth mile west of town. 'I'he pit workings are about 20 feet deep.
Scrapers are used to haul the shale to the plant. A 9-foot dry pan and
a combined pug mill and auger machine of 30,000 daily capacity are

used for grinding, tempering and molding. Drying sheds are used.

There are two rectangular updraft kilns each of 260,000 capacity.
Wood and coal are used for fuel. The daily oulput is 30,000 of com.
mon brick. Fourteen men are usually employed.

Kingfisher., The Kingfisher Brick Works are located on the Chi-
cago, Rock Island and Pacific Railroad inside of the city limits. The
workings are 12 feet deep in a sandy surface material. "The ma-
terial is loosened with pick and shovels and hauled to the plant in
dump carts. The soft mud process is used. A Martin 6-mold soft mud
machine of 20,000 daily capacity performs the tempering and molding.
Rack and pallet dryers are used. T'wo rectangular updraft kilns of
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225,000 capacity each, are used. Wood and coal are used as fuel. About
15 men are usually employed.

There are several plants in the area surrounding Wichita Moun-
tains and in the western part of the old Indian Territory which has
been referred to as the area of undifferentiated Permian rocks. These
plants are located at Chickasha, Marlow, Duncan, Comanche, Adding-
ton, Waurika, and Hobart. Plants were formerly operated at' Gotebo
and Purcell.

Chickasha. The plant of the Western Shale Brick Company is lo-
cated 8 miles south of Chickasha along the Cihcago, Rock Island and
Pacific Railroad, where the company controls 20 acres of land. The
torkings cover about one-fourth acre to a depth of 20 feet. ‘The shale
is a red clay shale with thin veins of white soft sandstone irregularly
distributed through it. These veins seem to decrease in numb'er and
thickness with increasing depth. The white material is used with the
red and seems to have no bad effects. The working, drying and burp-
ing qualities of the shale are very similar to those of the shales at Enid
and Oklahoma City, which have been described. The shale is worked
with drag scoops and dumped through a trap into a bottom-dump car
Wwhich is hauled to the plant by a hoisting drum. It is ground in a
Frost 9-foot dry pan, elevated, screcned, pugged in a sing]e'-geared, ‘12-
foot pug mill, and molded by an auger machine of 35,000 daily capacity.
A rotary automatic cutter with 14 wires and an Eagle Repress are used.
Drying is conducted by the rack and pallet system under a covef'ed
shed with removable sides. The brick are taken from the off-bearing
belt and stacked on pallets-on & car which is “jacked” up so that the
pallett will clear the rack as the car is pushed between them. When
it is brought to the desired place the car is lowered until the pallett
rests on the racks and the car can be removed from under it. The
capacity of the dryer is 200,000 bricks. One rectangular updraft kiln
is used of about 250,000 capacity. Coal is used for fuel. The plant is
operated intermittently only 1,000,000 brick being made the past year.

Marlow. The plant of the Marlow Brick Company is located one-
half mile south of Marlow near the Chicago, Rock Island and Pacific
Railroad. The material worked is a Redbeds shale (represented by sam-
ple 180) and the residual clay derived from it. The pit workings cover
an area of 1 acre to a depth of 8 feet. Scrapers are used to secure the
material and to haul it to the plant. A Brewer No. 8 stiff-mud machine
is used for molding. Drying is in the open air. A rectangular up-
draft kiln with a capacity of 100.000 is used and is fired with wood
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and coal. 20,000 of common brick are produced daily while the plant
is operating. Ten to 15 men are employed.

Comanche. A plant is operated at Comanche by J. A. Cameron
which uses the shale represented in Nos. 196 and 197 and the full
deseription of the behavior of the shale when worked by the stiff-mud
process is given in the description of the tests on these samples. Fifteen
acres of the hill of shale are under long time leases. "The plant is lo-
cated 1 mile southwest of Comanche, onc-half mile west of the Chicago,
Rocle Island and Pacific Railroad, at the end of a large hill. The hill
is capped by 4 to 5 feet of hard, coarse-grained sandstone which breaks
off in large blocks. There is, however, a large amount of material avail-
able without stripping. The shale has been worked to a depth of 25
feet, and a hole sunk 20 fect further without reaching the bottom of the
shale. There is some white sand irregularly distributed through the
shale as at Enid and Chickasha, but it does no damage.

The shale is plowed loose and hauled in drag scrapers down grade
to a Frost 9-foot dry pan, and after grinding is elevated to 15 foot
- stationary inclined screen, and molded in a Ross-Keller 4-mold dry
press. The brick are burned in twol updraft rectangular kilns of
40,000 capacity each. Wood and coal are used for fuel at a cost of
$1.50 to $2.00 per thousand brick. The brick have a good sound struc-
ture and clear red color. "he plant operates intermittently and em-
ploys 12 men when working. TPower is furnished by a 50 H. P. Atlas
Engine. Water for the boilers is sccured from wells n the valley
of a small creek near by. Most of the product is disposed of in Co-
manche and vicinity although several carloads have been shipped.

Addington. 'The plant of the Addington Brick Company is sit-
uated near the depot at Addington in Jeflerson County. The ma-
terial used is the residval clay from the Redbeds shale, This is blasted
loose and hauled to the plants in dump carts. Lt is ground in an
Eagle 10-foot dry pan, clevated, screened through stationary inclined
screens and molded in a Berg 4-mold dry prese. The kilns are two m

number and of the rectangular updraft type each of 300,000 capacity.
Wood and coal are used as fuel. '

Waurika. A small plant at Waurika uses the surface material
just north of town for the manufacture of dry press brick. The ma-
terial is described and the report of the tests given under samples No.
152 and 153. The clay is obtained by drag scoops, shoveled
into a Fernholtz disintegrator, elevated and screened through station-

-
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ary perforated screens, and molded by 2 Boyd 2-mold dry press. There
are two updraft rectangular kilns, 30 by %0 feet in dimension.

Hobart. The plant of the Hobart Pressed Brick Company is lo-
cated one-fourth mile west of the city of Hobart. The material worked
is a typical Redbeds shale. The deposit is opened to a depth of 20
feet and can be worked much deeper. The shale is blasted loose and
shoveled into dump cars which are hauled up an incline to the plant
by a hoisting drum and wire rope. The stiff-mud process is used. The
shale is ground in a 9-foot dry pan and tempered in a 10-foot single
geared pug mill. A “777” brick machine and rotary automatic cutter are
installed. A waste heat dryer with a capacity of 30,000 per day is used.
The kilns are of the rectangular updraft type, and have a capacity of

- 250,000 each. Wood and coal are used for fuel. The product of the

plant is at present limited to common brick. Twelve to fifteen men
are employed.

Geary. The only development of the shales of the Woodward
formation is one mile southwest of Geary where the plant of the Geary
Brick Company is located on a spur from the Rock Island Railway. The
material—a red clay shale—is blasted loose, shoveled into dump cars
and hauled to the plant by a hoisting drum. The dry-press process
is used; the clay is prepared in a pulverizer, screened and molded in a
2-mold U. 8. (Brie, Pa.) dry press. The brick are burned in two
updraft kilns of 300,000 each. Wood and coal are used for fuel.
The product is common brick. 15 men are employed. ‘

Mangum. The Mangum Brick Company works the mottled red
and green shales of the Greer formation at their plant at Mangum. The
pit opening is 30 feet deep over an area of over onme-half acre. The
shale is blasted loose and hauled up an incline to the plant in a dump
car. It is ground in a 9-foot dry pan and molded in a Berg 4-mold
dry press. Four round downdraft kilns with a gingle stack are used.
Another set of four kilns was being built at the time of the writer’s
visit to the plant. The shale from this plant is represented by sample
No. 205. It could probably not be used by the plastic processes but
on the dry press gives a good firm structure and shows very little white-
wash.

THE CRETACEQUS AREA.

Location and area. 'The principal area of Cretaceous rocks in
Oklahoma is in the extreme southern portion, south of the Arbuckle
and Ouachita mountains. It includes eastern Love, southwestern



268 OKLAHOMA GEOLOGICAL SURVEY.

Carter, southern Johnston, Atcka, Pushmataha and McCurtain and all
of Marshall, Bryan and Choctaw counties.

Straiigraphy. The Cretaceous deposits consist of sandstones, shales
and limestones which lie upon the granite and upon the upturned edges
of the older Palcozoie sedimentaries to the south of the Arbuckle and
Ouachita mountains. Taff gives the following section for the south part
of the Tishomingo and Atoka quadrangles:

Formation Name. Character of Rocks. Thickness.

Silo sandstone .. . . Brown, friable sandstone, locally in- 200-

durated by ferruginous cement,

‘ shale, and shaly sandstones.
Unconformity,

Bennington linestone ..| Blue shell limestones............ ... 10-15
Bokechito formation . Red and blue shale, with thin ferru- 140

ginous limestone, and lentils ot
friable sandstone.

Caddo limestone . ........| Yellow and white limestone inter- 60
stratified with thin marly beds.

Kiamichi formation .....| Blue friable shale with thin shell 150
limestone beds in lower portion.

Goodland limestone.. ... Massive white limestone....___. . 25

Trinity sand ... .. Fine yellow sand with conglomerate

beds locally at the base. 200-400

All of these formations lie almost level on the ‘granite and on the
upturned edges of the older Paleozoic rocks, "The outerop of cach form-
ation is a belt having a general cast and west direction. The Trinity
sand is very looscly consolidated and is easily eroded. i
usually nearly level land with g very sandy soil. The Goodland lime-
sto.ne. usually outerops as a bluff 20 to 25 feet in height ahove the
Trinity sand. The Kiamichi is a soft easily eroded formation and out-
crops as a valley between the more resistant ledges of the Goodland and
Caddo limestones and the Bokehito occurs in similar relations between
the Caddo and the Bennington limestones.

‘While the Kiamichi formation contains a great amount of shale
a.nd clay it is very calcareous, being filled with ealcite veins and with
lime fossils. ‘T'he Bokehito is the only formation of the Cretaceous
of the State which gives promise of becoming important as a source
of clay produets. Samples from this formation at Durant (No. 327)
and at Woodville (No. 331) are suitable, for the commoner clay pro-

The outerop is
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ducts. The descriptions and data on the tests of these samples will give
a fair idea as to their properties and modes of occurrence. Large quan-

tities of a red, sandy clay of uncertan age overlies the Cretaceous rocks

near Red River. This is available for soft mud brick. (See report. on
Sample 312, red, from Woodville and on 3£2, and 323 from QGarvin).

The Cretaceous area is partly forested and wood for fuel can be
obtained in most localities. There is an oil field developed at Madill
and a possibility of further development in the region. Two lines of
the St. Louis and San Francisco and the main line of the Missouri,
Kansas and Texas cross the region from north to south and the Hope,
Hugo and Ardmore branch of the St. Louis and San Francisco ex-
tends almost the entire length of the area from west to east.

GENERAL SUMMARY,

In the development of any center of the clay industry there are
at least four essential factors to be noted. These are first: the supply
of raw material; second, fuel; third, transportation facilities; and
fourth, markets. It is the purposc of this article to show that Okla-
homa, possesses advantages in all of these essential features which should
make her one of the great centers of the clay working industries. -

In the matter of raw material, Oklahoma is certainly as well sup-
plied as any other state. The eastern portion of the State, except the
extreme southern part, is underlaid by the sandstones and shales of
the Carboniferous system. These shales are of the same age as those
of Ohio and Pennsylvania: Some of them are the southern continua-
tion of the beds that are worked at Cherryvale and Coffeyville, Kansas,
with excellent results. The beds are often many feet in thickness and
easily accessible. The few tests that have been made show that prac-
tically all these shales are suitable for either common brick, front brick,
or paving brick. Fire clays should occur in connection with the coal.
Some veins of fire clay have heen tested, but proved not to have high re-
fractoriness, however, as there are several other veins to be tested, suit-
able material may yet be found. '

Farther west the clays become red on account of the high percentage
of iron they contain. These shales have proved valuable, so far, only
for common and building brick. The supply for this purpose is in-
exhaustible as red shales occur throughout the entire western half of
Oklahoma. In the southern portion of the State the shales usually oc-
cur in thinner beds than in the eastern area,-but there are many lo-
calities with beds of workable thickness, well situated with regard to
fuel and transportation. :
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In regard to the second essential factor, that of fuel, it is only -
Decessary to state that the northeastern counties, where the Carboni-
ferous shales occur in greatest abundance, lie in the midst of the world’s_
greatest oil and gas fields. The gas may be obtained for manufacturing
purposes at a few cents per thousand feet. The field is being con-
stantly enlarged and shows no signs of failure of supply. There are
also smaller fields in the southwest and south-central parts of the State.
Just south of the oil angd gas belt lie the coal fields, which will supply
an abundance of cheap fuel for years to come. The western portion is
not so fortunate in this respect, but in no part would the cost of fuel
be prohibitive. '

All parts of Oklahoma are well supplied with railroads, the eastern
portion, where the better shales and the fuel are most plentiful, being
especially so. The main lines of the Missouri, Kansas and "Texas and
the St. Louis and San Franeisco systems traverse this portion of the
State from north to south. Bach system has many branches or cross
lines which connect the two systems at several points. The St Lous,
Iron Mountain and Southern has a line from Kansas City to Fort
Smith. The Midland Valley crosses the field from northwest to south-
east. The ¥ort Smith and Western, and Chicago, Rock Island and
Pacific give east and west connections through the coal fields, Through
the Redbeds region, the Atchison, Topeka and Santa Te, the Chicago,
Rock Island and Pacific, St. Louis and San Francisco, and Kansas
City, Mexico and Orient give excellent service in qll directions.

In regard to markets it should be noted that the rapid growth of
such cities as Oklahoma City, Muskogee, McAlester, Ardmore, Durant
and many others creates a demand, which at present is much larger than
the supply. Several plants have been installed in the State, but the
greater portion of the clay products used are still imported from the
older states. No one who has investigated the conditions doubts that
the era of permanent building in Oklahoma ig just beginning and that
the demand for all sorts of clay products will steadily increase,

Although at present no deposits of high grade fire or pottery clay
are known, the, tests made have only covered a small portion of the
area, hence it is probable that such deposits will yet he found. Even if
these materials should not be found in the Stale, the abundance of ghales
suitable for building and paving brick, drain tile, sewer pipe, ete., com-
bined with the advantages in the way of frel, transportation and mar-
kets should make Oklahoma one of the great centers of the clay industry.
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