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INTRODUCTION.,

" This report is based on field work carried on
writer during 1911 and 1912 under the direction of theb }(’)1:11:-’
homa Geological Survey, and on subsequent chemical and
physical a_nalises made in the laboratory of the survey. In
the work in t!e Arbuckle Mountains the writer availed him-
self of Taff’s’ and of Reed’s’investigations. In the Tahle-
quah region free use has been made of Taff’s investiga-

tion®, In the study of the Trinit

. S f y sand the author h
access to the dissertation of Pierce Larkin in &e %-ibra;msl‘;l a(,g'
the State University of Oklahoma dealing with the Cretace-
ous area of the southeastern part of the state.

In the present report a general discussion of the gl
sand industry will be given, this to be followed b(;r a d%tgi?sg
account of the distribution and character of the glass sands

of Oklahoma, which are adapted !
" manufacture. adapted to and available for glass

1. Taff, Jos. A., Preliminary re - |
. » " port on the geology of the A
and Wichita mountains: Prof. Paper, 1J. S. Geol. S%xrveyg,yNo. 31:3 lsg-:ueklo

2. Reeds, C. A, A report on the '
s - geology and mineral resources of
the Arbuckle Mountains: Bulletin Oklahoma Geol. Survey, No. 3, 1910.

3. .Taff, Jos. A, Tah
Geol. Burvey, 1905, Tablequah folla (No, 122), Geol. Altas U. 8, U. B.

CHAPTER L

GENERAL CONSIDERATION OF GLASS AND GLASS
SAND.

HISTORICAL.

Glassmaking is one of the oldest industries, there being
good reason to believe that it dates far back in the develop-
ment of civilization, probably antedating the brickmaking
industry. The earliest evidence of the manufacture of glass
has been found in BEgypt where archaeologists have discov-
ered sculptured designs representing glassblowers at work.

%h% evidence is that these designs date as far back as 4000

Although the Phoenicians are accredited with the dis-
covery of the methods of glassmaking, the majority of
authorities are of the opinion that this honor belongs to
Egypt since the most ancient relics of the glass industry
have been found in that country. Pliny, however, writes
that the discovery was made by a group of Phoenician mer-
chants returning by ship from Egypt to Syria with a cargo
of natron (crude soda). Overtaken by a storm, they landed
on a sandy beach at the mouth of the river Belus, which
flows from Mount Carmel into the Mediterranean Sea near
Tyre and Sidon. While cooking their food they supported
their cooking utensils on blocks of natron. This material
acted as a flux and the fire melted the sand. This story is
probably a pure fable, as such results under these conditions
are impossible. There is little doubt, however, that the dis-
covery of the methods of making glass was purely acci-
dental, but the discoverer, and the time and place of the
discovery are absolutely unknown.

The advancement which has been made recently in the
rocess of manufacture of decorated glass is not as real as
it seems; for the Egyptians were acquainted with the art of
pressing the glass while hot into metallic molds—a feat
which was performed as succesfully then as it is in modern
times. Archaeologists have taken from Egyptian tombs
glass coins on which have been impressed figures of deities
and various sacred emblems, the glass heing colored to imi-
tate precious stones.
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" As nearly as can be learned, the glass industry lived and
thrived until the overthrow of the Roman Government by
the Barbarians from the north, when the glass industry suf-
fered the fate of nearly all the other industries. During
the dark ages one branch of the industry—the :making of
mosaics and stained glass—was perpetuated by the church.
Not until the nineteenth century, however, did the art of
glassmaking begin to emerge from the almost total eclipse it
had experienced and to this century most of the improved

methods which have placed it once again among the arts
must be assigned.

DEFINFTION OF GLASS.

According to Bizer, ‘‘(lass is a transparent selid formed
by the fusion of siliceous and alkaline matter, which assumed
while passing through said state of fusion. at a temperature
sufficiently high, a fluid condition, and, as the temperature
falls, passing from the fluid through a ductile viscous state
to a solid,—devoid of crystaline structure, impervious and
impenetrable to both gases and liquid fluids—a hard, brittle
mass which exhibits, when broken, a lustrous fracture.”’

This definition shows clearly how difficult it is to frame
an exact definition of glass from a chemical standpoint, be-
cause no one of the several varieties has definite chemieal

composition; but still the fundamental constituents of all
commercial glass are very similar.

(COMPOSITION OF GLASS..

The chief raw constituent of glass is quartz sand which,
when pure, is composed of silica (8i0,).” “After fusion the
glass consists of a mixture of two or more silicates united
into a homogeneous, hard, brittle mass. The variety or char-
acter of the glass is determined by the proportion ‘and mole-

“cular composition of these silicates. In the process of manu-
facture the silicates are formed by the union of the silica
with potash, soda, lime, lead, and other bases. Other ingre-
dients are sometimes added in small amounts for special
purposes, such as deoxidizing and decolorizing agents, and
for imparting special colors and properties to the silicates,

For the formation of a silicate it is necessary that at
least one alkali base be present to combine with the acid

4. Bizer, Benjamin P, Elexpénts of glass and__éi:ass

. m,a,king,' 1899,
p. 7.
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ical silica. The quantities of the various constituents are
fr?gde to vary aecoxslding to results desited. These propor-
tionate quantities are determined by experiment and so_the
formulae for the various varieties of glass are established.
Although a close approximation of the relative amounts of
silica and added bases in the several varieties of. glass may
thus be made, yet in several samples of the same variety the
chemical composition may vary within comparatively wide
latitude, so that it is quite impossible to classify the several
varieties on the basis of their chemical composition.

CLASSIFICATION OF GLASS,

Commercial usage has established four general classes of
glass, viz:

1. Plate glass, comprising rough plate, rolled plate,
ribbed plate, and polished plate.

‘9. Window glass, including ordinary and ecolored, or
painted, sheet glass.

3. Flint glass. This term has an extensive application
and includes all common (or lime), flint, and crystal glass.

4. Bottle glass. This grade is coarse and inferior in
quality. It is used extensively in the commonest grades of
bottles and other hollow ware. It is usually of a greenish,
amber, or black color.

The approximate composition of these grades of glass
is shown below: :

Analyses of plate glass.

FRENCH | ENGLISH .| .

[ = R 2

5|5 |5 |3 5

PHgi® | = (3] &

Olgg| 2 3 jep| M

4 Gg|<§|0 | % 188 T

8sl s |84 E8188 | g4d] 4 (52| 9

85|94|55|Ac|~F 5 & |55 ¢

B =~ 'El.) g &
oo ﬂ.’ggg Mayer & 33| 5 dg E
N | =AIOCA| Braser | AA| & |H

1508 +oreoonrrnninis 73.00(75.90|70.71|77.36!78.68]73.31/72.31|73.79168. 60
Si,‘é? ............ 11.5017.5013.2513.0611.3613.0011.4213.-23 g.;g

BT 3.01 1.34f.....|..... -60| 6.
E?&s‘l..'.'.'.'.'.: ........... 15.50| 3.80113.38] 5.31] 6.09/13.34/14.96 8%1;({8
Magnesia .........oci0uu o], 8.32 0:10
g:;:ﬂ?::fde' ‘of Tron... oooiiliiil 1.92| ¢.91ltrace] 0.83[..... 0.68] 0.20
AUIING .vvnnreennindrriidinnideerns trace| 2.68!..... 0.81] 0.58] 1.20
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Analyses of window glass.

* French. English, Chance’s. Russian
Aln y (I;uénans) (1)61;)“:)“) (Cooper) (.'Benrath)'

o T S SRR .0) 71.40 71.27
g:’lézia ...... et veeenn..] 68.00 11.10 15.00 20.10
Soda ... Ll 10000 12.50 12.40 8.14

MO evrrnrnrininininin ....] 14.80 7.40 0.60 ]

Analyses of lead glass,
. d
Glass Analyst, o ; c 5 : £
s ld |8 R - O R I
2% |5 | B| 8| §| 3
5] ()] Ay ; - ] 3
Eng‘llsl} crzsta-l Faraday 51.98).....[13.67].....133 28}
. . Berthier 69.20%.....] 9.00|.....|28.20{ "0 40| """
re‘l‘mh cry;"mtal gauerweln 48.10]..... 12.50] 0.60[38.00 0'50 '''''
enrath 50.18|. .. .. 11.62)..... 11] 1.30] 1.6
American crystal Fletcher 153.98] 6.71) 7.60|. .. .. gg% }33 igg
, B4.12] 5.58) 7.98| . 31.27] 1.05| 1.05
“ Analyses of lime glass.
s
- d % .
Glass Analyst : o g 3 8
u - . ot
Eld(3/8|5/58/8]%
_ G m|o S| 5 »g. 41 8
F‘re‘?ch Pelouze 172.10112.40]..... 16.50].....}.....1....

o tubes |Borthler  [69.20 3.0015.80] 7.60| 00| . |’ 0.50'1.20( 0"
Bohemian  [Rowney  |73.13| 3.07(11.49]10.43] 0.26| 6.46 o 13| 0.30(... "
American  De Brunner |71.92}14.55).. ... 5.14] 2.04/.... .| N 2

“ Henrivaux  [70.40{ 9.13|'8.66/10.00|. . . . 0.50( 0.02 0.99| ..
_IBenrath  J67.10[10.30] 4.20] 5.10] .. | . 0.10] 0.30}11.90
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Analyses of bottle glass.

[}
s |=2 .
' , g |3 . g 4
Kind of Glass. Analysts o | 4 g % g a
=12 | 2|8 |4(55 B¢
@ |la | & |3 8|8e| 3|2
French..... 1 iBerthier  |60.00] 8.10 3.10[22.30] 1.20] 4.00] 8.00).....
Sauvigny ...
St. Etienne... |Berthier 60.40{ 3.20| 3.20{20.70|.....| 8.80[10.40|.....
Epinac........ Berthier 59.60}.....[ 3.20[{18.00] 0.40{ 4.40] 6.80( 7.00
Sevres......ee Dumas 63.66]..... 5.48]29.22| ....] 6.74] 6.01|.....
Clichy....... . |Dumas 45.60}..... 6.10/28.10] ....| 6.2014.00].....
Bohemian. ..
Champagne. } Maumeno 658.40] 9.90] 1.80[18.60! ....| 8.90| 2.10!.....
Champagne... [Maumeno 62.21] b6.69] 1.91|22.93| ....| 6.10] 1.16!.....
German....... |Benrath 69.82]18.28| 1.50| 7.82| ....| 2.58 2.58].....
German....... Benrath 62.78|19.14|11.24) 6.11} ....] 0.73] 0.78].....
Russian....... Benrath 65.77|11.75{11.75[16.568] ....{ 65.90| 65.90].....
Russian....... '‘Benrath 68.88|19.038/19.03[10.19] ....| 2.40| 2.40|.....

The above tables of glass analyses were taken from Elements of Glass
and Glass Making by Benjamin F. Bizer.

PROPERTIES OF GLASS,

Glass possesses peculiar chemical and physical character-
istics, the combination of which isolate it from other sub-
stances. Among these are transparency, viscosity, elasticity,
devitrification, specific gravity, expansion and contraction,
tensile and crushing strength, non-conductivity, decay, and
iridescence.

Transparency —Colorless glass is pervious to light and
has the property of transmitting all the rays of white light
without appreciable absorption. The degree of transpar-
ency in glass depends, first, upon the proportion of the raw
materials and the thoroughness with which they are mixed
in the preparation of the batch. Unless the batch contains
the proper proportion of raw materials to form a chemical
compound in the fusion, a homogeneous transparent mass
of glass cannot be formed. And, second, the transparency
depends ugI)on the completeness of the fusion of the batch in
the melt. Insufficient heating prevents a proper fusion, and
repeated heating tends to crystallize the glass and largely
destroys its transparency by causing it to become tough,
tibrous, hard. and causing a multitude of grains, chords, and
semi-opaque matter, disseminated throughout the glass.
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Viscostiy.—One of the most im ortant pr i
glass is its power, in the viscous stateﬁ to yiel&) C%I;S:EEEZII)}E
under stress. After the batch is melted and the major por-
tion of the_lmpurlt_l_._es has been driven off through evolution
and expulsion of the generated gases, the glass is in a liquid
condition. In this condition it cannot be worked but as the
heat is diminished, or, as it is chilled by exposure to air, it
becomes viseous. In this viscous state it is ductile and tena-
clous and capable of assuming any shape. It can be rolled
like dough with an Iron roller and can be formed into hollow
shapes by the pressure of the human breath or by com-
pressed air. So extensible is viscous glass that it can be
drawn out into a fl.lament sufficiently fine and elastic to be
woven into a fabric. Therefore, it is during the viscous
stage that glass is best adapted to the principal processes of
manufacture. On further cooling the glass rapidly assumes
a solid condition and soon becomes hard and brittle. ‘

. Elasticity. —The elasticity of glass is such that i
a viscous condition, it may be sé;)un into minute’ &&ggdlsn
which when cold, may be bent, twisted or woven into cloth.
A ball of glass let fall upon an anvil will rebound two-thirds
the distance of its fall. This elasticity is due to a play of
the particles in the glass ball which return to their original
position when the digturbing force is removed. .
Devitrification. “Devitrification is the o ion ¢
amorphous, transparent glass into a crystalline?nwersmn of

terial by very slow cooling. 'Ordinary glass is opalq d sud.
denly and therefore lacks crystallineyst%‘ucture. coB?uetd gsig(sié

that is repeatedly heated and cooled in the pr
ate ) f -
facture devitrifies-and has a tendency to begom?iilfghmg?é-
cult to fuse, and fibrous; .and uvsually many solid grai’ns of:
Seml-opaque matter are disseminated through it. Devitrifi-
i}:;gﬁ; :Illzym?e bprevigelzf;ed Igl a ]careful regulation of the
mber of times the is h - -
perature to -which it is heated. g;ass }s cated apd the tem ;

. Opacity and semi-opacity:-which .always ocelllrr in itri-
fied glass may be produced by adding to %rhe batch mgtez'liglls
such as oxide of tin, oxide of: arsenic, or phosphate of lime
which will remain-in suspension in the glass.” The changé
- 1n the structure in the glass consists simply in the formation

of so-calledr;crystalhtes,r or: small -srystals in ' the! glassy
bases. Those glasses with bases containing’ lime, alimina,
and magnesia In excess devitrify easiest. G‘rlass’, such as,
window, that is subjected continually to the action of the
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atmosphere and gases, devitrifies, i. e, becomes dull and
opaque and looses its lustre and transparency.

Specific gravity. In the manufacture of glass little at-
tention is paid to spécific gravity except in the manufacture
of object glasses, lenses, artificial gems, and similar articles.
The value of these depend upon their power of refracting
light and, sinicé the light-refracting power of glass increases
with the increase of molecular weight, the specific gravity of
glass varieés with its composition. This ranges from 2.5 in
the lime glass to 5.0 in the heavy lead glass. The specific
gravity of glass’is also slightly influenced by the amount of
contraction resulting from cooling. It is further influenced to
a slight extent by the relative amount of the volatile matter
driven off.. The specific gravity:increases with -the expul-
sion of volatile matter.

Expansion and contraction. Qlass is affected by
changes in ‘temperature and follows the rule of expanding
when heated and contracting when cooled. The amounts of
expansion and contraction for equal changes in temperature
are not equal in all grades of glass, but are higher in glasses
containing the alkalies, ‘especially soda and potash. The
decadent effect§ of expansion and contraction caused by,
daily change$ in the temperature of*the atmosphere will be
discussed"below. Great and sudden changes in temperature
may cause sufficient expansion or contraction to break the
glass. Hot water poured into a thick glass bottle or jar
often breaks the vessel. This is because of the expansion
produced on-the inner surface while the outer surface is still
cool. If the echanges in temperature can be made to take
place uniformly throughout the mass: there is little danger of

. breaking, but as glass is a poor conductor of heat this condi-

tion is seldom-realized except .in very thin glass.

In the manufacture of glass care should be taken to pro-
duce as nearly as:possible an absolutely uniform homogene-
ous body, in.order to guard against the effects of contraction:
and expansion. This is accomplished by annealing. The
process of annealing is discussed later. :

Tensile, and crushing strength. 'The term tensile
strength as here used refers to the amount of force neces-
sary to break a glass rod or bar of given cross-section by
straight pull’~ Crushing strength refers to the weight nec-
essary to crush a glass body of given dimensions usually a
cube. The tensile strength of glass is greater than that of
granite and ranges from 6,000 to 10,000 pounds per
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Square inch. The tensile and crushin strengt

pend mglch upoxhthe ma;n:lexil in Whichgit is ggnléa(l,ef\,da glass de
; ass well annealed has less structural laminat:

flakiness, and less undue internal tension tharil lﬁugis&n’itgf

properly cooled; because the molecules are allowed time to

in size throughout the entire body which, b i

acquires regular and dependable strength, ’ Tlfe 1t;ahf:":icirz) l(')(;:‘CEib;f:

plropeg annealing is illustrated by putting a piece of hoi

Eﬂagsﬂ;xll gglllczrwzz!:er. . Tltlﬁ sudc}en fooling causes rapid and
¢ action in the molec '

point of contact and fracture occuli':se:8 of the glass near the

Non-conductivity. — Flasgs is a '

” / ] poor conductor. of

but one of its ﬁecuhag properties, generally speaking(,) isht%?t’;
t rays and absorbs the non-

of different glass experts, however, can b i

- 3 .y e S
window glass which will 1ot transmit heat ra}]rlsb ﬁ:l;tla:z)tgg ,bg
1nlcommon usage. This grade of glass is supposed to absorb
a large per cent of the heat striking it and thus keep a house

- cool in summer and tend to keep it warm in winter.

Deocay.—Many think of glass as a hard substance, devoid
liquid and

to weathering,

The chemieca]l composition of o] i
glass det

L?'Zzgigesxvtv?%’ rt;ﬂe r%te of de(iixy. Tts resistagc%rl?;ngzzza:ro ina
e ol approach to, and decres, i epar-

ture from a definite chemical e i depar—
ents dissolve in about the same fzftm pomzh’ and its -
the glass. The larger the amount l(i" as]k in any aponed in
. ] li in any gl he’

more easily the glass is attacked b0 he 5 —ons ontine

! y the simul i
of the moisture and carbonic acid” when ggg:;-%e%gs Zﬁ;fllgsr-l
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pheric moisture. The change in color is due to the combined
action of the carbonic acid and atmospheric moisture which
form an insoluble crystalline film of silica upon the surface
of the glass as a result of the action upon the silicates. The
carbonic acid and atmospheric moisture also form a soluble
silicate with a base which decomposes and leaves the surface
pited. This offers greater surface for additional moisture
and consequent forces to aid in its destruction. Hydro-
fluoric acid attacks glass readily by decomposing the sili-
cates, and forming fluorides with silica and its metallic
bases. Hydrochlorie, nitrie, sulphurie, and phosphoric acids,
and even pure water by prolonged action exert a decompos-
ing influence.

Iridescence.—As has been stated, glass in the process
of decay becomes pitted and laminated, that is, composed
of thin plates or scales. In glass of this kind a beautiful
iridescence or rainbow-like play of interference colors of
much brilliancy is frequently observed. This play of colors
is due to the thin films of air between the minute scales
of glass and to the irregular surface of the pits, both of
which refract and decompose the rays of light. Iridescence
is produced in glass by artificial means with a fair amount
of success. The best methods adopted are those which al-
ternate the refractory power of the external layers of the
glass by subjecting them to vapor from volcanic ashes or
to the combined action of heat, pressure, and weak acids.
‘Many beautiful effects may be produced in this way.

BAW MATERIALS,

Sand.

As previously noted, the chief constituent of glass is
silica in the form of ordinary sand. In the preparation of
the batch, however, chemically prepared basal and auxilia-
ry substances are added. Soda, potash, lime, and lead
constitute the principal basal elements used, and nitre, salt-
cake, arsenic, antimony, and manganese the principal auxil-
iary elements. The kind and amount of material added
in each case is controlled by the hardness, luster, color, or
other properties desired. The several ingredients will be
discussed in the section treating of basal and auxiliary
substances. Only a small per cent of the accessory ingredi-
ents comes from the alkalies and other substances which
are added to the sand to form the batch. Tt follows, there-
fore, that the color, transparency, brilliancy, and hardness
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of the glass are determined largely by the quality of th
:;andt Whicht—-_ 1;1 tltlﬁ on%ﬂ oneb of the componentg occuS;'ring ix?

nhatural state, the others bein hemi -
2 Batur Ing  chemically prepared sub
. _The factors which determine the value of a deposit of
sand for glassmaking are ; (1) chemical compositi}c))n; (2)
physical properties; (3) available supply; (4) conditions of
quarrying,-or mining; and, (8) location with respect to
fuel supply, transportation ‘facilities, and market, These
will be discussed in order. : '

Chemical Composition,

Silica.— Sand is composed prinecipally of silica (810,),
and the purest glass sands confain practically 100 per cent
of this oxide, with only’ traces of impurities. "From this
maximum ‘all gradat}op‘s in" composition may be found
down to sands containing such large percentages of im-
purities that they cease to be sands. The best grades of
glass sand obtained from the Illinois and Missouri fields
are reported to contain from 99 to 99.9 per cent silica,

while the poorest grades sometimes run as low as 90 per
cent siliea. ' :

Impurities.—The most harmful impurities found in
sand are iron, clay, magnesia, and organic compounds. Iron
18 a strong colorizing agent imparting to the glass a . green,
yellow, or red color, which varies with the amount.and the
degree of oxidation of the iron. Aluminous substances
(prmclpal_ly clay) lessen the transparency of the glass and
for the higher grades tMeir presence in excessive amounts
must be avoided. The presence of magnesia raises the
fusion point of the batch and thus more fuel must be used
to melt the charge. Organic matter is a strong’ colorizing
agent and produces. a dark amber color. : ' °

. To neutralize the colorizing effects of these impurities
upon glass, decolgr;zmg agents are sometimes used, The
- principal decp]orlzmg agents are manganese, arsenic, anti-

mony, potassium nitrate, nickel oxide, and cobalt oxide.

These 1ngrqd;1ents are used in-'small quantities, since in

%zglge quant1t1es they become colorizers instead of decolor-
S. '

The percentage of impurities allo vable in glass |
. depends upon the grade and character of glasté desisg;g
For the finest flint ware, such as optical and eut glass, only
the purest sand can be utilized, perfect transparency, great
-brillianey, ‘and uniform density of product being rezluired.'
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For manufacture of this ware the sand should not carry
more than .05 per cent of iron (ferric oxide, Fe,0;), or..L
per cent of alumina (AL1,0,). For the manufacture’ of
plate and window glass, however, which are commonly g
pale green, and which do not require as pure a grade of
sand, .2 per cent each of iron and alumina is not injurious;
and, in some cases, as when decolorizing agents aré;‘usg,ﬁ;ﬁ
the sand usually contains .3 to .4 per cent iron and ',',ﬁ'i.'w,";?

Sl

per cent alumina. Some grades of English plate and’ win:
dow glass contain as much as 1.92 per cent iron and. .2.68,
per cent alumina. The French mechanically pressed_plate;
glass averages about .14 per cent iron and 1.27 per.-cenf;
alumina, and the English, .49 per cent iron and .7 per gent
alumina. Lead glass contains as high as 1.93 per cent each
of iron and alumina, and lime glass, as high as 5 per eent:
iron and 6.22 per cent alumina. In the better grades of
bottle glass the iron averages about .65 per cent and-
alumina about 2.2 per cent. Since sand forms only 50 to-
80 per cent of the batch, the percentage of iron and alumina.
may be still higher than these figures.

Methods of Chemical Analysis.

The writer finds no great amiount of information ex-
tant on methods of chemical analyses of glass sand. In the
present investigations two methods were used, the results
of each being checked against those of the other in every
analysis. The first, or direct method is that ordinarily
employed in silica analysis and will be disucussed first;
the second, or hydrofluoric method, will then be treated
briefly, wherein will be shown the manner in which results
were made to check against those obtained by the first
method.

The Direct Method.

Preparation of sample—In order to hasten the fusion
and ‘the total decomposition of the ingredients of the sand
it was found necessary to grind it into a fine powder. As
a means of securing an average sample in each case several
hundred grams of the sand were taken and well mixed.
From this about four grams were taken, placed in an agate
mortar and ground to a fine powder.

Fusion with silica fluw.— One gram of the finely pul-
verized sample was mixed thoroughly with five grams of
a silicate flux which was composed of 53 parts by weight of
sodium carbonate (Na,CO,), and 70 parts by weight of
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) bubbles were seen to escape.
When the fusion was complete the erucible with the
contained fused mass was immersed in cold water to about
one-half the height of the crucible, The immersion caused
the fused mass to cool suddenly and shrink away from the
crucible thus loosening itself and making removal easy.

about 10 c.c. of dilute hydrochloric acid (HCl) were adde

to the crucible and gently heated on the wéter b)ath for a fevg
minufes. The dissolved contents were then washed into a
small beaker with a jet of hot water and the operation re-
peated until all the fused mass was dissolved., The casserole
was covered with a glass and the solution from the small
beaker was carefully transferred to it, care being taken that
nothing was lost by effervescence, The contents of the
beaker were then transferred to the casserole, and to the
contents of the latter about ec.c. of concentrated hvdro-
chloric acid were added. The casserole was then placed
on a water bath and heated until all the fused mass was dis-
solved. Sometimes small amounts of the silica were left in
the bottom of the crucible and floceulent particles were seen
floating about in the solution. In such case the solution
was filtered and silicg subjected to a second fusion and the
contents added to the casserole. The casserole was then
placed on a water bath and the solution evaporated to dry-
ness; 25 c.e. more of concentrated hydrochlorie acid were
added and the solution evaporated to dryness again. The
solid substance was removed from the bath and ground
thoroughly in a mortar and again transferred to a casserole,
T};e_ casserole was again Lcovered with a watch glass and
this time placed in a drying oven heated to about 135° C.
and let remain forty-five minutes. About 50 c.e. of dilute
hydrochloric acid were added and the casserole placed on
the water bath and heated until all the contents except the
silica were d1ssolvgd. While being heated the solution was
stirred with an ordma_ry glass rod. The solution was filtered
through an ashless filter Paper into a 200 c.c. graduated
flask and thoroughly washed with hot water, the washings

OEKLAHOMA GEOLOGICAL SURVEY. ' 18

being caught in a beaker. The wet paper and silica were
placed in a weighed platinum crucible and heated over a Bun-
sen burner until the paper was charred. The temperature
was then raised and the crucible kept red until the silica
became white. The crucible was cooled in a dessicator and
weighed. The weight of the silica multiplied by 100 gave
the percentage of the silica. '

The filtrate from the silica contained the alumina
(Al,Oy), lime (CaO), and magnesia (MgO). The contents
of the beaker were evaporated to small bulk and washed
into a 200 c.c. graduated flask. The solution was cooled and
the beaker then filled with pure water to the mark. A
stopper was inserted and the solution was well mixed by
shaking. With a graduated pipette, 100 c.c. of the solution
were removed into a 250 c.c. beaker and the pipette and first
beaker were washed into their respective beakers.

Determination of iron (Fe,05) and_alumina (Al,04).—
To each beaker a drop of nitric acid (HNO,) and about 5
grams of ammonium chleride (NH,(l) were added and the
solution heated to boiling, after which the solution was re-
moved and, when cool, sufficient ammonia was added to give
a decided odor. The solution was boiled again for a few
minutes and then set aside for the precipitates to settle. After
settling the precipitates were filtered out through separate
11 em. ashless filter papers and washed thoroughly with hot
water until the last drops produced no trubidity with silver
nitrate (AgNO,). : '
_ To one of the filter papers just mentioned 25 c.c. of
dilute (1 in 5) c. p. sulphuric acid (H,SO,) were added and
the dissolved precipitate was received in a 100 e.c. Frlen-

meyer flask. The filter paper was washed three or four

times with hot water.

In order to reduce the iron from the ferric to the ferrous
condition, a piece of platinum foil was placed in the solution
in contact with a piece of c. p. stick zine and allowed to
remain one hour. The solution was then filtered into a
beaker and the filter washed.

The solution and washings were placed under a burette
and tfitrated with a weak standard potassium permanganate
(KMnQ,) solution. Omne c.c. of the permanganate solution
equaled .0014 grams of iron. The number of c.c. and tenths
used, multiplied by .0014 gave the weight of the iron; this
was multiplied by 2 because the previous solution was
divided into two parts. The weight of iron multiplied by
100 gave the percentage of iron.
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crease in the weight of the platinum crucible gave the
The weight of iron as

weight of the alumina and iron.
found in the manner above described was subtracted from

the total weight and th It a4V ‘
per eent of alg;lmina, e result multiplied by 200 gave the

, Determination of lime (Ca0).—The filtr i
200 c.c. beakers above mentioned together 32%?1 'Thgh;?vatgf
;_f,ngs from the alumina and iron precipitates were trans.
ferred into a larger beaker and the 200 c.c. beakers washed
mto it. Five grams of ammonium chloride and sufficient
concentrated ammonia (NH,O0H) to give a decided odor
}v)ve_rl'(.e added. The solution was heated to boiling and while
ouing, 25 c.c. of a hot solution of ammonium oxalate
[ (NH4)2Q2O4] reagent strength were added. The boiling
- was continued until the silght precipitate granulated. The

caleium oxide. The magnesium
: le. phosphate (Mg,P

:il’c())gnd, multiplied by the factor .3622, and( thgié r(gsgltthll)ls
» .8ave the percentage of magnesia. = Y

" . Determination of organs
o L 07 organve matter—~Two method 3
used in the determination of organic matter. In0 t%ewgztj

alyses of the sands containine .
the following method was useds . “0OUnt of limestone,

Five grams of the sand (not pulverized) were placed
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in a weighed platinum crucible and ignited for a half hour
over the Bunsen burner, and then five minutes over the
blast lamp. The crucible and contents were cooled in a
dessicator and weighed. The loss of weight gave the
amount of organic matter, as all the samples analyzed had
been exposed long enough to lose all but atmospheric mois-

- ture. In the analyses of the sands containing limestone in

any considerable quantity the following method was used:
About five grams of the sand were placed on a weighed
filter paper and washed with dilute hydrochloric acid until
all of the limestone was decomposed into calcium chloride
(CaCl,) and calcium oxide (CaQ).  These were washed
through the filter paper by repeatedly pouring small
amounts of warm water on the contents of the filter. The
filter and contents were then dried in a drying oven for one
hour at a temperature of 100° C. and cooled in a dessicator,
after which they were weighed. The total weight less the
weight of the filter paper gave the weight of the silica
and- other non-volatile substances plus the weight of the
organic matter. The procedure from this point on was the
same as the method above. ‘ : :

No quantitative analyses were made for titanium, sodi-
um or potassium, because qualitative tests on the sands
?lhowe%dlthat they do not occur in sufficient quantities to be

armful,

Hydrofluoric Acid Method.

As above mentioned, in chemical analyses the writer
employed the foregoing or direct method, and the hydro-
fluoric acid or indirect method, checking the results of each
method against those of the other. The procedure in the
latter meéthod consisted briefly as follows:

Two grams of the finely pulverized sand were placed
in a platinum dish and about 7 ¢. e. hydrofluoric acid (HF)
were added drop by drop, the mixture being stirred at the
same time with a platinum wire. A few drops of sulphuric
acid were added and the mixture was evaporated to dryness
on a sand bath, and then heated over the naked flame of
a Bunsen burner until all fumes ceased coming off. It was
found necessary to repeat this process about twice before
all the sand was decomposed by the hydrofluorie acid.
After the silica was expelled by the repeated evaporations
in hydrofluoric acid and sulphuric acid, the mass was di-
gested with hydrochloric acid until all went into solution.
The silica was obtained by the difference. The other con-
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stituents were determined in the filf
0ds as in the previons methad. e filtrate by the same meth-

Physical Properties,

Shape of grains.—The prevailing opini
Sﬁnd experts has been that the sgndp grg,?n: n;(l):(l)%l Iasg
;1 az:p a}rlld angular, never rounded and smooth. The con-
1en 1on has been that the rounded and smooth grains do not
eage a8 many interstices through which the heat can pass
as do the sharp angular grains. For this reason it has een

maintained that the round grains have a tendency to settle

to the bottom of the batch in the melting pot and prevent

an even flux, producing an unevenness and irre

_ }ity lnh the glass. Some of our vrominent glass ;glégro%u?g_
bay, owever, are of the opinion that more attention has
; 1<leen given to the shape of the grain than is warranted, and
ey contend that it 18 not an important factor and that
%ggro Ig['lzo%i g:}ilgﬁ ésagd, if of ;lprop'%ll'l degree of fineness. will
ery readily. is conclusion has beer
-reached because of the fact that several inent glags
- J Ll . . roml ;
]?]zzﬂtséhm the Mississippi Valley are succz)ssfulll;renltna’(-)‘l‘zlian'2
fo e ordinary grades of glass and the fine fiint wares

Tom T};lhe sand composed entirely of rounded grains.
Most gthOkIahgma sands are prevailingly subangular.
o 3 e grains show irregular fracture surfaces, angles
hetﬁ'es. In the case of those grains larger than the 60
mes e angles and edges are more or less rounded; while

that are not s arply angular. Th t
smaller the grain the morguang:ular i?: iieneral rule. s the

Size of grains—There are gl i ini
the most desirable size of th ing. | Theae (arions 28 to
:gnéend ':}ﬁaft;hthe si%e anod shgpger?)lfn:ile roregire those who
) do wi e quality of the glass, but that i
will melt more quickly and consequently riqllair:mﬁals}sg;:;;t

unif?ll"hm i;.l size.

_ e Imer sand is said by some to ‘b ” i

23;;3-2 and dnot produce as much glass p::n ug?tt asmdf)];:
er sand. The grains larger than 30 mesh on the other

80 mesh there are almost none -

grains have nothing -
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hand are more difficult to fuse. This lewers the amount
of sand each furnace can melt per day and consequently in-
creases cost of production. As already noted, in a mixture
of coarse and fine sand the finer is liable to settle to the
bottom of the batch, thus preventing an even mixture of the
materials and producing in consequence a glass uneven in
texture.

Physical Tests.

Determination of the size or grains.—In the present in-
vestigation in order to determine the size of grains, a series of
sieves of 40, 60, 80, 100, and 200 mesh were arranged in regu-
lar order, the coarsest above and a pan beneath the series.
One hundred grams of sand were placed in the 40 mesh and
covered with a tight lid. The nest of sieves was then taken
in the hand and given one hundred circular motions. The
sand was removed from each sieve and weighed, the amount
retained on each gave directly the per cent of sand that was
unable to pass that particular mesh. Although in the
coarser screens there is a larger percentage of mesh space
in proportion to the total area than in the finer sieves,
owing to the fact that in the coarser sieves the diameter
of the wire is less proportionately to the size of the mesh.
than in the finer sieves, the ratio of volume of material to
mesh spaces is approximately preserved. On the whole,
therefore, it seems that the best results were obhtained by

" shaking all the sieves together.

Available Supply.

There are numerous small deposits of good glass sand
near fuel and accessible to transportation facilities that
can never be developed in the United States, because the
deposits do not contain a sufficient quantity of sand. Glass
sand is not very valuable. In 1910 its average price in the
United States was $1.04 per ton. It is obvious that at this
price, the sand must occur in sufficient quantities and
under such conditions as to reduce operating expenses to
a minimum. Under favorable geographic and geologic con-
ditions thin ledges affording relatively small amounts of
sand may be worked at a profit while the cost of working
thicker ledges unfavorably situated would be prohibitive.
Ordinarily a deposit of sand 20 feet thick should have an
areal extent of 25 acres of good sand in sight to warrant
the erection of a mill and construction of trackage. -
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Conditions of Quarrying or Mining.
. Character of sand.—The ease with which sand may be

removed from the ledge and prepared for mixing depends:

largely on the degree of its consolidation or induration.
Other things being equal, a loose friable sand which may
be worked with a steam shovel or by similar means is pref-
erable to an indurated sand which must be blasted in order
. to remove it from. the quarry, as well as ground to prepare
it for mixing into the batch. Some sands were once firmly
cemented or perfectly indurated but have become friable

through the solvent work of waters slowly precolating
through them.

Character of outerop.— In a general way the sand oc-
curring in a bluff is more easily worked and is usually
obtained at less expense than that secured by removing
the surface soil and working from above. Sharp contacts
with rocks above and beneath are to be preferred because
usually under this condition a less amount of the sand is

likely to be contaminated with foreign material from the
other rocks.

Drainage.—Qlass sand is often more easily eroded than
the rocks with which it is associated and. as a result is often
found outcropping in ravines and creek beds. HEspecially
is this true of the sands in Oklahoma. In selecting a place
to open a quarry care should be taken to avoid a location in
which surface waters might interefere with quarrying.

Location.—Good tli)ansportation facilities and a read'v‘

market are indispensable to a glass sand industry. The
locality that is handicapped by poor transportation facili-
ties or an unsteady market cannot hope to be a successful
competitor. Since fuel is so important a factor in the man-
ufacture of glass it is also evident that a sand must be
within reasonable distance of a center of fuel supply, the

glass factories being necessarily located at some such
center. '

Basal Substances.

Soda, potash, lime, and lead constitute the major basal
substances of all commercial glass. They are necessary as
reducing and combining agents with the silica in the for-
mation of the silicate glass, In addition to these, salt-cake,
nitre, borax, saltpetre, and barium carbonate are quite
often used and may be classed as minor basal substances.

The table already given in the section on the classifi-
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cation of glass shows approximately the extent of variation
of amount of these basal substances. . ) ) )

The several major basal substances will be briefly dis-
cussed in order:

Major Basgal Substances.

Soda— (soda-ash, sodium carbonate, Na,CQ;) consti-
tutes the principal base for most of the commercial glass of
the present day. The chief source of soda to supply the
demand of the earliest glass houses was obtained from the
natron lakes of Egypt. In later times the soda was ob-
tained from the ashes of certain plants that grew in the
sea or along the seashore. The natron secured by these
two methods was very impure and produced a glass in-
ferior in every way. )

° Realizingythe ¥1eed of a purer grade of soda, the French

" Government offered a reward of 12,000 franes to any one

who would succeed in devising an artificial process of con-
verting common salt (NaCl) into soda. Nickolas LeBlane

- succeeded in’ accomplishing this in 1790 and this discovery

opened up a new era in the glassmaking industry. The

~LeBlane process was universally used until 1863, when

Earnest Solvay devised the ammonia process. This latter
process has replaced the LeBlanc process since it is simpler
and more effective. Solvay’s process consists in treating a
pure solution of salt charged with ammonia with pure car-
bonic acid. The precipitates of sodium carbonate formed is
purified by filtering, drying, and heating. ) )
Soda is crystallized sodium carbonate deprived of its
water of crystallization. Its value depends upon the sodium
oxide (Na,0) which forms practically 58 per cent of the
mass. During fusion 31.67 per cent of the soda is lost
through evaporation and volatilization. In addition to its
acting as a reducing and combining agent with the silica, as
has already been mentioned, the soda-ash adds a brilliant
tre to glass. )
tus As a%ready noted several compounds which may be
called minor basal substances merit separate discussion.
They are:

Potash earl-ash, potassium carbonate, K,CO;).—
Potashogroduég; fusion in the batch more readily than soda,
and also produces less coloring; but since it diminighes the
brilliancy of the glass and is somewhat more expensive than
soda, it is not used to any great extent in the manufacture
of glass.
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'calcil_ml carbonate,
. m oxide or calecium
1t is an alkaline base, facilitates fusic

increases the insolubility of (e sic L, adds stability, and

“C
that the proper amount be added, since afﬁ g;:%ztssbi‘ettﬁglsl

fusion, hardens the glag it i

v1tr1_fi::§tion, and als%) pi’ogllllgesr (:}al,1 dr?fi?klt appoureple o de

ﬁllas?i __ffl‘he amount of lime
e diflerent glasses, the 1

glass, 8 to 15 per cent; lnte glass 328

glass, 6 to 30 per cent; lime flint, 5 t

v a).—If.itharge and

been largely replaced by _solda. They arenllggg ?ﬁrﬁm?a‘{ﬁ

) gems, optical imi

{)a}li.llll);gg;czti dpcas:}elzs:_s%ng a];:, cilzhfy Ziopthe p%l;ziest’om}l)(}'oiillrf;(;
) ensity. Red lead is 1 i

because of its being ; i P b anynge

cause it liberates ogxylgl;ei t;ggﬂsj}tate % famagysion and be-

liberati SN upon fusion. This ready
P on of oxygen facilitates the removal of the imr)uny

Lead glass is ver i i

- y soft, highly refract

and is less apt t ’ y Teiractive, and dense
temperature.p ° break when exposed to sudden changes in

Minor Basal Substances.

/ ; er of crystallizati
o 55 drtven o GEbL | Although this water af ryatalize
of the remainder is lost duerisnagtt}:lseuriz(llf’:.yet P6.3 per cent

Salt-cake ig sometimes used instead of soda because

salt-cake, for the reasons given b]gllolyss,ce}lllt years, however,

way, to soda. It requires 130 to 150 p,oundalas olfaggfgzaiiev?:g

ties than the soda and als
tive to the pots, tanks, agdpl;ggﬁgegfﬁ;ﬁes oy aze dostruc-

of these impurities, the glass made from ilﬁgna::it_(gi%augg
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more deeply colored. The prevailing color is a bluish green
which is chiefly due to the presence of iron. The most seri-
ous objection to the use of salt-cake in the batch is the fact
that 10 to 20 per cent more fuel is required than if
the carbonate were used. The additional amount of fuel is
necessary because a higher temperature is required to force
the silicic acid to decompose the salt-cake than is required
to decompose the soda. To aid in this decomposition carbon
is added to the batch, generally in the proportion of one
equivalent of the carbon to two of the salt-cake. The carbon
added abstracts one oxygen equivalent from the sulphurie
acid leaving sulphurous acid which readily .forms a silicate
of sodium and hence aids in fusion. Care must be taken to
get the carbon thoroughly disseminated throughout the
batch, otherwise quantities of undecomposed sulphate may
oceur in the glass. In a few places vegetable and animal
fats, oils, and similar substances are successfully substituted
for carbon.

Nitre (Chili saltpetre, sodium nitrate, NaNO,).—Sodium
nitrate enters the batch in conjunction with the other alka-
line bases and acts as an auxiliary base. It is used chiefly
as an oxidizing and decolorizing agent, since its oxidizing
properties aid in the expulsion of the carbonaceous matter,
thereby facilitating the fusion and improving the quality
and color of the glass.

Borar (sodium horate, Na,B,0,-+10H,0).—Borax is a
powerful flux and facilitates the fusion of the batch, by its
readily becoming a fluid at a comparatively low temper-
ature. At the fusion point it becomes considerably agitated
and this agitation has a tendency to purify the glass by dis-
persing and expelling many of the impurities in the batch.

Saltpetre  (potassium nitrate, KNO,). — Potassium
nitrate is very seldom used in the manufacture of glass and
then only as an oxidizing agent in the finer wares.

Barium  carbonate (BaCO,).—Barium carbonate is
sometimes used as a substitute for lead, lime, potash, or
soda; but, since it is more costly and less pure than the
other bases, it is not generally used. Pure barium car-
bonate facilitates fusion, imparts lustre, adds hardness, and
increases the density of glass.

Auxiliary substances.
The auxiliary substances used in the manufacture of
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glass are cullet, manganese, arsenic, antimony. ¢

nickel, and bone-ash. These are added to ac%,,asogae{)tz’ci?iai‘g;?gz

and decolorlzmg agents to remove or neutralize the acei.

dental color which is usually produced in the glass by the
~ 1umpurities contained in the raw materials. They are often
~added also to impart special colors to the glass, but this

phase of the subject will b "
of ‘“‘Colored Glas?s.” Wil be treated laiier under the heading

Cullet.—Cullet is pulverized waste olass ‘
to a bateh it should be as near the natﬁre of t%veh zrlla:g ?e(!
sired as possible, otherwise the product will have a ten-
dency to become stratified and lumpy. Cullet is more fusi-
ble than th.e raw materials in the batch and, therefore when
properly disseminated throughout, it facilitates fusion since
it keeps the materials open and in a porous condition This
facilitates also the transmission of heat through the mass
‘When the transmission of heat is well regulated undue loss
of the alkalines through volatilization is prevented and

also a more uniform product is obtained. The cullet should

not be used in excess of possibly one paj
ex 0 part of cullet
, Eglét; t(l)lf fgand, sm_cle _ 11:;1 1?arger quantities it re(fucgg ttv}v;g
: gth, firmness, elasticity, and resist :
causes it to become very brittle. - Sistence of the elass and

) Manganese.— The manganese used in glass man
is chiefly the dioxide (MnO,). Ttisa strgng oxidiz?i?g‘ct;gg
~ decolorizing agent and is often termed ““the great decolor-
izer of glass.”” The chief function is to neutralize the
glgeemsh color imparted t6 glass by the protoxide of iron
(FeO). From every 100 parts of the dioxide 181% parts of
oxygen are set free. This liberated oxygen combines with
the protoxide of iron to form the peroxide (Fe,0,), which
produces a reddish-yellow tint in the glass and ngu’tralizes
;he green tint produced by the protoxide. This oxygen set
free by the managnese also assists very materially in wash-
Ing out the impurities from the constituents and thus aids in
Eurlfymg__ the color of the glass. The use of manganese
fwever, 18 being largely abandoned in the manufacture of
glass that is exposed to the continued action of sunlight
especially window glass, since the sunlight produces chemi.

cal changes which render ine ;
o onstant the col :
taining manganese. or in glass con-

Arsenic (As8,0,).—The function of arsenjc i
0,). ) 1c in th -
facturehof glass is that of a purifier. It acts1 prigc%zia?ﬂr
upon the carbonaceous matter present and is often called
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“the great decarbonizer of glass.”” In addition to the re-
moval of the impurities from the constituents and their
expulsion, by means of carbon dioxide formed, the arsenic
in small quantities also facilitates the fusion and decompo-
sition of the other materials. Color imparted by arsenic
is not affected to any noticeable extent by continued ex-
posure to sunlight. Hence arsenic is used extensively as a
decolorizer in window glass. Care must be taken, however,
to avoid using an excessive amount of arsenic since it pro-
duces an objectionable milky color in the glass, which in-
creases with age.

" Antimony (Sb, 0;).—Antimony is very seldom used in
glass manufacture, and then only as a substitute for arsenie.
In small quantities it performs the same function as arsenie,
facilitating fusion and aiding in the elimination of impuri-
ties. In excessive quantities .it produces objectionable
effects and is even more deleterious in its effects than is
arsenic. :

Cobalt, zaffre, and nickel are sometimes used in the
manufacture of lime and other flint glasses as decolorizing
or neutralizing agents. Bone-ash, [calcium phosphate, usn-
ally Ca,(PO,),], is also sometimes added in small quan-
tities to the batch, especially of opal glass, as a decolorizer,
since it is especially active in neutralizing the impurities.

Before leaving this phase of the subject it will be in
order to note that the basal and auxiliary substances are
manufactured products and hence are not important factors.
as are sand and fuel, in the location of a glass plant.

FUELS.

Experience has shown that the success of the glass in-
dustry in a given locality is determined largely by the fuel
supply. The fuels are wood, coke, coal, oil, natural and pro-
ducer gas. In the early days the fuel consisted in wood thor-
oughly dried or baked. In the last 50 years it has given
way fo other fuels. In recent years coke also has been
superseded, therefore, both of these many elimated from
‘the discussion. Recently, in many localities in the east the
industry suffered for lack of cheap fuel and in many places
plants have suspended operations. On the contrary the in-
dustry in the Mississippi Valley has made a wonderful pro-
oress. In Kansas and Oklahoma the rapid progress is due
to the large amount of cheap fuel furnished by the Mid-
Continent natural gas fields, while in the other states it is
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" due to the large sunply of bituminous 'coal which is unsed in

the manufacture o producer gas. As an example of the

, and Indiana are payine eight to twelve cents pe‘:

Coal probably takes precedenc
) y te e over all -
g}l{&llls:,m?kﬁiﬁg. This is true because it is founé)tihne 1;111;}?)]& o
depogisi:saine t%ga%tlf_:ie% nsiaxi'; mos{:I of the large glass salnlg
] nite ates. d direetly i
best fuel since the smoke roducts haye a0t the
s e th and by-products ha 1
a serious objection, especiall naterialy toeD
s ! Y where th
ﬁ?;tzguiﬁyeggfyseldt 1;tlo dlrelacj; action of fhe I?Ia;&galsB%% ?n
1ttle coal is used directl .
manufacture of glass, but vast ities ara
lass, uantit
p}l{pducer. gas. When coal is I?tilize:il(zi atll?i
chief objections are overcome. There seem
creasing preference for producer 2
the. supply is constant.

0il is not used to an
. t Yy great exten
1n<(iiu§try as 1t produces no better.reglfllisa
agi 1s much more expensive. To operate
oll a more or less complicated system of bu

8 manner the
to be an in-
over natural gas, because

fuel in the glas
than other %uelg

Natural gas, where found j iei
. gas, n sufficient ntity, i
}geal ffliel. It produces a constant and integsgaﬂglt%’ ’ lii the
rmiul by-products are given off. In Y of the
eastern districts, however !
and is so uncertain as t
noyance and loss.

Producer gas. Tn most of th i j

. S ( ese localiti :

: ;‘;II‘IZI;S; &rg ﬁubstltptmg: producer gas for nalttif:alt};ilgn z’il?ﬁl'fap-
distillation aud 11 ronous coal by a process of destruetivg
uiilized in the glags’ dneneton e best form of fuel yet
tense and it Industry, as the heat produced is in-

- S use gi ; s T
70 per cent. ?_glves a direct saving in fuel of from 35 to

OKLAHOMA GEOLOGICAL SURVREY. 26

The gas producers are usually arranged outside the
glass works where all the manipulations of feeding, of stok-
ing, and of removing the ashes are performed without inter-
fering with the work inside. Care must be taken to place
the gas producer at a lower level than the furnace in the
glass plant as the gas has a natural tendency to pass upward
to the furnace.

FURNACES, POTS, AND TANKS. -

The outer walls and the pillars of furnaces are constructed
of ordinary yellow or red brick, or of common building
stones. The wall lining and all parts exposed to intense
heat are constructed of high grade fire brick. Little mor-
tar (;s used and that is made of a refractory clay and pure
sand.
The eclay best adapted for the manufacture of fire
brick for glass furnaces should be as pure as possible and
very refractory, breaking with a clear, smooth, bright frac-
ture, and free from lime and calcium sulphate and should
contain the least possible amount of iron. The most essen-
tial property in good fire clays, or in any of the objects
made from them, is a high fusion point. To obtain this
high fusion point the clay should be free from metallic
oxides, such as lime and iron, which unite with the silica
with comparative ease. In addition to being refractory the
clay must also be sufficiently plastic to be readily moulded
and at the same time should not shrink much.

Before the final decision can be given on the adaptabil-
ity of a clay. an examination of its physical properties must
be made, its plasticity, bonding power, amount of water re-
quired to make a plastic mass, specific gravity, tensile
strength, shrinkage in drying and in burning, vitrification,
viscosity, slaking, fineness of grain, feel and color, and the
proper proportion of other ingredients required in mixing
must be determined. A fire clay used in the manufacture
of glass pots or high grade fire bricks should have a formula
approximating closely to Al,0,2810,2H,0. ' '

The fire brick should be even and rather open in tex-
ture, fairly coarse in grain, and free from cracks or warping.
Since there are no single fire clays which will produce
brick that meet all these requirements it is customary to
make the fire brick from a mixture of a plastic fire clay, a
non-plastic or flint fire clay and ground fire brick or other
form of burnt clay. The clays are seasoned, ground, thor-
oughly kneadea or pugged, and then mixed with the
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ground fire brick or grog. Fire brick are usually molded in
repressed on hand represses, dried on steam-

poratures " i aft kilns at high tem-

ery recently a thin paste of carborundum :
borundum and s11icatq of soda has been usigdfgl‘a}trilg rsgfg‘e-
?urpose. These materials melt and run over the surface and
(%rﬁll a glaze, which prevents deposits of clay on the sides
orf the furnace, pot or tank by retarding corrosion.

. Glass pots and tanks are made from a verv hj

{u'e clay or mixture of clays. The clay is Weatheyrgl(ig}érﬁfli%e

empered by bugging or treading, and then allowed to
season for a cconsiderable length of time in order to develo
1ts maximum plasticity and working proverties.” The noi‘p‘
or 1]:anks are usnallv huilt bv the hand of skilled Tabor. Se{:
?ra are started at the same time and a few inches built on
-to each one each daw wntil the whole set is finished The
size of the pots or tanks for different kinds of glass ma
:}?..r\]r co%?degab]v. . The walls are X
“thick. e drying of the large pieces muy

slotW]_v and requires several Wiekg. Beforesg)giqd%ggdvgﬁ
vots are tempergd by being heated gradually to the temper-l

] nace and th
slowly. .. When in use the pots are fired once each ?:lr;; ?chgi(}

they fail by .brgakmg or loss of material by fluxing. There

A great many of the clays for i
nace nots ia)ng ‘;rﬁnks are imgortgd gge e action of fur
ermany, bu ere are large deposits of exc

fi)ll: this purpose in many localities in our ownell.'}glrg. c]'_%l'::
e 1qf supplv, however, is obtained from Missouri, Pennsyl-
tv}?ma,tﬁnd New Jersey. The Missouri plastic clays are purer
¢ an 249. <ES}erman clays and have a fusing point ranging
rom 2400° to 2800° F. They are more refractory than the
ofeli‘;ﬁlar%l clays but not as dense and do not resist the action
2 e Tluxes so well. . So far no sunitable fire clay for glass
urng(.sf.s, pots, ar(nld talflks have been found in this state i

tlica 18 used in furnace, pot, and tank bruildine . '
form of a slightly plastic siliceous sand or {inbltlzilg lﬁinllnoii;’hg

usually about 4 inches

to this country from
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loose disintegrated sandstone which is crushed between
rollers, mixed with about one per cent of lime and molded
into bricks and heated in kilns at a very high temperature.
These bricks, because of their heat-resisting power, are
used for the roof, fire arches, flues, and other parts sub-
jected to intense heat.

Alumina chiefly in the form of bauxite is used as a
refractory material, but its applications are somewhat re-
stricted. It has been found that under long continued heat-
ing the alumina changes into a substance as hard and refrac-
tory as natural emery.

Coke dust or graphite is largely used in an admixture
with fire clay in the produection of pots and tanks. The
proportion of the coke dust or graphite added to the clay
varies with the quality from 25 to 50 per cent. The articles
made from this admixture are the most enduring of all.

(lass furnaces are constructed aceording to many dif-
ferent patterns with varying degrees of complexity in ar-
rangement, yet modern glass furnaces may be divided into
two general classes, namely: pot furnaces, and tank furnaces.
The pot furnaces are usually constructed in the shape of a
square or oblong for the manufacture of flint glass. Tank
furnaces are arranged to give either continuous or inter-
mittent results ‘without the use of pots and may be of al-
most any shape, but are usually oblong. Tank furnaces are
now more commonly used than pot furnaces and are gradu-
ally replacing them. This change is due to the increased
production, economy in working, economy in time, dura-
bility of furnace, regularity of working, and superority of
the glass produced by the tank furnace over that of the
pot furnace.

A few of the furnaces are built to consume coal or coke
by its direct introduction into the furnace. But as already
noted, coal or coke, on account of smoke and by-products,
is not often used by direct firing for the better grades of
glass and in the last few years almost all of the furnaces
have been equipped for natural gas or producer gas.

The ordinary furnace heated by coal or coke is com-
posed of three essential parts, namely: the fire place, in
which the fuel is consumed; the melting chamber, in which
the tanks or pots are placed; and the apparatus for pro-
ducing rapid combustion by the supply of air to the fire.
The fuel is placed on a grate which occupies the center
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of the furnace. The combustion gases then pass into the
melting chamber where the pots or tanks are placed.

Pot furnaces have no fixed size, neither is the number
nor size of the pot themselves fixed. In the manufacture
of plate glass the pots are filled with the mixed raw mate.
rial and then placed in the furnaces by means of long tongs
mounted on wheels, and are removed in the same manner
after the firing. For blown ware, such as bottles and lamp
chimneys, the pots or tanks are stationary in the  furnace
and the material is introduced through a small arched open-
ing situated directly over each pot, except in the case of the
covered pot in the furnace for making flint glass, in which
case the mouth of the pot extends outside the furnace walls.
After the mixture is properly fused, the molten glass may
be withdrawn from the pots or tanks through openings in
the furnace walls by means of long rods which are dipped
into the molten mass. ‘

The gas furnaces consist of two principal parts, namely:

a’ combustion chamber and a producer. The combustion
chamber is essentially the same in the gas furnace as in the
coal or coke furnace. In the latter class of furnaces the hot
gases from the combustion chamber are usually allowed to es-
cape into the air through flues, but in the more modern plants
much of the energy contained in these gases is utilized by
means of the Sieman’s system of regenerative heating. Tt
- is the most perfect method of utilizing the waste heat that
has been tried. Its value lies in the fact that the spent gases
are made to travel through chambers, known as regenera-
tors, which contain a large number of thin fire bricks ar-
ranged with narrow interspaces so as to offer a very large

heat-absorbing surface. These thin fire bricks absorb muoch-

of the heat from the spent gases and soon become red hot.
Then the current is diverted to an adjacent chamber and
- the acquired heat in the fire bricks is removed by a current
of cool gas and air passing toward the furnace, where it
arrives sufficiently heated to insure the greatest possible
heating effect. As soon as the chamber is cooled the action
is reversed and the gas and air pass through the chamber
which has just been heated, while the waste gages reheat the
first chamber or chambers and prepare them for again per-
forming their functions.

Some -electric furnaces have been erected for melting
and molding quartz. Their success would seem to suggest
the possibility of electricity being employed in the future
for the manufacture of glass.
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- The raw materials, fuel, furnace, pots, and tanks have
been discussed and now we come to the manufacture of
glass itself. There are three stages in the manufacture of

glass, namely: first, the g nthesis of th terials;
molding;- and third,’ annealying. o materials; second,

The Synthesis of the Materials.

By the synthesis- of the materials is meant the entire
process from the assembling of the raw materials, through
the successive steps till the batch is completely melted. This

synthesis is accomplished by mechanical and by chemical
processes.

Mechanical Processes,

of glass different -glassmakers use the materials in widely
yarying proportions, yet glass is a chemical compound and
the same grade under similar conditions always requires
the same amount of bages, fluxes, colorizers, or decolorizers
and other accessories. The varying amount of materials used
in the breparation of the batch by different glassmakers
for the manufacture of a certain. grade of glass, may be due
to a dlfterencg in the arrangement, equipment, and service.
ability of their furnaces or to a difference in fuel and to
Irregularity in- raw materials; otherwise g slightly different
grade of glass will always result. In other words, in order
to insure a uniform result, it is necessary to make careful
caleculations and chemical tests of the raw materials. N 0
guess work or uncleanliness should be tolerated, and all

gredients should be carefully weighed, ground, and sifted.

dent upon the bases, fluxes, and colorizing or decolorizing
agents. As an example, an increase in the quantity of
bases, ﬂuxeq, ete., causes the glass to soften and to lose
strength, resistance, tenacity, and lustre; while a decrease in
the quantity of the ingredients increases the hardness,
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S?'eligth’ tenacity, and lustre, but also raises the fusioh
point.

. Ltis Important to remember that the quality of a glass
Improves or deteriorates as its composition deviates from
that é)roportlon required to form a definite chemical com.-
pound, and that the softness, hardness, durability, bril-
lianey, uniformity, homogeneity, and color of a glass are

largely dependent upon the proporti )
" in the batech, P proportion of the raw materials

Mizing.—A thorough and uniform mixing of th
materials in the batch is necessary in order tgha,t at Sro?g
chemical association may take place when the bateh is
melted, and homogeneity and uni ormity in the structure of
the glass be Insured. The mixing should be done by a ma-
chine as it gives more accurate, thorough, and uniform Te-
sults than can be obtained otherwise. To insure this proper
mixing of the raw materials, the bases, fluxes, ete., should be
finely pulverized and sifted thoroughly. ’

Chemical Process—The Molt,

Fusion.—After the materials in the batch have
added in the right proportion and thoroughly mixed b&?
chanically, they are then transferred to the pot or the tank
which has been previously heated to a sufficiently high
temperature so that melting begins immediately. ~ When

usion 18 accomplished a chemical compound i i
mi nd is formed. 3
process completes the association. ' 4. This

Upon melting, the raw materials in the batch disi
grate, and moisture, acids, and gases are expelleg. %ﬁ'l?}fg
way the aggregate bulk is decreased and room is'left in the

g is usunally
add several

u ward and from the sides toward. the t i
'h{)hng. sh_ould be completely melted befoggnael;.}.r mT(g% f;;:‘t
33}3331!‘- i:lsldagl(lied’ o’cherv;is?1 the liquefaction of the re-
' e escape of the gases and i iti i
retarded by the addition of thegsecond filllirgg.u rities will be
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During the fusion of the raw materials, chemical dis-
sociation is continually taking place, gases and acids being
formed. These gases and acids perform a double funection,
first, generating an agitation of the particles in the semi-
fluid mass and thus aiding in the production of a homo-
geneous and even-tempered product; and second. absorbing,
expelling, or otherwise disposing of most of the impurities
of the bateh in the process of fusion. If at any time the
temperature of the hatch falls below the fusion point and
the dissolution and agitation cease, ‘‘glass goll’’ is likely to
be produced. This is simply masses of non-fused particles
of the batch remaining disseminated in suspension through-
out the melted material. The ‘‘glass goll’’ impairs clearness
and transparency by producing white blotches and spots in
the glass. Another serious result of insufficient and irregu-
lar heating is that the volatile ingredients of the bafch
escape at a temperature which is not sufficiently high to
fuse the silica. Another deleterious effect is that the alka-
line silicates fuse more easily than silica, resulting in a par-
tially crystalline structure in the mass. This devitrification
manifests itself in the form of stones, cords, and striae.

Refining.— Refining consists in removing, or other.
wise freeing the fluid mass of, its many seeds, bubbles, and
other impurities which are found in the batch just after it
is melted. This purification is accomplished by increasing
the temperature fo about 3400° F. At this temeprature the
mass’ becomes very fluid and the infinitesimal seeds, bubbles,
and other impurities either escape through volatilization or
gather on the surface where they may be removed by
skimming. As soon as the glass 1s purged of these impuri-

‘ties the temperature is decreased gradually and the mass

reduced to a viscous state. While the mass is cooling it is
usually stirred with a fireclay cylinder which is inserted
through a small opening at the upper end of the containing
vessel. The object of this operation is to render the glass as
homogeneous as possible by freeing it of veins, cords, and
striae. The cylinder is allowed to remain in the viscous mass
only for a short time when it is exchanged for another since
-its surface quickly oxidizes resulting in scales which contam-
inate the glass. The stirring is continued until the glass has
cooled to such degree of consistency that the cylinder can
hardly be moved, when it is discontinued and the eylinder
removed. F¥rom this point on no molecular movements
occur and the glass remains a homogeneous mass.
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Molding.

| According to the methods used in manufacture, all glass
products are divided into the following classe:’:aopgtizz?
glass, blown glass, and pressed glass.

Optical Glass,

Optical glass is the most ex ensive glass ma
demands the greatest skill, precisig)n,- and cﬁre in itsd(ranaaiﬂg
facture, since a good quality requires perfect transparency
and freedom from colors, homogeneity, great hardness, abso-
lute chemical stability, absence of internal strain, and high

- bower of refraction and dispersion. To secure the qualities

only ravghmaterials off the 1Iéurest grades may be used.
A Lhe process oif molding and annealin t1
the desu_ed amount is taken, and heated toga otlzem?;rﬁ;lsf':
Just sufficient to soften the glass. It is then placed in a
mold made of iron or fire clay and forced to assume the
shape of the mold. The glass which is now in the approxi-
~ mate form desired is placed in a heated chamber and passed
through the process of annealing. The minimum time al-
lowed for annealing optical glass is six days, while for ‘‘fine
annealing”’ several weeks are sometimes consumed.

various sizes. The larger pieces are used for len ir-
rors of considerable dimensions such as are requsi(le':(ft ?g fe}i:-
seopes of large aperture. The smaller pieces: are utilized
for the production-of discs and slabs with which the general
: optl(;,ia‘.ll1 gl(ziz_ss trade llS usually supplied.
[e discs or slabs at the end of the annealipe

are slightly larger than the size required by thef1 %p%gfﬁ:
and therefore must be ground down. Sometimes defections
_ﬁarlllnot _be_dde_ztectedt ,antil grinding is complete or nearly so

ence rigid 1nspection is required before the fini ises
and slabs are delivered to the ’crade.Ore  finished discs

Blown Glass.

Blown glass embraces, first, table ware and vases; sec-

feﬁ'd:a, Iifililil(:f:s;. third, sheet glass; apd, fourth, bottles and simi.

Tableware and vases.—The tools used in the producti
of tableware and vases are simple and extremelyp;:il;lli(;:til\(r):
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They consist of lathes; hollow, iron blowing rods; spring
tools with steel or wooden blades to fashion the viscous
glass; callipers and measuring sticks; molds of carbon, cast-
iron, gun metal, wood, or plaster of Paris; and strong rods
for holding the vessels during manipulation.

The method of making a tumbler illustrates all the ordi-
nary processes used in the manufacture of tableware and
vases. A sufficient amount of viscous glass to form the
tumbler is gathered on the end of a blowing iron, and rolled
on a polished slab or iron, called the ‘“‘marvor,”” to solidify
it. The solidified mass is then fashioned by being blown
into a mold. In case a vessel with a foot (such as a goblet)
is desired the mass is blown into a particular mold which
gives the desired shape to the bowl and also forms a leg.
A small lump of molten glass is added to the extremity of
the leg and by being trundled and pressed between slabs or
against an upright board the foot is fashioned. The bow!
of the tumbler is then severed from the blowing iron and
put in an annealing oven. When the tumbler is cold it is
removed from the oven and the rough fractured surfaces
are polished by grinding or smoothed in a gas flame.
Sometimes the surplus glass is removed by some such
method as applying heat to a line that has been scratched
by a diamond. '

Zubes.— Tubes are made by blowing a hollow mass of
visecous glass. They are used chiefly in thermometers, test
tubes, and similar laboratory and other articles. Viscous
glass has the peculiar property of retaining its shape while
being drawn out. As an example, if a triangular ther-
mometer tube is desired the molten mass is pressed into a
V-shaped mold. On being drawn out the V-shape is
retained.

Sheet glass.— Numerous inventions have been made
recently in an endeavor to procure a direct method by more
or less mechanical means that can be substituted for the
complicated and indirect process that is in vogue at present
in the manufacture of sheet glass. None of these have
proven entirely satisfactory, however, because of the diffi-
culty of transferring the molten glass to the machines with-
out the introduction of air bells which are always formed
when molten glass is poured from one vessel into another.
The complicated and indirect process described below is
typical of the methods in use in the majority of the sheet
glass works.
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. Sheet glass is generally fused in regenerative tank fur-
. naces, some of which have g capacity for as much as 250 tong

of molten glass. These furnaces are tilted and have a tem-
perature radient, the upper end being hotter and the lower
cooler. There is a continuous movement of the liquid mater-
1al from the Jhotter upper end to the lower cooler end where
the glass is in a viscous condition, The glass is withdrawn
from the lower end of the furnace through openings provid-
ed with Ipova_tble.coverg, by means of a ladle or gatherer’s
pipe. This pipe is an instrument composed of an iron tube
about 5 feet in length with an enlarged butt at one end, and
a wooden covering used as a handle and mouthpiece at the
other. The gatherer dips the butt of his previously heated
Pipe into the molten glass and withdraws i, The small ball
of viscous glass that adheres to the butt cools while the mass
1s bemg_' rotated in the air so as to keep it as nearly spherical
as possible. As soon as the mass has cooled sufficiently, the
whole is again dipped into the molten glass and another
layer adheres. Tt is again withdrawn and the process re-

peated until the proper amount of molten glass hag been .

gathered ‘to yield the sheet which is to be blown.

: The gathering is then placed in a block or. 1

rolled and blown until it acquires: roughly th: slﬁ%g :tp g
hemlsp}lere, the diameter of which is approximately that of
the cylinder which is formed in the next step.

The hemispherical mass is now taken over by the bl
and introduced into some special furnace or “blgwineg lixglvg?’l:
The blower, by swinging and blowing, extends the mass into
the form of a long cylinder which is closed at the lower end.

diameter of the whole by the centrifugal effect roduce

rapidly Spinning the pipe between thg hands, 1[\);\7hile %12}‘1’
large thick cylinders the opening is accomplished by an
assistant attaching a small lump of viscous glass to the
closed end, which softens the glass of the cylinder sufficient-
ly to enable him to cut the end open with a pair of shears,

and the opening is then a lish :
small eylinderse = o 2ccomplished as in the case of the

.-~ The pipe is next detached from the eylinder b -
_ ing cold and hot irons to the neck of the hS(:t glass t_ylrlae}cpggz_
- neets the pipe-bath and cylinder. The cylinder is then pre-
pared for the flattening furnace first by cutting the rough
ends with a diamond applied internally, and second splitting
it longitudally by the same means. In the flattening fur-
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nace the split cylinder is exposed to a sufficiently high tem-
perature to soften the glass and is then placed upon a
smooth flat slab and flattened by a rubbing instrument com-
posed of a block of charred wood or some similar material.
The sheet of glass finished, only the process of annealing re-
mains. This is accomplished by the methods discussed under
the head of Annealing.

Bottles.— More progress has been made in the last de-
cade in the manufacture of bottles than in any other grade
of glass, and the demand has increased to such an extent
that the manufacture of bottles has become an industry of
vast proportions.

In recent years bottle-making machines have been sue-
cessfully operated and they are destined to replace the old
method of manufacturing in which most of the manipulation
in the process is done by manual labor, because the machines
insure absolute regularity in form of the vessel and save
both time and labor. Since both methods are used at pre-
sent a brief description of each will be given.

- Five  persons are required by the old process of
bottle manufacture. The gatherer gathers the glass from
the tank furnace on the butt of a blowing iron, rolls it on
a stone or iron plate and, after slightly expanding the glass
by blowing, hands it over to the ‘‘blower’’, who places the
glass in a mold, closes the mold with a lever, and by means
of compressed air or the breath, forces the glass to take the
form of the mold. The bottle is removed from the blowing
iron by applying a moistened piece of iron to the neck of the
bottle and tapping it. The bottle is then gripped with a clip
and handed to the ‘‘bottle - maker’”. The bottle maker
attaches a piece of molten glass to the end of the fractured
neck and with a specially arranged tool simultaneously
shapes the inside and outside of the neck. The ‘‘taker in’’
then removes the bottle to an annealing furnace, where it is
properly annealed by being. placed on trucks which are
moved slowly away from a constant source of heat in a heat-

~ed furnace so adjusted as to cool slowly.

The different bottle making machines vary considerable
in details, yet the general principles involved are the same.
The machine patented by Michael Owens contains a revolv-
ing table carrying five or six molds which are opened and
closed by cams operated by compressed air. The blowing
iron with the molten glass attached to it, which has just been
gathered from the furnace, is placed in a mold. It is soon
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in contact with an air jet which admits compressed air and
forces the glass to assume the form of the mold. The bottle
is then removed from the machine, severed from the blowing
iron, and the rough edges smoothed. The annealing is ac-
complished as above noted. In some other makes of bottle
machines, the molten glass is placed in a funnel-shapped ves-
sel, and a plunger is thrust upwards into the glass from be-
neath, forcing a part of the glass into a mold stationed
above which forms the neck. The funmel is removed and
the plunger, neck mold, and molten glass attached to the
neck are inverted. A bottle mold then rises and envelopes
the molten glass, immediately after which compressed air is
admitted to an opening in the plunger and forces the molten
glass to take the form of a bottle mold. After annealing the
bottle is ready for the market.

Mechanieally Tressed Gluss.

With a few minor exceptions all products of this class

afe pressed by mechanical means, and comprise chiefly plate
glass. :

Plate glass.— When the molten glass has cooled to a vis-
cous condition, the whole pot with its contents is transported
by means of huge tongs or cranes operated by mechaniecal
means, to a rolling table, and the viscous mass. poured on the
casting table which usually consists of a perfectly smooth
cast-iron slab mounted on"a low massive truck running on
rails so that it can be readily moved to any desired position
in the casting room. As oon as the viscous mass is poured
on the table a large roller, sometimes weighing as much as
five tons, is passed over the glass, pressing it into a sheet,
the width of which is regulated by guides pushed along in
front of the roller, while the thickness is regulated by rais-
ing or lowering the roller relatively to the surface of the
table. Figured rolled plate is produced in this way also by
using rollers which have the pattern imprinted upon them.

Since the surfaces of the glass produced by rolling are
uneven and must be ground and polished, it is essential that
care be exercised in the handling and annealing of the large
sheets, otherwise irregular thickness would be formed and
extra expense incurred in grinding away the extra mass.
The annealing process is therefore carried out in specially ar-
‘Tanged annealing kilns, composed of large fire brick cham-
bers containing sufficient floor area to accomodate several
--large slabs. The chambers are low and the slabs are placed
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on blocks of burnt fire clay which form the floor of the kiln.
In order to prevent any displacement and to give sufficient
room for expansion, the blocks are set slightly apart resting
on a bed of sand. After the kiln has been sufficiently heated
and the glass introduced, the opening through which the
glass is infroduced is built up with fire brick and fire clay
and the whole is then allowed to cool. Air passages or spe-
cial cooling channels are provided in the walls and floor of the

‘kiln, and by a gradual opening of these to admit the air the

colling is greatly accelerated and the larger slabs may be
satisfactorily annealed in three or four days. The slabs are
then transferred from the annealing kiln to the cutting room.
where they are cut into the different desired sizes and
shapes. o '

The glass is now ready to receive its final form. It is
placed on a rotating table, and either two surfaces of glass,
or, one surface of glass and one cast iron, are rubbed to-
gether with the interposition of sand, emery, carborundum,
or some other powerful abrasive. The surface is soon
ground down to a plane and the pits produced are removed
by grinding successively with abrasives of gradually increas-
ing fineness, leaving ultimately a smooth gray surface. This
smooth surface is then brilliantly polished by adding some
polishing material, such as rouge, and rubbing with an in-
strument covered with some soft material like leather or
felt.

Annealing.

Annealing is the gradual cooling of heated glass suffi-
ciently slowly to allow the constituent particles to settle into
a condition of equilibrium, In spite of the fact that anneal-
ing is one of the principal processes in the manufacture of
glass it is the least understood, and manufacturers seem con-
tent to use the primitive methods that have been handed
down from generation to generation. There are two
methods of annealing in vogue at present, one being to move
the glass gradually away from a constant source of heat by
means of a train of small iron trucks drawn along a tram-
way by an endles chain, and the other, to allow the heated
kiln to die out gradually. The latter method is used espe-
cially in annealing large quantities of glass at a time.

Glass follows the general law of expanding when heat-
ed and contracting when cooled. If this cooling: is_brought
about gradunally the various stages of viscosity, duetility, and
solidity are produced and the glass acquires regular and re-
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systematic methods of coloring glass through coloring agents
incorporated directly with the batch. White light 18 com-
posed of an innumerable number of light waves of different
lengths. The prism separates the component parts of white
light into the seven prismatic colors, namely: violet, indigo,
blue, green, yellow, orange, and red. Physicists have proven
that color 18 caused by the vibrations of light waves, and
that the different colors are due to waves of the different
wave lengths. The rays of shortest wave length impart the
sensation of violet; the next length, indigo; the next, blue;
the next, green; and so on. The vision is not affected by
those wave lengths that exceed that of the red. Again, if
the various wave lengths reach the eye at the same time the
result is the sensation of white light.

Light and color.—The seven prismatic colors are divid-
ed into three primary colors, blue, yellow, and red; and four
secondary colors, violet, indigo, green, and orange. The pri-
mary colors are pure and cannot be produced by mixing
other colors. Their color may vary in intensity but it can-
not vary in hue. On the other hand the secondary colors
may vary in hue indefinitely, by varying the amount of the
primary colors from which they are formed. Again, two
colors are said to be complementary to each other when by
their mixture they produce white.

The color in-glass is due to a chemical combination of
the oxides of certain metals used as coloring agents with the
gilica, soda, lime, and other ingredients in the glass. The
resultant tproduci: possesses the power to retard or extinguish
certain of the components of white light and transmit the
remainder. Some metais, such as iron, nickel, cobalt, man-
ganese, and chromium form two or more series of compounds
which produce different colors in a borax bead when subject-
ed to the reducing and oxidizing flames of a blowpipe. As
an example: Iron in the oxidizing flame gives a deep orange
color, while in the reducing flame it gives a dull green color.
Thus by varying the nature of the metal, quantity present,
state of oxidation, conditions under which it is seen, and by
blending different colors, hues, and intensity into new colors
.modified in tone and intensiy, an indefinite number of colors
may be produced.

Coloring agents. —The principal coloring agents used in
glass are manganese, cobalt, iron, gold, silver, copper, nickel,
uranium, chromium, minium, antimony, selenium, zine, car-
bon, calcium phosphate, sodium, selenite, tin oxide, guano,
and borax.
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Manganese when used in quantities in excess of those re-
quired as a decolorizer produces a color varying from rose to
violet, purple, brown, and black, according to the quantijty of
manganese. When exposed continually to the action of the
sunlight and air glass colored with manganese loses its color,
since the manganese partly deoxidizes and becomes mangan-
ous oxide which produces no color in glass.

Cobalt is one of the principal coloring agents since it is
cheap and produces positive results that are evceedingly
easy to control. In small quantities it produces a deep rich
blue color.

Iron jn the ferric condition (Fe,0;) imparts an orange
red color to glass; while the protoxide of iron (FeO) imparts
a green color. (old in the aurous condition produces a red
color in glass. In fusing gold in the batch particular care
should be taken to mix in the right amout of reducing agents
80 that the gold may not be super-oxidized to auric oxide; and
on the other hand so that it may not be deoxidized to the
metallic condition. Auric oxide does not color glass; while
metallic gold produces a blue color which reflects a dull
brown. Again, gold must not be added to any batch that
will produce salt water or ¢ glass goll’’, since it cannot be

thoroughly disseminated in the batch so long as this impur-

ity is present.

Silver is applied with a brush to the surface of the glass
in the form of silver chloride mixed with some medium such
as powdered clay, and heated gently in a muffle: The silver
penetrates the glass and gives a light yellow to orange color.
It is rarely introduced into the batch, because thereby it is

reduced to the metallic state, and in this condition produces
no color.

Copper forms two oxides, namely: the peroxide (Cu,0)
and the suboxide (Cu,0) or red oxide. The former produces
a green color and the latter a red or ruby color in glass. Re-
ducing agents are added to the batch in order that the color-
Ing agent may not be superoxidized. Care must be taken to
avoid the use of ingredients that will generate ‘“‘glass goll’’.
Another important matter is the careful regulation of the
temperature of the furnace and the thorough dissemination
of the copper throughout the batch.

) Nickel oxide produces a constant bluish to a violet tinge
in glass. Uranium imparts a yellowish-green color, but 1is
too expensive to be used except for the best grades of glass.
Chromium oxide imparts an emerald-yellow which shades in-
to a grass green. ZLead owide or mininm yields a pale yel-
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low color to glass. Antimony sulphide produces a yellow
color. Selensum imparts a rose tint to glass. The depth and
intensity of the color depends upon the quantity of selenium
used and the quality of the glass. Zinc oxide produces a yel-
low color. Carbon which is generally added to the batch in
the form of powdered charcoal, anthracite, or coke, produces
a shade varying from straw color to dark amber. Calcium
phosphate, or bone-ash, imparts an opalescent color in glass.
The depth of the color depends upon the amount of hrpe
used, and the temperature at which it 1s re-heated. Tin owide
produces a white opacity in glass, but since it is expensive,
it is seldom used as a coloring agent. Guano imparts a white
opacity in glass and is used instead of tin oxide, inasmuch as
it is cheaper than the latter. Boroz is sometimes used to in-
tensify the color of glass. '



CHAPTER 11,

GLASS SAND DEPOSITS IN OKLAHOMA.

GENEBAL REMARKS.

So far as is known the available glass sand deposits of
Oklahoma, occur in three regions, namely: the buckle
Mountains, southeastern Oklahoma, and near Tahlequah in
northeastern Oklahoma, Beds of almost white sand, how-
ever, are reported near Tulsa, Bartlesville, Claremore, Ram-
ona, Cleveland, Catoosq, Muskogee, and Holdenville, but so

of glass, since all analyses show a large amount of iron oxide
and other impurities which exclude them from consideration
except for bottle glass. The deposits of each of the three
principal areas will be considered in turn.

ARBUCKLE MOUNTAIN REGION,
General Features,

The Arbuckle Mountaing consist of a low plateau, or
table land situated in the southern part of Oklahoma, in Mur-
ray, Carter, Pontotoe, and Johnston counties. The Arbuckle

Mounta.ins proper form a roughly triangular area covering
approximately 860 square miles. The plateau ranges in

elevation from 1350 eet above the sea level in the western
part to 750 feet in the eastern. On the northwest, the plateaun

Plate I is a general geologic map of the region.

Mr. Joseph A. Taff’ gives the following stratigraphie
succession in the Arbuckle Mountains:

. Geology of the Arbuckle and Wichita Mountains: Prof. Paper U.

§.
8. Geol, Survey No. 81, 1904; Tishomingo folio (No. 98), G@eol, Atlas
U. 8, U. 8. Geol. Survey, 1903. ,
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Thickness
Age Formation in feer
du| 4o Caney shale 160C
2| =9
£2| 3%
OR | =% Syeamore limestone 0-200
O o Wwoodford chert 85u
b
23 o
o e Lnton formai:on 0-30¢
. 8%
&2 ~ |
s, Db Sylvan sghale 50-300
g _ : ——
a Viola limesfone 000-750
@48 Simpson formation 1200-2000
=s -
o%
I Arbuckle limestone 4000-6000_
Upper Cambrian
&
= _
a
- g
- & | Middls Cambrian Reagaa sandstone 0-600

chief topographie features of the Arbuckle
Mountg;?i: are due tg t?le L\;arying resistance of the different
formations, and to structure. The Sycamore, Hunton, Viola,
and Arbuckle limestones are hard rocks and resist erosion
more effectually than the softer Caney shale, Woodford
chert, Sylvan shale, and Simpson formation which are 1nte11'-
posed between the harder rocks, alternating ridges and val-
leys resulting. Erosion has also been greatly influenced by

‘a_large number of anticlines and faunlted synclines. Most

of the folding and faulting took place in Mississippian time
after the deposition of the Caney shale.

he glass sand in the Arbuckle Mountains occurs in
the Sir%‘psoﬁ formation which outerops as a belt around the
Arbuckle table-land. This table-land is formed by the Arbuck-
le limestone in Murray and Johnston counties and at other
places in the mountains where the folding or faulting and
subsequent erosion have brought the formation to the sur-
face. The Simpson is composed of 1,200 to 2,000 feet of sand-
stone and fossiliferous limestone with interbedded greenish
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clay, shales, and marls.

tion of the Simpson, taken on the sou
of the Washits, River, which with

Section of Simpson Formation
west of Washita River.
ne with green shaleg interstratified

1. Thin limesto
" fied

Ceeeeena. et 400
In the lower part the

limestone is suberystal-
line, resembling beds lower in the for
while higher it becomes fine grained
gillaceous, resembling that of the sue
Viola formation,

ceeding
g. Sandstone . . ., ...,

96
. Limestones and shales interbedded. . . .. 400

Some of the limestones are highly fossilifer-
ous: Orihis trécenag‘ia, 0. deflecta, Monticulipor-
oid  Bryozoa, highly ornamented ecystid
plates, and species of Ctenodonia.
4. Sandstone ., . .
9. Shaly limestone R P, e 195
,Tl}e. lower 50 feet highly ossiliferous, con.
taining Ostracodsa with nu

a v merous Bryozoa
and bases of crinoid columns,

fauna sufficiently peculiar '

to be -easily dis.
_ tinguished.
6. Sandstone......................... ...... 33
7. Thii_.p-gedded limestone and shales interstrati-
led ...

Contains fossils in great
Ostracoda of large and small species, and
numerous  gasteropods, pelecypods, brach-
iopods, and trilobites,
8. Greenish shales with few
‘ layers................... ....... Ceeen. 245
Thin sandstone.
ranular. erystalline limestone in th
Containg an abundance of (strace
ditia chiefly) and other fosgils s
appear wanting.

10. Thin limestone and shales interstratified with
occasional thin sandstone .

et 295
abundance, chiefly

9. in beds.... 35
' oda ( Zeper-

..... 29
11. White to light-brown sandstone, oceurring
locally..................... ........ 0-100

6. Geology of the Arbuckle and Wichita

Mountains: Prof, Paper U.
£. Geol. Survey No. 31, 1904, p. 23

Taft’ gives the following genera] sec-
th side of the uplift west

} 1ve ) a few exceptions noted
later, is characteristic of the Simpson throughout the area:

on south side of Arbuckle uplefy,
; Feet.
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le and loosely
t of the large amount of shal d v
e%?egcggggstone in the Simpson fOI‘m{:ltIOI]I,l it 1113 I‘Iflﬂ)oia
ce]ii'[tler and more easily eroded than the Arbuc {I?; aoutcrops
Lmarone which Siecp o eon il o 1, Ko e
‘ an . . . 0‘ -
theﬁeforg 7t€;)enrl'lol?ves]t§f0kngl‘;2 of the Viola, with minor lrr%%}}s
%glr}itigs due to the varying hardness of che different mem
of the formation (fig. 1).

Tereeeceiii. L, 100-200

Fig. 1.

‘ i i Upper
i is correlated with the Black River, |
TheR?\;Iélrpsg‘Irlldl SGhazy formations of Ordovm}llagr :eg:f
'_S[‘%n%%ds of p’ure white sand in it are ev1dently b((aia(;l L ot mear
h eI'e deposits. Their purity, freedom from mlfl and other
Eé o detritus, the comparatively uniform size Sc)' g 2 so’rting
tﬁfir :ub-ro{mded character indicate long continue
RCtlo'Fh%f :’;v}glz;%%rz}ass sands in the Simpson fo%(:gig vgﬁéﬁ
the limits of four well defined beds or se(tiles Oer eds, catled
in this report the basal, lower, middle, and upp ds. The
b 1 beds contain sand only locally, but in SQIi[le P cos the
basg aches a thickness of 200 feet, while the Ogelﬁ middle
ziﬁ ug;)er beds are fairly constant in trllllllirkn?gésl rﬁga- dc 3 racter.
s are usuall
Eéfv&gtg%ﬁﬂ?foiﬂgrsr?bgf (‘zlsla{; that found on the outerops of
the other members of the fox:matlon. o
" The Simpson formation is exnosed in elfhl heBelt axeas
in the Arbuckle Mountains, namely: the Southern olt, which
?sl a Sarrow strip along the south side of the mountains,
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Deleware Creek area, the Roff area, the Hickory area, the
Mill Creek area, the Nebo area, the Buckhorn area, and the

Davis area. In the following pages each area is discussed in
- some detail.

Southern Belt.
General Features,

The name Southern Belt is applied to the narrow strip
of Simpson outerop along the south side of the mountains,
extending southeast from near Poolville to within three miles
of Ravia, a distance of approximately 55 miles. ' The dip of
the rocks in this belt varies from 18 to 80 degrees to the

southwest, and the width of the outerop varies from one-half
‘to three-fourths of a mile, '

The Sycamore limestone, Woodford chert, Hunton lime-
stone, Sylvan shale, Viola limestone, and Simpson formation
border the mountains on the southwest, all being steeply up-
turned. Because of their weaker resistances to erosion the

depressions which are usually wooded, alternating between
the narrow limestone ridges. The Simpson formation is the
thickest and most prominent, and outerops in the wooded de-
pressions between the row of rounded knobs of the Viola
limestone on the south and a comparatively flat table-land
of the Arbuckle limestone on the north. The Washita River
and several smaller streams cut across all these formations
almost at right angles, and form deep gulches or narrow can-
yons where they cross the . more resistant formations. All the
small streams, the more important of which are Henry
House, Phillips, Cool, Oil, and Mill creeks, head in the more
elevated parts of the Arbuckle plateau. Most of these
streams contain water the Year around. On account of the
varying resisting powers of the beds of sandstone and shales
in the Simpson, the formation ig often etched by a.number of
small rivulets which parallel one another and empty into the
larger streams that flow across the formation. :

There is very little faulting in this area and the Simpson
outerop is continuous, except in the southwest corner of T.
» B. 3 K., where it is faulted out, At the northwest end
of the belt it passes beneath the Redbeds and in the sounth-
east it disappears under the Cretaceous sediments.
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tions are particularly favorable at this place since the sand,
railroad, and water are in close proximity.

. . . !

t any time a railroad should be built along the leve
fertig glainyat the base of the mountains on the south, un-
limited supplies of pure white sand would be W1th1nf easy
reach, since the streams cutting their way across the _o(;'m?-
tions have in most cases formed bottoms sufficiently wi lgttlo
permit spurs to be built through to the sand ledges at li he
expense. The principal streams along which such spurs might
be laid are Oil, Cool, Phillips, and Henry House creeks.

Occurrence and Character of Sands,

In order to obtain the thicknesses of the different beds in
the b;itoseveral sections were made, the more important b(ﬂl}ﬁ
on Phillips Creek, Cool Creek, at Crusher, on Oil, and on Mi
creeks. These sections will be discussed severally.

) llims Creek section.— The follow;in_g partial section of
the Sliorlxtlgzs?ﬂg foy;exfla:ieon was made on Phillips Creek in sec. 25,
T. 28, R. 1K, the beds dipping west of south 52 degrees:

Partial section of Simpson Formation on Phillips Creek

(No. A1).

(lass sand. "otal.
Feet. Feet.

(95, Hard, brown sandstone contain-
ing much iron, and a few small 03
& seams of white, soft sand.... : >

S | 24. Shale ...... et seeereeaeeans
M ) 23. Hard, brownish, impure sand- 10
3 ) stone .......... . ..00 ciaia. 1

&1 22. Covered ........ .. rrecrneans |

= | 21. Hard, white sand, good for bot-
tles and the cheaper grades of 18 18

glass ...........cciiiiiiin...

20. Green shale ............ e 252
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Middie Beds.

Lower Beds.

Wik o>

19.
18.

17.
16.
15.
14.

13.

13a. M

12,

11,

10.

=

.. Solid. mass
~ glass sand, good quality ......
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Impure sandstone ............
White, friable glass sand, good
éor bo%tles ..................

oncealed, apparently sandstone
Beds of hard sandstone, 2
inches to 1 foot in thickness,

. alternating with softer beds. . .

Massive, soft white sandstone,
good quality .......... .. ... .
Sandstone ~ beds of unequal
hardness and irregular in size
of grain, containing too much
iron for glass sand ..........
Sandstone, limestone, and shale
interstratified ...... .. .. ..
assive, white
good quality

Coarse-grained,
sandstone

................

glass ....... e e,
Massive, white sandstone, good
for all glassware except the
best grade ............. ... ..
Soft, irregular sandstone .. ..

Fairly massive, soft, white
sandstone, good for bottles ...
Irregular beds of sandstone
with  considerable foreign
material .............. . .
Green shale with 4 thin ledges

of coarse-grained sandstone .

Hard, coarse-grained, siliceous
limestone

Thin layers of white sandstone
varying from 14 inch to 1 foot
In thickness, interstratified

with shale and limestone

of white

friable

Thin_layers of white sandstone
varying from 14 inch to 1 foot
in  thickness, interstratified
with shale and limestone .....

4 4

26 26

12 12
11

28
87

330

12
12 12

150
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The sandstone in the above section is not sharply exposed
and no fresh samplies were collected as they could be obtain-
ed only with some difficulty. The sandstone was sufficiently
exposed, however, to enable a fairly accurate determination of
the quality of the sandstone in the different beds to be made.

Thin beds of good glass sand also occur locally at the hase
of the Simpson from Phillips Creek westward, but it is not
in sufficient guantities to be worked. :

Cool Creek section (No. A2),— Along . Clool Creek, in
sec. 35, T. 2 8., R. 2 K., a good exposure of the Simpson for-
mation is offered, a partial section of which is as follows:

Partial section of Simpson formation on Cool Creck.
: Glass sand. Total

: Feet. Feet.
o 9. Not sharply exposed, surface
& indicates a solid mass of soft
Ny white unstratified sand. No
2 appreciable quantity of impuri-
2 ties except in the 10 feet near
2 the base ..... e 91 91
8.  Limestone with interbedded
beds of shale ................ 461
o .l T Impure sandstone ....... e 5
=S5 ) 6. Massive, white glass sand. . ... . 53 53
=@ | 5. Interstratified sandstone shale -
= and limestone ............... 25
4. Shale and limestone .......... ‘ 200
'§ (3. Massive, white, friable glass
| sand ... 67 67
K 2. Brown, siliceous limestone .., . 10
B 1. Sandstone grading rapidly
3 downward into limestone ..... 20

. Certain units in the above section merit special and de-
tailed consideration. Number 9 is practically one single bed .
of glass sand as nearly as can be determined. F'rom this bed
samples Al to A6 inclusive were taken, analyses of which’
are shown in a succeeding paragraph under corresponding
numbers. Sample Al was taken 5 feet from the top; A2, 12
feet from the top; A3, 18 feet from the top; A4, 27 feet from
the top; A5, 39 feet from the top; and A6, 60 feet from the
top. These samples may be taken as indicative of the qual-
ity of the sand at the respective horizons. In the bed of the
creek many little crevices are seen in the sand which would
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ter. Higher up on the bank, however, where sand is not sub-
Jected so much to the action of running water the sand ap-
pears to be of one quality, showing thaf the crevices seen in

Seem to indicate the presence of thin layers of foreign mat-

by the varying amounts of lime which acts as g cementing
material. The per cent of this lime as shown in the analyses
is né)t large enough to make it unfit to be used as a glass
sand. :

Number 6 is also one solid mass of sandstone. From
this bed samples A7 to A10 inclusive were taken, Analyses
are given below. Sample A7 was taken 10 feet from the top;

A8, 30 feet from the top; A9, 40 feet from the top; and A].O,’
90 feet from the top.

. Analyses of samples of sand from section on Cool Creek.

No. Fe.0, AlLQ, Ca0 ] Mg0 | sio, | Organic matter
Al

.07 .853 .138 .0137 99.305 .012
A2 .042 .661 .49 .0680 98.36 o011
A3 .042 .421 2.076 .0260 95.786 .013 .
A4 .028 .336 2.187 .0280 95.82 ) .0098
A5 .042 .421 .44 L1730 98.586 .0091
A6 .063 .48 8.81 .0540 83.787 .0063
A7 .084 .349 .463 .0170 98.706 .021
. A8 .07 .218 .188 L0190 99.349 .029
A9 .084 .249 .028 .0260 99.585 ) .0018
A10 | .133 .75 1.426 .0260 96.525 " .0054
All .042 .216 3.146 .0790 94.07 .0014
Al2 -] 028 2216 | 6.945 L0110 87.337 .001 .
Ai13 .084 .349 .463 L0170 98.706_j .0027
. Size of grains in samples of sand from section on Cool Creek.3
h,
N 60 8 | 100 | 200 | Pan. | Total
Al - L., .79 5.69 | 38.1 82.32 ! 23.02 " .1 | 100.02
A2 ..., .86 5.6 | 45.64 | 29.57: 18.39 .07 | 100.03
A3 ..., .8 3.66 | 31.92| 36.97 ‘ 27.16 .2 [ 100.01
Ad .. L. 71 2.34] 40.5 | 36.721 19.48 | . .29 | 100 04
A6 ... ... “1.59 8.52 | 51.64| 26.37| 11.81 .06 | 99,99
A8 .......... 1.05 2.27 | 89.43 | 35.81 21.83 .13 1 100.02
AT ... -2.93 9.98 | 31.42 | 26.97 | 928.44 .27 | 100.01
A8 ......... ST1.72 1 4.2 17.62 | 34.04 42.09 .37 | 100.04
F-% | 1.3 3.46 | 21.97 | 33.62| 39.56 .1 1100.01
A10 .......... . 7.68a) 24,73 | 33.99 | 20.17 , 13.38 .04 | 99.99
All ..., 6.92 | 14.43| 40.85 | 23.52 12.52 2.22 ] 99.96
Al12 .......... 28.23al 32.62 | 21.24) 10.37 6.21 1.31{ 99.98
CA13 ..., - 6.17a] 14.839 | 31.73 | 26.49 18.9 - 2.34al 100.03

a. Most of this can be mashed up finer between the fingers.

3. The per cent in each column of this and similar tables shows the
amount of sand left on the sieve after 100 cireular motlons of the sieve
in the hand, with the given number of meshes per inch,
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Number 3 is one uninterrupted bed of glass sand from

; 43 feet from
-whi le A1l, 20 feet from the top; Al2, 43 feet fr
zﬂg%pfaémng eAl3, ﬁear the boto&n IIX],Y 1‘be t:kv?rﬁ la‘f) emgll(lzra;(fin}ﬁ
lity of the sand. nalyse _ found
%ggléen%iag ggfs 10¥ s(:)md in the Cool Creeck section dip 75° to

the southwest.

Crusher section (No. A3).— One-half mile below Crusher

| i i i f the Simpson.

Washita River is a good exposure o 1.

(I)Irll t%l: construction of the Gulf, Colorado, and Santa Te r\?clah
road fresh exposures were made which greatly impro

the natural section. The following succession was deter-
mined: ‘ . .

Partial section of Simpson formation at Crusher.
| Glass sand. Total

Feet. Feet:].
. Siliceous limestone . e _
f }Zi Massively bedded white glass 26 26
” sand ........... e e .
-15. Siliceous limestone ........... 5
14. Alternating layers of shale and 5
o4 sandstone. .......... e >
S | 13. Siliceous limestone ...... e
@ } 12. Brown impure_ sandstone con- 03
K S taining much limestone ...... _
&1 11. Fairly good grade of massive |
o - white glass sand but it is prob- : o
ably too thin to be worked..... 11 ,
10. Coarse-grained sandstone with
interbedded shale and lime- s
~stone .......... e heeaaees " 20
9. White sandstone ...... ...... o5
" 8. Shales and limestone ......... !
2 & ( 7. Siliceous limestone ..........
gg é ls\dassive white sandstone ..... 42 _ 4?_)
=AM ( 5. Siliceous limestone ...... e o
B oo 4. Shale and limestone .... ..... 86 20
g'?, 3. - Massive white sandstone ...... . o
=M % 2. Shale and limestone .......... 02
1. Hard siliceous limestone ......

i Iuable glass

above section are several beds of voa :

ndIn 'f‘{llee beds dip southwest at an angle of 75°. The (lahagw

S?zter' of the sand from No. 16 is indicated below_ in ang }El?

if samples Al4, taken from the top half of 1‘:he bed, an tog
from the Dbottom half. Number 12 ecarries
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large percentage of lime to be consider

glass  sand. - The general quality of the sandedfrorg
No. 11 * is shown in analysis of sample Al16. Number
9 has a small amount of high grade glass sand about the
middle of the ledge, but the remainder 1s suitable only for
the manufacture of bottles. Number 6 is not sharply ex-
‘posed and no fresh samples were collected. The bed was

sufficiently exposed, however, to enable one to determine

fairly accurately its quality. The small amounts
) . of

gathered from different places in the ledge show that Sl;?nlg
of as good a quality of glass sand as that found in the 53.
foot ledge in the middle beds in the Cool Creek section
which has already been discussed. Sample A17 shows the
character of the sand in bed No. 3, 10 feet from the top
Al8 represents the middle of the ledge while A19 was taken

10 feet from the bottom. Th o
plete analyses: om e following table shows com-

Analyses of samples of sand from Crusher scction.

- N

No. . : | Fe.0: | ALO, Ca0 | Mgo SiO. \Orga’““-
i | . - " I natter,
A | .042 .161 15 | .03 199.469 | 0013
ALS e, et ! .042 .091 3.887° . .031 | 92.941 | .c082
AL .07 | 116 1.04 | 054 | 97.844 1 0097
LR e | - .028 | .152 ©.3T 0 L1191 99.03 | .u08
AL l .14 l‘ .08 -2 | .039)89.362: .05

9 e .056 |* 087 3.687 | .042 ! 53.236 | .009

Size of grains of samples from Crusher section.

~__ Mesh. '

N ] 40 60 - 80 100 200 | .Pan. Total.
Ale ..., .67 2.45! 3112 36.00] 2

4 : LA . - 27.69 | .1} 100.
ilo .......... |_ 6.743] 15.45 | 32.98 | 25.13 19.22 | .04 gg.gg
A,}g ......... .80 ! 3.10 32.18 | 34.46 [ 28.39 | .08 | 100.01
AT v 275 0 3.94 | 41.27| 29,52 | 24.67 .06 | 100.01
ALS i 2.2 41.65 | 36.52 | 13.44 | 6.2 .02 | 100.08

19 ..., 04t 42541 36.85 | 14.25 i 5.84 | .03 | 100.05

a. Most of this can be mashed up finer between the fingers.
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The sand in this section is easily accessible. It out-
crops on the bank of the Washita River in the large solid
walls of the cuts of the Gulf, Colorado. and Santa Ie rail-
road. The strata are almost on edge and the river has cut
across them approximately at right angles to the strike. The
lower beds are represented by a single bed of 85 feet of good -
glass sand as shown in the analyses of samples Al7, Al8,
and A19 above. The outcrop of the bed is 30 feet above the
railroad at the edge of the cut and from this height the sur-
face rises gradually for a distance of 560 feet back from the
railroad to the top of the divide. At the top of the divide
the outcrop turns gently to the south. The sand is more
easily eroded than the associated shales and limestones of
the Simpson formation and consequently the sand ledges us-
nally outerop in small ravines. On the north of the divide
there is a small ravine which runs on the bed of sand to with-
in 235 feet of the railroad. At this point the depression
passes to the shales which lie below the sand and goes under
the railroad 100 feet east of the outerop of the sand bed.

The middle series is comprised in a single bed which is
43 feet thick and the whole is composed of glass sand. One
hundred and twenty-five feet back from the railroad a small
V-shaped ravine strikes the top of the bed and passes over
the base of it at the point where it runs into a small culvert
under the railroad. [Each side of the ravine has a slope of
about 30°. On account of this steep slope the bed, as it pass-
es from the ravine to the side of the hill, is exposed only at
short intervals, since it is covered with surface detritus that
has worked down from above. The middle beds pass over
the divide in the samme manner as the lower beds.

The uoper beds are 63 feet thick and are comprised of
a single bed of good quality of glass sand as the analyses
show. At the railroad cut the surface of the bed is 33 feet
above the railroad and from this point it rises gradually to
the southeast for about 1000 yards where it passes over the
divide. On the divide it is about 100 feet above the rail-
road. Between the divide and the railroad the bed outcrops
half way down the west slope of the hill.

04l Creek section (No. A4).—On ()il Creek in sec. 17.
T.3 S, R. 4 &, is a good exposure of the Simpson formation.
The beds here dip 82° to the south. A section of that part
of the formation which contains elass sand follows:
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Partial section of the Simpson formation on 0il Creek.

Glass sand. Total

. : Feet. Feet.
aﬁ 3 19. Sandstone, quality indetermin-

S‘m able ....... et ieit i ennne, . 65

- 18. Shale and limestone ... e 150
17. Impure sandstone and lime.

stone .................. i 40

< | 16. White sand .............. .. . 15 15

-3 | 15 Impure sandstone ...... ..... 15

foa) 14. Massive, white sand ......... 45 45

2 < 13. Dirty, brown, shaly limestone. 9

s 12. White, hard sandstone ... .... 10 10

g 11.  Siliceous limestone ..... ..... 22

' 10. Massive, white sand .......... 45 45
9. Alternating sandstone and lime.

\ stone ............ ........ .. 47

8. Shale and limestone .......... " 425

53 ( 7. Sandstone ........... ....... 25
ES4 6. Covered, very likely soft sand-

38 SEOLE < v v s s i g 20-50

5. Shale and limestone .......... 663

4. White glass sand .......... . 42 42

=4 3. Impure sandstone ............ ’ 20

29< 2. Massive, white sand ........ .. 34 34
I 'Coarse-grained, impure sand-

L ~stone ........... 5

ettt creereena.. 5

In this section the basal sandstone 100 feet thick is
found resting on the Arbuckle limestone. Seventy-six feet
of this is a good grade of glass sand as shown - by samples
A20, A21, and A22. These basal beds are much more pro-

minent than at Crusher, where they are composed of only a .

few feet of hard, siliceous limestone, while the middle beds
are more than twice as thick. The upper and lower beds ap-
parently contain approximately the same thickness of sand
and as good a quality of sand ‘as that found at Crusher, but
they are not nearly so prominent and good samples could
not easily be obtained from them. In the above section the
quality of sand from No. 16 is shown in analysis A20 in the
table below. Samples A21 and A22 indicate the quality of
the sand from bed No. 14, the former being taken from the
top 25 feet and the latter from the lower 20 feet. The
character of the sand in bed No. 12 is shown in the analysis
of sample A23. Sample A24 indicates the quality of the sand
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in the upper 20 feet of bed No. 10, and A25, that of the lower
12% fe?et.ppSample A26 shows bed No. 4 to be a very ‘purg
sand. Sample A27 was taken 5 feet from the top and A28, 2
feet from the top of bed No. 2.

Analyses of samples of sand from partial section on 0il Creek.

T i

No. Fe.0s | ALO, | Ca0d | MgO S0, Omgaﬁlef-.
B20 oiiiiiinienns 07 185 | 6.86 .0518 | 87.46 | 012
A2 oo, 014|179 275 | .021 | 99.267 | .005
A2% e 028 | 265 | 2.075| .0771( 95.94 | .008
A28 e, wee 2056 | 277 | 5935 | 0645 | 88.947 | .04
A% o, 14 383 | 11.225 | .0699 | 79.357 | 0098
A25 et 056 | .214 | 4.765] .0427 | 91.21 | 0053
A6 oo 056 | .284 | .225| .03656 | 99.19 | .0011
AT o, 084 | 146 .225 | .0445 | 99.34 | 0029
A28 ooiiiil i 084 | 162 -94 .028 | 98.058 | .0084

Size of grains in samples of sand from partial section on Oil Oreeck.

w 40 60 80 100 200 | Pan. | Total

No.

d = a| 5.71| 271.49 | 87.48| 24.9 2.22 | 99.98
ﬁgg [ERR gég 15.97 | 43.02 | 25.51| 12.72 .03 | 100,03
A2 v 2.55 ( 22.82 | 47.6 | 20.59 | 7.04 .04 | 100.02

A28 e, 5.19 | 7.51| 20.64 | 28.63 | 36.48 | 1.54 | 99.99
A% oo, 10.01a| 14.89 | 34.67 | 21.93 | 15.33 | 3.15| 99.98
A% .ornnrnns 1.6 | 13.65| 45.88 | 25.31 | 12.41| 1.24| 99.99
A28 uniinnins 3.85 | 24.89 | 38.75 | 25.68 | - 6.42 .43 | 100 02
ABT o 4.9 | 33.18 | 35.18 | 17.25 | 9.34 .17 | 100.02
A28 i, 3.96 | 19.97 | 39.6 | 22.68| 13.29 .47 | 99.97

@a. Most of this can be mashed up finer bo:ween the fingers.

)1l Creek section (No. A5).~— The last section studied in
the s](l;{:thern belt is on Mill Creek in sec. 32, T.38.,R.5E.
The structure in this section is slightly complicated and the
thickness of the different beds could be only approximated,
as the dip of the rocks varies from 30° to 90° and in a few
places are slightly overturned. No attempt was made to deal
with the upper beds because they are poorly exposed. The
following section was made:
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- Partial section of the Simpson formatz’on on Mzll Creek.

Glass sand. Total.

Feet. Feet.
22. Impure sandstone, with shale
and limestone interbedded . ... 10
. | 21. Massive, white sand .......... 15 15
5 [ 20. Irregular sandstones- .. R 4
B | 19. White sand ............ . 2 2
o 18 Impure sand ......... ... . | 4
S | 17. White glass sand ..... . . 12 12
= | 16. Limestone ....... .. T . 22
= 15. Impure sandstone ............ 5
14. Pure white sand ...... ... .. 45 45
\ 13. Impure sandstone ............ 10
12. Shales and limestones, with
two thin ledges of sandstone. . 505
« ( 11. Thin seams of shale, limestone,
3 and sandstone .......... e 27
M 10. Good white sand ..... R 30 30
b J 9. Impure sand and shale ....... 10
B 8. Good glass sand ......... ... 15 15
3 7. Sandstone with thin seams of
L shale and limestone .......... 20
6. Shale and limestone .......... 650
( 9. Impure sandstone, with inter-
bedded shale and limestone . . . 11
@ 4. Solid, massive, white sandstone
3 of good quality .......... ... 50 50
m 4 3. Rather impure sandstone, good .
~ only for bottles ......... ... . 11
@ 2. assive, white sand, apparently
M of good quality .... .. e 13 13
1. Sandstone grading downward
\ “into shaly limestone ........ . 5

No samples from the Mill Creek section were taken be-
cause the nature of the exposure renders the obtaining of rep-
resentative samples rather difficult. The location of the de-
posits with respect to transportation facilities, and the rug-

ged character of the country renders the utilization of these
deposits unfeasible.

The following table gives a summary of the results ob-
tained from the five sections made at different localities in

%he Southern Belt area, the thicknesses being given in
eet: »
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Although the ledges are almost on edge and many sharp

definitely. As an example the upper beds are not prominent’
in the southeast part of the belt and in the sections on Ojf
Creek and Mill Creek the beds are concealed beneath the
- soil and hence the quantity and quality of the sand could not

out the most prominently. They oceur locally in the western
end of the belt, and usunally outerop as a thin ledge of sand-
stone containing a large per cent of lime, )

None of the horizons are constant, but the variation in
the total thickness in the different localities is partly due to
the arbitrary division lines Separating the sand ledges from
the limestones and shales above and below; since in most
cﬁ.ses flhere is a more or lesg gradual gradation from one to
the other.

Delaware Creek Ares,.

General features.— The Delaware Creek area consists of
the greater part of T. 1 S, R. 7 E., with an arm which ex-
tends north ‘into T, 7 N, R. 6 E. The outerop in T, 1 S., R.
7 K., is approximate Y 8quare and occupies an area of about

plateau of the Arbuckle limestone. The general slope is to
the east. On the south side where the formation is'5 mileg
- wide the dip is about 3° east, while in the northwest, where
" it is 3 miles wide, the dip is about 10° to the east. In gec.

tion 29, and for 3 miles to the northeast, the width of the
outerop is ot so great and in Places is not more than one-

halif:' mile. The dip in this vieinity is 20° tq 45° to the south-
east.

As shown on the map of the region, a fault oceurs in the
northeast part of the area, the lower horizon of the Simpson
being faulted into ccontact with the Viola limestone. Thig
fault coupled with erosional features causes a tongue of
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Viola to protrude 3 miles southward, dividing the Simpson
outerop. The basal beds are exposed along the western bor- .
der of the Simpson formation and along the stream in the
extreme southern part of sec. 15, T. 1 S,, R. 7T E. The lower
beds have wide outerops in the valley and to the east of Blue
River. In the western part of the area also the lower beds
are widely exposed along Little Blue Creek. This area is
probably continuous with the wider area to the southward
but it is not mapable. The middle and upper beds outerop
betweendLittle Blue Creek and the Viola limestone to the
eastward.

Considerable crumpling in the members of .the forma-
tion is seen in the east-central part of sec. 29, T. 1 S, R. 4
E., where the dip suddenly increases. The crumpled area is
small and, beginning in the north-central part of see. 29, and
" continuing northward, there is no irregularity in the ar-
rangement of the members of the formation, and the four
horizons of sand except in that portion of the area north of
the base line are well exposed.

The large deposits of glass sand in the Delaware Creek
area cannot be developed at present, because there are no
transportation facilities. The nearest means of transporta-
tion is a branch line of the Missouri, Oklahoma, and Gulf
Railroad. It is reported that plans are being laid to extend
the branch line from Bromide on to the northwest. Unless
these plans materialize, the large deposits of good glass sand
in this region must remain undeveloped. The four miles in- .
tervening between Bromide and the sand bluffs along Dela-
ware Creek is comparatively smooth and the road could be
built at moderate cost. None of the glass sand deposits of
this area, except those in the extreme northwest part, are in-
accessible, but there is very little probability that any of it
will be developed except the glass sand bluffs along Dela-
ware Creek, since these are more accessible and contain an
inexhaustible supply of easily workable sand and are mnear
water.

Occurence and character of sands. — The glass ‘sand in
the Simpson formation in the Delaware region occurs in
four beds or series of beds which are very similar in most
respects to those found in the sections on Mill Creek, Oil
Creek, Phillips Creek, and near Crusher.

v The basal beds are found resting on the Arbuckle lime-
stone along the western border of the Simpson formation.
In the nortwest part of sec. 36, T. 1 8., R. 6 E., the outerop
runs northeastward and disappears under Blue River and ap-
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parently the beds do not again appear until in the north-cen-
tral part of sec. 22, T. 1 8., R. 7 B. The prevailing evidence
is that the bluff of sand north of the school house in the
southern part of sec. 15, T.1 S, R. 7 E., is a part of the basal
beds, since it occurs about 660 feet stratigraphically under-
‘neath the lower beds as in the sections on Oil Creek and
Mill Creek; and since the characteristics of the sand ledge
and the immediately overlying limestone and shale are sim-
ilar to those in those sections. The beds extend to the south-
west a short distance and disappear. Tie sand in this aren
18 1nconveniently located for develonment.

The basal beds were not mapped in any of the areas

studied because with only a single exception, which j

above, the beds wherever they occur at I:a.ll are alv(;aylss Eﬁfgg

outeropping on top of the exposed Arbuckle limestone.
On_the bluff mentioned above occurring in see. 15, T. 1

JSW;%I’)Z E., the following succession was observed (section

2. Limestone and shale ......................... 95 -

1. Sandstone, base not exposed ................... 18

The analyses below show the quality of the sandstone,

| ?ﬂ??gg :Bl coming 2% feet; B2, 7 feet: az-ld B3, 14 feet from

- Analyses of samples of sand from section No. Bi.

No. " .| FeOs |  ALO: } Ca0 | Mgo sio, | Oreanic
i b | matter.
e &} .228 J135 | .0453 | 99.388 | 0027
B Tt e L1654 1.6 112 .059 97.986 | .0041
............... .168 .242 .135 .099 99.256 | .004
Size of grains of samples of sand from section No. Bi.
_ Mesh, 10
NeS , 60 80 100 200 | Pan. | Total
Bl .......... .12 | 8.74 54.82 20.02 15.51
- . . . . . . .82 ] 100.03
gg Sevn i, .27 1.94 36.35 36.17 24.27 1.03 | 100.03
.......... .62 | 7.88 37.17 30.42 | 23.22 .71 | 100.02

. . The boundary lines of the outcrop of the Iower

somewhat indefinite. The beds are agparently sepalq)z:i(:igd ?1.3
tg two divisions. The upper part passes east of Pilgrim
Chape! and an exposure on a small branch in the northeast
part of section 33 shows it to be about 10 feet thick. ‘The
top 2% feet is almost black with ecarbonaceous material, but
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this is only a loecal occurrence, since in the other exposures of

“this ledge the carbonaceous material is not prominent. The
lower division passes to the west and north of Pilgrim

Chapel. In the northeast of sec. 5, T. 2 S, R. 7 K, it is divid-
ed into several thin beds of sandstone interstratified with
thin layers of limestone. Sample B 4 was taken from one of
these beds which is 2% feet thick.

Analysis of sample of sand from- N. E. 1-48¢ec. 5, T. 2 8., R. 7 E.

No. Fe.0: AlO, Ca0 Mg0 810, Organic matter.
B4 . .434 .596 .176  .065 98.5692 L0082

Size of grains of sample of sand from N. E. 1-4 sec. 5, T. 2 S., R. 7 E.

Mesh., : .
, \ 40 ' 60 | 80 100 200 Pan. | Total,
No. . i _

Bd .......... | 95| 3.56] 20.12 | 31.1 | 41.63 | 2.64| 99.99

The quality of this sand together with its thickness and
location makes it infeasible for working.

A sand bed is exposed in the bank of a small ravine 200
yards southeast of the center of section 32. The thickness
of the sand is unknown, but there is probably 10 feet of it, as-
a 10 foot exposure on the same ledge is shown 460 yards
north and about 50 yards east of the center of section 27.

On the south- the entire lower beds outcrop over most
of sec. 5 and the eastern part of sec. 6, T. 2 S,, R. 7 E., and
extend just across Blue River to the west. The general

. direction is to the northeast and the beds pass wunder the

Viola limestone in the north-central part of sec. 14, T.'1 S,
R. 7 E. L

The outcrop of the middle beds begins in the east-cen-
tral part of sec..3, T. 2 S, R. 7 K., and runs north to the
north-central part of see. 23, T. 1 8., R. 7 E., where they dis-
appear by pinching out or by faulting. They parallel those
of the upper beds but are not nearly so conspicuous, since
Delaware Creek crosses them and a good part of the sand is
concealed in sections 27 and 34. Along the west side of the
outcrop the sand is found in several small knobs which are
capped by outliers of the limestone that separates the upper
and middle beds.. This limestone formerly extended over the
area now occupied by Delaware Creek and passed under the
upper beds to the east. The removal of this limestone by
Delaware Creek has exposed portions of the sand east of the
original outerop. The sand in this locality is mnot so acces-
sible ag is that in the upper beds and no good fresh ex-
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posures were seen. In the eastern part of sec. 27. th -
crop leaves the valley and frequent gxposures are éeenefl(')(l)lrg
this point northward. Two hundred and seventy yards east
of the northwest corner of seec. 26, 6 feet of white, friable
~ sand of the middle beds is exposed (sample B5). The base
of the sand is not seen but indications are that it lies several
feet below the base of the exposure. It must be borne in
mind that in the five sections of the Simpson, in the southern
area above discussed, where the thickness could be more or

less accurately determined, the middl
115 feet of glass sand. e middle beds show from 42 to

Analysis of sdmple ﬁ-om sec. 26, T.1 8., R. 7 E.

_No. ' Fe 0. Al0s CaO MgO Sio.
) Organic :
B5 .0566 277 11 .068 99.40:3 8 .001-;natter
Size of grains of sample from sec.26,T.1 S.,R.7E.
Mesh.
No, -. 40 . 60 - 80 100 200 Pan. Total.
BS ......... | .71 10.8 | 51.8 [ 21.1 { 14. | 1.5 | 99.99

As may be seen from the above analysis this is a very.

gglrgaialtg.d and only lacks transportation facilities to make it

- The upper beds outcrop along the east sid ' '
Beginning in the west-central par?:'.of sec. 2, T.620§. ﬂll%e. ?r%?
they run almost due north and disappear either by’ faultiné
or by pinching out 480 yards west and 355 south of the cen.
ter of sec. 23, T.1 S, R. 7 E. The width of the outerop var-
- ies from 100 o 500 yards and in sections 26 and 35 the out-

(farop 18 prominent and only a few small ravines cut the sur-
ace; while in section 2 the beds are less prominent and Dela-
ware Creek has deposited alluvinm over a good part of them.
.. Limestone caps the beds and forms a rather prominent
ridge on the east side of their outerop, while the limestone
and shale on the west side that separate the upper and mid-
dle beds are frequently eroded down by small streams cut-
ting thelr,way.across_ to Delaware Creek, and in most of
| these places the sand is covered with the soil. In a few small
?reas sand from the upper beds has been deposited over the
imestone and shale in these localities and gives the surface

e appearance of one of the series of sand beds. A suffici-
-ent number of rounded limestone knobs remain, however, to

ﬁl;?;bzlgng.ng to determine the boundaries of the sandstone
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The following section from the glass sand bluff of Dela-
ware Creek, 355 yards east and 255 vards north of the south-
west corner of see. 35, T. 1 S, R. 7 L&, gives an estimate. of
the quantity of glass sand in the upper beds and the analys-
es show the quality:

Partial section of 'upper beds of Simpson formation on sec. 35,
T.18.,, R.7E.(No.B2.). : o

Glags sand. Total.
: Feet. Feet.
9. Limestone and impure sand-

‘stone capping bluff .......... - - 10-25
8. Massive, white, friable sand... 21 21
7. Thin, irregular, siliceous lime- -
stone containing a large per
cent of Iron ....... ..., ' 14
6. Sand similar to No. 8 in appear- P
Y 1 ) M [ 4 4
5. Siliceous limestone .......... 3
4, White, friable sand ....... e, 4 4
3. White sandstone, rather hard 2 2
2. White, friable sand .......... SR 5
1. Impure sand and thin layers

of shale and limestone......... 16

Analyses of samples from a z;artial section of Sfi_mpéon formq_'t:fid;zr_'in é‘éé.
3, T.18., R.7E. E AR

: . ' - l | {
No. : ? Fe:0:| AlO, | Ca0 | MgO ll 8i0: il %E&t;c
B8 it | .126 464 .31 .0246 | 98.82 01
BT  ceeetencvanrencens 182 | . .651 | 1.35 .0337 | 96.81 0091
= ,406 .61 1.612 .088 96.184 012
BY ..iiiiiiiiiiennen 07 163 | 7.5 .03 86.287 | .0064
Bl ..ctieiivianennnns 112 .141 | 4,126 | .0282 | 92.377 | .0042

Size of grains of samples from a partial section of Simpson formation
on sec. 35, T.1 8., R. 7 E.

Mesh. ! ! [

40 | 60 80 100 200 | Pan. |- Total." -
No. - ‘ | z:"’ R .'I ) ’
B6 .......... 1.6 8.4 | 24.2 [23.1 13832 4.8 | 100.02
BT .ioieenn. 2.58 | 12.61 | 85.16 | 25.4- -} 23.02 |-~+.94 | -100.61 ;-
B8 ...ciinns 2.69 | 13.65 | 40.1 | 22.545 | 18.82 | 2.22 | 99.97&
BY ceiienn... 1.76 | 35.59 | 44.2 |12.42 | 6.41 .62 | 100.
B10 .......... 1.6 | 13.25 | 50.2 | 20.6 |12.27| 2.2 | 100.02
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The bluff of sand outerops for about 100 feet along the
east bank of Delaware Creek and sufficient water for wash-
ing out the impurities of the sand is found at the hase of the
bluff (Pl. JITI). The outecrop is capped with several feet
of limestone, the dip of which is about 10° to the east. The
21-foot bed of sand in this bluff is sufficiently pure, according
to the amount of impurities allowed for different grades of
glass as shown in table on page 11, for any hut the best
grades of glass. There are several places in the two miles
on north from this bluff, where by the removal of a few feet
of surface soil, deposits of sand as good as the ahove may be
opened up at a small expense. In fact there is very little
of the upper beds in the three miles that cannot be easily
worked, except on the south side in section 2, where Dela-
ware Creek has deposited alluvium over a large part of the
beds. These deposits on the north, however, are not so
conveniently located since there is no water near them.

Roff Area.

General features— This area extends eastward from
Roff through the east central part of T. 2 N., R. 4 E., and on-
ward to the eastern limit of T. 2 N., R. 5 B. The outerop of
the Simpson formation forms a belt from one-half to one
and one-half miles wide (Pl. IV). Between this area and
the Delaware Region to the southeast most of the Simp-
son is faulted out and in the northeast part of T. 2 N., R. 6
E., it is entirely gone and the Viola limestone is brought
down into contact with the Arbuckle limestone.

The Simpson formation in the Roff area ocecurs in a
narrow valley between the Viola limestone on the north
and the Arbuckle limestone on the south. It is abmost on
edge. Little relief is shown, except that the limestone be-
iween the middle and lower beds forms a low ridge near the
middle of the outerop, the sandstone beds lying in narrow

.valleys on either side.

In the western part of sec. 14 a fault cuts out most of

_the formation. All of the upper and most, if not all, of the

middle beds are faulted out. Another fault on the south in

-secs. 23 and 24 limits the formation in that direction. Along

this fanlt the basal, and in most places the lower, beds have
been faulted up and eroded away. Between Roff and Fitz-
bugh the Simpson is concealed heneath a formation of sand-

‘stone and shale of Carboniferous age.

Occurrence and_ character of sand. — The glass sand in
the Simpson formation in the Roff region also oceurs in four
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series of beds but for reasons given later, it is probable that
only the basal beds will be developed in the near future.

The basal beds, resting as they do directly on ihe Ar-
buekle linestone, outcrop mst to the north of it in the RoFf
area.. In the creek bottom east of Roff the outcrop widens
- out and the sand is found underlying the south half of sees.
17 and 18. In the southwest part of sec. 18 the ledge swings
to the south and outerops to the east of Roff and in a short

distance disappears under the sandstone and shale of the
Carboniferous.

- The St. Louis and San Francisco Kailroad passes over
a portion of the basal beds in sec. 18 and with liftle expense
a spur can be run to any other part of 1he remsainder in the
two sections. The sand is overlaid by 2 to 6 feet of alluvial
soil which may be removed at low cost.

A small quarry has been opened up in the bank of the
creek on the south side of sec. 18. From this a sample of
sand was obtained which gave the following results:

A’halysis of sample of sand from basal horizon near Roff.

No. Fe,04 AlO, Ca0 MgO £i0. Organic matter.
Cl1 .28 .988 .13 .032 - 98.24 .229
Cla . .2B2 .59 .09 .028 98.872 - .104

Size of grains of sample of sand from basal horizon near Roﬁ“.

Mesh, | I : - ) l ‘
| 40 | 60 .| s0 100 ¢ 200 | Pan. | Motal.,
No. . | : | : | l

Cl ... [ 1.74 | 17. | 36.58 | 22.58 | 20.785] 1.35 | 100.035

In the above analysis Cl was unwashed, while Cla was
washed, by simply putting the sample in water, letting it re-
main- an hour, draining and drying. The results of the

analysis show that most of the impurities may be removed -
by washing. As Blue Creek does not run the year round, -

ihe supply of water would have to be secured from wells or
reservoirs.

- A earload of this sand was tested by Mr. M. W Conway,
Superintendent of the Tulsa Glass Comypany, at the plant of
the company. The results show that the glass made from

this sand is of a better quality than that made from the sand .

his plant received from the St. Louis region.

Since the sand is accessible to transportation and is of
a good quality, the remaining factor that determines its val-

ue 1s the amount of sand in the deposﬂ;
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The thickness of the basal beds in secs. 17 and 18 has
not been determined, since they are covered in the creek
bottom and no structure is seen at this point. The beds are
sharply exposed, however, in the northwest corner of see. 22,
and show that they are comprised of three divisions. The
bottom 35 feet is composed of massive sand, the next 28 feet
is shale, limestone, and sand, and the top 35 feet is massive
gsand. The surface of these beds is weathered so that fresh
samples could not be obtained.

It is unlikely that the thickness of the basal beds has
changed materially in the distance between secs. 22 and 19.
If this is true and if the quality is as good as shown in the
above analysis either one of the 35 foot beds contains a vast
amount of good sand.

The  lower beds are found outeropping along the south
side of the limestone ridge that separates them from the
middle beds. Their location and extent are shown in the
accompanying map (PL IV). The conditions found in the
upper and middle beds_also prevail here and consequentlv
the sand is not workable.

The middle beds parallel the upper and pass under the
Carboniferous near the northwest corner of sec. 16. The
same conditions found with reference to the upper beds ob-
tain also in the middle beds.

The upper beds are exposed for a distance of about 1%
miles northwest and southeast. On the east -side they are
faulted out in the southern part of sec. 14 and on the west
they pass under the Carboniferous area near the half-section
line on the north side of sec. 16. The beds are almost on
edge in ©places and are hardly treaceable. They are
prominent near the center of this seection and slight ex-
posures are seen in the ravine running east. The sand in
the beds can never be worked at a pr‘oﬁt because in addition
to its being buried beneath several feet of scil, drainage
condifions are bad and the beds are on the edge in the bot-
tom of the ravine.

From the above considerations it will be seen that the
sand in the lower, middle, and upper heds of the Rofl area
is not of the highest value. While no analyses are given
conditions of quarrying with respect t ostripping, drainage,
and attitude of the beds render the deposits valueless under
present conditions. With respect to the basal beds condi-
conditions of guarrying with respeet to stripping, drainage,
grade, and while, as stated above, the amount of sand pre-
sent could not be precisely determined such evidence as
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could be obtained indicates a large amount occurring under

rather favorable conditions.

 Hickory Area.

General features.— This area, comprising about seven
square miles, is located near the center of T. 1 N,, R. 4 K.
The village of Hickory on the St. Lonis and San Francisco
Railroad is located on the east border of the area

The exposed area of the Simpson formation is here

bounded on the north, east, and south by the Arbuckle

limestone, and on the west 1t is limited by sandstone and.
shale of Carboniferous age. Faults limit the area on avery
side except the west and one fault traverses the area in the
This faulting, coupled with poor ex-

present and the stratigraphic position. of the beds unsatis-
factory. The Simpson formation outerops in this area in a

"comparatively flat basin which is only slightly dissected by

Mill Creek and its small tributaries.

Occurrence and character of sands.— A bed of sand out-
crops along the north line of sees. 14 and 15. A sharp ex-
posure is 3éen about 250 yards southwest of the half-mile
stone on the north side of the latter section. At this place
it is 25 feet thick. Sample D1 is a representative of the top
15 feet, and D2 of the bottom 10 feet. The hard siliceous

- limestone capping the sand bed dips 10° to the north. The

bed is not prominent at any other place. To the west the
bed is covered in the bottom of Mill Creek, and to the east
it runs in a little valley and is covered by several feet of
surface -goil that has been washed down from the ridge on
the north. The prospects for the devolpment of this bed
are unfavorable, because it is not easily accessible and only
the top 15 feet is sufficiently pure to be used. .

In the little valley just south of the cotton gin in Hick-
ory another thin bed is found. This also is covered with
surface soil. Its thickness is unknown but the evidence
obtainable indicates but a few feet. The sand contains a
large per cent of impurities but most of these may be re-
moved by washing. Wells dug in the south-central part of
secs. 14 and 15 show several feet of white sand, but since
this occurs 50 feet or more beneath the surface it is value-

. less.

_Along the north and south sides of the area the fine-
grained, generally friable sandstone of the basal beds has
been altered to a quartzite. This alteration is often observ-
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ed in the basal horizon and is prominent at Roff, Mill Creek,
dnd the other localities where the beds are sharply exposed.
This alteration is apparently due to solution and the re.
deposition of secondary silica betwcen the grains and is a
result of weathering, o

.+ .The following analyses show the character of the sand
in the area: ’

_ Ahalysee of samples of sand from near Hickory.

. Organic
NO. Fei0, AlO, Ca0 Mg‘O Si0, matter.
Dl ..iceoveweennn] 121 1172687 | 04 [ 94.56 | .46
D2 i, 056 | .097016.27 | .098 | 70.564 | .32

: Size of grains of samples of sand from near Hickory.

~. :Mesh, ) - l
~ ] 4 6 | 80 | 100 | 200 | Pen.'| Total,
DIl T | i3 % 27.91 | 34.74 | 2.24 | 995.98
D2 ....o..... B.91 | 14.54 | 32.12 | 24.24 |19.45 | 3.72 | 99 .98

Mill Creek Area.

"+ This! area ir}cludes two detached parts which for pur-
poses of:-discussion will be conveniently designated as the
lower and upper parts respectively. -

-~ The lower part consists of a relatively narrow band ex-
tending from the north-central part of T. 2 S, R. 4 B, east-
-ward across Mill, Rock, and Pennington creeks into the west-
central part of T. 2 S, R. 6 B. TIts cortinuity is broken in
several ‘places by faults. From the western limit eastward
to Rock Creek the basal and lower beds are faulted out. In
the narrow 'strip between Rock and Pennington creeks only
the upper beds are present, the other three being faulted out.
At the extreme eastern end of this part of the area the en-
tire Simpson formation is present, hut it is poorly exposed
and few details could be obtained.

..In that part of the lower areg lying west of Rock Creek

the middle and upper beds are exposed, but they are not
accessible and therefore are not of any present value, except
in sec: 18, T. 2 S, R. 5 K., where the St. Louis and San Fran-
cisco Railroad crosses the upper and a portion of the middle
beds. West of the railroad both series of beds are exposed.

They contain approximately the same amount of sand as the

middle and upper beds in the Southern Belt and the quality
of the sand is as good as in that area, and in addition to the
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aceessibility of the sand, little stripping is required.
- The upper part of the Mill Creek area lies in the north-

- west corner of T. 2 S, R. 5 E., heing roughly semi-circular in

outline and embracing an area of about 215 square miles.
Only the basal beds are present, the others being eliminated
by faulting. About one-half mile northeast of the town the
sand outcrops in low blnffs along the banks of a small
ravine for three to four hundred yvards. From one of the

“bluffs several tons of sand have been removed. At this place

15 feet of sand is seen, the base not being exposed, but
the indications are that the bed continues several feet below
the base of the exposure. The quality of the sand is shown
by the following analysis: -

Analysis of sample of sand from one-half mile no'rtl_zéast of tké‘;own of

Mill Oreek.
No. Fe:.0, ALO: CaO0 MgO g0, . . Organic’ matter.
El .35 .56 .066 .188 . "'98.782 - . 4008 .

Size of grains of sample of sand from one-half
" of Mill Creek.

1
W, ) 60 80 | 100 | 200 | Pan. | motal
No. T '

Bl .......... [ .16 2.38 | 24.34]32.18 | 37.62| 3.4 99.99

mile nbrtheas_i jbf thetown

~ These beds lie one-fourth mile from the St. Louis and
San Franciseo Railroad, and since practically no grading
will be required to run a spur out to the beds they are easily
accessible. '
Good exposures of the basal beds are also Sseen-in a
small ereek 1% miles east of town. The sand here is of the
same quality as that northeast of town. It is accessibie and
the St. Louis and San Francisco Railroad has a spur out to
some gravel beds southeast of Mill Creek which ‘passes
within three-quarters of a mile of the sand deposits.

Nebo Area.

General features.— This area derives its name from Nebo
Post Office which is situated near the western border. It
consists of approximately 12 gquare miles and is located
principally in T. 2 8., R. 3 E. It exlends south a short dis-
tance in T. 3 8., and northeast a short distance into R. 4 E.
It is roughly rectangular in outline being approximately 6
miles long north and south and 2% miles wide east and
west (Pl V). _
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" In’the vicinty of Nebo the Simpson formation outcrops
in the wide, flat valley of. Oil Creek. In the eastern half of
t}i}e a_rlea the formation is concealed beneath a thick mantle
of soil. . '

At Wyatt on the southeastern extremity of the area

-the outerop of the formation has ben cut off by a fault. In

the northeast also it is terminated by a fault. In the central
part of the area the dip is about 10° to the west while to the
north and south it is somewhat greater but very variable.

Occurrence and character of sand. — The workable glass
sand in this region occurs in the lower, middle, and apper
beds. The basal beds for the most purt are concealed be-
neath the alluvium of Oil Creek. An exposure in the south-
east part of sec. 36 shows 60 feet of impure sand. As has

. been mentioned, the area is of low relief and there are no

bluifs or sharp exposures of either the niiddle or upper beds.
For this reason no samples were taken from these beds. But
in the south-central part of sec. 3§ a ravine cuts at right
angles.across the lower beds giving a fresh exposure. Along
this ravine the following section was made: ,

. Section qu_' lower béds in sec. 3, 7.28., R. 3 E.

Glass sand. Total. -
Feet. Feet,

8. Massive, white sand, similar to
0. 1 o 33 33
7. Impure sandstone .............. : 15
6. Shale, limestone, and sandstone.. - 30
5. Massive, white sandstone ... ... 41 ' 41
4. Tmpure sandstone ........... . .4
3. Massive, white sandstone ....... 30 .30
2. Impure sandstone .......... ... 4
. 1. Massive, white sandstone ...... . 23 23

The dip could not be determined accurate’y as the rocks
were slightly erumpled. The rocks iust below the sand beds
show a dip of 21° to the west and the thickness of the beds
was calculated on this basis.

A composite sample gathered from different places in
Nos. 1, 3, 5, and 8 in the section ahove gave the following
analysis: , i

) Andlysz's of sample of sand from lower beds in sec. 36, 1.2 8., R. 8E.

No.. Fe, 0, A0 Ca0 MgO S10, Organic matter.
Fi . .014 - 136 .16 077 99.49 .008
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Size of grains of samples of sand from lower beds in sec. 36, T, 2 8.
S ' R. 3 E.

. Mesh, | I | ]
Mes , 40 60 80 100 200 Pan. | ‘Total
No, ; |.
41|

FL ... ] 41| 6.96| 33.31[34.12 [24.83 | .39 | 100.02

“Although the outerop is in a flat level region, it is sur.
rounded by a rough hilly country, and is almost an isolated
area . The nearest transportation facilities offered is the
Gulf, Colorado, and Santa Fe Railroad, 4 miles west. On
account of the rugged character of tha country it is alto.
gether unlikely that any railroad will be built to it in the
near future. :

Sulphur Area.

The Sulphur area lies south and southeast of the town
- of Sulphur being located almost wholly in T. 1 3., Rs. 3 and
4 K. Tt is rather sharply subdivided. chiefly by faulting, in-
. to three smaller divisions, which may be. designated as a, b,
and ¢, which are shown in the accompanying map (PL VI). -

- Division & is located in the southeastern part of the gen-
eral area and lies in the southwest corner of T.18,R. 4K,
but extends also about one-half mile sovth into T. 2 S.

On the north the Simpson formation is faulted against
the Arbuckle limestoné and on the south it is faulted into
contact with the Caney shale and Glenn formation. A small
fault occurs on the west side, but does not affect the beds of

~.sand. Although the Simpson ‘formation contains a large
quantity of good glass sand, yet because it ig inaccessible it
.cannot be worked at present. The heds are not prominent
and no bluffs or sharp exposures were seen. They are large-
" 1y covered with surface soil washed down from other menm.
_bers of the formation. -

- Division b is located in thé east-central part of T. 1 S.,
R. 3 E. The accompanying map gives the distribution of

" series of beds and the extent of their outerops. On the north

and west the Simpson passes under the Franks conglomer-
ate. On the south it is cut off abruvtly by a complex fault.
. Kastward it is limited by the Arbuckle limestone.

The surface of this division is broken and hilly and
several sharp exposures of the heds are seen along the steep
banks of the ravines. .Although these beds contain g large
amount of pure sand which can be easily worked, yet in al!
probability they will not soon be reached by railroad and are
therefore without value at present,
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Division ¢ lies in a crescent shape in the northeast part
of T. 1 8., R. 4 K., and is really a continuation of Division b.
On the west the area is bounded by the Viola and on the -
south by the Arbuckle limestone. On the northwest the
Simpson passes beneath the Franks conglomerate. The sur-
face of the area is level and the beds do not stand out promi-
nently. They stand on edge and are covered by surface soil.
All things considered they cannot he worked at a profit at
present.

The basal part of the Simpson extends 7 miles to the
east beyond the limits of the accompanying map. The forma-
tion lies nearly horizontal and the busal beds of sandstone,
after being mixed with the surface soil, contain too large
a per cent of impurities to be used for anytting but the poor-
est grades of bottles. Although crossed bv the St. Louis and
San Francisco Railroad these heds, on account of the valu-
able deposits elsewhere in the Arbuckle Mountains, are with-
out value at present.

Da.\_ris Area.

This area is located on the northeast slope of the Ar-
puckle Mountains in the valley of the Washita River. The
exposures occur in three separate localities; on Coburn
Creek, on Falls Creek, and on the Doungherty anticline.

On Coburn Creek (called also Colbert Creek) 5 miles
gonthwest of Davis, the Simpson formation ontcrops on the
northeast slope of the mountains west of Washita River.
Coburn Creek and its tributaries have deeply dissected the
rglg)zlion so that it is very rugged. rendering it almost inacces-
gible. - -

The area is on the northeast limb of the Arbuckle anti-
cline and the rocks dip in general 60° to 80° to the north-
east, but are much folded and faulted. 'The Simpson forma-
tion is exposed in the western part of the area, dips north-
east beneath the Viola limestone, reappears by an anticline,
again dips northeast beneath the Viola to reappear along the
southern end of a morth-south fault, the rocks on the west
and south sides respectively having dropped.

" In the Coburn Creek exposures as in the Davis area in
general the Simpson is much thinner than in other parts
of the mountains. This is becanse the basal beds of sand
and a considerable part of the basal limestone and shale are
absent. The formation on the whole is more siliceous than in
other places, and the upper and middle beds of sand are
thicker than usual. The sand is of good quality and occurs
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in large quantities, but it is of no present value, because the
region cannot be easily reached by railroad. owing te the
rugged surface of the country. ]

The second subdivision of the Davis area is best seen
on  Falls Creek on the west side of the Washita, River, 6
miles due south of Davis. A long, narrow, faulted strip
of the Simpson formation outerops in the southeastern part
of this area northwest of Dougherty. The Simpson forma-
tion_here is faulted against the Arbuckie limestone on the
southwest resulting in a long narrow outcrop extending
northwest-southeast between the faunlt and the outerop of
the. Viola limestone. The middle and npper beds only are
exposed. Although a large quantity of good glass sand is
exposed in this area and is only a mile from railroad, it is
not probable that it will be soon developed owing to the
fact that the Washita River intervenes between the deposii
and the railroad. : : _

The third part of the Navis area is in the central part
of sec. 21, T.1 S, R. 2 K., where a narrow band of the
Simpson extending northwest-southeast, is exposed along
" the axis of the Dougherty anticline. The northwest end is
adjacent to the Gulf, Colorado, and Santa Fe Railroad. The
beds dip at a high angle. The sand is of good quality, and
occurs in large quantities iv the upper and middle: beds.
Only a part of the lower beds is present. Although the
topography is somewhat rough and a few small streams
traverse the formation, yet large amounts of the sand may
be given transportation facilities, which is the chief factor

- 1n determining the value of the glass sand deposits in the
- Arbuckle Mountains,

SOUTHEASTERN OKLAHOMA.,
Trinity Sand.

General Features.

The second area in which glass sand oceurs in quantity
in Oklahoma is in the southeastern part of the State. The
formation containing it is known as the “Trinity sandstone
which is the basal formation of the Cretaceons system ex-
posed in this area. The other formations from the Trinity
up are the Fredericksburg, Washita, Dakota and Colorado.

‘The Trinity sandstone enters Oklahoma from Texas
just west of Marietta and extends north and east to near
Ardmore, thence generally eastward into Arkansas, out-
cropping as a broad band five to fifteen miles wide along
the southern base of the Arbuckle and Ouachita mountains

—_——
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(Pl. VII). It is bordered on the south by the Fredericks-
burg formation composed of limestones and shales which
form a north-facing escarpment due to the fact that they
are more resistant than the underlying sandstones of the
Trinity. .

Mr. Robert T. Hill separates the Trinity of Texas into
three divisions. The lowest is referred to as the basal sand
or the Travis Peak formation. It is composed ot a series
of sandstones and conglomerates several hundred feet in
thickness. The middle division is a ecalcerous formation
consisting of limestone interstratified with marly eclays.
The Poluxy sand forms the upper division and is composed
principally of cross-bedded pack sand. The characteristics
of these divisions continue into Oklahoma with the excep-
tion of the Glenn Rose formation which becomes dominant-
ly a sandstone. :

Mr. Pierce Larkin, - who has done considerable work
on the Trinity in Oklahoma, summarizes it as follows:”

¢ It consists principally of more or less unindurated
sand. There also is much clay present which is usually
quite arenaceous. None of these sand and clay members
are continuous over large areas, hut are usnally cross-bedded
“and interstratified with lenticular beds, rarely more than
30 feet in thickness. The sand often grades into clay in
very short distances, and it is rare indeed that one would
be able to follow a ledge of either sand or clay for more
than a mile without finding its character changed or entire-
ly altered.”’ .

The heterogeneous composition of the Trinity shows
constantly changing conditions of deposition and indicates
that the formation was laid down near shore in shallow
water, as the deposits laid down in deeper waters are sub-
ject to more gradual and less frequent changes. The pres-
ence of both salt and gypsum, abundance of lignite, silicifi-
ed wood, and dinosaur remains are other facts which in-
{iipéltgs the shallowness of water at the time the Trinity was
aid down.

Localities. .

In the study of the sands of this formation no attempt
has been made to map in the beds or even to give their exact
location. Among the localities that are accessible to trans-
portation facilities the followine have been studied: North
of Marietta, near Durwood, at Russet, at Madill, north of
Caddo, and south of Antlers.

7. 'Unplibllshed thesis in library of the State University of Oklahoma.
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Overbrook and Marietta.—The Trinity is exposed on the
Gulf, Colorado, and Santa Fe Railroad between Overbrook
and Marietta, where some thick heds of sandstone occur.
Un a small tributary of Little Hickory Creek one-fourth
mile west of Greenville a sand bluff 25 feet high is exposed.
The base is not shown (fig. 2). The top 15 feet of the bed
is represented by sample G1, and the hottom 10 feet by
sample G2, analyses of which are given below. The sand
18 of a brownish gray color and. the grains are sub-angular
and fairly uniform in size although rather small. The bed
18 covered with about 3 feet of surface soil which can be

Fig. 2.---Ledge of glass sand 4 miles south o)
Overbrook.
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removed easily. This is an excellent location as it is only
about 500 yards from the railroad and a spur could be run
to the bed with very little grading. ) ]
‘ The outcrop of the bed extends for considerable dis-
- tance up and down the ravine and the beds show little or
no cross-bedding. The dip is apparently very gentle 1o the
southeast. The upper 15 feet contains such a large per
cent of iron that it is unfit for anything but bottle glass.
The grains are angular but too small to produce the best
~results. The 10 feet at the bottom is sufficiently pure for
the manufacture of some of the hetter grades of glass. The
~quality of this sand may be improved, as a large per cent
of the impurities can be removed by washing,

On_the south bank of Little Hickory Creek about one-
. half mile east of the bluff just described and ahout 50 yards
above the railroad crossing 25 feet of sand are exposed in a
bluff. In appearance the sand here is the same as that in
the bluff farther west, but as the base of this bluff is cover-
ed by sand which has fallen from the top, no fresh sample
could be obtained. The sand in this bed is easlly accessible
and (:inly about 3 feet of the loose surface soil need be re-
moved.

Within the next mile to the sonth other bluffs of sand
having the same appearance as that at Greenville are ex-
posed. Furthermore, to the eastward are still other bluffs
but these latter are not mear any transportation facilities
and were mnot closely inspected. -

Analysis of samples of sand from near Greenville.

No. Fe,0, AlLO, Ca0 . MgO £10, Organic matter.
a1 .42 1.88 .~ .22 .04 96.988 .28
G2 .21 . 73 .. 108 .032 98.878 .132

Sizé of grains of samples of sand from near Greenville.

] | . i
w ] 40 60 80 100 200 Pan | 'Total.
No. :

Gl .......... 1.01 1 9.75 ] 3.656 | 173.05| 6.90 -99.98
G2 .......... .b 51 18.10 | 24.5 51.52 | 2.75 | 100.02

T
.6

- ot

Durwood.—There is a large quantity of sand near the
village of Durwood on the St. Louis and San Francisco
Railroad, and the Chicago, Rock Island, and Pacific Rail-

road east of Ardmore. The surface of the land is rolling

or even rough, and the soil sandy ,the whole being typical
of a sand-hill country. There is a 17-foot bed of sand ex-
posed on the south bank of a small creek about 1 mile
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northeast of Durwood, analyses of which are given in sample
G3 below. About 20 feet of impure sand and sarface soil
lies above this 17-foot bed. The exposure is easily acces-
sible and the railroad is only one-half mile distant. A spur
could therefore be built to this exposure at a very low cost.

Anaiysis of sample of sand from near Durwood.

No. Fe.0: AlO; Ca0 MgO Si0. Organic matter.
G3 322 - .75 105 .025 98.693 .123
G3a .133 .497 L1056 021 99.077 .085

Sample G3a is the same sand as G3 after being wash-

~ed by immersion in water 1 hour.

Size of grains of sample of sand from near Durwood.

Mesh, | | |
| 40 | 60 80 100 206 | Pan. | fTotal.
No. | | | ! |
| I

|
G3 ... ... [ 1.5 6.61 | 25.31]238.3 [40.79] 2.5 | 100.01

A 20-foot bluff of sand is exposed in a small ravine
about 2 miles southeast of Durwood. The upper 15 feet s
too impure for glass sand. The 5 feet at the base is repre-
sented by sample G4, analysis of which js given below. In
this are thin layers of coarse-grained sand coniaining a
large per cent of iron and carbonaceous material. The
base of the sand is not exposed. This hluff is not readily
?ceessible on account of the rugged character of the count--
ry.

Analysis of sample of sand from 2 miles southeast of Durwood.
No. Fe,0s ALOy Ca0Q . MgO - Si0, Organic matter.
G4 112 468 115 .052 99.123 .04

Size of grains of sample of sand Jrom 2 miles southeast of Durwooa.

~__ Mesh, |- l
\ 40 60 80 100 200 Pan. | ‘Total.

No. |

G4 ..........] 2.68 57.4 | 27.58 ] 7.03 5.34 .01 | 100.04

Russet.—A ledge of sand 15 feet thick, sample G5, is
exposed in a ravine one-half mile sonth of Russet and one-
fourth mile southeast of the Chicago, Rock Island, and
Pacific Railroad. While the region as a whole is very rug-
ged, a narrow ravine leads from the railroad to the de-:
posit, rendering it accessible. It is underlaid by yellow
clay and covered by three feet of surface s0il, :
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Analysis of sample of sand j_'rém one-half mile south of Russet.
Fe.0, AlLOy, Ca0 MgCQ ~ Si0,  Organic matter.:
Jd26 0 174 07 0BT - 99458 022

No.
Gb

Atoka and

" Size of grainé of samples of sand from one-half mile south of Russet,

Mesh. | | | | | »
\| 40 ‘ 60 | 80 100 200 | Pan.| ‘Total. - No. 1
No. | . | 1 - | . L

18.3 | 12,32 |

G6 .......... | .1 | 8.46| e6.11 .25 | 99.98
' No. 2.
The chemical and physical analyses show _this to be a
good grade of glass sand. The per cent of impurities is
small and the grains are snbangular and transparent. :
Exposures similar to that near Russet are seen just ~ No.

below Randolph near the St. Lounis and San Francisco Rail-
road. Another occurs near Teller, and still others are Tre-
ported near Tishomingo, Milburn, and Filmore, on the
Chicago, Rock Tsland, and Pacific Railroad. _

Madill.—One-half mile northwest of the public square
in Madill is a sand bluff 75 yards long and 25 feet high.
Tt is capped by from five to ten feet of surface soil. The
10 feet of sand at the top of the exiosure is reddish brown

=
Q
LRoo W

railroad cuts.
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Caddo is given by Mr. Larkin. 8.
Section of Trinity from Caddo to Atoka.

vellow eclay with local lenses of con-
glomerate containing large waterworn
oulders ......civeiiiieiiiiiinninn

grayish yellow, sandy clay which

grades downward through many  thin

lentils of eourse, waterworn, and angu-
lar gravels ............. ceeeinnn..
fine conglomerate in beds of gray
sandy clay ........... e eee e
yellow and brown pack sand........
yellow, sandy clay

gray, sandy clay with yellow streaks

hiatus, bottom land ................
yellow clay streaked with red and con-

- taining lenses of gray indurated sand-

stone .

-----------------------------

grayish yellow clay, sandy at the base -

reddish yellow sand in matrix of clay

hiatus, valley of Davis and Boggy
‘Creek .....covvveivnens
grayish white sand ............ ...

blue, arenaceous clay streaked with
yellow ..oiiii i e
reddish, yellow sand eross bedded....
grayish, blue sand with clay matrix...
green colored arenaceous clay .... ..
pack sand reddish brown with iron
stone concretions at the bhase ......
grayish yellow clay red in places and
containing occasional lenses of sand..
blue arenaceous eclay with lenses of
white sand .......................

yellow pack sand ..................
yellow clay changing into white sand,
much cross-bedded, then into vellow
sand in matrix of fine vellow clay in

one of which was found the dinosaur-

ian coracoid

88

Texas Railroad from a point 4 miles north of Caddo north
nearly to Atoka are several good exposures of sand iu the
The following section of Trinity between

Feet.

10

40

and contains too many impurities for glass. The next 10 II:TTO' 18-
feet is represented by sample (6. Crossbedding and ir- NO- T
regular deposition are seen in the whole blnff. Portions 0. 1L
of the 10 feet are made up of lenticular pockets of almost. No. 19
pure, white sand. Around these pockets are little seams of NO' 15
impure yellowish sandstone. At the base of the bluff oe- 0. 1a.
curs a greenish blue sandy clay. The bluff is only a short No. 14
distance from either branch of the St. louis and San Fran. NO. 15
ciseco Railroad and can be reached easilv. From this bluff N°' 16,
the sand extends to the south and underlies almost the en- NO. 17,
tire town of Madill. The following analysis shows the 0. 14.
character of the sand. ' . : :
, _ No. 18.
Analysis of sample of sand from near Madill. No. 19
No. Fe.0, ALO, Ca0 WMz0 Si0: Organic matter. . :
G6 | 154 636 | 1 061  98.89 .08 . No. 90.
. Size of grains of sample of sand from near Madill. .No. 21.
W; 40 ‘ 60 | 80 100 I| 200 | Pen. l' Total.
No. ! : | !
68 .......... [ 95| 1.85| 27.36 [ 27.46 | 40.29 | 2.12 | 100.01
Oaddo to Atoka .—Along the Missouri, Kansas, and 8. Op. ot
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No. 22. yellow clay arenaceous in places.... - 12

No. 23. arenaceous clay grayish yellow clay
iron stone concretions present with it 15

No. 24. reddish, gray sand with unidentified . .

species of Gryphaea and Ostrea...... 12

No. 25. grayish yellow sand in matrix of clay
: very argillaceous in places.......... 32

No. 26. yellow clay streaked with blue sand in
places ..., e 6
No. 27.. yellow pack sand cross bedded....... 10
Total .....ccvvviiiiviiinnns. . 633

The Trinity in this region is characteristically a com-
posite of sand and clay. Usunally there are no sharp bound-
aries between the sand and clay beds, the gradation being
gradual from one to the other. In places, however, irregular
changes take place, both vertically and horizontally. At
other places the sand gives way horizontally to the clay
which continues for some distance and then suddenly be-
comes again predominantly sand. :

In the long cut 114 miles north of Tushka on the Mis-
souri, Kansas, and Texas Railroad, 5 to 20 feet of sand is
- exposed. Some of this is pure white sand, but it oceurs in

small lenticular pockets and is not in sufficient quantity to
be worked. _

. .Omne-half mile south of Tushka there is another cut
similar to the above. White sand is also found here in small
pockets. The deposit on the whole is cross-bedded, lenticu-
lar, and contains a large per cent of impurities.
~In the big cut 2% miles north of Caney as much as 30
feet of sand is exposed, and the irregular character seen in
the other cuts is in evidence at this place also. From one
of the lenticular pockets sample G7 was taken. This pocket
is the most prominent exposure seen between Atoka and
Caddo and is about 50 feet long and 10 feet thick.

Analysis of sand from railroad cut 2 1-2 miles north of Caney.
No. Fe.0, AlLO, Ca0 MgzO Si0: Organic matter.
G7 098 ° 152 04 .066 - $9.507 a117

Size of grains of sand from railroad cut 2 1-2 miles north of Caney.

Mesh.
\ 40 | oo 80
No.

Gl ........ .| 2.05 2.47| . 24.11 | 25.35 142,75 | 3.25 }...90.98 .
The grains are subangular and transparent.

I [ I
100 || 200 | Pan. | Trotal.
|
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 Goodland to Antlers.—A few pockets of white sand
were seen in the Trinity along the St. Louis and San Fran--
cisco Railroad between Antlers and Goodland but such evi-

.dence as could be obfained indicates that the purer grade of

sand- does not occur in sufficient quantity. Boring might
reveal a considerable quantity of good sand but it would
doubtless be in pockets and hence too uncertain in quantity
to warrant being guarried at present.

Summary.

From the above discussion of the several localities of
the Trinity it will be seen that in several places commercial
quantities of good sand occur. The deposits at Greenville,
northeast of Durwood, and at Madill are readily accessible.

" It should be noted, however, that the beds of sand extend

east and west along the strike from the exposures deseribed
in each case, the details of the several localities being given
to show the general character and manner of occurrence of
the glass sand in the Trinity as a whole. Other localities
might be cited in which the deposits would compare favor-
ably with those described.

Silo- Formation.

(lass sand has been reported in the Silo formation which
cuterops in Marshall, Bryan, and Choctaw counties, south
of the Washita formation, but a study of this formation fails
to substantiate this report. The Silo is composed of sand
and shales very much hike those of the Trinity, but are more
regular, . .

B A 20-foot bed of sandstone runs east and west, north of
Durant. It outerops on the bhank of a creelk about one-hali
mile -northeast of the Normal School building. The bed is
capped with 3 feet of surface soil. Underneath this sur-
face soil 2 feet of coarse-grained sand occurs. The next 8
feet is represented by sample H1, the analysis of which is
given below and shows the sand to be suitable for the poor-
est grades of bottles. The lowest 12 feet runs high in iron
and cannot bé used for any grade of glass. South of Durant

-only an occasional thin bed of sand is seen. These contain

too large a per cent of impurities to be classified as glass
sand.

Analysis of sample of sand from Durant.
No. . .Fe0: ALO; CaO0 MgO Si0: Organic matter.
H1 868  1.222 1056 021 97.192 .616
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Size of grains of sample of sand from Durant.

~ Mesh, i P ‘
N . ; 40 60 80 100 200 Pan. Total.
0. . |

H1l .......... 1.25 1.3 6.85 | 17.45 | 71.47 | 1.65 99.97

TAHLEQUAH AREA,

General features.—The third area in which glass sand
oceurs in quantity in Oklahoma is in the northeastern part
of the State in the northeast corner of 'T. 17 N,R.22 K, 5
. miles northeast of Tahlequah along Tllinois River (PL VIII).
The surface of this region is very rugged. The Illinois
River and its tributaries have cut deep garges through the
hard limestone and cherts which occupy the surface, into the
softer rocks beneath. The meanderings of the lllinoig River
add another obstacle in the way of the development of these
deposits. _ ‘ '

The region has been studied and raapped in detail by
- Taff¥,. The following formations are described: :

The Burgen sandstone; consisting of massive brown
sandstone 50 to 100 feet thick lies at the base of the series.
~ It is this formation that carries the glass sand. Above the
Burgen sandstone occurs the Tyner formation. 60 to 100 feet
thick, which is composed of brown Jandstone and thin sili-
ceous limestone and chert above; "and brown, thin-bedded
and ﬂaiggy sandstone and greenish shale below. Above the
Tyner formation and lying uncomformably upon it occurs the
Chattanooga formation 0 to 45 feet thick which consists of
a black shale with a sandstone at the base.” The Chatta-

nooga is succeeded by the Boone formation 100 to 300 feet’

thick consisting of chert and cherty limiestone. The Booae
formation occupies the surface over wide areas in the upland
in the vicinity of Tahlequah and on both sides of ‘the Illi-
nois River. o
: Occurrence and character of * sqnd +~—Mr. Taff in the
Tahlequah folio, page 2, describes the Burgen sandstone,
which carries the glass sand, as follows:

“The Burgen sandstone is g massive, moderately fine-
grained light brown rock. The beds are thick and planes of

stratification are usually indistinet. The rock congists of

nearly pure siliceous sand of rounded grains, with a matrix
scarcely sufficient to cement them together.

9. Taff, Joseph A, Tahlequah folio (No. 123), Geol. Altas U.- 8.,
U. S. Geol, Survey, 1905,
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“In natural ex
stroke of the hammer, crumbling
formation varies in thickness fr
aggregating more than 100 feet.
,quat}i qu%drfan’igl?l 1in but a single
northeast of Tahlequah where it rises in bluff ig

_ of nearly 100 feet, and the base is not exposzdfo ?Phheeli%&ﬁ
thickness, therefore, is certainly not less than 100 feet.’’

_ d’l‘he Burgen sandstone is correlated with the St. i?eters
?ggmztt(ime WhlchMl_s one of the principal glass sand bearing
Missour?.ns .1n Innesota, WlSCOIlSlIl,- Towa, Illinois, and

~ The workable sand of the Burgen sandst i i
area occurs 1n a 50-foot bluff which iséexposed fog%ilel-?oﬂltll?
mile along the north bank of the Illinois River in the south-

west corner of sec. 31, T. 18 N.,, R. 23 B. (fig. 3). Sampl

I1 was taken from different place and is o fair

representative of the sand. ‘

into loose sand. The
om a thin stratum to beds
It is exposed in the Tahle-
area, on the Illinois River

posure the rock breaks readily uﬁder the -

s in the bluff and is a fair

Fig. 8.---Ledge of sand in the Burgen sandstone 7 miles
" Tahlequah.

northeast of

Analysis of sample of sand from the Burgen sandstone 5 miles northeast

of Tahlequah. .
‘ ilo. Fe.0» ALOs Cal Mg0 $i0. Organic matter.
i1 14 .32 A8  Trace 99,22 .0028
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Size of grains of sample of sand from the Burgen sandsione & miles
northeast of Tahlequah. .

_ Mesh,
No.

I vveeinnn.. | 3.85| 22.14| 40.92 | 18.75 | 13.25 | 1.07| 99.98

80 100 200 Pan. Total

While this sand shows by its analysis that it is high
grade, its remoteness from railroad and the high cost of
constructing a spur to the deposit, together with the fact
that a heavy capping of limestone ocenrs above the sand

renders it-improbable that development will take place in

the near future. However, ‘it is reported that construction
of a railroad through this region is being contemplated. If
the road should be constructed and pass close to the de-
posits, their value would be greatly enhanced.

AVAILABLE LIMESTONE.

Although frequent reference has been made to limestone
beds in the several regions and especially in the Arbuckle
Mountain region, a brief statement as to available limestene
at this point in the discussion will add clearness.

Associated with the sand beds of the Simpson formation
are numerous beds of limetsones many of which are relative-
ly pure but some are highly siliceous grading vertically in-
to sandstone or shale. The pure limestone beds are easily
accessible and are thick enough to afford cheap and abun-
dant supply of lime. Furthermore, the Viola and Arbuckle
limestones are always well exposed in close proximity to the
sand deposits. It should be noted, however, that, as shown
by the analyses, many of the beds of sand in the Simpson
formation ‘already contain approximately the. reguisite
amount of lime. The percentage of lime in these beds seems
to be very constant for considerahle distances along the
strike. This condition will then obviate the necessity of
adding lime to the batch.

Overlying the Trinity sand in the sountheastern Okla-
homa is the Goodland limestone, which affords an adequate
supply of lime in that region.

In the vieinity of Tahlequah the Pitkin limestone and
various beds in the underlying Fayetteville formation are
widely exposed, usually outeropping in bluffs. ;At the base
of the Boone formation also is a thick bed of pure limestone
with a maximum thickness of about 30 feet. The upper
part of this same formation is composed of about 35 to 5C
feet of relatively pure limestone beds.
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‘Throughout northeastern Oklahoma in general where
an abundant supply of cheap gas is available, are numerous
beds of good limestone, ranging up to 100 feet in thickness,

well exposed and easily accessible to transportation facilities. .

PRESENT CONDITIONS OF GLASS INDUSTRY IN OXLAHOMA,

Glass plants—The glass sand industry is in its infancy
in Oklahoma. At present there are six plants in operation,
namely: The Tulsa Glass Company, at Tulsa; T'he Neodesha
Bottle and Glass Company, at Tulsa; The Graham Glass
Company, at Ukmulgee; Bakers Brothers’ Window Works, at
Okmulgee; and two other small plants, one at Bartlesville
and the other at Avant,. -

The Tulsa Glass Company produces lamp chimneys,

Jlantern globes, gas globes, soda fountain tumblers, and one
to five gallon water bottles, They employ 150 people with

'311 annual pay roll of $75,000, Their capacity is 1 2-3 tons a
ay. :

.The'NebdeSha Bottle and Gia,ss Company produces bot-

tles and globes of all kinds and sizes. They employ 200 men.

with an annual pay roll of $240,000. ‘The daily capacity of
the plant in finished products is 21 tons, , _ ,

" 'The plant of the Graham Glass Company at Okmulgee
18 devoted to the manufacture of beer and soda bottles in
lslght green glass by special bottle machines, They employ
‘BU Men. - . . '

... The Baker Brothers’ plant at Okmnlgee manufactures
Window glass and the small plant at Bartlesville is devoted

1o the manufacture of bottles and that at Avant to the manu-
tacture of chimneys. ' °

‘" The sand used in these blahts is obtained from the

Pacific and Crystal City fields near S, Louis, Missouri. A
sample of the sand -used by the Neodesha Bottle and (lass
Company ‘which is obtained from the Cavern Rock Company
at ‘St. Louis, gives the following results; = '

o Analysis of sample of sand from Cavern Rock Company.

No. o -Fe,0s ALO, Ca0 Mgo Sio, Organic matter.
Jro0 0 1e .938 146 027 ¢8.645 . 02
_ S Size of grains of sahiple of sand Jrom Cavern Rock Company.

. Mesh.. ' - -
: v | 60 80 100 %00 Pap. | Total.
No. . ' i
B4 .......... i -95 | 8.56 | - 20.1% | 811 | 41.62 2.64 | 99.99
Ji7.o..] 10.44 | -48.71 | 29.16°] 7.26 | 4.23 | 17 ) 99,97

** The grains are irregular in size and only the smaller ones are sub-
angular,. . The larger grains are rounded,
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Conclusions.—A study of the analyses of the samples
of sand taken from the glass sand deposits in Oklahoma
shows that Oklahoma contains mexhaustlble. quantities of
sand which is a better grade than that obtained from the
Missouri fields by the Oklahoma plants. o

In addition to the better quality of sand, cheaper freight
rates can be obtained. M. W. Conway, superintendent of the
Tulsa Glass Company, was offered a rate of five cents a hun-
dred from the Roff sand deposits in the Arbuckle Mountains
to Tulsa. - At the present time the rate on the sand from St.
Louis to Tulsa is 12 cents a hundred. Since the glass sand
deposits of Oklahoma are accessible and are of as good
quality and much nearer to the glass plants in Kansas and
Oklahoma than the glass sand deposits in Missouri, there is
little reason why Kansas and Oklahoma should not be sup-
plied with Oklahoma sand. : _



