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CHAPTER L

GENERAL CONSIDERATION OF GYPSUM.

CHEMICAL AND PHYSICAL PROPERTIES.

Comfposz'tion.—Gypsum is the hydrous calcium sulphate,
that is, the sulphate of lime with water of crystallization. Its
composition js expressed by the formula CaSO,.2H,0. It con-
tains wher.l pure 32.6 per cent of lime (CaQ), 46.5 per cent of
sulphur trioxide (S0,), and 20.9 per cent of water. The anhy-
drous. sulphafce, anhydrite, has the formula CaSO, and is often
associated with gypsum, either in considerable masses or dis-
seminated through the gypsum. Beds of gypsum practically
always contain appreciable quantities of other impurities the
more common of which are iron and aluminum oxides, ealcium

and magnesium carbonates, clay, and sodium chloride or com-
mon salt.

Hardness and specific gravity.—Gypsum is a very soft min-
eral, the crystallized form having a hardness of 2 in the Mohs’
scale: It is easily scratched with the thumb nail. The specific
gravity of pure gypsum is 2.32, but that of the gypsum found
in nature varies from 2.30 to 2.40. Its specifiec gravity in com-
parison with that of calcined gypsum, limestone, lime mortar,
and Portland cement is shown in the following table.?

' Specific Gravity

Limestone .. ____ ... 2.46 to 2.84
Quicklime .____._.___ e ll--..._2.30 to 3.1%
Lime mortar ____._. - ----1.64 to 1.86
Gypsum -_..__._.__ [ --2.30 to 2.40
Calcined gypsum _______ o __.___._ --1.81

Portland cement ... ___ . ____________________________. 2.72 to 3.05

Color.—Gypsum is clear and transparent in the pure erys-
tallized form, selenite, but the presence of impurities gives
varjous shades and tints of pink, red, blue, green, and even
black. Beautiful effects are given in some of the Oklahoma

Wilder. Frank A., Geology of Webster County: Iowa Geol. Survey, vol.
12, 1901, p. 139.
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selenite by the inclusion of cloudy masses of red iron oxide or
hydroxide, and of a black substance, probably organic matter,
which gives a wavy effect. Green is very common in the selenite
lakes and in the clays and sandstones occurring below the main
gypsum ledges. This color is probably due to ivon, part of which
is in the ferrous condition. The fine-grained or rock gypsum is
predominantly white but shades of red are of common occur-
rence. Dark veins or spots may be due to organic matter.

Crystallization.—Gypsum (selenite) crystallizes in the
monoclinic system, the common forms of the crystals being
plates or prisms with pyramidal terminations. The cleavage is
almost perfect, parallel to the 010 face (face b in figure 1) ana
selenite is readily split in this direction into very thin sheets.
This splitting into thin sheets often causes selenite to be mis-
taken for mica, but the thin flakes of selenite are brittle and not
elastic as are the mica flakes. The cleavage is also usually good
parallel to the face » shown in figure 1. As a result of the two
cleavages selenite may often be split into rhombohedrons.
Twinning is common on the orthopinacoidal face and the edges
of the twinned crystals are sometimes rounded. The common
forms of gypsum crystals are shown in figure 1.

08
At

Fig. 1.—Forms of gypsum crystals.

a. Form of gypsum crystal. M

b. Common form of gypsum crystal.
¢. Twinned gypsum crystal.
d. Twinned gypsum crystal with edges rounded.

Solubility.—Gypsum is only slightly soluble in water as is
shown by the following table by Marignac:?

1Annales de Chimie, Paris, 5th series, vol. 1, pp. 274 to 281. Quoted and
verified by G. P. Grimsley, Univ. Geol. Survey of Kans., vol. 5, p. 86.
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Solubility of Gypsum, by Marignac.

One part of sum One part anhydrous
Temperature dissolpves mfyp _sulphate lime dis-
solves in—
At 32F. =0C. 41
At 65.5F. =18C., 382 pall:ts ?‘f wa}‘ter igg pa‘x:ts (sze‘t‘ter
At 75.2F. =24C. 378 & 0« o« . 479 ¢ w
At SQ.GF. =3ZC. 371 o" [ “ 470 “” " "
At 100.4F.=38C. 368 ¢ o« o« 466 = « «
At 105.8F.==41C. 370 ¢ e 468 - ¢« o
At 127.4P=53C. 375« e« 474 0w
At 161.6F.=172C. 391 ¢« o« o« 495 ¢
At 186.8F.=—86C. 417 ¢« 528 ¢« o«
At 212F =100C. 452 « o« o« 672 ¢ =«

Although gypsum is so slightly soluble in pure water, the
effects of ground water acting upon gypsum deposits through
long periods of time are very striking. Caves and sink holes
abound in the gypsum region of Oklahoma and ledges are often
absent.from_ the outcrops for considerable distances on account
of their being dissolved out. The mnre coarsely erystalline
gypsum seems t_o lpe more strongly acted upon than the dense
fine grained varieties, probably because the cleavage planes and
the surfaces between the different crystals permit the water to
percolate through the crystalline gypsum more easily than it
can through the dense varieties. The effect is to increase great-
ly the surf'ace of gypsum exposed to the water and to increase
correspondingly the solvent action. There is no reason to sup-
pose that the crystalline gypsum i actually more soluble than
the amorphous form. T

- VARIETIES AND OCCURRENCE OF GYPSUM.

Gypsum occurs in nature in several different for
of which reference has already been made. The forrrnnss tgsi(:lrllg
encountered, are rock or amorphous gypsum, selenite, satin
spar, angl gypsite or earth gypsum. Anhydrite (calcium sul-
phate without water of erystallization) is closely related to
gypsum and occurs intimately associated with it, so it is con-
sidered in this connection.

Rock gypsum.—Both the amorphous or non- i
forms and the crystalline form in which the crystalcsryasf'zn’]cgs
small to be observed by the unaided eye are commonly called
rock gypsum. - The term is sometimes used to include all oc-
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currences of gypsum in heavy l_ed,czeS, alth.ougih the_ledp:eﬁ1 1}011;113;
be composed of crystals of selenite of considerable size. pn this
report the fine-grained form is called rock gypsu‘m er[l ‘13:0 he
form in which the individual crysta]s are !a}‘ge enouyzh Thei"e
easily distinguished is C'illledbsetlemte ?hresqzleg:’l&(; xfxlzs‘\rxgz v
i i rse, no sharp line between tnese iyl ;
ltié)r?fiscggnvenient in discussing the deposits in Oklahoma.

i i i i ture, is

Pure rock gypsum is white but, as it O(Z(}UI‘S in nal  Is
often é:)rlored by the presence of foreign material. Iron is lpl-Obl
ably the most common coloring agent and produces the pm({atnr
red shades and probably the green. Beds of gypsum are oiten

Fig. 2—Massive gypsum showing banded structure (U. S. Geol. Survey).

or tabular and very thin.

the perfect cleavage, causes a large piece of selenite to split
easily into thin sheets.

not elastic. Pure selenite is transparent.
the transparency often cause selenite to be mistaken for mica.

OKLAHOMA GEOLOGICAL SURVEY. 5

irregularly mottled or banded (fig. 2) with darker material,

which is probably due to organic matter since the color is usu-
ally destroyed by calcining.

Rock gypsum usually occurs in massive beds of considerable
areal extent. In Oklahoma beds up to 60 {eet in thickness are
knewn and this thickness is exceeded in other regions.

Selenite is the crystalline form of gvpsum. The general
form of the crystals is shown in figure 1, and where the in-
dividual crystals occur separately they usually take on the
shapes shown in the figure. A number of such crystals are
shown in figure 3. When the crystals grow in masses the rela-
tive sizes of the faces vary greatly and the individuals are flat

Fig. 3.—Selenite crystals (U. S. Geol. Survey).

This method of crystal growth, with

The sheets are slightly flexible but are
The foliation and



i ic, © hen they are
f mica, however, are elastic, i. e.. W
gélr?t i?xzsrtivﬁl return to their original _sl]a.pe when the pressuze
is released. The cleavage, slight flexibility, and transparency
of selinte are shown in figure 4.

how cleavage and slight
— hich has been split and bent to s
Fig. 4—Selenite whloh tbility (U. S. Geol. Survey).

i ins i below
i ually occurs in bands or veins in the clays )
the ?::allesg‘i'\:/z ufiygs:m ledges or, in some regions, unasszgu}:titil:
with large gypsum deposits. Loc.ally in Oklahon;a crivs S -
the general shape of those Shown tn K deme of the massive
interstices filled with clay.
%grfiidaigdcgrlsnlc?sed of selenite crystals of as mufch asotz :Ecﬁ
i h s in their dimensions. The weathered sur ac‘es tiiﬁes
m% y ive a sort of mosaic e(fect due to t!}e irregular ou ¢
bedsdfiszerent‘ orientations of the crystals. This is rather tp?0r0¥
o in figure 32 in chapter V. Some very large 'crysda }?
i?;:‘lcgl ,t?lasses in which the crystafls at;ie §1m%21;ﬂ173évorée(z)rlllt:tv :;173
1 . One found in L ) 3
?1?)3\‘71 ggugghi]giticc))lxilai}rlnoTl?e Mineral Building at the Oklahoma
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State Fair is about 4 feet long, over 1 foot wide, and 6 inches
thick.

Satin spar is crystalline gypsum in which the crystals are
needle-like or fibrous. It occurs as veins in shales or other rocks
associated with massive gypsum deposits. The veins are seldom
over 3 or 4 inches thick. The crystals or fibers extend perpen-
dicular to the length of the vein. In many veins there is a very
thin sheet through the middle in which the fibers are parallel
to the length of the vein with the fibers of the portions on either
side perpendicular to this layer. These veins are deposited by
the evaporation or gypsiferous water from the surface of the
slopes below the gypsum beds, and usually extend from the sur-
face only a short distance back into the clay. The veins may
have any direction in relation to the bedding planes or joints

although veins usually occur along both of these when they are
well developed.

A typical occurrence of thin bands of satin spar in the
clays below the heavy gypsum ledges is shown in figure 5. The
fibrous nature of the material is faintly shown in some of the
thicker bands. The same phenomena are shown on a larger

r in

scale in figure 48 in chapter V. Satin spar does not occu

Fig. 5.—Veins of satin spar in clay below heavy gypsum ledge, 1 mile east
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iti i ble by itself, though
i tities to be commercially valual ;
anﬂ;ﬁlegﬁﬁaﬁes of it may be worked with other forms o

gypsum.

Gypsite, earth or dirt gypsum, 1s an 1mp(111r(§Jl rf((i)rmT(}’lfe gp};;r)-
sum containing variable quantities of clay an ts50 t.o e P
centage of ol ont sﬁmphatedvt?;:tshgogalig Olilp the most of the

san :
pertcelflt‘;hecrligt:ggl. n’ei‘he clay may carry some iron tanddnilgl;g
resl " reanic matter. Gypsite is soft and 1ncohe1ien an%i‘-’ce ls
o '?Ss 0 ;gked with scrapers or drag scoops. In co ﬁr gyt%.e A
easi 371 Woray mottled or speckled with whl.te, but w ered oy
usu? in qgmut’:h iron the material may be pink or evei{x rtere.ams >
C(')? al(?(;urs generally along the valleys of the snKtt (S)me ms o
" eﬂot below the level of the gypsum ledges. st o the
de a'i in Kansas and in southWestern.Oklahorr.\a, 'lghgyt% um
o ont illow raéher than above the gypsq:e deposits. ; de hick-
occurSf 'fhe deposits differs greatly even In the same Et-he hi]ls
goner: 1 rule they are not over 2 feet thick at the fogt o bl
B to Iﬁlleo or 12 feet near the stream if tht_e bed is in a va io¥1'
e e of gypsite has been cause of considerable dlscu§: is.
%ﬁe Of::lﬂtgtgrlnentgwhich applies best to the Oklahoma deposits
thai; if Grimsley?® which is given In full.

Origin of the Secondary Gypsum Deposits.

i tral part of the
“ its of earthy gypsum In the cen u
t T};iodggl?rillzfi at a much later time than the r?:kvdggg;gcsl
ey f)een describing. They occur In low, swa %lv round
Wedhz‘:reong springs of gypsum water occur in nearly
an
them.

' h is a stratum
“ 10 to 20 feet below the egrt .

' ?t&the S:J?r? 1\?\7‘;3113 I;1ear most of these deposits nqtg%[;suén %s
o f?y\?e ’ I\’Iear the bottom of the Rhodes depzsxpm s'a ;md
fonnd a% o d recenﬁ shells of general Pl_anprlns arlll i*le found
Sgalt;n%iaorilgpear-head was also found.thS1mll?rt;2ebitmem found
% i i Longford earth nea
gy f)}slﬁ: erlrtlert,hénegIl‘ih ;)(?l?th of Dillon bones and shell were

eposit.

found. . N N
i in an earthy

“ i form resemblm.g sa_tm spar an . y
form iGsyé):;l)];gitlzgdaat the present time 1n dry weather to the ex

i f running
i in a few days by evaporation o
te:ttex?faz)r?; lf:hla?:l}]lellsn near these places. Where the g'ypsum_
w .

e

1 G. P., Gypsum and Gypsum Cement Plasters: Univ. Geol.
aGrimsley, G. F., S !
Survey of Kans, vol. 5, 1899, pp. 81-83.

places from solution.

considerable sand and silt would be carried in and the chemical
composition would vary in different parts of the mass. Further,
as in nearly all the areas, no gypsum is over the earth, so that
the streams would have to bring the material from long dis-
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water of the springs in these deposits is evaporated there re-
mains a crust of gray earthy gypsum resembling very closely
the gypsum earth. Sand, clay and lime in small amounts occur
in the deposit mingled with some organic material, as shown in

the following analyses of rock and earth gypsum, by Professor:
E. H. S. Bailey:

Gypsum
Gypsum Earth
Rock at Dillon,
in Hope - Agatite
Shaft - Deposit
Silica and insoluble residue...... 0.34 6.49
Iron and aluminum oxides. ....... 0.16 1.04
Calcium sulphate ............... 76.98 65.97
Calcium carbonate ............. 1.68 6.96
Magnesium carbonate ........... 1.30 0.27
Water ........................ 19.63 18.56
100.09 99.29

“In all the analyses made the amounts of silica, alumina and
lime carbonate in the earth deposits are higher than in the rock,
which would be expected in a secondary deposit in a swamp.
The amount of sulphate of lime is lower, so that the earth
deposits are not as pure as the rock strata. The impurity of
the earth makes it set more slowly, and so makes the material
more favorably adapted to wall-plaster manufacture.

“The microscopical crystals of gypsum in this earth are
angular and many of them perfect. No masses of gypsum rock
are ever found in the earth, and no fragments of other stone
or sand in any amount. The material is quite uniform in size
and chemical composition through the whole deposit. If the
material was washed from gypsum rock of higher levels, as
some have maintained, some fragments of gypsum and other
rock would certainly be found in some of these deposits.

Spring Theory of Origin.

“The gypsum earth, then, must have been deposited in these
If from solution in surface streams,



tances. Some sand, clay, lime carbonate, and organic material
are shown by chemical analyses and by the microscope, and
these may be due to surface agencies. The water circulating
through or near the underlying gypsum rock dissolved a portion
of the rock and carried it upward in the springs to the surface
of the swamp where the mineral was precipitated through
evaporation aided by the action of organic matter of decaying

vegetation.

«A crust of gypsum would thus be formed and would in-
crease in thickness until all the underlying rock was removed.
Now, in some of these deposits borings detect no gypsum below
the deposits, but it is found in wells outside at a level below the
earth. In such places probably all the gypsum rock adjacent
to the gypsum earth area has been removed by solution. Again
by building up the swamp floor to a certain height the rise of
gypsum water springs may have been so checked as to hinder
the earth formation. Whatever the cause, the gypsum earth
deposit is not now forming over the entire area in any appre-

ciable amount.

“The uneven thickness of the deposits, some varying from
3 to 8 feet within the main part of the deposit, shows that the
conditions were more favorable at certain points than others.
Probably these thicker portions were nearer the outlet of

stronger springs.
“The deposits were formed in a comparatively short period

of time. The presence of modern fresh water shells shows that
the deposit is a recent one, formed long after the rock gypsum

of the same region.”

The discussion applies to the Oklahoma deposits except in
a few features. Very few if any of the beds in this state are
swampy but all lie on low, level land, or in vallevs between the
gypsum hills. The deposits of the first line of hills along Cimar-
ron River are below the heavy gypsum ledges and probably
contain an admixture of material washed down the slopes. The
bulk of the gypsite in these beds, however, is almost certainly
formed by crytallization from water solution. In the case of
the large gypsite beds in Custer, Harmon, Jackson, and Caddo
counties the gypsum is below the gypsite. Shells similar to
those mentioned as occurring in some of the Kansas deposits
were observed in only one bed in Oklahoma (east of India-
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napolis), but careful search might bring them to light in other

deposits. Stron i i
this deposit g springs break out a short distance south of

Gypsite is important i i |
. : . in the plaster industry of the Staf
wo mills use gypsite alone and several others useochSitft:f)?i

rock gypsum together. Gypsite i
Toxac b Wyoming.' ypsite is used for plaster in Kansas,

Anhydrite.—Strictl :
i y y speaking, anhydrite i I
er::rer?g and cannot be considered as a fofmrl(fg is a dls}iilnc:t.
i, Sy rltd t e, und i s ol s
: . at it is : . . S50~
fsn}giﬁ; I;F'?}:Cium sulphzdte, czgr(l)s‘l_deliidr:lgythgz c:nne.:;tlon.
colorloss or ;1 out water of crystallization. It is onsidered
by impuriti White mineral but may be tinted red, bl usually a
2.95. It clfs't Its hardness is 3 to 8.5, and its s;,ec%e’ or gray
cleavage res)éfnalllilrfgstlllntthf orthorhombic system lar?dgr}?; o
o s aUIng that of gypsum. G s a
are easily distinguishable in the field bviﬂzsgﬁe?::ceaghy};irige
) In hard-

ness, since gypsum is easi
ot LyDsum | sily scratched by the fingernail while

Anhydrite oceu i

rs in Oklaho
gypsum. The most prominen o
and in Major counties,

a in beds associ
0 sociated with
t occurrence is in northern Blaine

and T col where the anhydri
feet thick in the Medicine Lodgg’ gr;?sﬁr(;curs(gs aﬁbed ;
. e figures

45 and 46.) Locall
. the anhydrite i :
but y nhydrite is not i
gypsolfrimi'rsl a;}sl:)owlders or lenses. The loweslil:1 l:dggntiir;uous bed
considerable S}:)Uth.w estern part of the State see o e xeer
anhydrite disseminated through thenésyto contain
psum.,

The weatherin i

. g of anhydrite i iati

selenit ¢ ydrite 1s very d

o ls :ﬁ?ri r:)cf }fline-gramed gypsum. On s};oplzsstlgm:t trom that of

considerable 3e§€§nt Xov};/der.which covers the fsg:}tlm;yv;eathers

and white. ot yfi”te on the other h psum to

their Su;_tfz cesTEfre]W;%;z}}:e{}llng of the large bﬁ)ﬁ?{sre\gl}?ilclf 1};ard

surf - e ground usuall ave
ace with very sharp minor irregularitias? ng?ccﬁsa? concave

e appar-

ently due to washi i :
in figure 6. ng by rain. This weathering is well shown
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Fig. 6.—Weathered surface of anhydrite blocks near Southard.

THEORIES OF ORIGIN OF GYPSUM.

i t for the
Several theories have been adYanced to accoun 1
‘origin of gypsum deposits all of which are ?robaply appllcgble
%o different deposits. The principal theories will be briefly
tleveiewed here.

i wmation of gypsum by the action of su{phumc acu.l or
}’.)(;lluapb(l); su.lphates{1 on limestone.—If sulphuric acid acts on lime-
thene or any other form of caleium carbonate,. gypsum is pr((;-
couced. The reaction stated in its simplg form is H:.SO'4+CaC N
the'aSO,+H,0--CO,. The sulphuric acid may be derived f.rom
wei ~xidation of hydrogen sulphide (H,S) of sulph\_lr sprines

voleanic emanations, or by the oxidation of pyrite or iron
ide (FeS,).

x i i hermal springs as in
uypsum 1is formed directly by some t ;
‘andpby the action of the sulphurous waters on volcanic tufa.
mall gypsum deposits and crystals are found aroun'd amaroles
of volcanoes. The formation of the gypsum deposits of New
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York was attributed by Dana to the alteration of limestone by
water from sulphur springs which occur in the gypsum region.
Shale layers pass through the gypsum and the gypsum grades
into the overlying water lime beds. These deposits are thought
by others to have been deposited by evaporation of sea water.
The deposits of Nova Scotia and New Brunswick have been
attributed to the same source. Concerning these deposits
Jennison* says:

“Dawson, in discussing the different theories and referring
particularly to the deposits of Nova Scotia and New Brunswick,
says:

“ I think it is not improbable that there are instances of
all or of most of these modes in the gypsiferous rocks of Nova
Scotia. But for the occurrences of the mineral in so thick and
extensive beds, interstratified with marl and limestone, there
appears to me to be but one satisfactory theory—that of the
conversion of submarine beds of calcareous matter into sulphate
of lime, by free sulphuric acid poured into the sea by springs
or streams, issuing from volcanic rocks. Modern volcanoes
frequently give forth water containing sulphurous and sulphuric
acids.” Water of this kind would have a greater specific gracity
than sea water, and, therefore, flow along the bottom of t-e
sea, and if it came in contact with beds of calcareous matter,
the above action would take place and the formation of gypsum
would be the result.

“Quite in accordance with this view the gypsum deposits
of Nova Scotia and New Brunswick are found, without excep-
tion, associated with marine limestone. In some cases they are
so closely associated that it is difficult to draw any line of
demarcation; one graduating with diminishing or increasing
prominence over the other. ‘

“In the gypsum deposits at Tom river, Richmond county,
N. S., a vein of limestone about 2 feet wide may be seen in
an exposure of gypsum, 20 to 30 feet high. It cuts it trans-
versely and has very distinct walls. * * *

“In the great gypsiferous belt at Cheticamp, Inverness
county, N. S., a distinct belt of limestone, having a thickness

‘Jennison, Wm. F., Gypsum of the Maritime Provinces: Canada Dept. of
Mines, Mines Branch, No. 84, 1911, pp. 28-29.
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averaging about 100 feet, may be seen, vertical, and separat_ing
a bed of snow-white massive gypsum from a bed of the greyish-
white, selenitic variety.

“Hverywhere, in the gypsiferous field, there is evidence tl-lat
at one time there existed very extensive deposits of_ marine
limestone. These deposits are often in close contact with what
are now our metamorphic hills and mountain ranges. The
voleanie action which created these metamorphic hi!ls was not
extinct when the marine limestone beds were grgwmg_and no
doubt afforded the greater supply of sulphuric acid which con-
verted the limestone into gypsum. If this supply was not suf-
ficient, or if the conversion was not complete before the vol-
canoes became extinet, it is possible that the supply may have
been supplemented from other sources, and the action com-
pleted.

“The sulphureted hydrogen springs, found in different
localities, the iron pyrites, pyrrhotite, chalcopyri.te, and arsen-
opyrite deposits, are all sources of sulphuric acid, and,.found
in the older rocks in the near vicinity, are quite sufficient .to
supply the deficiency if it were required. It is, therefore, quite
evident that there was, from the many sources, an z’a.,bundance
of sulphur in the field during the Carboniferous age.

Jennison regards the “blow holes” which are of common
occurrence in the gypsum and which differ in character from
the ordinary sink holes, as vents through which the gases formed
by the alteration of limestone to gypsum _escaped; ant'i also
regards this as additional proof of the origin by alteration of
limestone.

Sherwin® suggests that the massive deposits in Oklahoma
and Kansas were formed by the action of water from_su]phur
springs on calcivm carbonate in solution or on the limestone
after it was deposited. He does not, however, account for ?he
presence of sulphur springs sufficient to form such vast deposits.

The decomposition of pyrite gives rise t(_) sulphuric acid
and soluble sulphates which may act upon any limestone present
and convert it into gypsum. This action undoubtedly accounts

*Sherwin, R. S., Notes on the Theories of Origin of Gypsum Deposits:
Kans. Acad. Sci., vol. 18, 1903, pp. 85-88.

for the presence of much of the gypsum disseminated through
shales and sandstones and in coal. It is very doubtful, however,

if any considerable deposits of gypsum have been formed in
this way.

Formation of gypsum from anhydrite.—Gypsum is formed
from anhydrite when the latter takes up water and recrystal-
lizes. The volume of the gypsum formed is 83 per cent larger
than that of the anhydrite and the force of the expansion is
sufficient to lift considerable thicknesses of overlying strata,
and to break crystals of quartz and dolomite in the layers above.
Since anhydrite occupies less space than the same amount of
calcium sulphate in form of gypsum, great pressures would tend
to change gypsum to anhydrite and reduction of pressure would
tend to bring about the change from anhydrite to gypsum.
Grimsley® has noted the fact that samples from deep wells in
Michigan show anhydrite rather than gypsum and that in boiler
scale ‘the calcium sulphate is present as anhydrite.

In Oklahoma anhydrite occurs in considerable quantities
closely associated with the gypsum. A considerable bed occurs
in the Medicine Lodge gypsum for 50 miles or more. Gypsum
occurs both above and below it and, so far as the writer’s
observations go, it is impossible to tell whether or not the
anhydrite is altering to gypsum. There is no apparent disturb-
ance of the strata above the gypsum as would be expected if
the gypsum had bden formed ifrom anhydrite, but in so soft
rock such slight disturbances might escape notice. As to the
alteration of the gypsum to anhydrite, it is very difficult to see
how the conditions should bring this about and especially why
the alteration should commence in the middle of the bed. The
lower beds of the Greer formation are anhydritic but the anhy-
drite and gypsum seem to be mixed with each other throughout
the mass. There is no apparent evidence of the alteration of
one to the other and the writer believes that the mixture is
the result of original deposition. In any case the formation of
gypsum from anhydrite still leaves unsettled the question of
the origin of bodies of anhydrite of sufficient size to form gypsum
deposits of the magnitude of those in Oklahoma.

‘Grimsley, G. P., The Gypsum of Michigan: Mich. Geol. Survey, vol. 19,
Pt. II, 1904, p. 185.
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Deposition of gypsum by evaporation 'of 'sea water in
enclosezi or partia};ly enclosed basins.—.—There ig little doubt t&h;:
most of the important gypsum deposits of the world have tapins
formed by the evaporation of sea water.. Sea wa‘ﬁr con fains
81/, per cent of mineral mattey and the.e mineral matter 1s com-
posed principally of the following salts in the percentages g :

______ 71.758
Sodium chloride (NaCl) common salt_.._..._.____..____._: _______ kN
Magnesium chloride (Ma(‘,l:).-.--._._____________._._.______ ___________ e
Magnesium sulphate (MESO,) ccemcmmcmmmmmammm i mm s L

Calcium sulphate (CaS0,.2H,0) EYDPSUM - - —eoemmeammmm e mm e fe o=

Potassium sulphate (KESO.)-_-_______-_.___..____._____._.:.-__.—:_—: '{4.5
Calcium carbonate (CaCO,) 1Hmestone . oo oo e - -

Magnesium bromide (MEBI) o occmmmmmmmmmmmmmmmm s o

ST RSP EEEE R Rk

a water iz evaporated the salts are deposited in
the i‘rzlvv}:a?;essrder of their solubilities, that is, the 1eas§ ?)('){'utki)el:
first. It should be borne in mind, however, that the s0}1 i luit::
‘of these substances in the presence of each other halte.q thé
different from their solubilities in pure water and ttak in the
concentration of sea water many reactions probably take p
before the water is all evaporated.

J. Usiglio in 1849 published the resul_ts of experlsments }f‘n
the evaporation of water from the Medltel:ranealrll feaii o nls
results are summarized by Clark.e7, who gives t e follo Thi
table showing the deposits at d}ﬂ‘erent concentl:at.:u_)nls. 1 he
amounts of the deposits are given in grams for an initial vo

of 1 litre.

Clarke, F. W., Data of Geochemistry: Bull. U. 8. Geol. Survey, No. 491,
1911, pp. 207-209.
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Saits Laid Down in Concentration of Sea Water.

Den- | | i | CaSO, ] I
sitv IIVolnme.II FE.O, | CaCO,| 2H,0 | NaC1 |MgSO.|MgCl2 NaBr ’ KCI1.
| | - I ) | |— I
1.0258) 1.000 ... __ (. | | ' | '
1.0500[ .533 | 0.0030| 0.0642
1.0836[ .316 [__.____ trace |- | oo |l RSP PP
1.1037 .245 |_______ trace |.______ | ___|.....__ [ PR PRI
1.1264| 190 |.__.____ L0530 0.5600| ... ___|.-.____ PRSI PO DR
1.1604) .1445| ______|_______ B620| ||
1.1732 131 | . [oo.__._ 1840} || el
1.2015{ 312 {o_____|_____. 600 . |||l _
1.2138[ .095 |- . |- ____ .0508| 3.2614| 0.0040| 0.0078{_______|.-__...
1.2212] 064 |.._.___{ ______ .1476] 9.6500) .0130| .0356|__-____|.______
1.2363( .039 [..__.__ wmeeae_| .0700] T.8960 .0262| .0434] 0.0728|_______
1.2570] .0302|_______ —e--——-| .0144| 2.6240[ .0174] .0150| .0358|_______
1.2778 ©.0254| .0240{ .0518|.____.._
1.3069 .53821  .0274| .0620|__..___
| )
i |
Total deposit.] .0030] .1172| 1.7488|27.1074] .6242| .1532] .2224| ______
Salts in last
bittern ... . |oo_ || ___ 2.5885| 1.8545| 3.1640] .3300| 0.5339
l ) ! b
| i | |
Sum ........ '| -0030] .1172] 1.7488|29.6959] 2.4787| 3.3172| .5524] .5339

From the table it is seen that the iron in solution is de-
posited when approximately one-half of the water is evaporated
and that over one-half of the calcium carbonate (limestone) is
deposited at the same time. The remainder of the carbonate
-is not thrown down until over 80 per cent of the water is
evaporated, and at this concentration the gypsum also hegins
to come down. The deposition of gypsum continues until about
97 per cent of the water is evaporated. Common sale begins
to be deposited when 90 per cent of the water is evaporated.
About 83 per cent of the gypsum is deposited before the salt
begins to come down and the remaining 17 per cent appears
mixed with the vastly larger quantity of salt. The other soluble
salts come down with the sodium chloride, but the order in
which they are deposited is of no importance in the considera-
tion of gypsum.

If, then, a quantity of sea water were shut off from the
ocean in an enclosed basin and evaporated to dryness without
the addition of any water from the land or ocean we should
expect the salts deposited in the following order: At the bottom,
a layer of limestone, the lower part containing some iron; above
this a layer of gypsum with the lower part containing some
limestone, and the upper part grading rapidly into common salt
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containing other soluble salts as impurities, and at the top

mixture of the most soluble salts. In a case of this kind thez
would be approximately ten times as much gypsum as limestor
and twenty times as much salt as gypsum.

In nature, however, it is very seldom, if ever, that a boc
of water of any size could completely evaporate under suc
simple conditions. Connections would almost certainly be r
newed with the ocean from time to time, resulting in fresheni
of the water and consequent disturbances of the order
deposition. Some drainage from the surrounding land wou..
he sure to enter the basin. If this were not sufficient o cause
the basin to overflow it would freshen the water and at the
same time would add other mineral matter in solution. Heavy
floods might bring down sufficient clay to form a layer of mud
over the bottom of the basin and to freshen the water until
there would be no deposition from solution for some time. Con-
centration might then proceed until the limestone or perhaps
limestone and gypsum would be deposited when another flood
would produce a second layer of mud and prevent the deposi-
tion of the more soluble salts. Thus it is evident that the
simple sequence of deposition may be interrupted any number
of times and that there may be many layers of mud and lime-
stone or of mud, limestone, and gypsum deposited without the
concentration proceeding far enough to deposit the more

soluble salts.
The mineral matter brought down in solution would add

several factors to be considered if evaporation proceeded to
dryness. In the formation of the salts from the bittern or

mother-liquor the temperature may affect thd different com--

binations formed and the degree of hydration of the different
salts. In many cases the connection between the ocean and the
enclosed body of water was probably renewed after the deposi-
tion of the limestone and gypsum and before the more soluble
salts conld be deposited. Or, if the soluble salts were deposited,
they were probably redissolved and carried away by ground or
surface waters, leaving the gypsum and limestone. It is evident
that as evaporation proceeded that the area covered by water
would continually decrease and that the concentrated water
would collect in the deeper parts of the basin. The salt, there-
fore, would be deposited over & much smaller area than the
limestone and gypsum, but it would be many times as thick.
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W

byee?:uécli‘ 1?.xpeci:, therefore, that deposits of limestone formed

o o lfosea Oli?ré;lfssea W?itef would be much more wide spread
um and that the gypsum would b i

spread than the salt, but that where the salt was d:pg;?::dvgr(lig

not removed later that i \
limestone or gypsum.at 1t would be many times as thick as the

pleteT:-I:c (:;tzltedfs(ii;assf!}r't deposits® give probably the most com-
ol thq epos1tu_)n by evaporation of a large body of
o saiine -t is rlecord is far from being simple. More than
roraas inerals are found in the deposits; some of them

as primary minerals and others as being derived fr‘(e)m

these by secondar i -
double salts. y reactions. The majority of the minerals are

The great difficulty in accountin
L g for the i
igriﬂls:r?sle del.f)aosll‘,!:ts by the evapg)ration of sea Watﬁzrr;;at;gntgg
g amougt nfl y of wat'er which would be required to furnish
Contamoum o %ypsum in the deposits. Sea water: probably
i thgi:](:a a percentage of gypsum at present as it ever
tion of a body of water 1 Tor abp 1o py pemited bV evapora-
is only .
a layer of gypsum 10 feet thick would rgquigg 7afgz;th1;()t‘ fc;)\féz

14,000 feet or 22-3 mil
X . - es of w. i
posited in & basin with vertical S?EFG?. if the gypsum were de-

In the case of an enclosed basin wi i

] : ith sloping si
gsrlx)tt?acringilgaze lkr)luch less since the area of thpe gos;diioﬁ?s
out oy e y before the'g.ypsum was deposited, and there
ot 0 | ihcogstgnt ad.dltlons of water containing mineral
fangocr fror e rainage into the basin. But even when these
PR c01}s1dere(_i it seems impossible to conceive of en-
s inntsh oPsufﬁglent size :'slnd depth to form such deposits
and Rochy Me (;rr.man-Trlassw Bed Beds of the Great Plains
e ocky dm;)n ain States.' Grimsley® accepts the deposition
o o Miclff a(siln rgsemblmg the Caspian Sea as the origin
o) gan deposits. .He has worked out in some detail

rea of the sea and of its drainage basin. .

The conditions of deposition in partially enclosed basins

h . y
ave been noticed in some of the preceding paragraphs. The

1
Clarke, F. W., Op. cit. p. 210-217,

*Grimsley, G. P., The G-
11, 1904, pp. 187.191, ypsum of Michigan: Mich. Geol. Survey, vol. 9, Pt.
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discussion of conditions as they exist in such basins at present
are given by wWilder'® as follows:

«Basins which are in some degree co.nnected with the (I)gclearli
may next be considered. The Bessaraplan_ coast of'th(é1 ac
Sea furnishes an example of salt deposits in bays.sllg{)h y con-
nected with the ocean and fed from the lapdward side by rltve:rs..
From the Danube to the Dnieper the rivers befotred efm;)myltrllfa
i i hich are separated Ir
into the ocean expand into lakes w ; % the

dinary circumstances the wal
sea by natural dams. Under ordinary the
i the dam, while during
flows into the sea through an opening in :
the lakes. Three of these
storms the water of the sea enters ) ;
lqakes become partially dry every sfumgnall'. aknd (’llfeﬁ)i:s:asl;?lgswl};slgg
i 0 ick.
in places amounts to a layer a 01 . o P
i : phate o e
for commercial purposes. The caleium s ate of the
¢ storms
and of the sea water which is (!rlven'm :
rv:f\lxtsir ari:0 be deposited, but the quantity being small, readily
escapes notice.

“ writers on gypsum and salt ha}ve called .aFtentlon.to
the falzltail;l}{at the Mediterranean Sea fqrmshes .cond;tlf}rlls wl;xll]cbli
if but slightly modified would result in deposits o b ese Sub-
stances. Although it receives the waterg of many I‘ll\ ers,frlster
of them of considerable size, evaporation takes hp agi i‘t o
than inflow and if no water e_ntered through t S] rz o
Gibraltar, or if the supply enteru.)g were con51derab ydre uited’
much of the mineral matter held in solution would be deposited.

A steady current pours in from the ocean, however, and the -

i ipitation i t veached. The bottom
ity necessary for precipitation is not rea :
g?ltslleysea rises sharply near the Strait o_f Gibraltar, cuhttmg off
communication between the lower pa;t of tthe .seaéhagl?l ;p:roi::‘?;,
itti i hange of water In €: .
but permitting a free llntojrc e e while the
depth of the strait is less than : a 8,
raIt‘\}/]:ra;é) depth of the Mediterranean 1s 1,009 fathomsé.tig‘:se
accgmpanying diagram roughly illustrates ex1st1ni condi .
C

i S

i Sea and Atlantic
—Di am illustrating relations f’f Mediterranean
Filg. T—biagr Ocean (after Wilder).

"';;ilder Frank A., Geology of Webster Couniy: Iowa Geol. Survey, vol.
12, 1902, pp. 123-124.
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“The amount of salt in the water of the Atlantic is 3.6 per
cent, while in the Mediterranean it is 3.9 per cent. The specific
gravity of the water of the Atlantic off the Strait of Gibraltar
is 1.026, while at the west end of the Mediterranean, near the
surface, it is 1.028, increasing in the east end to 1.03. At a
depth of 300 fathoms the density is considerably greater than
at the surface. A current of water flows in constantly at the
surface of the strait (figure 7, ¢). This water is concentrated
by evaporation and sinks. The bottom below the line ¢ d has
been previously filled by this dense water and water is being
constantly condensed, sinks and flows out at ¢ as a lower cur-
rent into the ocean. The outlet at the strait is so free that the
condensation doeg not reach the point which results in the
deposition of lime, gypsum or salt.

“It is quite conceivable that the opening could be so restrict-
ed that the outflow would b egreatly diminished and the density
of 1.05 to 1.13 which is necessary for the deposition of lime-
stona be reached. If this were maintained for a long time and
the inflow were enough to prevent further concentration a thick
layer of limestone without gypsum and salt would be formed.
If the opening were still further restricted gypsum would be
precipitated and at length salt. In this case, however, the
calcium carbonate in the inflowing sea water would be pre-
cipitated with the gypsum unless converted into gypsum or a
more soluble salt by reaction with other salts or isolated during
deposition as is the case today in the Great Salt Lake. The
amount of the calcium carbonate (one-tenth as much as the
gypsum) if present would be easily recognized. If instead of
a small opening the inland sea were shut off from the ocean
by a low barrier, over which the sea water passed only in time
of great storms, the deposits might be more varied. The water
would be diluted at times so that precipitation of the more
soluble salts would cease and after a period of evaporation, if
the amount of calecium carbonate in the newly added water
were considerable, there would be a deposit of limestone suc-
ceeded by gypsum. A series of limestone and gypsum beds
occurs in the northern peninsula of Michican near St. Ignace.”

APPLICATION OF THE THEORIES OF ORIGIN TO THE OKLAHOMA
DEPOSITS.

In attempting to apply any of the different theories of
origin of gypsum to the Oklahoma deposits several difficulties
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are encountered. The deposits are continuous on the north
with those of Kansas which pass under Tertiary rocks to the
northwest, and on the south with those of Texas which probably
extend under younger rocks as far ags El Paso. To the west
the gypsums connect along Canadian River with the deposits
of eastern New Mexico which are probably continuous along the
eastern flank of the Rocky Mountains with those of Colorado
and Wyoming. It is not meant that any individual ledges of
gypsum extend over all or even a large part of this area, but
that the gypsum occur at the same general horizon and under
the same general conditions. Any theory which is applicable
to the Oklahoma deposits must apply in large measure to the
deposits of the whole area.

The almost total absence of limestone in connection with
the gypsum beds in the whole area seems to preclude the possi-
bility of the gypsum having been formed from the alteration
of limestone. The entire environment of the beds suggests
aqueous deposition, while at the same time all the evidence points
to shallow water conditions. The presence of marine fossils,
which occur in the thin dolomitic members immediately beneath
some of the gypsums, is conclusive proof that there was at least
occasional connection with the ocean. The oxidized character
of the clays and sandstones and their general fine-grained con-
dition indicates that the material came from rather low lying
land on which chemical weathering proceeded unchecked.

The great difficulty in accounting for the deposition of
gypsum in such shallow basins as seem indicated is the immense
volume of water required to produce such bodies of gypsum.
This has already been mentioned briefly in a preceding para-
graph. . Another difficulty is the almost total absence of lime-
stone or of any carbonate rock. Usually a thin layer of dolo-
mitic sandstone lies immediately beneath the gypsum, but it is
usually much less than one-tenth the thickness of the gypsum
and it is also far from being a pure carbonate rock.

The absence of limestone may be explained in three ways.
In the first place, the sea water of the period may have con-
tained less calcium carbonate in proportion to gypsum at the
time of the deposition of the deposits in the Red beds than at
present. Chamberlin and Salisbury™ hypothecate this condition

in the Pel:mlan Sea as an important factor in the glaciation
of the period. However, unless this condition was extreme it
does not seem to account for the great apparent discrepancy
betvyeen the theoretical and observed amounts of limestone
Besxdes,_ there was almost certainly considerable drainage int<;
the basins and this drainage must have contained much more

ona a leS ome llnk W ce O

It is entirely possible that the limestone if i i
the gypsum l}as been altered to gypsum by the iltligg:tslic:dofwéﬁg
waters carrying calcium sulphates dissolved from the overlying
gypsum, It. seems strange, however, that if the theoretical
amount of limestone was deposited with the gypsum that it
should l.)e everywhere so completely altered. The second
explanation, which has been used by Wilder!? in accounting for
the absence of limestone from the Iowa deposits, is that the
carbonates entering the basin after the water of t’he basin had
become concentrated would be precipitated very near the mouths

- of the streams and along the shores. This action is taking place

in Great Salt Lake at the present time. The fresh waters enter-
ing the lake contain considerable quantities of carbonates but
the waters of the lake itself show scarcely a trace. The car-
bonates are removed immediately and deposited near the mouths
?f the streams in the form of oolitic sand. While the deposits
in Oklahc.npa were probably not formed in wholly enclosed basins
the conditions of deposition were doubtless very similar'.

One case in Oklahoma seems to coincide with this con i

1Sg(l)u'theast of Watonga the uppermost gypsum (Shimer)d:fs l‘gl?é

aine fo_rmatlon thins and finally disappears, while the dolo-
mitic honzop thickens and prolongs the outcrop for some miles
after the .dlsappearance of the gypsums. Here the dolomite
or magnesian limestone is about 5 feet thick and relatively pure
This is the only instance of this sort which is known to have;
]lgeen obse?ved in detail, but when it is considered that very
k:'c'cle detailed work has been done in the great area occupied
y t.he gypsum and also that much of the probable gypsum
bearing area is covered by younger rocks, it is easily seen that

"Wilder, Fr
12, 1909 o126, ank A., Geology of Webster County: Iowa Geol. Survey, vol.
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many such cases might occur unnoticed. Sherwin'® points out
that probably the greater part of the drainage into the basins
of deposition was from limestone regions and that consequently
the stream waters would be high in carbonates. He regards
the carbonates as being decomposed by sulphates or sulphuric
acid derived from sulphur springs. This reaction might take
place, but the presence of a sufficient number of sulphur springs
to cause such deposits seems more difficult to explain than the
accumulation of sufficient water to form the deposits by evap-
oration. There are no known areas of Permian volcanic rocks
in the region which might provide a source for the sulphur.
When all their features are considered, then, it seems probable
that the gypsum deposits of Oklahoma were formed by evapora-
tion of water in relatively shallow basins, which, at least tem-
porarily, had more or less connection with the sea.

HISTORY OF GYPSUM.

The use of gypsum and of gypsum plasters has been known
since ancient times. The pyramids of Egypt contain plaster
work executed 4,000 or more years ago. For their finer work
the Egyptians used a calcined gypsum plaster precisely similar
to the plaster of Paris of modern times, and the methods of
use and the tools used werc also similar to the modern ones.
The Greeks also used the calcined plaster in making casts, the
earliest known use for this purpose.

The white compact variety known as alabaster has been
used in Europe for centuries for interior decoration and orna-
ments, especially in cathedrals and other écclesiastical buildings.
Vases, urns, boxes for different purposes, statues and statuettes,
and mural decorations were the more common articles made
from alabaster. The name alabaster, however, was applied to
marble and onyx as well as to gypsum and it is often difficult
to tell which is meant. Qelenite in large pieces or flakes was
used for windows and also in making boxes or vases to surround
lights for the softening effect on the illumination.

he use of gypsum both in the crude and calcined forms
has continued up to the present, but the use of the calcined
products has shown 2 rapid increase in the last few! decades.

ngherwin, R. S., Notes on the theories of origin of gypsum deposits:
Trans. Kans. Acad. Sci., vol. 18, 1903, pp. 85-86.
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YorkInwtlile I{crﬁited Statgs the gypsum industry began in New
i :;; boae; dpoli&ll‘aiéi:)n wasl principally restricted to the
. s the population moved westward
velopment of the gypsum resou e o
€ rces followed. The devel
of the important Michigan deposit: i b
X s began in a small way ab

'll‘itoﬂigg I;c]}::éecl).f t}iia .IovI&;a deposits near Fort Dodge iﬂ aiB(’)Ygt

e f mill in Kansas was built in 1889 .

mill in Oklahoma a few years lat AN
n Ol : . The devel

deposits in California and alo th e

the coast began ab

For many years the maj or B o ound
jor portion of the productio

and sold in the raw form for land o ot

i plaster. In recent years th
consumption of land plaster has shown i  mcrease
: tically no in

or has decreased, while the use of Fealei . s has
d, . the calcined

gr(l)wn very rapidly, until at present the raw produ?:i‘;) (i*lé;ifesl;ii

only a small percentage of the value of the gypsum products

STRATIGRAPHIC DISTRIBUTION OF GYPSUM

The age of the principal
. ' pal gypsum and salt deposi
world are given in a table by Wilder* which is givlzz(r)lsﬁzrg\fnittlllle

Foreign American
. Pleistocene and Recent
Caspian Sea and Aslatic Lakes. Great Salt Lake

Pliocene
Tran§ylvania, near Prague (salt).
Caspian Sea in Karabhogas Bay
(§a1t and gypsum).
Austria at Wiellczka, Siebenburgen
(salt and gypsum). o

Miocene
None

Oligocene

Transylvania and Carpathian Mts.

(gyvpsum and salt).

Germany, Sperenberg (gypsum).
France, Montmartue (gypsum).

Eocene
None

u\wilder, Frank A., Geology of Webster County: Iowa Geol

vol. 12, 1902, pp. 114-115. - Survey,
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Cretacecous
None

Jurassic
None
Triassic
Black Hills (gypsum).

Germany:

Hanover, Austa.(lt.
Briurt, Thuringia.
Lothringen (gypsum and salt).

England:

From Scotland to Devonshire
(gypsum and salt)
Permian
lIowa (gypsum)

Germany:

The Hartz (gypsum).
Stassfurt, Sperenberg (gypsum

and s Kansas (salt and gypsum)
Soutn Tyrol (Eypsum). Oklahoma and Indian Territory.

Black Hills (gypsum).

Texas (gypsum).

Russia (gypsum, salt).
Upper Carboniferous
None
 Carboniferous
Lower Ca Lofwer Michigan (gypsum).
Nova Seotia (gypsum and salt).
Virginia (gypsum and salt).
Montana (gypsum).

Devonian
None

Silurian

ia, Baltic provinces New York (gypsum and salt).

Russia, y

(gypsum}. Ohio (gypsum and salt).
Pennsylvania (gypsum).

Upper Michigan (gypsum).

Ordovician
None

Cambrian
Punjab Salt Range, India.
i i in the table the fol-
ddition to the deposits mentioned in t ; -
lowirllé'1 :houlld be noted: (1) G)_rpsum and 1§a}::.1n( Zt;wt}]i’:n;rsé :
vanian rocks in Kimberly district, _Austra iais; he grest
its of the Rocky Mountain region and the gread hasin I
dWepgxsrlﬁng Colorado, New Mexico, Arlzona: Utah,Jan Ner da,
nryxhablv ,rangim)' in age from Pennsvlvanian to Juras

gypsum in southwestern Germany®, and in Sussex, England?’,
in the upper Jurassic (Purbeckian) ; and (4) the gypsum and
sulphur deposits in the northern Apennines of Italy in the
Pliocene. :

From the table and notes it will be seen that the more
important gypsum deposits are grouped into the Silurian,
Permian, and Triassic, in America and Europe, with important
deposits in Europe in the Oligocene and Pliocene and in America
over restricted areas in the Mississippian. In general it may
be said that widespread deposition of gypsum took place in those
periods marked by large expanse of land. This is particularly
noticeable in the Permian and Triassic in Europe and America,
and the Pliocene in Europe. The periods of widespread sub-
mergence or of expansion of the water areas. Cambrian (ex-
cept in northern India), Devonian, Ordovician, Mississippian
(except for restricted areas in North America), Cretaceous,
Eocene, and Miocene have no important gypsum deposits.

AREAL DISTRIBUTION OF GYPSUM.

The distribution of gypsum deposits outside of the State
is of prime importance to the industry in Oklahoma, since this
distribution, in large measure, controls the conditions of
competition. In the following paragraphs the distribution in
foreign countries is noted very briefly and that in the United
States somewhat more fully.

Foreign.

Australic.—Gypsum occurs in layers in the Rolling Downs
formation (Lower Cretaceous) and Desert sandstone (Cre-
taceous) in Queensland®. The beds are usuvally thin. Gypsum
occurs in the beds of dry lakes and in Carboniferous beds in
Western Australia. Large deposits are also reported from New
South Wales, but they are too far from transportation to be
utilized. Gypsum is produced commercially in Vietoria.

"Geikie, 0., Text Book of Geol.: 4th Ed., p. 1059,

¥0p. cit., p. 1153,

"Prestwich, Geology: vol. 2, p. 233.

"Grimsley, G. P., The Gypsum of Michigan: Mich. Geol. Survey, vol. 9,
pt. 11, 1904,
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India.—Gypsum occurs in immense quantities i(;l Noit;ctsh:‘rrr;
India, principally in the Salt_Rang;.‘nthrr:;: (;i eﬂilf\ rss}t(): ts axe
of Eocene age, but the more jimpor mes are R anistan

bably Cambrian. Dep051ts' are kno :
2:::1 I])31‘:1)1uihi);tan. The production is small, not exceeding 5,000
tons annually.

Itaiy.—Gypsum occurs as alabaster in the l.ower paL{"c (l)fe:r;;
Pliocene oft the northern Apennines. '[“he.mmes at Vo »
have been worked for a long period of time.

Australia.—Immense beds of 1roclt<h dalt ﬂancll{ (g)z_rpatll;nczlf
b i i ta in the northern fan
present In Pliocene stra 2 e B the same
i Mountains at erleczka.near .
22512]1'2; region and in Transylvania gypsum and rock salt occur
in the Oligocene. o )
Crete.—Gypsum occurs in beds in the upper Triassic on the
island of Crete. :

i both the east
s.——Gypsum deposits are wqued on
nd va?éIs)‘éucz)a'stsytl))f Cyprus. The rock is calcined and Lll(sed :1(1)3
%uilding material on the jsland and is exported to Turkey

Egypt. . . .
France.—The important gypsum.depomts of the P;}rls Iizg;;‘r‘l;

are in npper Focene strata. The hlg‘h_est a}nd most 1m(t1)0 it

ije'i is 65 feet thick at Montmarte. ]t.lS a fresh water gp(gn,_

coﬁtalinihg bones of mammals, terrestial shells, and wfoo , con-

formable on marine deposits 'Il?ﬁlow. dTh;‘e?r(l)o;m:ii So arggrap u
r in the Eocene. e pro ue

Zﬁ\c/le:; tli)l:,iame of plaster of Paris to calcfmed gy!osun:1 ;?fiswzig
y is by means of quarries, , @

over. The rock is worked' ) ries, drifts, Soh

ines. The gypsum 18 rather impure, carr 2
igaf(t) trzzl?g.sper cent of calcinm carbonate, which, however, does
not seem to impair the plaster.

Germ@nu — Gypsum and rock salt beds g.re( Ii’nt(i)rc:kl?;rel()i
) i i Jurassic (Purbe

i h water limestones 1n the upper ]

gllt{]Nfe?te:halia and in northwestern Germr?n.y. 'Th_e 1r1r;§(r)‘1;)t:$

i ssic in ,

i however, occur In the upper I‘l.a j

(Xep&?ctli’ Erfurt, Thuringia, and Lothringen; and in thebupper

ngn:iar; in the Hartz Mountains, Stassfurt, and Sperenberg.

i jal quantities in
land.—Gypsum occurs 1n commercl ‘ i
Staffleé]sgire, Derbyshire, Nottinghamshire, Cumberland, West
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moreland, and Sussex. The rock occurs as nodules and lenticu-
lar beds up to 15 feet in thickness. The principal deposits are
of upper Triassic age, but those in Cumberland and West-
moreland are Permian and those of Sussex are upper Jurassic.
The deposits have been worked for generations and utilized in
various ways. The annual production for several years has
been about 200,000 to 225,000 tons.

Canada.—The gypsum deposits of eastern Canada have

been described recently by Jennison'® and his summary is as
follows:

“Gypsum deposits of economic importance are found in
most of the provinces and territories of the Dominion of
Canada. Those having the greatest area, and most accessible,
are found in the eastern provinces, where they occur in the

lower Carboniferous formation, and are practically
haustible.

inex-

“In British Columbia large deposits of gypsum occur asso-
ciated with grey schists and white crystalline limestone. They
are found north of the middle crossing of the Salmon river,
and have a thickness of over 100 feet. They are also found
in the vicinity of Spence’s Bridge.

“In Alberta, on the Slave river, 40 miles above Smith’s
landing, there is an outcrop of limestone, associated with some
gypsum and mineral tar. It is also found one mile south of
the forks of Salt river. The exposure is 20 feet thick and inter-
bedded, and has underlying it thin layers of red clay.

“In, Manitoba, at St. Martin lake, 10 miles west of the
outlet of Little Saskatchewan river, gypsum deposits are found
of considerable importance. The exposures are worked as open
quarries, and the product hauled in the winter season to the
shores of Lake Manitoba by team; after manufacturing it is
shipped by steamer to Westbourne railway station. The rock
is exposed on a number of outcrops, the highest being 60 feet
above St. Martin lake. Some anhydrite is seen, and large
quantities of selenite. Geologically its position is either that

of the lower Devonian or upper Silurian, probably the Salina
formation.

*Jennison W, F.. Gypsum deposits of the Martime Provinces: Canada
Dept. of Mines, Minech Branch, No. 84, 1911, p. 21.
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i i rly;
“In Ontario a small amounthof g){pg}:;no;sl)r;;gex‘liny?mié
i Grand river, in the vicim is, ant
. glcli;rs ’;Eetg;psum formation extends from the Niagara riv
co .

i i 'Il Veins
tO Saugeen a diS‘tance Of 150 mlles. Its Occul‘rence 15 1
?

from 2 to 7 feet thick and separated into several layers.

“In Quebec the principal deposits f)ccm('1 in the lower Car-
boniferous measures of the Magdalen islands.

its of this island
dland?*.—The gypsum deposi ]
urNgflvftf,)}:ZL west coast. Geologically they art'er l::al tg;:c :;mllfl
Of)csition and resemble those of Nova Scotia. RomZine o
o tensive beds, with prominent exposures on e et
;}t( Piccadilly, south side of Poﬁ-au-Po;tybay',rha:rOCk difforent
i uth side of St. George bay. ! e
:zldngfl (gzlxtﬁSeS%oth compact and granular; very little anhydrite

is seen.” _
United States.

. . ireinia
Virginie®.—The commercial g)_{psggg7 deposits of Virgt

1 resources of Virg_ima: . )

3‘2?3;‘; :. rlxlé.x:)‘:rri)eﬁ about 16 miles long 1n Smyth and Wash

ies i stern part of the state. Il}tl-
oy counc%f‘fe& I;vittttllet}?g l;t;;gl‘im are Eonsi.derable sal‘t depo?;ti.
ey a‘:)Sst(;mces are in shales of Mississippian age whlch1 un Et:
ﬁgt‘}clhzuGsreenbrier limestone.h 'I(‘i}}e gggil;rr;ozﬁzrsgiosgfezg ghat

i ipo

mint arount(:lhsdzy::;lﬁzc?sl:aiy? Tll)le bodies of gypsum aredlarie-
rr?llar:sr:ag ;nrfd lenses interbedded wiféhdred a}:;rdd Ijgi;zy c}Ia‘l})lr: a;ve;:;)ge

i istri an R
tai.n much olrlicre(zeéZ ui]: rés(; fi:;fnbélofnmercial development of the
thICkn'essbwam early in the nineteenth century an‘d geveral cic();il(;
dep(_)slts v operated in the region at different times. In :1]
P 1 havi 3 mills were working at Plasterco and Sa_ltv! ei
e 19alrliou‘;mforms of hard wall plaster are the prm(c)lg?d
Do, o chieis of he v soeun, s 1o
and use}i ai'alﬁggdpil'?z::réﬁﬂo to 20,000 tons and betweent'lf_%
produgc)ggnthe value ranged from $17,000 to $45,000. Sta 11;1 ics
;fltr)lt('i ‘she past few years are not available on account of there

being only two “producers.

—

Qp, cit,, P

nEckel, B '023i3uu U. S. Geol. Survey Nos. 213, 1902 and 223, 1904.
1R » . o . .
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New York?2.—The gypsum deposits of New York are found
in the Salina group, the upper part of the Silurian system,
The Salina outcrops in an east-ward belt from 10 to 20 miles
wide, about the same distance back from the south shore of
Ontario. The section in a mine at Lindlen shows 7 beds of
gypsum ranging from 4 to 11 feet in thickness separated by
shale bands from 1 to 2 feet thick. The beds thin in both
directions from Cayuga lake. To the east the beds become
impure and are not of commercial importance east of Madison
county. Most of the rock is dark colored and too impure to be
used for the finer grades of plaster of Paris, but in the western
end of the belt some of them are of high grade. For many years
practically all of the outpnt was sold ernde for land plaster
and the manufacture of the calcined plasters was not begun
until later than it was in Ohio, Michigan, and lowa. The
gypsum, especially in the western part of the area, has proven
suitable for wall plaster and in the past few years the manu-
facture of wall plaster has increased very rapidly while the
production of land plaster has remained almost stationary; so
that, at present, the calcined products make up the greater
part of the output. Large quantities of the crude and caleined
gypsum are used by the Portland cement mills of New York
and Pennsylvania. The amount of material in the New York
deposits is very great and so far only those deposits advantage-
ously situated in regard to transportation have been developed.
Most of the development is by quarries or open cuts but several
drifts and shaft mines are used. Thirteen mills were reported
as operating in 19102 and 12 mills in 1911. The total production
in 1910 was 467,399 tons with a value of $1,153,978, and in
1911 was 472,884 tons with a value of $1,199,596. About two-
thirds of the crude gypsum is caleined and the value of the
plastez‘; in 1912 was four-fifths of the value of the total output.

Ohio*.—The gypsum deposits of Ohio are confined to small
areas hear Sandusky bay. The beds occur near the top of the
Silurian system in the Rondout formation. On the north shore
of the bay, southeast of Port Clinton, 150 to 200 acres of work-
able gypsum have been shown by core drilling. Another area
has been prospected about 214 miles north of Castalia on the

"Eckel, E. C, Bull. 1. S. Geol. Survey No. 223, 1904, p. 33-35.
"The statistics given for the various states are taken from the Mineral
Resources of the United States for 1911, U. S. Geol. Survey.

*Peppel, S, V., Gypsum deposits in Ohio: Op. cit., pp. 38-44,
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south shore of the bay. Some of the drili holes on the north

side of the bay show as many as 8 beds of gypsum varying from

18 inches to 10 feet in thickness separated by limestones from

3 to 10 feet thick. The gypsum where worked is as much as

9 feet thick. Itisa rock of a grayish cast due to numerous fine
wavy bands of bituminous material. There are occasional thin,
shaly partings having irregular courses through the gypsum
rock. The material was first worked by open quarries but most
of it is now obtained by under ground workings. Water gives
considerable trouble. Two plants were operated in 1910 and
three in 1911, all on the north shore of Sandusky bay near Port
Clinton. On account of the small number of producers the
statistics of production are not made public. The combined
production of Virginia and Ohio in 1910 was 292,987 tons of
crude gypsum with a value of $821,213, and in 1911 was 369,358
tons with a value of $1,056,568. Ohio probably furnished con-
giderably over half the combined production.

Michigan%.——Gypsum is known to occur in two localities

on the Lower Peninsula, at Grand Rapids near the western.
coast and at Alabaster on the eastern coast. The deposits are
found in the lower Grand Rapids series of Mississippian age,
which outcrops as a ring around the interior coal basin. The
deposits at Grand Rapids consist of an upper ledge 6 feet thick
separated by about 1 foot of shale from a lower ledge 12 feet
thick. At Grandville there is a ledge 11 feet thick separated
by 4 feet of limestone from 2 lower ledge 14 feet thick. The
gypstt
1t is worked both by quarries and underground workings. The
Alabaster quarry is at Alabaster, three-fourths of a mile back
from the shore of Saginaw bay. The bottom of the quarry is
about 15 feet above the water level. The face of the duarry
is 16 to 22 feet high and more than one-fourth of a mile in
length. The cover consists of about 10 to 12 feet of stiff
bowlder clay which is removed by a steam shovel. In addition
to these deposits on the Lower Peninsula, gypsum is known to

occur at St. Ignace in the Upper Peninsula but it is not utilized

and little is known concerning its extent or value. It is found

in rock of the Monroe group of Saline age. Bight mills were

sGrimsley, G. P, Gypsum deposits In Michigan: Bull. U. S. Geol, Sur
voy, No. 253, 1904, pp. 45-41; and The BYPSUm of Michigan: Mich. Geol. Sur
C e o+ 11 1804

PRSI

m is a massive rock gypsum of a high degree of purity. -
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o . A .
aﬁgra;tzcz Kllals)/.[;c:ugan in 1910 and 1911, 7 near Grand Rapid
and 1.t o tos er. dIn 1910 the total output of crude gy rs)unsl
s and, il 1911s and the total value of the products wa $p66

) the total output was 847,296 tons withsa val?],ej

of $578,926. The i
e 15,988 The value of the calcined products is over four-

Iowa*.—The gypsum a

il vpsum area of Iowa occupies 6
miles n%a},;'e Fgg;p]s)uorgg?)’c chVr:bj::ra cqun%y,bnear the chrftzg 2%11?}:‘:
e single bed ma :
ciZtec:; svt?t)}a:rg:gd lby extrgmely thin clay parting‘.lp I(:cf issevem1
clated with red ctay and is probably of Permian age Theaisod—
o tributa,rjes ]’lj) immediately along the Des Moines' river agd
b bt T};e 3t'h?.kmantle of glacial drift 60 to 80 feet i
e o ickness of fche gvpsum bed is variqb‘le n
account of prg-g]amal erosion. Where it is full dl o

owing divisions are recognized: Y developed

Division of Gypsum Bed in Iowa.

5. i (
E&zeznr(;c&.osﬂlttal%ledfor plaster, varying .in thick reet:
0] ) .
. gl.acial erosion ...... l.ﬂf(?r.e.n ce due fo Joss by pre-
3. ?{lx-foot ]edgg, best of the plasﬁ.n: rock ............ ¢ 0
2. E'arl(li ledge, inferior for plaster. ................ ;
.1. 'B:)%t teen-inch ledge, not good for plz;.s.t.e.r ....... i
. om ledge, not good for plaster: .............. ;Vz

The material is a dense, fi i
ree . , fine-grained roc i i

§c§p2 :ﬁl(;iw\svilllltet l_)ands a}bout one-half inch fﬁi&lth %i:c:rrr:ﬁtmg
o Shoe o t? t}11t consists of a mass of minute .crysta]s lc'I}‘}(])-
o e e e onva gypsum began in 1872, The- mil]e
e quaglr_les river and its tributaries strip the gyps .
i S rries. Back on the prairie the stripping ig l‘;m
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H“dEI, Frank ‘Ay G)DS‘-““ deposits in Iowa: Bull. U. S. Geol. Sur vey

No. 223, 19 ’ . ’ - =
04 pD 49-52; and Geology of Webster COU!lt) Iowa Geol. Sur



OKLAHOMA GEOLOGICAL SURVEY.

ed in Iowa and the states to
lue of the gypsum sold crude
n 1911 was $66,072.
Portland cement plants.
d plaster in the four states.

Practically all the gypsum
the southwest is caleined. T
in Iowa; Kansas,
The most of this
than 5,000 tons were sol

and Texas i
product went to

oceur in a belt
st of the middle
are near Blue Rapids
Gypsum City in the
odge in the southern part.
n the lowest part
ntral area are
Lodge are near the top
The last named beds are
hills of Oklahoma.
earth gypsum are
The gypsite is most abund-
s been manufactured in the
in 1909 and 1910
t few years the
000 and $400,000.

ts of Kansas

Kansas*.—The gypsum deposi
th a little ea

crossing the state from nort
The three principal areas
f the area,
Medicine L

he northern portion are i

of the state.
in the northern part o
central part, and
The deposits in t
of the Permian roc
the system and t
of the system as €
the continuation o
Both rock gypsum an
in almost inexhaustible q
ant in the central area.

state since 1875.
and six mills in 1911.
the annual output has be

ks, those of the ce
ar Medicine
xposed in Kansas.

f the main line gypsum
d gypsite or

lis were operating
During the las
en between $300,

of Oklahoma occur in the
tion of the State.

The commercial
} The first line of
d line of hills
Caddo, and Stephens
the extreme south-
f the first line of
The stratification
and the gypsums are
but some of them reach a
5 ledges in the south-
a thickness of 20 feet,
d, Wilson, Alva,
and Eldorado in
er in the eastern part of the
d from hillside quarrie

Olclahoma.—The gypsum deposits
Permian Redbeds in 1
consist of rock gypsum an
be divided int
along Cimarron river, (2
Custer, Washita,
thwestern Area in
The gypsum O
ds separated by cla
econd line of hills is very e
over large areas,

he western por
d gypsite deposits.
o three arcas:

deposits may
) the secon

gypsum hills,
including parts of Dewey,
counties, and (3) the Sou
western part of t
hills occurs in 3 be

not continuous
thickness of over 60
western area, SO
Mills are locate
SQouthard, Okeen
the gypsum area,
All the gypsum

£ them reaching
d at Watonga (2), Bickfor
e, Rush Springs,
and at McAlest

P., Gypsum and gypsum cement plasters: Univ. Geol. Sur

vey of Kans., vol. 6, 1899, pp. 48-50.

OKLAHOMA GEOLOGICAL SURVEY. 35
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The %(})’t[;slﬂ;;y 1§qurk.ed leth drag scoops or wheeler scrapers

of the prodlf) A m ‘mined in 1910 was 162,788 tons and the valu.

tined o .c s was about $450,000, and in 1911 th ¢
as 108,653 tons and the value was $287,591 e gypsum

Texas*®*.—The gypsum
home ; [ s of the southwestern are
poma I;Oengel:::; ;?t(l)] Texas as .far as Colorado river, mziﬁfca?nkilr?-
e same general c .aractenstlcs which they possess in Oklahom y
5 e Guadali is in the.eastern part of El Paso colunty easat.
AR, thosepefrréi)lun’cams. The stratigraphy and the gyf)sum
fosemble those 0 1 e first area and the deposits were probablS
ned, contir ruotus y although the outcrop is interrupted froy
A third area is ?nt}';ﬁePl(\eglsonbeyrr?oﬁo‘trering 0}f1 ‘e the 1 rockrsr.l
A are ntains, wher
ernnPJa tggzsgaqf Cretacequs r.ocks. The area is n:a:htilegégzlé}r?
ben Sacite X :] :‘Il?lr bu; is distant from any large market an(i
pipy ok beer dev opi.. The gypsums of the second line of
poiis, I Ol ahoma c;n inue up _Canadian river across the Pan
Rondle of ex (11; conngct with the large deposits in easterr;
o Mex rocksrl' psuﬁn is found disseminated through the
oretaceous rocl t’ltr'l the eastern part of the State but not i
cormerc inq1911111 1ez.ll ’ﬁgze?np{cahnts opiiated in Texas in 1911(1)
and f 1911. e northern :
inei‘9]11:) tv};: v11c81n1ty of Quanah. The output cI;F I;:tn:)cfethe ot
s 188,559 tons and the value of the produgi?’sps\zl&rlané,

about $490,000, and i
vl o aans ond in 1911 the output was 179,625 tons with

S 2
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Bla . . asslc age, outerops i
Thed({):%é]rlspd?)?:hm o bS outh Dakota anr()l e:;t:r: i%va(l)lr'gynd
. . e gypsum-bearing rock © ne.
in : avera ;
loca‘l‘;;rdt;l\;e T31(1)e thickness of the gypsum Va%i:sabgutt? miles
are formedr : d'fg?et of pure white gypsum occursg e';l‘hy’ bbut
distances wlr?i] 1t}?rent honzon;; some are continu'ous foe leds
are near the ]: é) ers are len_tlcular. Transportation f r.l'o_ng
] eds at Hot Springs, Rapid City Spearﬁs;c}\;ges
i o ’ Sl W-

“Bike, W. R Gypsum beds in S-().ll hern A]‘lz()rl-la Am. Geol

No. 4 - Iy d Y i . ) vol. 18 ]896 !
4 223 1904, DD. 68-23; and GOUld, Chas. N .GEOIOg;' and W " y g .
0 . 2

the Panhandle of " .
and 191, e of Texas; Water-Supply Paper U. S. Geol aé?l:;;: soll:Irces o
: ‘ y Nos, 154

*Darton, N. H., G
Y , N. H., Gypsu its i
vey, No. 223, 1904, pp. 976-';%,dep051ts in South Dakota: Bull. U. S. Geol. Sur
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castle, and Edgemont. A mill was formerly operated at Hot
Springs, but in 1910 only 2 plants, one near Rapid City and one
at Spearfish, were operating. In 1911 another plant near Rapid
City was added to the list. In the statistics the production of
South Dakota is combined with that of several other states

and cannot be stated accurately.

Montane*.—The gypsum beds of Montana occur interca-
lated with red and green shales and limestones of Mississippian
age, which are immediately overlain by Jurassic limestones.
The important deposits are in Carbon and Cascade counties on
the eastern flanks of the Rocky Mountains. The rocks lie at
steep angles near the mountains and nearly level at a short
distance away. The beds range from a few feet to as much
as 50 feet in thickness. Mills are Jocated at Armington, Bridger,
and Riceville, but only at Riceville was there production in
1910. The production is combined with that of several other

states in the published statistics and cannot be given.

Wymnin_q“.——The deposits of gypsum of economic import-
ance in Wyoming are in the Red Beds of Permian or Triassic
age. These rocks are exposed around the base of most of the
mountain ranges and in the cores of the smaller folds where
there has been su
The areas where the gypsums are known to occur are as fol-
lows: Rawlins uplift, Treezeout Hills, Grand Canyon of the
Platte, Black Hills, and the Laramie, Medicine Bow, Shirley,
Seminole, Ferris, Rattle Snake, Bighorn, Owl Creek, Absaroka,
Prior, Wind River, Gros Ventre, and Qalt Creek mountains.
In all there are about 1,500 miles of the gypsum-bearing forma-
tions exposed, and the gypsums ordinarily vary from 5 to 20
feet; in thickness and occasionally reach a thickness of 30 to
50 feet. There are also important gypsite deposits known along
the base of the Laramie Mountains. Most of the gypsum de-
posits are at considerabte distance from transportation and the
only development so0 far has been in the vicinity of Laramie.
In 1910 and 1911 three mills—two of them at Laramie using

gypsum and one at Red Butte, 10 miles south of Laramie, using
rock gypsum—were reported. In 11, 44,687 tons of raw
material were used and the products were valued at $116,237.

i T

wweed, W. H., Gypsum deposi
sKnight, Wilbur C., Gypsum depos

ts in Montana: Op. cit., pp. T4-75.
its in Wyoming: Op. cit. pp. 79-85.

flicient erosion to remove the overlying rocks.
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has plaged an 1 I;alss, which has been locally removed by sg(:)%’\?ts n

the area™  All pj?rtant part in the deposition of the or ot

None of t}.lose in (t)het\}zlvissi deposgts are of Carboniferouseilg(:af
ern a : .

State have been utilized to anynexi(e)ll:'thweStem portions of the
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New Mexico®.—
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Ry M e yp(sium bearmg over a great territory in th
ocky Mounta a¥h Great Plains regions, occupy great ar .
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*Lakes, Arthur, G T
“Ransom » Gypsum deposits in Colorado: .
Surv hansome, F. L, Rico folio (Ne. 130) orado: Op. clt., pp. 86:88.
- 8., U. 8. Geol

*Herrick, H. N., G
_oerrick, 1. N., Gypsum
Survey No. 223, 1904, pp. 89-90. deposits in New Mexico: Bull. U. S. Geol
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i the

ico is greatly hindered by the dls'_cance to mafrk;:s a:)rrlld he

Memc? freight rates. Qeveral projects have fa  ves

o eount, Ire %910 only one mill, located at Came, haves
2cc>fl($;t' waI; reported as operating. Small amounts O

. .
ngSUIll aIe quaIIiEd at El tho a‘ld t]le Wlllte Sal‘lds near
v

i New
Alamagordo are used in a small way. The production of

i i al
Mexico cannot be given since it is .cor.nbmed with that of sever
other States in the published statistics.

i Ari-
Arigona?*.—Several oo age'kn(;)lmlrllt;‘gl szﬁghgl;rilncipal
can be obtained in ALLy, N
zona Whetje (gl');prsrlﬁ: Qanta Rita Mountains, Pima Cm;ntyr.1 SI(’):(;;?O
one belfn%‘-lcson (2) the low hills along the coursg o ?:a Naum.
o e in Coch’ise and Penal Counties, (3) the ;er‘:a Catalina
}:'werqoluth of 'Tucson, (4) the foothxll; of Rhe cLh aneqervation
mns ¢ ? T pa 8
: Tucson, and (5) Fort .
Mo&ntalp: (Ijl(());g‘év(.)f In the first named locality the t’,wri;s‘ﬁ)nrgfliz
ls:;'e (?fvaclgmsideral;l'e thicknessRar.lld extenj:r ﬁgdazze ;} f;‘;]e beds 1
Pacific Railway. =Y _
el ePi(rmmti};T;r Triassic. The other deposits are dapp:treer’ilzl
probe li’ The deposit north of Tucson has furms;e thpache
lfy Smilas.ter used in that town. The deposﬁts OIn 13{0 éb’psum
Igr I;'vation consists of large selenite crystals. h'n ed to plaster
taeri 4 near Winslow, Navajo County, was § lpl?l_ d gypsum
qu.zlllrr:;c Los Angeles, Cal. and a mill at Douglas utilized gy
mills ’ ’

quarried near that place.

Utah*.—The more important gypsum getp}?Slt%st :tfe Ui;a}.lj,‘ ::b

in the central and southern portions ol 1 e .C 'Eies foab
Gount: t of Nephi; in Sanpete and Sevier Lount :n, .
Cou_nty, 'easMi(l)lard Cou,nty, at White Mountain near i mor(:I,1
Sahn.e; v Couny in South Wash. Al.l are of rock 1gyps111 .
e ;l:': Xzy%ie at Tillmore which cox]1031(sltsfof d%*;atll:kzr ?1‘ d
o vatalli m the bed of a .
crysta:lllne §ypsi:1imiqbl(?r::no}1 ptlfgolargest de_posits in the tl}]]mtid.
depost® aIt f erI:ns tile .entire mass of prominent spur atl 2 :he
i, 11S (l)t Creck Valley and outcrop.s frqm 'qhe levef 0 he
tranlieutg tht slope in a southwesterly direction in the form
cree

ds i

wplke W. R., Gypsum be

D. 394}?; and Gypsum deposits in 1 .

1 tooé}]mi M., Gypsum deposits in Utah: Bull. U. S. Geol. Survey No.
wpoutwell, J. M..

223, 1904, pD- 102-109.

H 3e0 18, 1896,
'n Arizona: Am. Geol, vol. 18, !
nASr(i):c:rt::l: Bull. U. S. Geol. Survey No. 223,
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a vertical bed or lens. The exposed portions of this body are
from 275 to 300 feet in thickness, 500 feet in height along the
bedding, and at least 200 feet in length along the strike. The
entire thickness is of gypsum but the quality of the material
varies in different parts of the body. Two beds, one 55 and
the other 65 feet thick, are designated as first class gypsum.
The age of the Nephi deposit, as well as that of the other rock
gypsum bodies, is somewhat in doubt but they have been re-
ferred to the Jurassic. The gypsum sands at White Mountain
near Fillmore are late Tertiary or Quaternary. In 1910, four
mills produced plaster,—one at Nephi, one at Levan, and two

at Sigurd. The raw gypsum consumed totaled 46,279 tons and
the products were valued at $149,089.

Nevada*.—The important gypsum deposits of Nevada oc-
cur in the northwestern part of the State, in the Humboldt Moun-
taing near Lovelocks and in the Virginia Mountains halfway
between Carson and Virginia. The deposits are large and easily
accessible to the railway. The rocks are strongly folded and
crumpled and the beds of gypsum dip at high angles. Limestone
is associated with the gypsums. The age of the deposits is al-
most certainly Triassic. Other deposits are known in southern
Nevada in rocks of probable Jurassic and of Carboniferous age.
Considerable beds are known in the Tertiary or later lake beds
which are widely distributed over the State. They have not been
utilized. Four mills manufactured plaster in 1910,—two at
Moundhouse; one at Reno in the northwestern part of the State,
and one at Arden, Clark County, in the extreme southeastern
portion. Most of the product goes to supply the California

markets. The production can not be stated accurately but its
value is probably in excess of $250,000.

California®.—The gypsum deposits of California occur in
the southern part of the State. They may be divided into four
general types according to their origin— (1) efflorescent de-
posits, (2) periodic-lake deposits. (38) interbedded deposits, and
(4) veins. The efflorescent deposits are of gypsite which has
been formed by evaporation of water which has passed through
gypsiferous rocks. They are confined to the region of the
Coast Range. The deposits are usually shallow and of small

"Louderback, George D. Gypsum deposits in Nevada: op. cit. pp. 112-118.
*Hess, Frank L., A reconnaissance of the gypsum deposits of California

-Bull. U. 8. Geol. Survey No. 413, 1910.
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extent. The material is often too impure to be used for plaster.
Some of the localities where beds are known to occur are Men-
dota, Coalinga, Dudley, the Lost Hills, M’ Kittrick, SQunset, Bak-
ersfield, in San Benito County, east of the Carrizo Plain, and
at Carona. The periodic-lake deposits are formed by the evap-
oration of the water of the intermittent lakes which are abund-
ant in the arid regions of the southern part of the State. These
deposits are reported from near Dudley, Kern Lake, Buena
Vista Lake, and at Amboy in the Mojave desert where the ma-
terial is worked for a plaster mill. The interbedded deposits
consist principally of thin layers of gypsum, from a fraction of
an inch to 3 or 4 inches thick, interstratified with much more
impure clayey material. Many of the deposits are too impure
to be worked and the only large beds of pure gypsum known
are in the Palen Mountains too far from a railroad to be worked
with profit. All the interbedded deposits are of Miocene age.
The principal deposits are located as follows: on Santa Bar-
bara Creek, French Point, Point Sal, Castaic, Palendale, in the
Palen Mountains, in the Maria, Mountains, at Necca, and at
other places in the Colorado Desert. The vein deposits are un-
important. In 1910 gypsum Wwas ground for land plaster or
wall plaster at 9 mills in the Qtate. During that year 45,901
tons of raw material were produced and the products were val-
ued at $242,203. In 1911 the production was 43,855 tons and

the value $204,264.

Oregon®®.—The only known commercial deposit of gypsum
in Oregon occurs near the middle of the east boundary line on

a ridge separating Burnt River and Spake River, 4 miles from-

Huntington. The gypsum occurs as elongated lenses, 20 to 40
feet thick, in 2 geries of sedimentary rocks with intercalated
voleanic tuffs, all probably of early Megozoic age. The gypsum
is in part white and crystalline; in part, however, it contains
thin strata and films of a greenish chloritic mineral. Open quar-
1y methods are used in securing the material, whiech is then car-
ried on an aerial cableway to the railroad on Snake River and
hauled 10 miles to Lima where it is burned into plaster. An-
other deposit, partly gypsite, is yeported near Bend Creek in
Crook County, but it has not been developed.

e ———

——

»]indgren, Waldemar, The gold belt of Blue Mountains in Oregon: 22
Ann. Rept., . S. Geol. survey, Pt. i1 1901 pp. 639 and 763; and Gypsum de
posits in Oregon: Bull, U. S. Geol. Survey No. 223 1904, p. 111,
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Idaho'.—G
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wharf where it is 1
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mills on Puget Sound. ed on hulks or barges and shipped to
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CHAPTER 11

THE MANUFACTURE OF GYPSUM pRODUCTS.

EFFECT OF HEAT ON GYPSUM.

The greater part of the value of gypsum in the industries

depends on the fact that under the influence of a moderate de-
gree of heat three-fourths of the water of crystal]ization is
given off. The gypsum whose formula is CaS0,.2H,0 becomes
(CasS0,)2. H,0. The water begins to come off below 100°C.
(212°F.) but is given up very slowly until a temperaturé of
about 130°C. (266°F.) when it is liberated very rapidly. The
(CasS0,) 2. H,0 thus formed is ordinarily known as plaster
of Paris. When it is mixed with water the (CasS0,) 2H,0 takes
up water and recrystallizes as gypsum. This “getting”’ is the
property whieh renders the calcined gypsum of value for plaster

in its various forms.

At 163°C. (825°F.) more water is given off and from this
temperature to 921°C. (430°F.) little or no change takes place
in the material, but above this temperature the plaster takes up
water very slowly and sets only after geveral hours. 1f heated
above 343°C. (430°F.) li i

material, but above this temperature
very slowly and sets only after several hours. 1 heated above
843°C. (650°F.) the plaster is completely dehydrated, i. €. it
becomes CaSO, or anhydrite and the crystalline structure is de-
stroyed. 1t will not set and is said to be “dead burned.” At

higher temperatures the anhydrite melts, forming 2 crystalline

mass on cooling.
THEORY OF THE SET OF GYPSUM PLASTER.

ork in America on this subject has bees

The principal W
ley in connection with his work on the

done by G. P. Grims
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the chemistry of plasters. yen in 1830 as his first principle in

€ ne p y p -
Ih Xt 1mpor tallt COIltl lbutIOIl tO the Chellllstr Of las

ter was by Landrin i
r . .
four periods: in in 1874, who divided the set of plaster into
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“ ¢, The calcined plaster, on contact with water, unites
with this liquid and takes a erystalline form.

«¢  The plaster dissolves partially in water, which be-
comes saturated with this salt.

weg A part of the liquid evaporates, due to the heat set
free in the chemical combination. A crystal is formed and de-
termines the crystallization of the entire mass; a phenomenon
which is analagous to that which takes place when a piece of

sulphate of soda is placed in a saturated solution of this salt.

« ¢4 The maximum hardness is reached when the plaster
gains enough water to correspond’ exactly with the formula
C2080,, 2H,0; this maximum being to the remainder in pro-
portion to the quantity of water added to the plaster to trans-
form it into mortar.’

“Chatelier in 1887 showed that plaster would set in a
vacuum flask, so that evaporation was not a necessary step in
the set of plaster, as Landrin maintained in his third principle

above.

«According to Le Chatelier, the plaster of Paris compound
(Cas0,)2.2H,0 dissolves in part in the added water, which
diminishes the solubility, and the solution becomes supersatur-
ated and CaSO,, 2H,0, or gypsum, crystallizes out. In other
words, the plaster of Paris dissolves, and becomes hydrated,
then crystallizes out as gypsum, and every particle of the plaster
goes through these steps.

“My own experiments agree then with those given by La-
voisier, Payen, Landrin, and Chantelier,
plaster is due to the formulation of crystalline network. The
cause of the formation of this network of crystals, or the factor

which starts th ecrystallization, is the troublesome part to ex-
plain, and this has attracted less attention among investigators

along these lines.

“When gypsum is burned it forms, as Landrin showed and
as analyses prove, the hydrate (CaSO,)Z.HZO. Marignac called
attention to the fact that if water is added in excess, this hy-
drate in part is dissolved, forming first a clear liquid which then
becomes turbid, and crystals of CaS0,.2H,0, or gypsum are

thrown down. How an examination of these formulae shows

in that the set of .
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start the crystallization. Where the plaster is slightly over-
burned, the crystals are extremely fine and crystallization goes
on very slowly and imperfectly.”

PROCESSES OF MANUFACTURE.

The processes and machirery used in the manufacture of
calcined gypsum products are in general very simple. The dif-
ferent operations jnvolved in the manufacture in Oklahoma are
quarrying, crushing, grinding, caleining, screening or classify-
ing, and mixing.

Quarrying.—In Oklahoma all the rock gypsum is obtained
from open hillside quarries. The supply of material near the
surface is so great that underground methods will probably not
be used for years to come. The material is blasted from the
face of the ledge in large blocks and broken by means of ham-
mers or mud shots into pieces easily handled by one man. Dy-
namite is the explosive used. Hand power augers are used to
make the holes for the shots. The augers are of two types..
The larger auger is on a heavy tripod like that of a steam drill
and is operated by a crank. The other form is a simple auger
similar to the carpenter’s brace and bit, but 6 to 3 feet long.
Pressure from the operator’s body is applied to a cross bar at
the top of the shaft. The broken rock is loaded into wagons or
into dump cars on tracks and hauled to the mill ov crushing
plant. Gypsite is generally seraped up in drag scoops and
loaded into wagons Or care through a trap. Where the plant
ig very near the bed, wheeled scrapers are used and the “dirt”
hauled directly to the plant.

Crushing.——Gypsite is ready for the kettles with no further
treatment but the rock gypsum must be pulverized to 2 fine
flour before calcining. For the first reduction a powerful jaw
crusher (fig. 8) or nipper is used.
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Fig. 8.—Jaw crusher,

The end of the machi i
ron. ; he ne opposite the pulley i chi
te(;r; gﬁzosxte this is a movable chilled plagc)e o%ytlfllz :'ﬁmflll:':i
box.‘ T mwo };:lre set a.t an angle so as to form a V—shape(i
ovable plate is moved alternately toward and avr:r‘w

from the fixed
plate b A "
on the shaft. y an arm which is driven by an eccentric

The capacity of the

crushers and the i
0 > oW
S&Bé‘:tgrthem lzza.ry greatly with the conditi(I))n oefr J\qued b
e G okl el more sy 1 i
. ! . e following table®® gives data ¢
size, capacity, etc., of the different sizes of Crﬁgy’lz;sda“a as to

Jaw Crusher.

Size jaw Capacity in| 4.
© pprox
opening in | o0 per hr. ' Horse-
inches | Jaws set weight, | Speed| - Puler: power List
apart 2 in, | Pounds. rev. inches. approx price
15 by 22 12 to 25 | !
22 by 28 | 10,000 | 250 | 36by 10%
aapy a8 gg to 40 | 20,000 | 230 | 40 by 13 - ;5 § o000
o 70 | 24,000 | 230 42 by 16 : J00.00
i | 35 | 1000.00

The 22 by 28 inch ¢ i
) 2 by 28 inc rusher is the one generall i
gy psu?n mills. This machine will take piece‘s of'abc:)vui? ;((e)dplolluﬁgz

*This table as E
1 the il on in the fol ing paragrap
well as similar es h ollow ra 115, 15

aken from the cat
alog o e
t ) : g of t.h J. B. Ehrsam & Sons Manufacturing Company
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weight and reduce them to pieces about the size of a man’s

hand. ‘

For further reduction a rotary fine crusher or cracker (fig.

—Rotary fine crusher or cracker.

Fig. 9-

9) is used. This machine consists of a conical

surface is corrugated.
corrugated iron shoe.
of the ordinary coffee mill.
to pieces a little larger than graing of corn,
tion is known as gravel. The crackers are ma

gizes as shown in the following table.

The crushing action is
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Rotary fine crusiers.

shell whose inner
1nside the shell revolves a shaft with a
similar to that
The rock is reduced in this mill
and in this condi-
de in different

Largest size | A ! | l
No. r iz pprox. Horse |Speed |P i
pxe::kzvm cap., tons| power, rev, %inl::ll}l?;’l vapirox. Ll'St
: L per hour | approx. | | | poﬁxigt’ | price.
> 6 . am.. 1(4) lt:g 23 i %0 37771657!3’0 by 8 1,6005. $150.00
2] 6 |i0tox o 6| 240 [36by10| 4200 | 3500
3 |12 v [ 25t040 |15 to 25| 240 36by 1y 10000 | 280.00
20 to 36 | 240 (36 by 15| 14,000 70000

GT iﬂ,(l,’iy'n(/ —The rave (2
. T o g lrom the Ccr I.Ckel is I()ull{l I(D oW
in buhI lllllls l ]lese ]lli “S ]llay l)e e[l her horlzontal ﬁg | 0
) . N g. ( p de)r

Fig. 10.—Enterprise horizontal bubr mill.
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T BEHAGAM & SONS
TMFG.CEL e
£RPRISE. KANSAS

Fig. 11.—Enterprise vertical buhr mill.

The stones are ﬁ)ebble grit, French

buhr stones or rock emery (Sturdevant Mill). The faces of
dressed into radiating furrows and must be re-
d smooth. An additional set of
go as to save delay in operations
while the dressing is done. In most of the mills the stones
are mounted s0 that the faces are automatically drawn apart
when the mill is pot being fed. The capacity of the buhr mill
varies greatly with the condition of the gypsum. Wet gypsum
grinds much more slowly and requires more power than dry
rock. The capacities and dimensions of the different types of

buhr mills are given in the following tables:

or vertical (fig. 11) types.

dressed when they are groun
stones is usually kept on hand
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Another machine for fine grinding is the lime disintegrator
which consists of two cages revolving one within' the other
and in opposite directions. The cages have short cross-bars.
The gypsum gravel is fed into the middle of the cages and by
the motion is thrown out between the bars and is pulverized
by the impact of the particles against the bars and against each
other. The machine does not clog and has a high capacity, that
of the 50-inch disintegrator being 60 to 75 tons in 10 hours.
This machine saves the expense of dressing the bubr stones.
1t is used in some of the Michigan rills but has not been intro-
duced into the Kansas and Oklahoma mills.

Caleining.—The calcining kettles are eylindrical and are
built of steel three-eighths of an inch thick. The ordinary sizes
are 8 to 10 feet in diameter and 8 feet in depth. A vertical
rod passing down through the center of the kettle and driven
by a cog wheel at the top, is provided with arms which stir
the gypsum and keep it from burning on the bottom of the
kettle while it is being calcined. Two or four flues about 1 foot
in diameter pass thiough the kettle horizontally to secure 2
better distribution of the heat. In 4-flue kettles the flues are
arranged in sets of two, a lower and an upper set. The kettles
are set like a boiler above a grate and surrounded by 2 wall
about two feet thick built of brick—fire brick on the inside
and common brick on the outside. A space is left between the
kettle and the wall, and partitions in this space cause the gases
from the fire to pass into and through the lower flues, then
entirely around the kettle and through the upper flues. The
10-inch kettle with 4 flues has a capacity of about 14 tons
of plaster. : Plans and sections of a 2-flue kettle and setting
are shown in figure 12.
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Fig. 12.— !
g. 12—Ehrsam’s 2-flue calcining kettle, standard setting

D ' . - .
for th:tgi:f(::‘(;elzcmr‘lg dimensions, capacities, and power required
nt sized kettles are given in the following table:
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Data for calcining Lettles.
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The gypsite or ground rock is fed slowly into the kettles,
1 to 2 hours being required to fill a 14-ton kettle, depending on

the condition of the material. While being filled the kettle
is kept at a temperature of about 212°F.

In about one hour after being filled the kettle reaches a
temperature of 230°F. and the mass beginsg to “boil” owing to
the expulsion of the water of crystallization. At about 10°
higher the mass settles down solid, but at 270°F. begins to
boil violently again. At about 350°F. a gate near the bottom
of the kettle is opened and the calcined gypsum flows rapidly
into the “hot pit” which is built of fire-proof material.

From this pit the material is elevated and screened through
bolting cloth or fine wire screens. The portion passing through
the screens is conveyed to bins above the mixers, while the
coarse material is reground. In the bins retarder and hair or
wood fibre are added, the whole passed down through the mixer
which has openings at the bottom, through which the plaster
is fed into sacks holding 100 pounds each.

In one mill in the State, at Wilson, the Cummer continuous
calcining process is used. In this process a rotary kiln (fig.
14) is used in place of the kettles. The rock is crushed to
three-fourths inch ring and stored in a bin over the feed spout
of the rotary kiln. A mechanical feeder regularly feeds the
crushed rock into the kiln. The calciner is provided with a
mechanical stoker and special furnace setting to secure perfect
combustion. The heated gases from the combustion are drawn
by a fan into a large commingling chamber, which extends the
entire length of the cylinder. At the same time sufficient air
is admitted through registers in the side walls of the com-
mingling chamber and mixed with the heated gases from the
furnace to give the temperature best suited to the material.

The cylinder (which is set at an incline and revolves slowly
on steel rollers) has a great many hooded openings so arranged
that the heated air and gases from the commingling chamber
are drawn by a fan through the hoods into the cylinder, in
direct contact with the gypsum gravel which enters the machine

at the front end. The rock is constantly being cascaded in the

cylinder by means of lifting blades.

In the discharge spout is a recording thermometer which

-registers accurately the temperature of the rock as it comes
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out. The dial of this recording thermometer is SO located that
the operator can wateh it and keep the rotary calciner adjusted
so as to give a uniformly heated product. 1t is claimed that
the rock as it is discharged will not vary in temperature more
than 10° during 2 whole day’s running. The heated air passes
through the cylinder in the opposite direction to that in which
the gravel is moving. The data for the rotary kilns are given

in the following table:
fuel, horse-power and labor for Cumuer continnons

Approximate capacity,
calcining process for gypsint.

——

—

No. | Capacity per 24 | Horse | Coal per day for Labor per
hours, tons power | calcining, pounds shift.
‘ o men.
_ — _l__.._’—l______— -
1 50 | 6 | 3,500 1
o2 100 8 7,000 1
3. 150 10 \ 10,500 1
4 200 12 14,000 1
5 250 17,500 1
6 300 21,000 1
7 400 28,000 2

The general arrangement of a mill using this process is

shown in figures 15, 16 and 17.

‘JUID[BY Ale}od Jawwn)—'$T a1q

OKLAHOMA GEOLOGICAL SURVEY.

gt

-1



OKLAHOMA GEOLOGICAL SURVEY.
OKLAN)SIA GEOLOGICAL SURVEY
58 AN

STACK

1CALCINING BINS
1
'

I
MECHANICAL,
FEEDER’

COAL SHED

| !

i 1L /\ V(iReveLvine
o 1\ &aeiner
------- N
S

1

.

G e
> e crusuei |

o

END ELEVATION.
Fig 16.—End elevation of mill using rotary calciner process.

About 10 minutes is required for the material to pass
through the kiln and during its passage it reaches a temperature
of 400° to 500°F. It is then elevated to large bins built of brick or
of wood lined with brick and allowed to remain 36 hours, during
which time the excess heat carried over from the calciner is
equally distributed through the material, which is thus uniformly
caleined. The fine dust is calcined in the cylinder and is carried
out by the current of air into a dust room, where it is collected.
This dust is used for the finer grades of plaster, such as dental
and molding plaster. The calcined gravel is ground in buhr
mills, screened and mixed as in the kettle process. The process
is based on the fact that heat in excess of that required for

calcination when applied in the presence of moisture does not
result in ‘““dead burned” ple-ter.
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The gravel is steaming during
its stay in the kiln and still contains moisture when placed
in the bins.

The advantages claimed for the process are two,
saving of fuel for calcination due to the continuous process,
and the saving in power, since the rotary calciner is said to
require less power than kettles of equal capacity and much less
power is required for grinding the calcined material from the
bins than for grinding raw gypsum as it comes from the quarry.
1t is claimed that 70 pounds of good coal is required to caleine
one ton of plaster in the rotary kiln, while 150 to 200 pounds
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In Germany’* the ordinary wall plaster and plaster of Paris
are burned in kettles or in continuous rotary kilns similar to
those employed in the United States. The kettles are smaller
as a rule and do not have the flues. For the finer plasters,
especially for the plaster for molds used in the making of porce-
lain, continuous kilns are used which are similar to the tunnels
used for drying bricks in this country. The walls are of brick
and are very thick. The gypsum gravel is loaded on pallets or
shelves on rack cars which are moved slowly through the tun-
nels: on tracks. In one type of kiln the heat is not applied
directly to the gypsum, but the gases from the combustion
chamber are led through flues in the wall. In another type of
kiln the gypsum in blocks is loaded on to the cars, which are
covered with sheet steel, the cover of each car fitting closely
with the cover of the cars to the front and rear. The fuel is
burned at the middie of the tunnel, so that the gypsum becomes
heated as it approaches the middle, is calcined as it passes the
fire, and cools as it approaches the exit.

For the calcining of “estrick’” gypsum, a slow-setting hard
plaster, burned at about 500°C., kilns resembling the ordinary

lime kilns are used. Wilder’s description of these kilns is as
follows: -

“Estrick gypsum is calcined in a kiln resembling the ordi-
nary kiln used for burning lime. When possible, the kiln is
located near the quarry or mine, and in a hollow or depression,
artificial or natural, so that the trucks carrying the rock from
the quarry may be run directly to the top of the kiln and there
automatically emptied. The kiln will hold about 200 tons at
one time, though all of this amount is not subjected to the full
furnace heat. The accompanying diagram will best explain its
nature. The sketch is made from the side. The fireplace is
represented by D, the ashes falling down into E. The gypsum
blocks are thrown in at A, and the whole interior filled. The
fireplace on its upper side and rear is grated, and the flames
and heat pass directly up through A. The hottest part of the
kiln isi found at B, where a comparatively small amount of
gvpsum is brought directly in contact with the grates. From
time to time the rock which has been exposed to this great

“Wilder, Frank A., The gypsum industry of Germany: Iowa Geol.
Survey, vol. 12, 1902, pp. 209-220.
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13 feet. The kiln is covered by a shed roof. The kiln is fired
until the large blocks are glowing. The material next the fire
is overburned and that at the top is underburned, but the mix-

‘ ture of the two ground together is said to give a uniform product

of good quality. Another type of kiln is circular with the fire
pit in the center and with the arches or tunnels of large gypsum
blocks radiating from the pit. The top of the kiln is an arch
which has flues to control the draff. In other kilns the gypsum
is calcined in retorts. Superheated steam has been used for
caleining in both Germany and France.

Screening.—From the hot pit the plaster is conveyed by
a screw conveyor to a bucket elevator which carries the plaster
to the screens. Both the rotary and shaking types are used,
the sereen being of fine wire mesh about 40 meshes to the inch.
The material passing the screens is conveyed into bins on the
second story of the mixing room. For plaster of Paris the
material is sacked directly from these bins.

Another machine used for classifying the material is the
inertia classifier, which is shown in figure 19. This machine

is made in sizes of 3 to 8 tons per hour capacity. It requires
from 4 to 12 horse power.
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Fig. 19.——Mosher—E‘hrsam classifier.

the tailings are conveyed

With either method of separation
fineness.

to a regrinding pbuhr and ground to the requisite

mixing’ machine (fig. 90) consists of a
a mixing chamber and a sacking chamber.
The charge of plaster is run into the hopper from the bins and
the retarder or accelerator and hair or wood fiber, according
to the product desired, are added in the proper proportions.
By pulling a lever the operator discharges the hopper into the .
mixing chamber, where it is mixed from 3 to 8 minutes. ‘While
thig charge is being mixed a second charge is prepared in the
hopper SO that the operation is continuous. After the charge’
in the mixing chamber is mixed the operator opens the valves'
into the sacking chamber by means of the pilot wheel. The
mixing chamber has a mixing shaft with two sets of paddles

- Miging.—The
charging hopper,
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Fig. 20.—Enterprise noiseless mixer.

so arranged that one set
e xans gset throws the material f i
e mixin Igia(ih:;nlésr toward the center, at the :s-an!;grirslin?: tcsal,(lile' ol
e maveria’ to, aggll toward one end of the chamber sllxl'lg
e et oy e i oprtin o o rred
RS > of material i
- mgadx;g(,)fc:;ssl;;g dal' perfect _mixture. The sactgll(lisrtzntc]}}; C(i)m-
i o ottt 1? l}imb?r’ lined with sheet steel and pr(a;:;'l deg
Tenieat saking. s or : eeping thg material from cloggin (13 ;
Jen ent sacking éJOU s are provided and the sackers og;i' Ay
, g to do with the cperation of the mixer zo:lrfli?)l:lly
) ing

65
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their energies entirely to filling, weighing, and sewing. The
mixer is made in two sizes. No. 1 has a capacity of from
1,000 to 1,500 pounds to the charge. This machine will mix
from 40 to 65 tons of material per day of 10 hours and is pro-
vided with five sacking spouts. The mixer should run 165
R. P. M. and is provided with 36-in. by g-in. tight and loose
pulleys. The weight of the mixer is 3,300 pounds. The power
required depends entirely on the kind of material mixed and
will vary from 5 to 15 H. P. The No. 2 mixer is provided with
geven sacking spouts and has a capacity from 1,800 to 2,400
pounds to the charge, and 2 capacity of 280 to 100 tons per day
of 10 hours where a good sacking crew is provided. This mixer
should run 165 R. P. M. and is provided with 36-in. by 12-in.
tight and loose pulleys. 1t requires from 15 to 30 H. P., de-
pending on the kind of material mixed. The shipping weight
is 4,400 pounds. The list price for the No. 1 mixer is $325.00,

and for the No. 2 mixer, $400.00.

SUBSTANCES ADDED TO THE PLASTER.

Plaster of Paris sets in a few minutes and consequently
cannot be used alone for ordinary work. “In order to delay the
set sufficiently to permit the material to be mixed and spread
on the walls retarders are added. A great many substances,
most of them of an organic nature, are or have been, used as
retarders. Glue, blood, sugar, gelatin, flour, saw dust, and
many other substances and combinations of these with various
inorganic salts have been used. The Oklahoma mills use a
retarder which is manufactured by the large packing concerns
from slaughter house refuse. The amount of retarder added ©
the plaster depends on the demands of the trade. Ordinarily
a plaster which sets in from 2 to 6 hours is demanded, and to
provide such a plaster about 4 to 6 pounds of retarder per ton

is used.

In plaster for some gpecial purposes, such as dental plasten
a very quick set is desired and an accelerator is added. Bora
and common salt are commonly used for this purpose.

Hair and wood fibre are added to wall plaster. The hait
is purchased in large bales by the mi}ls. The co'mpre.sseﬂ
material is passed through a small machine which picks it &
pieces sO that the hairs are evenly distributed through the plast&
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in the mixer. 'The :
i : d fibre i
is fibred b > woo e is made from c R .
y machines, one type of which is ﬁl(l)(ti::lrll ivrvlogg'u Wh;clh
S re 21.

Fig. 21.—Wood-fibre machine,
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ARRANGEMENT OF PLASTER MILLS.

While the details of arrangement of the different mills
vary considerably the general plans are very similar. In gen-
eral the erusher is located at one end of the mill and is on the
ground, with the cracker in an excavation below it. The rest
of the ground floor is occupied by the kettles and hot pit and
the sacking and storage rooms. The second floor is occupied
by the tops of the kettles and by the buhr mills for grinding
and regrinding. The charging hopper for the mixer is also
on the second floor. The third story 1s almost entirely filled
with storage bins for the buhrs, kettles, and mixer. In general
the crushing and power plants are at one end of the mill, the
grinding and calcining departments in the middle part, and
the mixing, sacking, and storage rooms at the other end.

The general course of the material is as follows: The
crushed gypsum drops from crusher to cracker; the gravel is
carried from the cracker by bucket elevator to bins over buhrs,
passes through the pbuhrs and the ground material or flour is
carried by bucket elevators to bins over calcining kettles;
through these into hot pits, then by screw conveyor and bucket
or other elevators to screen or classifiers; the fines from the
clagsifier pass {o bin over mixer, and the tailings to regrinding
buhrs and then to bin over mixer, all go through mixer into
gacks. The arrangement of a 2 10-foot kettle mill adapted for

rock gypsum is shown in figure 13.

Mills using gypsite alone have only the regrinding buhrs
of the crushing or grinding machines and the material is sent
directly from the bed or from drying sheds into the kettles.

COST OF BUILDING AND EQUIPPING PLASTER MILLS.

The cost of building and equipping a plaster mill will varn
greatly with the type and capacity of the mill and in less de
gree with the location with respect to transportation, to avail
ability of building supplies, and to labor conditions. It is,
therefore, jmpossible to give estimates which will fit exactly
any particular case. The following estimates, however, are
sufficiently accurate wnder ordinary conditions to give an ap
nroximate idea of the cost of different types of kettle mills
The estimates, except for the mill shown in figure 13, are taker
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from Jennison’
. s report o
Province, n the Gypsums srs
of the J.SB(CEE?da)' The specifications are f(())fr 11:;}}11: Maritime
- Bhrsam and Sons Mfg. Co. of Enterpris?ali};mery
L y nsas,

who have equip
‘ } _ ped most of the mills i
furnished estimates for the mill slllofivlrflig];ilgtlllr?;n 133311(1 who have

Estimate i
of cost of plaster mill, having a capacity of 25 ¢
' ons
in 24 hours, wood construction.

Machinery consists of the following:

One 6 by 6 ft. calcining kettle.

One 20 i i
e 20 in, Ehrsam vertical green-grinding buhr mill

On . .
0 e 20 1'n. Ehrsam vertical regrinding buhr mill
ne 20 in, Ehrsam rotary crusher. .

On . .
e special Enterprise noiseless mixer

Necessa

r

y elevators, conveyors, power transmission d
, an

kettle-plt feedel fOI
S the autOlﬂatlc halld]l!l Of m a
2 aterl l f1‘0m

Power required to run. plant, 60 H. P

ggzg f())ff splecial machinery. .
e s Ivomcriscion o $1,12
Appll‘( ettle pit feeders. . . yors, power transmission and 0
oximate cost of building and k R
g and : ... 834
App;gi?g]nry and cost of erection?l.n.s. complete, Including
o mate cost of Dower Danb consisting of one simple
engine, one tubular boiler, and conn:églg’le .
’ ns 00

A .
pproximate cost of plaster mill, complete

E‘linla ,
te (4] coSt Oj 7)l(‘bst61‘ "lill ha’l)i’ng (‘apacitu O’ 100 tO'ns m.
£ } .

24 hours., waood construction

Machinery consists of the following:

Two 8 by 8 ft. calcining kettles.

IWO 36 1. Ehrsam Veltlcal’ gleell-gllndlng buhl‘ ml“s.
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Cost of special machinery......«--
Cost of

Approximate co
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One 36 in. Ehrsam vertical re:
One 15 by 22 in. Ehrsam jaw crusher.
One 20 in. Ehrsam rotary ¢

One No. 2 Enterprise noisel

rusher.

ess mixer.

One Ehrsam hair picker.

One 21 in. by 14 ft. vibratory screen.
n .

conveyors, ete.

ry elevators,
B plant, 150 H. P.

Power required to run

’ we
elevators, conveyors, DO

grinding buhr mill.

and kettle-pit feeders. ....o-xoevcrr” e, inelud-

st of bins and building comp
ing masont
in. by 36 in. Corliss engine,

pressure boiler,

Approximate cost of

Estimate cost of plaster mil

hours (see fig. 21).
fireproof throughout.

Machinery consists of the following:

Two 8 by 10 ft. caleining kettles.

TFive 42 in. horizontal buhr mills.

hree Mosher . |
) y 28 in. Ehrsam )aw erusher.

-Ehrsam clagsifiers.

One 22 in. b .
Three No. 2 Enterprise mixers.

i 8 ft.
Two vibratory sereens, 21 1n. hy f.
power transmission,

5,
Elevators, conveyot e

3
Power required to run plant,

Y all(i (:()Sl ()I eIeCthll.................
Ikpploxnnate COSt Of I)OWeI plallty COIlSIStlng Of one 16
one 22 mn. bj 1i’ ft' h‘gh

and connections. . oot

plaster mill complete........co--ee

1 having @ capacity of 200 tons

Steel construction and

etc.

in 24
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Cost of special machinery.................... .. ... .. $12,000
Cost of steel building and bins complete.............. 20,000
Cost of concrete foundation and brick work for set-
ting machinery .................. ... .. ... ... 3,000
Cost of millwright labor, superintendence and setting
of machinery .................. ... .. .. ... .. oo 3,000
Approximate cost of power plant, consisting of two 72
in. by 18 in. high pressure boilers, one compound
14 by 28 by 36 in. high speed Corliss engine, pumps,
condenser, cooling tower, fixtures, piping and erec-
tion ......................... R $12,000
Approximate cost of plaster mill complete. ........... $50,000

A similar mill, but with a capacity of 300 tons per 24 hours,
requires three 10 by 8 ft. kettles and additional grinding and
mixing machinery. The power required is 400 H. P. Such a
plant, including the power plant, costs approximately $65,000.

COSTS OF PLASTER MANUFACTURE.

Eckel' gives the following table as showing in his opinion
the maximum, average, and minimum costs of plaster by the
kettle process, in the United States. Fixed charges such as
office expenses, interest on investment, deterioration of equip-

ment, and expenses of sales force are not included in these
estimates.

Max. Min. Average
Mining or quarrying 2400 pounds gypsum.... . _____ $0.72 $0.12 $0.30
Power fuel at mill, 75 to 125 pounds coal____._______ 0.19 0.05 0.10
Kiln fuel at mill, 225 pounds to 325 pounds coal___..__ 0.43 0.15 0.30
Labor at mill.._________________________.____ .. 0.50 0.30 0.40
Total cost per ton of plaster at mill_.___.___._______ $1.90 $0.62 $1.10

Grimsley* estimated the cost of manufacture in the Kansas
mills at $1.60 per ton, exclusive of office force and sales agents.

The actual cost in Oklahoma will vary considerably with
the local conditions at each mill, The following figures show
the cost for three different months at one mill where conditions
are probably about an average of those in the State. Owing
fo the fact that the mill was not running at full capacity these

“Eckel, E. C., Cements, limes, and plasters: 1909, p. 32.
“Grimsley, G. P, Mineral industry, vol. 7, 1898, p. 392.
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ally for the third month, during
t about half capacity:

1st mo. 2nd mo. 3rd mo.

Cost of getting raw material to millo.--ovemmommmmm" $0.41 %0.10 %0.55

Fuel for power and calelning..——---------=-="""""""" 0.27 0.31 0.33

______________ 1.02 0.98 1.24

el TONOS S
Sundries (repair, retarder, twine, fibre, ete.)-------- 0.28 21 .23

costs are rather high, especi
which time the mill was run a

____________________ $2.08 §1.90  $2.35

When the items of interest on investment, depreciation of
machinery and buildings,‘and cost of the executive, office, and
sales departments are considered, it ig apparent that the real
value of gypsum products manufactured from rock gypsum by
the kettle process is considerably in excess of $2.00 per ton at

the mill and, in Oklahoma at least, will be normally nearer $3.00
than $2.00. The products from gypsite can be manufactured
for less than this sum because the material can be delivered at
the mill much more cheaply than the rock gypsum and does

not require crushing or grinding before going to the kettles.

Total cost per ton plaster at mill

Trigures of costs of manufacture by the rotary kiln process
are not at hand. Eckel® gives the following estimates:

Max. Min
Mining or quarr¥ing 2400 pounds gYPSUM .- coommmmmmmmm o m =7 $0.72 30.12
Power fuel at mill, 50 to 89 pounds coal. o coemmmmmm e 0.12 0.04
Kiln fuel at mill, 160 to 200 pounds P T 0.31 0.10
[ttt SRS 0.30 0.18
$1.45 $0.44

Total -
pinion these estimates are rather low,

In the writer’'s 0
t is taken for retarder, hair, wood fibre,

especially as no accoun
or other sundries.

DESCRIPTION OF OKLAHOMA PLASTER MILLS
e are 12 plaster mills in the State, Tocated
as follows: 2 at Watonga, and 1 each at Bickford, Okeent

Southard, Wilson, Ferguson, Okarche, Alva, Rush Springs
Eldorado, and McAlester. In the following paragraphs very briéf
descriptions of these mills, their locations, and equipments art
given. The quarries are described under the different counti
in Chapter V.

At present ther

spoc. cit.
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The United States G |
the State, ypsum Company ha i i
o m(i)lllleise:}(ih aliz1 Oka}rche, Southard?’ amds E&I;iidrglllsT;n
Olearolie Till 1s th eCo est in O.klahoma. It is located in 'n tllle
mestern Lanadian ountyz 5 miles south and 2 west of Okagrh .
fhaciﬁc Railway toptlilre zglsltt ﬁ';‘)}rlg rtrz1 (lal thcago, o Islan; g
cr:clfg;l,l%mtf;l}fr C(’)cnsists of a 90 H! ;; aerflg?rtlr:ae t(:;lllllsdl:ng o
et alevating as gnes, Fw? 8-foot kettles, two rr;ixers : rd on
nd conveying machinery. The mill wa’s lrtl)cat}elg

u

Fig. 22.—Uni
United States Gypsum Company’s mill at Eldorad
o.
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on account of some gypsite beds but these were exhausted and
for some time only rock gypsum from a quarry about one-fourth
mile southwest of the mill has been used. The mill was closed
down when the company made the purchase at Southard and
it will probably not be reopened unless there is 2 great im-
provement in business conditions. The Southard mill is located
southeast of the village of that name in northwestern Blaine
County. Transportation is afforded by the Arkansas City and
Vernon branch of the St. Louis & San Francisco Railroad. The
mill is a large frame building with a large storage room. The

equipment consists of a 250 H. P. engine, crusher and cracker,
8 pbuhr mills, three 10-foot kettles, 2 mixers. elevators and
conveyors. All the milling m

achinery is of ¥hrsam make. Both
gypsite and rock Zyps

riy belonged to
the Independence Gypsum Company of Enid, Oklahoma, until
the antumn of 1912, when it was sold to the United States
Gypsum Company. The products of the In‘dependence Gypsum
Company were known under the trade name O

f “Golden Seal.”
The Eldorado mill is situated just north of the town of Eldorado
in Jackson County. This mill is sh

own in figure 929. The mill

has a 150 H. P. engine, four 10-foot kettles, 2 mixers, and the

ordinary elevating and conveying machinery.

The Oriental Plaster Compony of Wichita, Kansas, at
present leages two mills in QOklahoma. These are the mill of
the Monarch Plaster Company at Watonga, and that of the
Southwest Cement Plaster Company at Okeene. The Monareh
mill is one-half mile north of Watonga on the Chicago, Rock
Island & Pacific Railway. The mill covers a very small area
in proportion to its capacity. The milling equipment congists
of crusher and cracker, 9 French buhr mills, two 10-foot kettles,
1 mixer, elevators, and conveyors. Power is furnished by #
120 H. P. Bates-Corliss engine. The mill has its own lighting
system with current furnished by 2 small dynamo. The rock
and gypsite are obtained from the company’s land about 7 miles
northwest of Watonga. The Southwest mill is located at the
east side of the town of Okeene, on the Arkansas City and
Vernon branch of the St. Louis & San Francisco Railroad. The
equipment at the mill consists of puhr mills, two 10-foot kettles
wood fibre machine, and 1 mixer. Power 18 furnished by 2 1%

H. P. Fisher-Corliss engine. The crushing plant is located_nl
the company’s quarry, which is on the same railroad, 7 miles
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west and 2 south .
are used. of Okeene. Both rock gypsum and gypsite

The American C
Kanes n ement Plaster Comp ¥
% Psa csih(c)pﬁl;‘a}‘fes a mlrll at Watonga, on the éﬁzgégngLalz'vlence,
o racific & 1t}\;veay. The r’naterials, rock and g’yp’si‘cgc aISland
e 4 arec%r:lﬁzgy.s land about 7 miles nor't’hwzgtog%
Wator R : in gondola cars b i

ing plant is at the quarry and consisgs t:; :at:ll'?:ge' Thg

Y an

Fig. 23.—Porti
‘ tion of i
Ce:elllllt ?ld cement tile storage yard
laster Company at Watonga of the American
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cracker of the ordinary type. Power is furnished by a 40 H. P.
Fairbanks-Morse internal combustion engine that uses solar
oil as fuel. A portion of the quarry is shown in figure 56.
The mill has a large storage house arranged SO that the cars
of gypsite or crushed rock may be dumped from a trestle.

screw conveyor in a tunnel extends the entire length of the
gypsite storage room and the material can be conveyed direct
to the kettles. When the plant was visited the “gravel” had
to be shoveled into 2 bin for a bucket elevator, but it was
planned to tunnel this room and put in a screw conveyor. The
power is furnished by a 150 H. P. Atlas engine. Slack coal
is used for fuel in calcining and is burned with a forced draft.
The mill is equipped with the usual crushing, grinding, ele-

vating, and conveying machinery. The capacity of the plant
ded to 225 tons

is 175 tons per 24 hours, but it can be crow
if conditions are favorable. A part of the plaster is used in
the manufacture of partition blocks. A view of a portion of
the mill and of the block storage yard is ghown in figure 23.

The mill of the Roman Nose Gypswm Company is located
at Bickford, about 8 miles north of Watonga on the Chicago
Rock Island & Pacific Railway. The mill is at the foot of the
line of hills which are capped by the gypsums of the Blaine
formation and only a very ghort haul by wagon is necessary
to transport the rock from the hillside quarries to the plant.
Gypsite is obtained a short distance to the south. The mil
and its surroundings are shown in figure 52 in Chapter V. The
power is furnished by 2 Loomis-Bettibone gas producer and 8
Weber 250 H. P. producer-gas engine. The crushing and
grinding equipment consists of 2 jaw crusher, rotary fine
crusher, and bubhrs for fine grinding. Three 8-foot kettles are

used for calcining, and 2 Broughton mixers for mixing.

It is planned to nse a large share of the product in the
manufacture of partition blocks. A large building has beat
evected for this purpose. The blocks are to be made by?1
continuous process, for which patents are held by the companf
An endless revolving apron, carrying brass frames Or moul
with collapsible metal cores, passes under the mixing vats
The plaster is mixed with water and poured into the mou
owly beneath the discharge end of the vak

‘as the latter pass sl .
The table ig sufficiently jong to permit the plaster to set B

the moulds by the time they reach the end. Here the coré
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are removed and are ret

2 e.urned to the upper ¢

ng t.'s}tl a(éo?}:r:yor belt, which carries them throﬁg(}ll :11;1 tf)liel %lk:clﬁ
y are ready for use again. The blocks are haua;ed

from the dischar
in storage yardstge end of the table on wheelbarrows and stacked

The Rubey Stucco-Plaster mill is si
the ! ster mill is situated i i
westgﬁgs%‘r:r hl;lls near the head of Salt Creekn;b?)u(‘éazml)rrllilln
ol by l\%es;)cn_. Il‘fle mill is at the foot of a steep blui;
cappec by e tl]:le 'odge gypsum. The rock was quarried
A double track e o o e ging: domn. pulled
. d ¢ ed car goin

Carselrgg‘?;doge up the inclline. The rope cgnne%'tidlfgw I;hgu‘lled
cars, passed W\;(;rraegvl\lrl};zl(vi ak':yt};e ]:OPkOf thehincline. The sp;g:i)
o S ] rake on the wheel. i
mixiflvgomGa(f:ﬁ(i)rE kettles with th.e usual crushing, grind'il;xh; mllci
fxing machin }tlery. The location of this plant is very dn?;lr
R distz:mce e 0e co:.l ff)r fuel _must be hauled from Ferguso )
n O tance samveg' " miles, while the finished plaster m;st l?’
el e ed istance. The mill has not been operated £ .
several years an it is difficult to see how it can be operatog
successt ir n view of the keen competition between mill .

y located in regard to, transportation s more

TH
oo , ] » Roc acific and th is
peka & Santa Fe railways. The equipment consistj:ti}izlst:‘r/l(;

Fig. 24.—
g. 24.—Plant of Oklahoma Plaster Company at Alva
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10-foot kettles with the correspon;hpg c.rush;ng, g};r;(riéggs,t::i

ixing machinery. The main bulld.mg is a large 1 e e,
Ecm:‘(e and the power plant is housed in a separate bric uaterial
A‘: view of the plant is shown in ﬁ_gure 24, The raw nl:etween
ig a coarsely gelenitic gypsum obtained from a quaryy

Quinlan and Belva in Woodward County.

The only mill in Oklahoma using the contmuouiaocc:tlecslnzlt

ss is tﬁat of the Olklahoma Gypsum Company, e
Wit (postoffice Homestead) in northwest‘erp Blaine Ce (i
WllSl(]m Arr)k'msae ’City and Vernon branch of the St. LO:LHS. ane
%ﬂ ; I?‘ranci(sco hailroad. The company holds a lar'%g ac:;e;%v
o?riand which is underlain by the Blame. gypsums. iqti qof a_n
is described in Chapter V. The equipment CONsIs s rdtary
llghrse:m jaw crusher and rotary fine crusher, a Cumlrr}elin ay
calcir:er with automatic stoker, dust room, _zmd ca ec;n aﬁqd thé
9 Sturtevant rock emery buhrs, an Entgrp}'lse rrluxtm,‘age | the
requisite elevating and conveying machinery and s

Power is furnished by a 300 H. P. Webster & Company engine.

Il and a portion of the quarry 1is shown in

A view of this mi

V ilson.
Fig. 25 —_Mill and quarry of Oklahoma Gypsum Company at wilso!

figure 25 The mill is a new one and has been in operation
only since early in 1913.
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The Acme Cement Plaster Company has a new mill located
about 4 miles west of Rush Springs in Grady County, at the
end of spur track from the Chicago, Rock Island & Pacific
Railway. This company does not permit their mills to he
visited and no information concerning the mill could be obtained
other than that the mill is a fireproof structure of steel and
concrete, and that it probably does not differ materially in
equipment from the other mills of the State. Gypsite alone is
used as a raw material.

The Elastic Pulp Plaster Company has a small mill at
McAlester in the eastern part of the State. The location was
probably chosen on account of the nearness of fuel, since Me-
Alester is in the heart of the coal fields. Rock gypsum is
shipped from different quarries in the western part of the
State. The mill is a small one, having only one kettle.

CONDITION OF THE GYPSUM INDUSTRY IN OKLAHOMA.

Although the supply of gypsum in Oklahoma is inexhaustible
and is easily accessible, the condition of the industry during
the past few years has nnt been satisfactory. This is due to
several factors, the principal one being the location of the
gypsum area with respect to fuel and market.

The area is at considerable distance from any.source of
fuel. Al the plants in the State, except the one at Eldorado,
use coal shipped in from the McAlester field in the southeastern
part of Oklahoma or from the Arkansas or the Colorado coal
fields. The cost of coal at the mill varies from $2.80 to $4.00
per ton. The cost of coal is much higher than in many other
regions at the same distance from productive coal fields. This
is due to the geologic conditions under which the Oklahoma
coals are found which make mining more expensive than in
the eastern and central states. The mining methods in use
during the past few years are extremely wasteful and these
have also operated to make the cost of coal unduly high. Gas
from the northeastern Oklahoma fields has been piped as far
as Oklahoma City but has not been brought into the gypsum
area and at present it does not appear as if it would be. The
newly discovered gas field in southeastern Stephens County
may make it possible to use gas for fuel in the extreme south-
eastern portion of the gypsum area, but the geologic conditions
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over the greater part of the gypsum area are such as to render
the discovery of any oil or gas extremely jmprobable.

The distance of the Oklahoma mills to the large trade
centers and the competition of mills more favorably located also
work a hardship on the Oklahoma producers. The far eastern
markets can scarcely be entered by the Oklahoma products in
competition with those of New York, Ohio, and Virginia; the
markets of mnorth central States, including those of Chicago,
gt. Louis, and Kansas City, are in closer touch with the gypsum
supplies of Ohio, Michigan, Iowa, and Kansas than with those
of Oklahoma; to the south the Oklahoma products come into
direct competition with those of the Texas mills; to the west
there are no large markets until the Pacific coast ig reached
and these are supplied by the mills in Nevada, Utah, and Cali-
fornia. To the northwest the mills of Wyoming and Montana
are more than able to supply the local markets. Thus, the
Oklahoma mills are in a large measure confined to the home
markets, or when they enter the larger markets must compete
with mills which have a great advantage over them in cost of
transportation and, in many cases, a further advantage in the
matter of cheaper fuel.

For a few years following 1900 the local markets were very
active and the mills established at that time made large pro-
duction with considerable profit. This encouraged the building
of other mills until by 1910 all the mills now in the State, with
one exception, had been built. Just about this time the period
of great bujlding activity following Statehood guffered a cessa
tion due to a number of causes. As a result of the large number
of mills built and the lessened market very few mills have
been operated to capacity during the past 3 years and some
of them have been idle a greater part of the time. The greater
part of the production during this time has been gold at prices
so low as to prevent a reasonable profit being made by the
manufacturers. :

All things considered, it appears to the writer, in spite
of the abundant supply of raw material, conditions at present
are not favorable for further development of the gypsum
industry of the Qtate. Any steps toward the establishment of
additional mills should certainly be considered very carefully,
especially in regard to available markets for the manufactured
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CHAPTER 1L

GYPSUM PRODUCTS AND THEIR USES.

INTRODUCTION.
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USES OF GYPSUM IN THE RAW STATE.
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the raw material is used in practically all the mills.
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would account for the final impoverishment of the soil by ve-
peated applications of land plaster. Gypsum has also a slightly
beneficial action in rendering the soil flocculent or granular.
Probably the only case where the direct application of gypsum
to soil would have any permanently good effect is on soil de-
ficient in soluble plant food but with considerable quantities
in the insoluble form. An application of gypsum would prob-
ably make it possible to secure a good crop of clover or beans.
If all or a part of this crop should be plowed under and the land
left fallow and later treated with barn-yard manure, a suf-
ficient supply of food element would be supplied fo render the
land productive of most of the common farm crops. Such land,
however, would require considerable mulching and manuring
to keep it in good cropping condition.

The use of gypsum upon manure in the stable or heap is
undoubtedly of great benefit. For this purpose the rock is
ground to powder and this powder is scattered over the litter
or bedding in the stables or pen. Three or four pounds per
animal per day are used. The gypsum unites with the nitrogen
of the manure to form ammonium sulphate, which is not given
off into the air and which is not readily washed from the manure
in the heaps by rains, but is still easily available as plant food.
The gypsum also secems to cause the potash and phosphates to
be retained in the manure. When used in this way, gypsum
seems to have no bad effect in the soil as it is probably converted
fo the lime carbonate in the manure.

Use of gypsum in Portland cement'*—Pure Portland
cement sets in a few minutes and consequently requires the
addition of some substance to act as a retarder so that the
cement can be manipulated before it sets. Gypsum in some
form is almost universally used for this purpose. The gypsum
may be used in the raw state or as plaster of Paris. The re-
tarding effect is due to the sulphuric anhydride and consequently
a less quantity of plaster of Paris than of raw gypsum is re-
quired to produce the same result. However, the cost of the
raw gypsum is only about one-half that of the plaster so that

The raw
gypsum is added to the cement clinker before grinding. When

?\.plaster of Paris is used, it is added to the ground cement. The

®Eckel, E. C., Limes, cements, and plasters: pp. 534-537.
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amount of gypsum used varies with the composition of the
cement and the retardation desired. Ordinarily 1% to 2 per
cent of gypsum is added. This amount gives the maximum re-
tarding effect with cements of ordinary composition and also
the maximum increase of tensile gtrength. The initial set is
usually retarded 1 to 2 hours and the final set 4 to 6 hours.
Gypsum in large amounts accelerates the set and weakens the
cement. The total quantity of gypsum used in Portland cement
is considerable. According to the United States Geological Sur-
vey the production of Portland cement in the United States
for 1911 was practically 15,000,000 short tons. Taking 2 per
cent as the average percentage of gypsum used this would give
300,000 tons as an approximation for the amount used in

this way.

Gypsunt as @ basis for Portland cement.—It has been sug-
gested several times that gypsum could be used as the source
of the calcareous element of Portland cement and that the
sulphur trioxide driven off could be used for the manufacture
of sulphuric acid. Patents have been issued for processes of
this sort. However, no commercial attempts to apply the pro-
cess have been made and there are probably grave difficulties
in the way of its application. 1t is doubtful whether the sulphur
trioxide could be completely driven off by any practical methot;
the value of gypsum for other purposes makes it less available
than limestone for use in cement manufacture; and the amount
of sulphuric acid produced by a large mill would be so0 great
that it is doubtful whether a market could be found for it under
present conditions. The distance of the Oklahoma gypsum de
posits from the fuel supply and the absence of clays suitable
for Portland cement near the deposits are other factors which
seem to render such utilization jmpossible in this State.

Gypsum as ¢ basis for pm’nts.——Gypsum is used as 2 Dasis
for paint by 2 company at Fort Dodge, lowa, and is reported®
to give good resuits. The gypsum is used in the raw form.
is ground much finer than when used for plaster.

Minor uses of raw gypsmn.——Rock gypsum n the purt
hite form known as alabaster has been used for centuries

white form O et e
jowa Geol Survek

swwilder, Frank A., Geology of Webster County:
vol. 12, 1902, PD. 158-169.
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fiber plaster has wood tiber, usually cottonwood, instead of
hair. Keene's cement, Parian cement, and a large number of
other special cements belong o the class of hard-finish plasters.

Uses of plaster of Paris.—Plaster of Paris is used quite
extensively as a white finish coat for walls. lLarge quantities
are used in the making of moulds for pottery and stoneware.
The moulds are usually made in two pieces. These are fastened
together and the clay is placed in the mould and pressed into
it by hand. When the object is partially dry the mould is re-
moved. Plaster of Paris moulds are especially suited for this
purpose on account of the rapidity with which they absorb

water from the clay.

Casts of statues and other art objects, and of relief maps
and models for various sorts of gcientific purposes are made
of plaster of Paris. A model of the object desired is made of
clay or some other plastic material. A negative of plaster is
made by pouring the plaster mixed with water over the object,
which is placed in a guitable frame. When the negative has
set it is removed from the object and the surface coated with
shellac or some other non-absorbent material. Then by pouring
plaster on the negative and allowing it to set a copy of the
original is obtained. The coating of shellac over the negative
prevents the plaster of the cast from sticking to that of the
negative. Any number of casts may be made from one negative.
Casts of statues and other decorative obiects made from floor-
ing plaster (“Estrick” gypsum) are used extensively in build-
ing in Germany. When properly treated they are sufficiently

resistant for outside use.

The plate glass companies use large quantities of plaster
for imbedding plate glass on the polishing tables. A very fine

grained plaster free from sand is necessary for this purpose.

Dental plaster is a very pure, extremely fine-grained plaster

of Paris. An accelerator, usually common salt, is added to.

hasten the set. This plaster is used by dentists in taking im-
pressions for artificial teeth.

Hard wall plasters.—By far the most important use of
gypsum is in the manufacture of hard wall plasters. As has
already been noted these are made in geveral forms. The gray
plasters are those made of gypsite or a mixture of gypsite and
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all tools since this old plaster causes the new batch to set more
rapidly than it should. The plaster on the wall should be kept
moist until it has had time to set. Too rapid drying produces
checking and soft spots in the plaster. The soft spots may
usually be remedied by moistening them several times with
water.

Plaster wall board, studding, and partition blocl, or gypsunt
tile.—These materials are simply applications of the hard wall
plasters. The Sackett plaster board of the United States
Gypsum Company is made in sheets consisting of alternate
Jayers of felt and gypsum plaster, 4 layers of felt and 3 of
plaster. The standard size of the sheets is 32 by 36 inches,
one-fourth inch thick. This board contains 8 square feet and
weighs 12 pounds. A special board three-eights inch thick
is also made. The board made by the American Cement Plaster
Company is three-eighths inch thick, is reinforced by wood
fibre, and has only a surface layer of felt. This board is made
in sizes of 32 by 24 inches, 32 by 18 inches, and 94 by 18 inches.
The plaster board is nailed directly to the studding, thus taking
the place of lath. The horizontal joints are broken on each
side of the partition and the vertical joints on opposite sides.
Several advantages are claimed for the wall poard over wood
lath, among them being the greater strength given to the walls,
the fire proof and insulating qualities of the board, the rapidity
with which it can be plastered, as it does not require wetting
before the plaster is applied. It can also be sawed, or pene
trated by an ordinary auger.

The fireproof studding “gypsinite” is made by the United.
Qtates Gypsum Company. It consists of two selected nailing
strips imbedded in “gypsinite concrete,” a plaster preparation.
1t can be nailed into and can be sawed as easily as wooden
studding. Connections with plates, sills, and bridging are made
with galvanized iron clips. Partitions of this studding with
plaster board and plaster or with metal lath and plaster are
entirely freproof. The method of applying the plaster board
to the studding is shown in figure 26.
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Fig. —!
g. 26. Pl-aster board and “gypsinite” studding
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Fig. 28.—Pyrobar gypsum tile,

“American” tile. The advantageous points of the gypsum tile
are given by the manufacturers in their literature as follows:

1. Fireproof qualities: practically unaffected by fire; zero
co-efficient of expansion; resists action of water under average
actual fire conditions. remaining plumh and true and requiring
replastering on fire side only for complete restoration; transmits

to the opposite side less than 5 per cent of temperature of fire
side.

2. Forty per cent lighter than hollow clay tile and affords
a corresponding saving of dead weight in building.

3. Is an efficient non-conductor of sound.

4. When laid in gypsum mortar the tile form an essen-
tially monolithic partition of great stiffness.

5. The tile are straight and true and can be sawed into
any desired size or shape, thus permitting neater workmanship
than clay tile.
6.
7.

Give a stain-proof wall .

Economical on account of the light weight and large
Can be laid more rapidly than
8.

Plastering grounds and trim can be nailed directly to
the tile. :

9. Electric installation and any alterations to buildings

can be made easily and neatly since the tile can be sawed.

10. The tile make excellent column protection and wall

furring because of its heat insulating properties.
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Wilder®? describeé the methods of making these ornaments as
follows

“Figures and reliefs are characteristic of German archi-
tecture. When not made out of stone these ornaments consist
of cement and gypsum. Gypsum ornaments are hardened,
colored and made so weather proof that only close examination
reveals the fact that they are not made out of solid material.
The "gypsum figures and reliefs cost but a small fraction of
the sum which would be required to produce the same orna-
ments in the stone which they so skillfully simulate. The orna-
ments are cast in moulds of wood, metal, clay, gypsum or lime.
If the ornament is simple, the mould may be in a single piece,
but if complicated the mould is made of a number of easily
detachable pieces. The fact that gypsum expands on hardening,

filling all of the interstices of the mould, renders it a most
valuable material for making casts.

“Extremely hard figures capable of taking a polish may
be made by subjecting the gypsum to steam, then filling the

form with the steamed plaster (stuck gypsum) and submitting
the form to hydrostatic pressure. * * *

“As protection against the weather the following processes
are recommended: warm the gypsum object and rub the sur-
face with a mixture of three parts linseed oil varnish and one
part white wax; or, impregnate the surface with sulphur
balsam, consisting of fat oil in which sulphur has been dis-
solved (for instance, linseed oil at 160°C. and 10 per cent of
sulphur). Another mixture highly recommended for protect-
ing the surface of gypsum building ornaments is three parts
of linseed oil, lead oxide equal to one-sixth the weight of the
linseed oil and one part wax. Or the surface may be bronzed
and otherwise protected with metal coatings.

“Mixtures containing gypsum which are recommended for
ornamental purposes are: One part gypsum plaster and one
part lime; four parfs gypsum, three parts white chalk or lime,
and one part fine sand. For white ornaments, one part fine
gypsum plaster, two parts white chalk, with a limited amount
of lime water; for gray figures, a mixture of gypsum plaster

*Wilder, Frank A., Gypsum industry of Germany: lowa. Geol Survey,
wl. 12, 1902, pp. 203-204. h
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with fine coal dust. The latter mixture gives & considerable
degree of hardness, but when objects made from it are exposed
to moisture and frost they fall to pieces.”

Artificial stones from g _v/psz,t.m.——Various plans for {reating
gypsum to imitate marble and other materials have been tried
and have proven successful in 2 small way. The German method
of making imitation ivory and marble is described by Wilder™

as follows: ,
«Qtuek gypsun (calcined plaster) ysed to produce effect

of irory.—The fine white gypsum powder is heated and mixed
with paraffin which has also been heated to 65° to 70°C. The
mass is taken ont and any extra paraftin drained off. If the
de all the more

gypsum contains colored impurities they are ma
conspicuous by the oil. A more vivid color may be given the

mass by adding coloring matter to the paraffin.

«Stuck gypsm (calcined plaster) used in making artificiol
marble.—The ingredients are gypsum, finely gieved and burned
limestone, and coloring matter. Lime is used in only limited
quantities and its function is simply that of a retarder sO that
the mass may not set within thirty minutes. The mass- is
worked up in a ball, the coloring matter being worked through

in streaks, like the veins in marble. The ball is cut with wire
into slabs, which are placed at once upon the wall or over the
surface to be covered. hen the surface has hardened it is

smoothed with pumice and rubbed with a thin solution of
hich closes any pores. 1t is then rubbed with tripoli

and olive oil and finally polished with a woolen cloth. Earth
colors are suitable for this purpos

e, and also any used by the
frescoers which are not destroyed by lime. A great many
roducing mar

processes for p ble-like effects with gypsum plaster
n Europe.

have been patented i One of the most recent was
1n this process 1,500 grams of borax

issued to Pietro Viotti.
and 150 grams of magnesia are fused together and when cooled
kilograms of gypsum.”

mixed with seventy-five
Gypsum blocks may be hardened by calcining them, allov-
ing them to cool, (usually with the outer air excluded to prevent

cracking) and immersing them for a few minutes in a solution
of aluminum sulphate and drying them.

e e T — e T e ———
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. set on the additi

: on

The method
of burni
used for this ning the floorin
chapter. As is ir’lfnjdl;lzoie have been desri'i%‘zgs?m and the kiln
licated by its name, estrick or Eo: he previous
ring gypsum

is principally for fl

: 0 m

by Wilder™ as fonowzr.s' The method of using it is described
. 1 e

“The followin

floors are. re g methods of applving .
5 centimete:s0 T}?ilelr(ld?d by German ggf}:&ﬁ eirmk gypsum  to
this may be redﬁ is first laid down. If be‘?dmg of sand
gypsum mortar is csed to 3 centimeters. O:la?;g is expensive,
preparing the gYi)s;Jpread to a thickness of 3 is the estrick
wide and 0.4 high tm mortar a hox about 3 centimeters. ~ In
with water till a th]'skused' In this box the ‘meters long. 1.2
in the box first and Ick mortar is formed. Thgym“m is mixed
mortar so made is ];%0 it the gypsum is pouree(;ﬂatre? is placed
manner: At a dist id on the sand foundation in The gypsum
wooden strip in tﬁ'all:ce of three feet from o in the following
layer, is placed ickness equal to that of thne of the walls a
the gypsum pla&aral-lel to the wall. Betwe e desired estrick
has in part soakee; is poured. After the ;gtthl’? and the wall
mortar is rubbed o into the sand and in parter in the mortar
Perhaps an hour lvf r with a steel bar and evaporated, the
ater it is rubbed over agg?;tlalh" smoothed.
and made shill

Pe—

“For compl .
bdarning on plete discussion o " o
estrick n the eftect
plasters, of gypsum see t : of temperat
4 paper by Van't H ranslation in B erature and le )
off and Just ckel's coments. Jiongth of
. , limes, and

=Wilder
, Frank A., Gypsum industry of Ger
many :

vol. 12, 1902, pp. 207-208. :
owa Geol. Survey
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moved to 2 distance of
three feet and the process repeated. The edge of the pa.'r.t
prevxously prepared is lowed soO that the new strip

may lap oV
made. At the end of twenty-four hours the

hard that the foot of an adu

vigorously tamped till
Finally it is smoothed with a steel bar.

«For floors of dwellings a thickness of 3 centimeters for
the gypsum covering is regarded as gufficient. For granaries
5 centimeters is recommended. Tor one square meter of estrick
floor, 3 centimeters thick, 100 pounds of gypsum are sufficient.
In Germany the cost of 2 square meter of sand b centimeters
thick is estimated at three cents, the gypsum for three centi-
meters coating at twelve cents, and labor at eight cents, making
a total cost per square meter of twenty-five cents, or 2 out

twenty-two cents per square yard.”
ne foundation “from

Care must be taken to protect t
moisture and to prevent 100 rapid drying of the mortar. The
floors when estrick gypsum has set and dried are hard and
durable and are much used in Germany for indoor work. and
for covered walks in the place of Portland cement. ‘

Hard-finish plasters.——The following description of the
various hard-finish plasters is taken entirely from Wilder's
work previously quoted (page A fuller discussion of the
composition and properties of Keene's cement is given by Eckel,
nts and plasters, pages 76 1o 78.

in Limes, ceme
“QOther imitation marbles and Tard cements in which stuck

gypsum (calcined plaster) is used.—The following cements, in
which gypsum is the chief ingredient, are alike in their essenti
properties. They are usually hard, durable, uniform in strue
ure, set slowly and take a high polish. They may be fastened
in thin slabs to nearly any kind of background, do not crack
Imixture of coloring matter without

in drying and admit of an ad
loss of strength. They stand in hardness about one-half way

between Portland cement and ordinary stucco.
«1, Keene's cement or English white cement is a slo¥,

setting alum gypsum.
unground, is purned at a red heat, then soaked in an alum

Gypsum, preferably 2 white variety
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solution, burned
’ a second ti
ground, whe A time at a red h
used with ZOnp:rsed it is mixed with an aluizt’q(ind' then finely
cent water, it has a tensile sti‘enzil}:)%f If it is
seventy

pounds and a ¢ .
meter., rushing strength of 800. pounds per squ
1are centi-

“2. Pa]_.ian

(calcined pla cement consists of 44
is saturatel()j \Sft? )W:?d one part caleined 122:; stuck gypsum
at a red heat. It seter having the borax in solut'i. The gypsum
]Ios used as a coverin gs fSIO“gY and dries in five or OsrilxaI}lld burned
e painted or ng lor oth inner and hours. It
r covered with paper. It shol(l)llclit%‘e VI‘;]a.lls dand may
ixed with as

little water
e as - ;
fresh lime. possible, and must not come in contact

act with

. g
3 SCa hola 18 a lllIXtUIe ()f ﬁllely bul ned gVDSUHl lound
) &

selenite and 1i

me-

wall decoration. e-water, often made into slabs and used f
sed ior

“4. German
marble ¢ -
possesses gre ement is like K )
strength of n?rtlziyh;id“ess, having after fo%inivieliement’ but
pounds per s - ]_)ounds and a crushi s a tensile
of water. I:nga;e gent'meter, when madqe Lng‘S.i:rength of 850
must be proteétedsi for the most part for o:tq;]éth 20 per cent
n the weather side against ;*aie i;)acades, and
n by a coating

of varnish It i
B SIt. is m
Walkenried in the H:ﬁ; ’Py the Walkenruder Gyps Fabrik at

.. a

TES ~ O
ESTING OF GYPSUM PLASTERS. -

No tests on the

Preparation he manufactured prod :
of these plasggr:h}:z report. The tensilefrﬁz ngle made in the
experience to be am ?ilready been shrown by test‘:Shlng strength
is likely to be put p,; fOr'any purpose to Whi(;ha?l:i by actual
1:lllnount of retarde} a dgzdtlsr:et l'?ft setting is coﬂtl‘ollzdmgf,e?}fd
‘one carload or at test o . y the
s to the ngxglcr&f] one day’s output wotulgf;i:z setting time of
Tor oot ot carload or hext day's output. Th no information
cases the gypsum llsl usually determined at thee t{;ne of setting
#andard retarder ‘fﬁ]d is so uniform that a givml L. In many
E:;arly the same as 1t(l) E]t)lgv ?i,Vs gi(\;e the same reigrzr;;(imnt of a
«Ihe eff epended . on or so
ect of retarder on crushing an(;) I; eﬁgﬁev‘:(;?;lngthpurposes,
strength has been
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much discussed. Tests seem to show that even small amounts
of retarder weaken the strength of the plaster to some degree,
but not sufficiently to have any serious effect.

The following notes are compiled from the rep
Grimsley on the gypsum of Michigan and of Wilder on the
gypsum of Towa and from Eckel’s Limes, cements and plasters.
They serve only to show the general properties of the plasters.
There is considerable variation in the results of the tests on
different plasters, but none of the plasters tested fall low enough

to cause them to be rejected.

The tensile strength of the plasters tested has varied from
107 to 336 pounds per square inch for neat plaster at 1 day;
from 128 to 638 pounds per square inch at 1 weelk; from 168
to 595 pounds per square inch at 1 month, and from 308 to
593 pounds per square inch at 6 months. The addition of sand
to plaster in the ratio of 2 parts of sand to 1 part of plaster
reduces the tensile strength to approximately one-half to twe-
thirds the tensile strength of the neat plaster. The different
between the tensile strength of the neat plaster and the plaster
mixed with gand is greatest when the plaster is one day old and
decreases up to 3 or 6 months. Old plaster if kept dry attains
almost the same tensile strength as new plaster in a few weeks
The compressive or erushing strength of neat plaster varies
from about 1,300 to 2,000 pounds per square inch. The additioa
of two parts of sand causes 2 decrease in the crushing strength
in the Wyoming cement plaster the addition of 2 pounds
retarder, made from dried cactus, per ton of plaster caused 3
decrease of 920 to 25 per cent in the crushing strength.
addition of 4 pounds per ton decreased the crushing strength
about 27 per cent. Some of the manufacturers of Oklahoms
conduct tensile gtrength tests continually and claim that th&
can determine no appreciable difference between the tensik
strength of the neat plasters and that of plasters with 4 to#
pounds of retarder per ton. The adhesive strength has bees
made the subject of a few tests but the tests have not bea
standardized and have given little information of value.

orts of

STATISTICE OF PRODUCTION.

In order to give an idea of the importance of the gypss
industry the following gtatistics are taken from the Minesk

o]
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Resources of th .
< S elU
Geological SuWey:mteol States, for 1911, compiled by the U. S

rude gypsum 14 UCLLo e 4 L siort tons
V t < {5 € 1 States in s
{ roduction in th, United Stat 12 t

------------------ 90
_____________________ 90’23‘; 1906 o ...
______________________ 182 995 1907__________""--------1,540,585'
DT Sene03 1908 TTTTTTTTTemee 1,761,748
_____ 594469 109 TTTTTTTTiroo-------L721,829
______________________ 1,048 202 1910__________""--~——-——2,252,785
VY, 1911 TTTTTTmmmme 2,375,394
g 2,323,970
ction of gyp . ’
s in othe ;
v countrics, I
) 1906-1910, in
3 short tons
. France.
Yeur ' Unlted States -
T Conadn
i Quantity
- v
| alue. Quantity Value a e
uantityl
l 1,517,603 2,42 Value
v LEsn.Gss oA | Lobaoss | es85107
Lggs.113 2ous828 | LisLids 4912261 A $591 82
,460,271 EWtrat 1721829 4'075'8?7{ 485,931 646, 28
- ) Ghaange Somras | Toa eI
057 | saesos | siede 800,62
L 446
i R — P
United K¥
Year nedom German Fmplre
. | .. (Bavirin) Algerln Csp
uantity E— . Syprus
Quanti, n
... | 252,030 | $362,761 e Value | Quantity | Value |Quantitys
. a3, 1 < -
STy | fitas $.000 | oL | sesu0 | g8 il s
o BEdd ) b | s e | ml oo | e | ton
1 286226 g 56,911 : 1109 | 66,5 . 68,14
Quantity sold 478,095 59.962 2‘3{‘;’?3* 3%"‘5))87 7555% ggg;é 33'5“2
‘ 3 X i3
2Flgures not yet arailable. & * ('-")d4

3Exports.
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Production of ygypsm in the

Num-
her ol

+ wills
report-:
ing

slate

Alnska, Arizont. Mon-
tana, New Mexico, !
South  Dakota and |
wyomlug .- ..
Callfornia
Colorndn
Towa -
Kansas
Mlchigan .
Nevada al Oregdit...
New York . -
oo and Vi
Oklahomn
TOXAR -0 ot
ah

P

IO IR

Alaska, Arlzond.
Georgin,d lllluuls,s‘
Minnesota,5 Misgru-
1.6 Montana, New
Mexlco, Southt Da-
koln, wWhashington.?
anel Wisconsin® .
California ..
('olnrado
Towa
Kansns
Michigan - .
Nevada and TJta!
New York ..
Ohlo aml Virg
Oklnliomn

\\'yu[ulnu

Tolal

a——
1ineluded In Ulah.
anciudes (klahoma
afneluded 0 K ansas.
4includes Colorado. Nesada.
sProduces No erude EYpSUM.

and Texars.
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Uniled States in 1910 and 1911, by Stutes and

uses, in short {onts.

1910.

Rold s 1l
plasler-

r—

sold without caleming

" e
[ l 1 ll

S por Portlaond

Putal Ground for Innd | cemenit, paint, | Quan- . Value. Total
mined plaster pedding plate ity value.
j elass and olner
purposes

(Ill:lll-\\'l\hll: | uan- © Value :
iy, thty.

e ,__—__I__’——____,__-

121,848 $6511.807

'
1

oit.080 7 2801 $L.003. 17,653 | $38,476 4
1001 | 4.vs0| 14,1851 irats | ague0| 3182 181,928
45,820 | +ooeer veines U 1) a7ve2 | 118.809
qun71gy  6.159 §312, 30532 38,683 230,032 1 890,858
: 235l 1,223 41,809 19,971 , 20.
7.091\ 9,900 ! 57,169 78,478
dawn| 9322 U iy
12,404 | 23.462 mn.nusim.m
10,479 81,0711 19202 37.767 10
@ 10,924 | 13,896 .
® | @ ,
4,185 10,841 430701 | 15,663 2585
et o e s
53,815 | 110,325 3[:»1.«»11\559.172 1.583.669
057 R e
91T,
,,_,___/ ' ‘ _,l,_f-
panat , $EN6T2 781,101 | $a202
xixlz%}af)‘, Tn726 | 42,103 laz701| 200
R B ] so.076|  G09%
-------- o m (1) ghy.ow7 | B
8,702 | 817.197 47,765 agg 736 | 34520
15700 | 63.502 69.519 | 1gg 71| B3
aropa | P15 562 | 23330 113,403 | 41698
17,470 | 149.722 213,903 608,267 | 1.1003%
an.g32 | 21.16 41 880 087,856 | LO3RA
(64} 8,194 605 977.086] 281
m ) Q] 180,102 48609
116,237

0 491.906‘ 1,508,418 5.872.556 | 6 *

e
52,880 97,573 | 33160
sncluded In Nevada and Utnh.

Mncinded in Kansas.
sineludes Jowa, Teens, and Oklahoma
pinclides Towa and Texas.

and Oregon.
19T ncludes Caloradn.

CHAPTER 1V.

THE GE
OLOGY OF THE GYPSUM BEARING
OKLAHOMA. AREA OF

INTRODUCTION.

'l‘he gypsum d .

which form t eposits of Oklahoma are

half of the Sht(; tS:IfEI!ce rocks of the greate? gzﬁ; gi 1i‘,lll1e Redbeds
the gypsum membe n order to give the geologic r le western
is considered rath::, ;c)h? f;geOIOgy of the Redbeds :sazon? Tf
stratigraph riefly in this ch > whole

y of the g . chapter. The detai
¢ ! ypsum-b ) i 3 etailed
ompletely as possible in the SU:(?::gii gfzi?,fttms is given as
_ er.

GEOLOGY OF THE REDBEDS.

DISTRIBUTION.

The Redbeds a

. a of Oklah

area which rea o ahoma forms :

Pecos River (ial}:t:gfllshvaro?Tsouthwes’tel"n Is{aanspaasrta?rfl:l:;e :al‘ger

is narrow, but wid est lexas. The outcrop at th st to the

of the western h ens rapidly to the south the north end

If of Okl and includ
belt narrows a~ ahoma. Fr . es most
- : until on Col _ From Red River south
wide as it is in O olorado River it i the
klah is about one-h

both directio oma. The narrowi e-half as
ns from Oklah : ing of the outerops i

measure by the _Oklahoma 1is accounted for i ops m

tions, and i covering of the Redbed or in large

south, and lr?orl;;rzhzybtge thinning of theS bk:a}(,isyou'll‘lgetlil forma-

—Lower or U eds disappear under - 10 the west,

beneath these veumaer formavions tr Tharger formations,

In a belt alon %’h unger formations to the we);are continuous

A narrow str%r T base of the Rocky Mountainss_ and reappear
p along Canadian River connects tlhn II\iIeW Mexico.

e New Mexico

and Oklahoma ar
eas across the Panhand
le of Texas
. Areas
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art of Colorado and Wyoming

of red rocks in the eastern P
at body of Redbeds.

probably belong to the same greé
PHYSIOGRAPHY.

Topograplhy.

The western pottion of Oklahoma is a plain which slopes
southeastward. In the region underlain by the gypsum the

streams have cut many canyons, so that while in general the
region is a plain, the gypsum area is hilly and is usually con-
sidered as @ physiographic unit, the “Gypsum Hills Region,”
which separates the Low Plains to the east from the High
Plains which lie to the west of the gypsum area.

Diainage.
Across the gypsum hills, seven rivers run in 2a general
southeast direction. These are from north to south, Salt Fork
of Arkansas River, Cimarron, orth Canadian, South Cana-
dian, Washita, North TFork of Red River, and Salt Tork of
Red River.

Salt Forle of Arkansas River emerges from the gypsum
hills just at the Oklahoma-Kansas state line in northern ‘Woods

County. Two of its tributaries, Yellowstone and Greenleaf
Creeks, have canyons reaching back a few miles in

gypsum hills.

Cimarron River enters the Stat
east corner of Harper County and forms
Harper, Woodward, and Major Coun
ty on the northeast. F
through a rather narrow valle
which form steep bluffs

the hills on the north side

down where
the west o

Cimarron and swing to
of Arkansas River. On
hills continue, gradually gett
Tairview the hills are about
from this point southeastward
Canadian than to the Cimarron.

to the

e from Kansas at the north-
the boundary between
ties on the southwest and
or & or 10 miles it flows
y hetween the gypsum hills,
200 to 300 feet high on either side,
and then the valley widens gradually to about 15 miles farther

drop back from the
1 the south side of Salt Fork
the south side of the Cimarron the
ing farther from the river, at
8 miles from the Cimarron an
the hills are nearer 1o the North
On the north gide of the
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Cimarron i
50 mille(;niris v?ic})te}:t oi slland hills varying from 1 to 2 miles to
i e e soutflw arge number of tributaries rise on th
orthaast  throngh est of the gypsum hills and flow north 4
Cimarron. Abl;ﬁt 1t8he canyons in the gypsums into 3;;}1‘(1
Creek Joins the Ci miles below the Kansas line, Buff 1e
which drains a llmarmn f]f'om the west. It is a 1(’)11 'a K
guﬁalo Creei< andatf: v?&l;filfyn og fFHarper County. Bget%zi{l
Swin ( fairview are ral
oy spg{:1 é:e(zlrtél (\)?\;hlézh a.{e not over 10 to 15 miles 13161?;?11(1 (inrl(}aﬁklsl
A miles apart. From Fairview south b
e longer and flow due east to the river cast the

North Canadian Ri
for oo ] " iver has an exceptionall 'TOW V
ooy e, 11 e T St
eek, near Fort S the
south X upply,
o m?ﬁazt (\lliesltznlfl;ee%rly parallel to the Ciﬁ?airoingnc? OfTs tOZOthe
‘ d rom it. The i to
in conmect ) _ gypsum escar i
o o (;\?o;()trll] V\élth the Cimarron River lies witl?ilrllle5ni d;scus:e,ed
the i anta;‘dlan from Watonga to El Reno Ob- b e
drainage froms‘ghe :t g:e North Canadian x'eceives,vel;lt ﬁ.a:cces
it from the south gr - A few fairly large tributariy e
Dewey Counti;es b ro‘m southern Woodward and 1est Yorn
County to the céntgxt- ﬁlfogdthg.southeast corner of W(l)(())flxgig
2vpsy ; anadian County, re i o
psum hills, the North Canadian is usu:\rl-l;vﬂ?setllatarllei\ées 1:lhe
\ 5 miles

distant from the S i
and short. outh Canadian, so the tributaries are few

. Like the Cimarro
sand hi I n the North Canadi
o ‘10 };glizallg?lg its north bank which l(l)lél;};;nre};a}sl g belt of
es. The gypsum hills along the Noitﬁscz “'(11ch
nadian

rounded and D pp
are thele are no Steep ypsum ca €

South Canadian Ri
: iver enters Oklah

noith of th ahoma fro .
States, and eﬂ;nvvl;i d]lr(l3 ;)fwti?lz.north'SOUth line bg‘;z’;laihaehtttle
direction. ing course with "}
Mills lé):)luntiIt forms the boundary betweenaIg]?-ner‘g‘1 easterly
the north abestand enters the gypsum hills whe 18 and Roger
line and contqu 12 miles west of the Roger Mills-g it bends to
another to tl:: ll(;s 'f}h roug }Lthem with a great bend ?::;V?;i County
south and back to th e north
centr e nort} . ’
ntral Dewey County. Here it leaves t;u;cog;f;;(;ﬁ Ln_“north_
ills and
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turns abruptly southeast. Through the gypsum hills the sand
hills are not so conspicuous along the north side of the river,
although they make a broad belt both above and below the
gypsum area. The gypsums along the Qouth Canadian do not
belong to the same formation as those along the Cimarron and
are not so thick nor sO regularly stratified. They do not make
a continuous escarpment, but cap rather steep sided hills. The
tributaries from the morth and the south are about equal in
number and are all short, the longest being about 15 miles
long, and the most of them less than 10 miles.

Washita River differs from the other streams of this
region in having steep mnud banks. There are no sand hills
along its course. 1t enters the State from Texas only 8 or
10 miles south of the South Canadian, and flows south and
east across Roger Mills County, goutheast across the south-
western part of Custer County, east and south across the
eastern part of Washita County, at the south line of which it
turns east and flows in that direction across Caddo County and
out of the area under consideration. The Washita enters the
gypsum hills near the Roger Mills-Custer County line and cow
tinues in them with the exception of a few miles in southeastern
Washita and northeastern Kiowa Counties, 1o Anadarko in
goutheastern Caddo County. The gypsums are those of the
Greer formation and do not form a continuous escarpment 2§
do the gypsums along the Cimarron, but some of the thickest
ledges in the entire area are exposed along the Washita i
eastern Washita County. ‘
North Foik of Red River enters Oklahoma from Texas
about the middle of the west line of Beckham County and flows
east and southeast to the corner of that county, then in a
 meandering course to the south between Greer and Jacksor
Counties on the west and Kiowa and Tillman Counties on th
east. The only exposures of gypsum along this river are in the
extreme southeastern portion of Beckham County, where tht
Wichita Falls & Northwestern Railway crosses the river south
of the town of Carter. Here heavy ledges of gypsum extend
for several miles along the northeast bank of the river. Alont
the upper course of Elm Forlk, the principal tributary of Norh
Tork, in northern Harmon and western Greer Counties, ar
four or five ledges of gypsum which form an escarpment re
gembling the one along Cimarron River.
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Salt Fork of R .
; L i River
miles so e er parallels Elm F
COUntiesl,]t};ugfisthe latter through Harmon ;rfg SVZO‘ltlt 10 to 12
mately parallel t(s)oglth t:}cllt Mangum and flows Souiher: Gree.l.
of it. The hi orth Fork and from 10 _approxi-
Counties a(:'ehr]rilsc}?long the Salt Fork in Hat-(;nilzl mlgas et
a few miles north more rounded than those alon a}ir}ll Greer
distance above gooa 2236 except at Mangum and gfor r: 51;10:'1;
south . sures are not A sho
the course of the river lies OUtsiggTﬁgO;l}"p ;?ﬂ;e; 11’; turns
1is.

. CHARACTER OF THE ROCKS.

The Redbed i i
The e B S 'cons1st entirely of red shale
. H s
o e (1: I\)fgrcl:si ngl:;)atly in shade in differerall‘;1 i:ﬁlzlgrsltones(i
vonm biace K e same horizon. All gr i tror
permillio distr;llf.;'é)on or very deep red browngczgustlons o
rema | distane sthwhere good exposures are co;le())servled
eral, , the vermillio ori o be
keneral, howey n and brick
on in the lower formation in whiclfesdhsalzzeg1 Elo e
redomi-

nate and the deel)el

C

Ieds n the uppel fOIIllahOIlS n Wh](:h
SalldStOIles are more abundant- Ihe SalldStO])eS are usuauy
COlllposed Of Vely ﬁne, roullded gIalnS, arld are CIOSS-bedded a]ld

lenticular to a
H pronounced de
in very sh : gree. They often gr )
out very q?fif:k(lhsmnces’ but probably mor eno{i‘ltzgetll?to shales
y and are replaced abruptly by shal:y p;lnc;}
s whic

contain very littl

e sand. L

coar ; § ocally th

se and in a few instances are cong?onslzl;gs;cones are quite

The shales ar :
dated, and are usually very fine-grain i .
usually con:aeirny g::}:éc’ “{)llth high shrinkalgee;I 'n hdil;tilgg COI&?}?II-
ecolor of the cla erable quantities of sol i ey
o y shales is > soluble salts. TI

mill usually a b . 1€
lon than that of the sandy shales ;‘Il'g&t: rsabrf(li(:t{ red or ver-

ones.

The gypsums
, although they .
o more feet i ; gh they occur in led
:g‘tively ﬁfr’ltinllgoﬂgil;n‘?:; and cover considefsks)leofa;‘egsto 60
i , are
s as 2 whole. Closel en (_:onSIdered as a part of th
 greenish san sely associated with the e Red-
8 i, senaons i sl i o s f Tt
&ation of these whiti striking in fresh ex or thewr
, whitish or greeni posures. The stratifi
greenish greenish rocks is very i Hi-
, and pinch
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i lored bands
ificati { these light co  ba
i ow rods. The stratification o ; colore . ations
ot Y 10(::01‘@ jrregular than that of_ tht;,) 1?1:)\1‘ et of
. pl'Obably 130 ks, but is much more no‘mceaf € o aite, unt v
I e o célors. Two or thiee ledges O oo k.
T cgﬁltﬁa;tflé:at in thickness, are the only car
Jess tha

THICKNESS.

2 el d g
IllP ChaI ac te]. (Ff the Ite(lbeds 1S IlOte(l m the Dl ece m
>

‘ate deteimi-
A R n accurate
it sible to make 2 terop.
X enders it impossi ; s the ou
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feet or more of the uppermost Pennsylvanian rocks are red,
we obtain a total thickness of over 8,000 feet. (750 feet above
the mouth of well - 1,100 feet in well at Alva 4+ 500 feet
Permian rocks non-red at Alva but red at Shawnee, + 1,000
feet red Pennsylvanian in well at Shawnee = 3,350 feet.) The
estimate of 509 feet for the Permian rocks which are non-red
at Alva but red at Shawnee is from the thicknesses near the
Kansas line. The thickness at Shawnee is probably greater.

In the deep well recently completed at El Reno the rocks
were red and reddish brown to a depth of 2,050 feet. The
thickness of the Redbeds formations occurring to the west and
lying at a level above the mouth of this well is certainly not
less than 900 feet and is probably greater. This well indicates
a thickness of 3,000 feet or more for the Redbeds. Gould
gives the thickness of each formation of the Permian and the
sum of these thicknesses gives a minimum of 2,250 feet for the
Permian Redbeds. The maximum is probably 500 feet more.
This with 1,000 feet or more of red Pennsylvanian gives be-
tween 3,000 and 4,000 feet of Redbeds in the central part of
the State. The writer regards 8,000 to 3,500 feet as a very
conservative estimate of the thickness of the Redbeds as ex-

posed from the center or east of the center of the State to the
west line.

AGE.

The Redbeds of the area under discussion were studied in
Kansas and Texas several years before they were in what is
now Oklahoma. Before 1893 the Kansas beds had been usually
referred to the Jura-Trias or definitely to the Triassic®, al-
though some of the earliest observers had ascribed them to the
Upper Carboniferous and some to the Lower Cretaceous. All

these correlations were made on lithologic or stratigraphic
grounds.

®Gould, Chas. N., Geology water resources of Oklahoma: Water-Supply
Paper U. S. Geol. Survey No. 148, 1904.

“Hay, Robert, The Triassic rock of Kansas: Trans. Kans. Acad. Sci.,
vol. 6, 1889, p. 36; and Cragin, ¥, W., Geological notes on the region south
of the great bend of the Arkansas: Bull. Washburn Col. Lab. of Nat. Hist.,
vol. 2, 1889; and A geological reconnoissance in southwestern Kansas: U.
8. G(;cglézSurvey, No. 57, 1890, pp. 20-21; Williston, S. W., Geol. Map of Kan-
»as. .
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In 1891, White™ described the invertebrate fossils from the
Texas rocks supposed to be of the same age as the Kansas Red-
beds, and Cope™ had described the vertebrates from the Texas
Redbeds some years previously. The age of the Texas beds
was decided to be Permian, and although no fossils were found
in the Kansas beds they were afterward classed as Permian by
Hay® and Cragin®™ and by practically all subsequent writers.
Recently the Permian age of the lower Redbeds in Texas has
been more definitely established, especially on paleobotanic
grounds. In the same paper® it is shown that the lower Redbeds
in north Texas grade into non-red Permian rocks to the south.

In Oklahoma, as is shown later, the lowest part of the Red-
beds is Pennsylvanian. The portion which is equivalent to the
Permian of Texas has afforded a few fossils, vertebrate, in-
vertebrate, and plant. The vertebrates were found at Nardin
and Orlando, the former locality also furnishing invertebrates
and plants. The vertebrate from Nardin was identified by
g. W. Williston as a species of Eryops, a Permian amphibian;
the invertebrate was provisionally identified by T. Rupert Jones
as Estheria minuta, a crustacean usually regarded as Triassic;
the leaves were too poorly preserved for jdentification, but a¢-
cording to Dr. Loster F. Ward appeared to represent Mesozoit
forms. The fossils were found in the McCann sandstone quarry
5 miles southeast of Nardin and 12 miles southwest of Black-
well.

The Orlando locality is 2 miles northeast of the village of
that name. The vertebrates collected there were identified and
reported on by Case’?. His list of species follows:

“pPISCES.

«slagmobranchii.

s\yhite, C. A, The Texas Permian and its Mesozic types of fossils:
Bull. U, S. Geol, Survey No. 77, 1891

*(lope, ¥. 1., Proc. Amer. Phil. Soc, vols. 17, 19, 20 and 21.

wjlay, Robert, Geology and mineral resources of Kansas: Kighth Bies.
Rept. Kans, Siate Board Agri., pto 1 1893, p. 101

wm(iragin, . W., The Permian System in Kansas: Col, Col. Studies, vob
6, 1896, . 2-3. ,

m@ordon, C. H., Girty, George H, and White, David: The Wichita for
mation of northern Pexas: Jour. Geol, vol. 19, No. 2, 1911, pp. 120-134.

wiipse, W, O, 2d. Bien. Nept. Okla, Dept. Geol_ and Nat. Hist., 1902, o
62-68.
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l)lacraDOdUS (I ]uele‘callthus) anlplessus (') CO €.
p

“Diacranodus is th
in 188 g e name applied to thi
5, Bul. Mus; Comp, Zool., vol. 12 anés iiozﬁe by Garman
’ name used

k];};]l},la]_b’;gl,no;‘]i:hzagdogue‘Of thg Extinct Vertebrata of N
gip}O(i_lls, DidymOdu's a;nfij'Pslgu;g chas been known variousl.y Izs’
e oo anthus; see the Catalogue by
“Dipnoi.
Sagenodus (?) sp.
“Diplocaulus magni(f)fr;];sR ?S)ngl.)e
“Diplocaulus limbatus (?) Cope. .
“Diplocaulus salamandroides Cope.
“Trimerorhachis sp. Cope.
“Trimerorhachis leptorhynchus sp. nov
“Cricotus sp. Cope. .
“Cricotillus brachydens g. et. sp. nov.
"‘E.ryops megacephalus Cope.
“Crossotelos annulatus g. et. sp. nov.
“Pelycosauria, EPTILA
“Naosaurus sp. Cope.
“Embolophorus (?) sp. Cope.
“Cotylosauria.
“Pariotichus ordinatus Cope.
“Pariotichus sp. Cope.
“Indet.

Pleuristion brachycoelous g. et. sp. nov.”

Fossil Dl ,
ssil plants from a horizon near that of the vertebrates

from Nardi
ardin and Orlando were collected near Perry and Red
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Rock by David White and Charles N. Gould in the agﬁsx&;}f
1911. The material has not been fully worked up nor i p]anté
put %he following preliminary stateme.:ntm(-:on‘c‘ernmg B e
was furnished the writer by D'r. Whlte‘- s W .contnins an
is very distinctly and concluzq‘:;:el_x{/1 ’fl:;l?(lllar;.n . -Gi(/untm)teris.
of Callipteris Wl an gantopters
zg:tlilrzlg?er:i:} conferte, and species 0(1: .1Vaiclz)z;,m}gerinlllel:3ilc;\a Tiget; ;e
i Walehia gracilis, an Tiganto] s America -
i?:\o::];ﬂ::he most characteristic, the latter heing ngz(l)lnh every'
(wheré present in the Perry and Red Ro.ck ;eilof.th.e b.eds
There is no shadow of doubt as to the Permian ag |
near Perry and Red Rock.”

These fossils are from the lower part of fhefoljff:gefcgsmllré
the Jatitude in which they are DuC IE Ly, e e
i}‘: Fhengg(:{oxied: i?\ir:\rll)er (0? the ‘Woodward fo_rmz.ltion. Vgﬁ?;t
ng)si?e;at below tile top of the Redbeds. The !(t)cﬁhl?y;; (z)m‘sct g
horse spring, two miles southeast of the Whl e 0;_15. Bos e
fm(i 1é miles due west of Alva. The fossﬂ.'.q are a 1 3n o
('m(l were described and figured by Beede in an acn\ an’f:tment .
‘of the Second Annual Report _nf the Ok]ahotmai! it he:‘tvpe o
Geology and Natural History In 1902. Mo; Oﬁre e T
mens .()f the collections were cqnsurped fy()khhoma s
lestroyed Science Hall at the Un!verS\t_v 0 ¢ g \ ~;3ﬁ L
( il tion was made and the species redescribed and velig e
c? o with a collection from the Quartermz}ster formation
{tlo(g;gost formation of the Redbeds) at Dozier, Texas.

i ws !
Beede's conclusions ave as follows

q iq different in some
“ a of the Quartermaster beds is
respecTt}s]efE'?)lr‘rllnt}?wt of the Whitehorse satldstone, several new
[4 . . *
elements having been introduced.

«The faunas are somewhafc heteroggrtecc)]ufs it:t‘}c:; Ig;lng:;
Some of the species seem to be Q11'ect1y derive oir[?ted he K&
Permian or Pennsylvanian, whlle_otlclle;s, as tl})1 it nean Per
discussion of the species, are derived from

Cnnnn—

i jcation, dated Dee. 9 19 ]

"“1'}1)3et\sdoc:\ ;:O‘Ar,\.m;‘:\lv(ertebrate Paleontology of the “IlJ)rI:;lr PSc
of Oklzl;on'w:'an(i the Panhandie of Texas: Kans, .
No. 3, 1907.

ermian red bedt
i. Buil., vol &
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mian, especially that of Russia. There seems to be comparative-
ly little resemblance to the Indian or Chinese forms. The fossils
described as Dielasma schucherti Beede seem to have their
closest allies in the Productus limestone of India, the only
species, perhaps, with pronounced Indian affinities.”

The types of the whole Quartermaster fauna were sent to
T. W. Stanton, who pronounced them Paleozoic. ’

In addition to these fossils the dolomitic members im-
mediately under the lower gypsum ledges in northwestern Okla-
homa contain poorly preserved specimens of Pleurophorus and
Schizodus. These occur also in a dolomite higher in the section
near Eldorado in the extreme southwest part of the State.

Practically all the recent work then has tended to prove
that all except the very lowest of the Redbeds are of Permian
age. The only exception to this rule is the paper by Williston
and Case™ which has already been quoted. This paper is prin-
cipally a description of the Redbeds of northern New Mexico,
but some references are made to the Oklahoma deposits. In
the northern New Mexico beds, as well as in the beds of
Wyoming, upper Triassic vertebrates were found below the
heavy gypsum ledges and the assumption is made that the
gypsums of Oklahoma occupy the same horizon as the gypsums
of northern New Mexico and Wyoming, and that therefore they
and the sandstones above them are of upper Triassic age. A
considerable thickness of the nonfossiliferous rocks below the
gypsums is regarded as probably lower Triassic. The lower
part of the northern New Mexico beds which contain vertebrates
hitherto classed as Upper Pennsylvanian, apparently on the

basis of a single cast of Spirifer as is indicated.in the following
quotation from the paper under discussion:

“It has been questioned by us elsewhere whether the
vertebrate fossils found in Texas, Oklahoma, southern Kansas,
Ilinois, and Pennsylvania are really of Permian age. At the
south side of the canon, the junior author found a perfect cast
of a Spirifer, identified by Professor Schuchert as S. 1ockymon-
tanus Marcou, a form occurring in Colorado in the Pennsyl-
vanian. Though the specimen was found free, so that its exact

“Williston, 8. W., and Case, E. C, The Phermo-Carboniferous of north-
ern New Mexico: Jour. Geol., vol. 19, No. 1, 1912 pp. 1-12.
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horizon could not be determined, its excellent preservation
proves conclusively that it had not been carried far from its
original bed, and inasmuch as vertebrate fossils are found in
the deepest strata of the canon it seems quite certain that the
specimen came from an intercalated bed among those yielding
so-called Permian vertebrates. No other explanation seems
possible. It is the conviction of both the present authors that
the lowermost at least of the strata yielding vertebrate fossils
are of Pennsylvania age. and this conviction is strengthened
by the known position of the vertebrate horizons in Texas,
Kansas, 1llinois, and Pennsylvania, that of the last-named region
definitely known to be Pennsylvanian.”

The assumption is thus made that this horizon is the same
as that carrying the vertebrates in Oklahoma, Kansas, Texas,

Iilinois, and Pennsylvania.

In view of the extreme irregularity of the stratification
of the Redbeds and the distance which separates the Oklahoma
deposits from those of noithern New Mexico and Wyoming it
seems to the writer that the correlations based on stratigraphy
are decidedly open to question. Qince there have been no
Triassic vertebrates reported®® from below the gypsums in Okla-

homa and since the invertebrates from the Quartermaster con-

siderably above the gypsums have been pronounced by different
authorities to be Paleozoic, the age of the upper Redbeds of
Oklahoma is regarded as Permian. The evidence of the plants
and the invertebrates seems to show conclusively that the Enid
formation is of Permian (including Permo-Carboniferous) age,
even if it should be decided that the vertebrates should be placed
in the Pennsylvanian instead of the Permian to which they have
hitherto been ascribed by both the authors of the paper cited.

RELATIONS OF THE REDBEDS.

As has been shown in the preceding paragraphs the greater
part of the Redbeds are generally regarded as of Permian age.
In Kansas, only the upper portion of the Permian rocks are
red, but near the Kansas-Oklahoma line the limestones and

w{p to Apr., 1913, Dr_ K. C. (‘ace spent a portion of the field season of
1912, studying the Oklahoma beds but results of his work have not beet

published.
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i X the
celdom exceed a few acres Im extent and al(:,r }?; 1itr(y)11;st(:)fne ©
hills or broad divides between the strezlllms. e e beon
seldom over 3 or 4 feet thick and usua y‘.see d o have ked
Iet down from above as the shales z}nd soi% san SO(])(rll‘ail()lna o
out from beneath it. In the. rest of the fu e:} mandS O s
Redbeds pass 1iCey thl? 'rlertlgq}I?I'?:;g;lit:; l](z)l:gt\i unC(')nforr-nably

: eds 0 jassic age, ur w :
"C\}llﬁ)\'DeOIIIZHI;eli‘erg?érﬁ‘e(R’edbeds, but this formation 1s not present

in Oklahoma.

CLASSIFICATION.

The classilication of the Redbefls of Oklah(?math};asqesgiz
discussed at some length by (}E[)uld LIn ]Ew(o‘egla(:;e;:s;nd 'ﬁatura]
31 ial Report of the Department of 2 1 X
I[)Ili?s]tl(l)lll';‘r (Telrritorial) and Water-Supply Paper No. 148 of th

" eports ar longer °
United State Geologisal Survey. These reports are no g

ensily obtained by’ the public, so in this report the classifications
are I)L'iefly reviewed.

Cragin® published a classification of theB .Peg{nulznorrgzlﬁ
in w‘nich' he divided them. into two seriles, gua . i;giqed 'f,he o
red series, and the Cimarron or Redbeg‘s. . en1g I;he e e
fication of the Cimarron serles in 1897.: 30t (-1 1r:)n I abets
papets cited above reviewed ‘the prevmu.s wm (h he e e
and discussed the classification and stratigraphy

homa deposits.

. . oot
He used Cragin’s classification as 2 I)‘imsé I)}l\lt gzvsmgThe
\ i i i ~tant changes. 1F
iffer 3\ raphy made imports ‘
local differences n stratig TNt on soties ol
istincti Big Blue and the Cima
distinction between the I \ i : s
not be kept in Oklahoma, since ?ll‘ the Fernllzglhéoglizsence y
i of the Kansas llne. i
a4 short distance south : _ . ence &
‘Cwo jmportant gypsum bearing horizons gave'a'b'ams faor:dctheir
fving Redbeds into five divisions. These divisions !
subdivisions are as tollows:

; 4, 1908
~@Gould, C. N, \Water-Supply Paper U. S. Geol. Survey No, 15 |

! R . tudi
n %‘0'(‘21!1;,111 | ., The Permian sysiem in Kausas: Colorado Col. § *

' ) . ; i . 19, 1%
vob ‘(‘;"OI)ng?'v:t.igns on the Cimarron geries: AmM. Geologist, vol

pp 351-363.

Supply Paper U, S. Geol. Survey, No. 148, 1904
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5. Quartermaster division.

{ Delphi dolomite.

i Collingsworth gypsum.
| Cedar-top gypsum.

] Haystack gypsum,
Kiser gypsunt
Chaney gypsum,

4. Greer division

[ Day Creek dolomite.
........... 1+ Red Bluff sandstones.
| Dog Creek shales.

3. Woodward division

[ Shimey gypsum,
| Altova dolomite.
________________ { Medicine Lodge gypsum.
| Magpie dolomite.
{ Ferguson gypsum

2. Blaine division

1. Norman division |

The term “division” was used “in a general sense, corre-
sponding with its ordinary English meaning, to designate a
larger or smaller sequence of strata which may in one instance
correspond to a formation having a simple uniform lithologic
character, or in another to a group of such formations.”

In 1904 the second paper by Gould™ appeared, which modi-
ﬁch the 1902 classification in some particulars. The term “di-
y1s1on” is superseded hy the term “formation,” which is used
in the same sense. The term “Norman division,” which in-
cluded all the Redbeds below the lowest heavy gypsum, is aban-
doned, and the term “Enid formation” used for the Permian
portion of these rocks, and the term “Chandler Beds” for the
Pennsylvanian Redbeds. Of the minor divisions the terms
Altova and Magpie dolomites are dropped, Mangum dolomite
is substituted for Delphi dolomite and Whitehorse sandstone

for Red Bluff sandstone. These changes leave the classification
as follows:

Quartermaster formation.

[ Mangum dolomite member.
{ Collingsworth gypsum. member,
| Cedartop gypsum member.
"""""""""" } Haystack gypsum member.
| Kiser gypsum member.
| Chaney gypsum member.

Greer formation

{ Day Creek dolomite member.
____________ { Whitehorse sandstone member.
| Dog Creek shales member.

Woodward formation

"Gould, C. N. Geology and Water Resourcez of Oklahoma: Water
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{ Shimer gypsum member,
Blaine formation__._..__.._._.__.. ] Medicine Lodge gypsum member
) | Ferguson gypsum member.
Enid formation.

STRATIGRAPHY.

Under this heading each of the formations is described in
turn, commencing with the lowest. The IEnid, Woodward, and
Quartermaster, which contain no commercial gypsum, are. dealt
with rather fully and are not discussed elsewhere, and the Blaine
and Greer are briefly discussed in order to give their general
relationships and the detailed discussion of the stratigraphy
and occurrence of the gypsum is taken up separately in the suc-
ceeding chapter. The areas of the outcrops of the different
formations are shown on the map (fig. 29), and a generalized
section is shown on the accompanying diagram (fig. 30)

Enid formation.

The Enid formation includes the rocks from the base of
the Permian Redheds to the lowest heavy gypsum ledge. The
Pennsylvanian-Permian contact has been taken as a line crossing
the Oklahoma-Kansas State line north of Pawnee, and extending
south to that town, then west of south to Purcell, and south to
the west end of the Arbuckles. The most recent work™ has
shown that the line should be drawn more nearly south from
Pawnee. The upper limit of the formation is the base of the
lowest gypsum of the Blaine formation. Owing to the lenticular
nature of the gypsum this is not an exact limit, but is still a
well defined horizon.

The line between the Enid and Woodward to the south or
southeast of El Reno is very indefinite. The Enid formation
occupies all or part of the following counties: Grant, Alfalfa,
Woods, Major, Garfield, Noble, Payne, Lincoln, Logan, King-
fisher, Blaine, Canadian, Oklahoma, Cleveland, and McClain.
The Redbeds in western Garvin and Carter Counties may belong
in part to this formation.

The Enid consists almost entirely of red shales with soft,
lenticular, red sandstones. The lower portion contains relatively

=Dr. J. W. Beede had a party in this region during the field season of
I8l1. The results of *he work have not been published.
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more sandstone than the upper, but the shales pre.dr;m;;ar?
throughout and comprise nractica_ll,v all of the ggpfn My
'j.‘hroﬁghout the Iinid there are veins of whlt‘e1 sari)l,e s
These sometimes occur as lenses ha.vmg coxlslt(.leraq e 3
at the center but pinching out rapidly. -Lelntl s ?nch o
feet thick in the center l&ave qb;i:\ (())l;setlh\ée(bedos yz) e e aand
Xizyfiﬁ\: fﬂ(aig, g; elz\z’gn 1;)noslze, thick and cover areas of several

\cres. [ \'" ses xce ltl() ’.“V £00 exp()S ures lay .
cre: na ie CaSes ()f e i na 4 d
Hd ers

. . '
of this white gand less than an inch thick can b? t;zgeiaf::i.
about one-fourth mile. The m‘ains' of the ordl?aljer ' ﬁﬁe—a
;tones as well as those of the white lz'lyers, ’?‘Le hq.‘leg e
iarge 7percentage passing 2 200{meShTTequ o eq:ecvéw rate

y «w sandy to clay shales. he la ? 3 .
«frlroalirrllegelv}«;ry plastic when wet, and have great drying shrinkage

The red color of both the sandstone tal.lr.ld th(; t?l}:;\.le;v;i cil}llz
i i i forms a thin co p
iron (ferric) oxide, which forr : : over
S:Oralil;ls of( sand in the sandstones and ])1esuma\:61(5) ;‘)Z:tl ’S)l::ne .
particles in the shales. In the ';Lnl)ern;gitisl pro.bab]x; e
ales have a green color. is co ly due 0
szn:h;éi;l of iron, but since these green sha]e(i% afleir})zrtllg:rl‘il
‘gvpsiferous the color may be due tq a compoun O)er o
cétlcidm The green color is often mistaken for copy

At about 100 feet below the .top of the forﬁns:rtgloérllt tg‘irsg}:lasl;
locally are very salty and give rise to ..qalt Sgul‘gh‘Plailns e
in Biaine County, at the Big and Little Sa e sl
Cimarron near the Kansas-Oklahoma State lfnte, Znth:t the ek
Plain near Cherokee. It is no.t_to be und.(lalst(})l(; St orian
oceurs in these different localities at eact_\{ .bcb] o
The water carrying the galt at Cherokee 1Sh'l)l;10t}£:e Zalt o
horizon considerably lower than St L0 oot orizon o
rings at Ferguson , v he ¢ /
%glihliliipr:smf: the Cimarron is probably somewhat higher.

The shales for 25 to 30 feet below the gypsu_m‘l(:)(;gsea:il:;
very gypsiferous and the eposures_sh_ow many ty(?;}:ainlvbeel
apar and selenite. This vein material has almos Lsing tﬁro
ldlerived from the solution of gypsum b._v water pi.}sle e
the ledges above and has heen SR, PPN car the bnom

vaporati . ‘
t)l;‘et?:;p:::;sgtl)g tghyep(saife[r)ous layer is a persistent layer 1 to
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feet thick of greenish selenite, the crystals of which are usually
about an inch long, and a single layer of concretions of pure
white, fine-grained gypsum. The concretions are in the shape
of flattened ellipsoids and all lie with the long axis horizontal.
The short or vertical diameter is usually about 2 -inches and
the long diameter 3 to 6 inches. These concretions lie almost
or quite touching each other, forming a layer in the shale. On
account of the persistence and uniformity of this double layer
it is believed that it is the result of original deposition.

The svrface of the territory underlain by the Enid is in
general a plain into which the streams have cut shallow valleys.
The eastern portion of the outerop is somewhat hilly on account
of the sandstones in the lower pait of the formation. This
portion is covered by oak trees but the greater part of the area
is prairie and only a few cottonwoods and elms occur along

the streams. The thickness of the Enid was estimated by
Gould™ at 1,200 to 1,500 feet. :

“(sonld. C. N., Water-Suply Paper U. S, Geol. Survey, No. 148, 1904, p. 44,

Blaine formation.

The Blaine is the great gypsum-bearing formation of the
northwestern part of the State and as such its stratigraphy will
be discussed in detail in the next chapter. In this connection

only a brief notice will be given to the character of the formation
and its relations.

The Plaine formation consists typically of three gypsum
members separated by shales. The formation always forms a
pronounced escarpment, as the soft, easily croded shales of the
Enid are eroded much more rapidly than the gypsums. This
escarpment and the outliers have been known since early times
as the “Gyp Hills.” The outcrop of the formation varies in
width from about 1 to 6 or 8 miles, The hilis enter the State
from Kansas on the south side of the Salt Fork of Arkansas
River, follow down that stream a few miles, swing back north-
west wp the Cimarron, cross the Cimarron just north of ehe
Kansas-Oklahoma State line, and follow down the south bank
of that river gradually getting farther from it. The formation
is well developed as far southeast as Watonga, but from that
point on the gypsums become lenticular and the formation plays
out about 5 miles north of El Reno. The formation ranges from
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i i aily of distribu-
75 to 100 feet thick. All discussion of the ’detdé:\hp OIe.u‘.:-‘:eeding
t{on and stratigraphy will be reserved for y S

chapter. .
Woodward formation.

i rould 1 since the
This formation is well described !)y (xot.ij.c(}ll :}?g fﬁ(::-mation
field wo‘rk for this report dealt very .11tt1e'1.W1“ e T tion 15
ed determined nothing new concerning if, his
an
. S irety™. |
given in its entire ' | S
“Dog Creel shales memb:r:—TFgleoc]:‘ogofalleil;ﬁn e oF
: : inly of clays, containing asio] Jedses
wmp(:ass?gnn;?me%tone whiéh in places grade into a fair q y
magnes s \

of dolomite.

i ar sufficient-
“The ledges, however, are usually thmtztlln:l1 rg;ils};ns;ﬂ:lwme'
us rorthy of more tha g :
icuous to be worthy ot m than, g notice
llg,r(;(ég:gll'c Cragin’s original description ot this mem
follows:u .
« Phe Dog Creek ™ *+ #* consists of some 30 _{Fe:éozz
all rI(‘)fea le%s or greater thickness, of dull-reg‘a;*‘ﬁlo i{edges
LOhL;lleZ with laminae in ‘the'basal part and one oY

i y of these
of unevenly lithified dolomite in the upper. The color

S h l alls 1n m St Of the leISIOHS
S]la]e Iese"lbles t at Whlc}l hrev l]q (0]

below rather than of the terranes above the Dog Creek.

I“ hls Second Dclpel he lllOdlﬂeS hlS deSCIlptIOIl 84 tvhls
\1allOIlld 1 1Is a }Z',‘Ieat dO]()"“te ‘Oln'atlonv

In Celltlal 0] t .
la"llllated dOlOllllte Occupy]ng a COIlSldEIable palt ()f the t]" l\

ness’ b

} 'reek
“In his second paper he suggests that the name Dog Cr

i iter ces that the name
tony Hills. The writer agre : e
kS Chéngid i:o pserhzfps, not the best tha.t couid be 13:&3 bé:c '
D.og rfeethell‘,'-lct that the dolomites which mak«l’, up formatio'n
\ﬁeﬁv (i)n easte;'n Blaine County belong to the Blaine
ills

p 3 0. 148, 1904, pp.
uiould, C. N. water-Supply Paper, U. S. Geol, Survey N

15-59.
aCragin, P W

§ sertes:
! : \Y ervations on the Cimarron ser
,Cragin, W, Obsery s r

vol. 19, 1897. p, 358,

: ¥ col Studies,
the Permian system in Kansas: Colorado Col,

Am. Geologist,
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and do not belong to the Dog Creek, there seems to be no good
reason for using the name Stony Hills to designate this member.

“Studies made during the last three vears have demon-
strated that in many parts of Oklahoma the thickness of the
Dog Creek is much greater than that given by Professor Cragin.
Near Quinlan, in eastern Woodward County, the aneroid read-
ings indicate 225 feet as the thickness of these heds, measured
from the top of the underlying gvpsums of the Blaine formation
to the sandstones of the next higher formation of this member,
the Whitehorse, and in a number of localities 150 and 175 feet
were recorded. Exposures are common along the top of the

Gypsum Hills from Canadian County to the Kansas line and
beyond.

“Whitehorse sandstone member.—The Whitehorse sandstone
was also described (under the name Red Bluff sandstone) by
Professor Cragin in his first paper, as follows:a

“‘This formation consists of some 175 or 200 feet of light-
red sandstones and shales. * * * YViewed as a whole it is
very irregularly stratified, being in some cases considerably
nclined, in others curved, and this oblique and irregular bed-
ling, being on a much larger scale than that of the ordinary
ross_ beddings, at first glance gives the impression of dips,
anticlines, synclines, etc., that have been produced by lateral
pressure, the dips, however, being in various directions, * * *
The Red Bluft beds exhibit the most intense coloration of any
of the rocks of the series. When the outcrops are wet with
recent rains their vividness of color is still greater, and the
contrasts of their almost vermillion redness with other colors
of the landscape is most striking. Spots and streaks of bluish
or greenish gray sometimes occur in these rocks, but not to
nearly so great an extent as in the lower beds. The sandstones
of the Red Bluifs are generally too friable for building stone,
but in some instances selected portions have proved hard enough
for such use and are fairly durable.’

“In Oklahoma the Whitehorse member often weathers into
conspicuous buttes and mesas. For instance, in eastern Wood-
ward and western Woods Counties a row of these buttes, which

aCragin, F. W, The Permian system in Kansas: Colorado Col. Studies,
vol. 6, 1896, p. 40.
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rise 100 to 200 feet above the gurrounding country, extends from
the vicinity of Whitehorse Springs, whence the name, south-
west across the Cimarion, to the high divides peyond. To some
of these buttes characteristic names have been given, as Lone
Butte, Potato Hill, Watersign Hill, wild Cat Butte, and the
like. 'The noted Red Hill, between Watonga and Geary in
southern Blaine County, is composed chiefly of the \Whitehorse
formation. South of Canadian River this gandstone thickens
and on weathering often forms conspicuous bluffs, such as the
famous Caddo County Buttes, southwest of Bridgeport. The
Whitehorse sandstone is exposed along the Washita from near
Chickasha, Ind. T. [Oklahoma], westward, and in the vieinity
of Anadarko it forms bold bluffs hoth north and south of the
river, and extends as far west as Mountain View. Ledges
which probably belong to the same general horizon outcrop
north of the Wichita Mountains in the vicinity of Hobart and
Harrison, and it is not impossible that further studies may
demonstrate that the same beds extend under the upper gypsums
across Greer County. '
s«Day Creek dolomite.-—Resting upon the upper patt of
the Whitehorse sandstone in Kansas and Oklahoma is a cot
spicuous ledge of hard, white dolomite, first described ¥
Professor Cragin from exposures in southern Kansas, a8 fol-
lows:a
« Upon the latest of the Red Bluff rests a persistent stratum
of dolomite varying in thickness from Jess than a foot to 5 feet
or more. * 7 * Tt is true dolomite, containing with the
carbonate of lime an equal or even greater percentage of car-
bonate of magnesia. Though not of great thickness, it is an
important member of the upper Permian of southern Kansas
and northern Oklahoma, owing to its persistence, whieh makes
it a convenent horvizon of reference. * % % The stone it
nearly white in fresh fracture, weathering gray, and often has
streaked and gnarly grain resembling that of fossil w
w * #* Ts cherty hardness and fracture are not due to the
f silica, as one is tempted to infer, but are characters

presence 0 : §
to it as a dolomite. It is a durable building stone

belonging
“Tn his gecond paper on the Permian rocks, in describing
a typical Oklahoma locality, Professor Cragin says:

4Op. cit., D, 44
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“ “The brow :
with the Dary(r)“C(zf ‘gle Red Hills near Watonga, Okla., is capped
a compact strat reck Dolomite, which here DreSen£S, its ll;pe
cherty-hard ro l]l(m of gray, somewhat pinkish or reddish f’ od
ck, little different from the typical-' lekdge‘“:;%le(é
, a

skirts the flanks of M
ount Lookout i
stratum here has a thicknessooi? l;tt}:et? ’lark County, Hans.  The

“The line of outcrop of th
contine of the Day Creek in Okla i
o accou?li ,Orflei\;er(til'letlgss,'lt is found in numerous lotéz]lyilt?e‘l's no{:
el recognizesd 1s11tncits|v$l ilslltlll:]oiical appearance it is ai’wr:\lzs
ony re g ved on many o i "
betwem?l?he&g;;t) . not only north of the C}i,maf'rgge ki;ils IOf
et | %treamalr;)n and_ the North Canadian ancf souﬂla S(;_
e et of‘the : n Blavu_ae County it forms the ecaps fO'
et o Watol::mment hills, notably the Red Hills Ibetv(zf .
o dolomite ato l,a.t South. of Canadian River in CadLlo Co e?cn
e ol e e Yl s o i
o Sl Suterops southive rd as far as the .headwaterseof
I eelc : est side of that er
Rnivg},e a.\ Hcelégzy (;f dMom?tain View, in the cvl'::lellévpii't V€01(])I.ly-
nver, o leda (1) olomite appears at the same'gene las].uta
pied by Day Creek, and another dolomite Iiqu:viﬂ

lhe hil] n()lt i
c a s
; g. ]l ()I II rrison may pI‘OV]Slonally be lefeIIed to t]ll'S

The composition of thi
: this material i
understood by reference to the fol]owinglgnag;'{;?sh 'Oma may - be

Analysis of dolomit
e from the summit of t i ]
northwest of Geary, (glcllzlf foed Hills G miles

galcium carbonate .. Peizcz?t
e e .
Nagnesium carbon a' .e ..................... 52.86
O_}(}des of iron and aluminu'rr.x‘..... .......... 1o
Silica and insoluble residue. .. ............ %g‘g’
Total. .. ..., 100 ;

Greer formation.

The Gr i i
eer formation outcrops in two areas. The eastern

- .
e begins in the southeast corner of Woodward County and
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extends east of south in a widening belt through the central part
of Dewey and Custer Counties and eastern Washita County.
In the southeastern part of Washita the belt divides, one branch
swinging more to the east through the southwestern parts of
Caddo and Grady Counties into northwestern Stephens County.
The other swings west along the south line of Washita County
and is thought to connect with the western area in Beckham
and Greer Counties, although the connection cannot be made
out on account of the covering of alluvium and sand in the
valley of North Fork of Red River. The western area of the
(ireer occupies all of Harmon, southern Beckham, western
Greer, and western Jackson -Counties.

The Greer formation is made up of sandstones, shales, and
gypsums, with a ledge of dolomite, having a total thickness
of about 150 to 300 feet. The stratification in the eastern area
is extremely erratic and no horizon can be traced sufficiently
far to be used as a basis for separating the formation into
members. The gypsums are lenticular and in the northern part
of the area are few in number and not very thick; to the south
the gypsum lentils become more numerous and thicker, reaching
their maximum in eastern Washita County. Farther southeast
the ledges thin out.

In the western area the stratification is more regular and
(ive distinct beds of gypsum and one of dolomite can he traced
for considerable distances and are classed as members of the

formation.
Quartermaster Formation.

As is the case with the Woodward formation, the Quarter-
master contains no important deposits of gypsum in Oklahoma
and little attention was paid to it in the field work for this
report, and the writer has no facts concerning the formation
to add to those already published by Gould™. Consequently his
description is given in full.

«Apove the Greer are 300 feet or more of soft, red sand-
stones, and arenaceous clays and shales, to which the name
Quartermaster has been applied. So far as kuown this i3 the
highest formation of the Redbeds in Oklahoma.

siould, €. N.. On. cit., pp. 12-73.
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“In t

shales, ty[})]iec alﬁwer éoart of the formabion the rocks are chiefly
and Teyers T}}: reh, but sometimes containing greenish bands
Slaces forr'n : Efc shales become more arenaceous above, and iL
Tes oo anfl rong, consolidated sandstone, which is’ rathn'
anl et on I;ro'ne to break into small rectangular blockel
ool o n(i] e;sr v into long and narrow buttresses or roundes‘
bigh e Ir)r?o?]_s(}ilaped mounds from 10 to 50 feet or more
irods of than oo :15 may be solitary, but.in some areas hun
b cctu in a single quarter-section. The sandstom;
of the rocks in erized by the marked and very peculiar di
OF From o0s lt ! cile(;'otatcm dlrect.lons. The strata often dip at anglgv:
aren  These di. ofall points of the compass, even in a gmalkl
appearance of thp())s (} ten produce escarpments that have; the
The mast otmsit] se ormed. by regularly bedded dipping strata
erratio di aslble explanation of this phenomenon is '_ch‘at th'

pping is caused by the undermining of deep-seateg

rocks, probably som .
’ -x e 7 "
Greer. of the various gypsum members of the

In this rti i

nany spr;n gs:.no(i?stonfe, paltlcularly in its upper part, there are
oy springs o soft water, which usually issue as seeps at
Whiad of thgmcs;,]rg%nlsnfge Iae;z:ath bluffs of red sandstone
Snil e la S, many are lar .
raﬁgﬁyésfar?vl;ﬁusgs, (})lr, in some cases, to furnish st(iell{ itflg’;]esihf -
- mode;rate des 11;: these sandsto'nes frequently yield good watZ::
anoderat En% ': In fact, with the exception of the easter
jiea of the id, the Quartermaster is the only Redbeds f .

which any large amount of good water is foundS orma

((EX - . ]
. OUtcrziztov‘\rzg:le cov_eled by younger rocks, the Quartermas
(e Serops ove %xz?ctlcally a}ll of Day and Roger Mills count";
o g(;fr ]J) ills]. and is also extensively deve]o{)ed in tll?
astern part of | ewe:iy,‘Cl.lster, and Washita counties. To the
oy, and east 1? underlain by the Greer, while to the west a ?
M ¢ t t}r:eaé s heneath t}3e sands of the Tertiarv— Q’Er 11(
bt Rivzr : et_houth .C-anadlan, Washita, and the 'N.'OI‘:Eh ?omli
b i issr[ll the j1;?{1'1011_ form canyons in this rock and are frd
o orings i bolwngflom it. The name is from Quartermaste '
“stel,'n hich b strom qu County through the extremé ne -tﬁl
River in Washitg Co(l)li?s; Mxllson(éo't‘hnity ek papties ino Waé;]it;
and the sandstones higher up in the ngif:;{t%:};g ev::l‘?,ir“(ggsl?ls
] xposed.
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i y 11 exem-

The peculiarities of structure and \\'eathir;ilft?:fa(])z(; \1:,20 v\?]edge

v~ this stream. In the present Stes= = e
li)‘gl?sec:uz)ltlOc]l1egemed advisable to attempt to subdivide the Qu

- : 1
master formation.
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CHAPTER V.

NATURLE, OCCURRENCE AND DEVELOPMENT OF
THE GYPSUM OF OKILAHOAMA.

In the previous chapter it was shown that the commercial
gypsum deposits of Oklahoma occur in two distinet formations,
the Blaine and the Greer. In this chapter the nature of each
of these formations is discussed in as much detail as the present
state of our knowledge will permit. The two papers by Gould™
are used extensively and several of the sections and analyses
given in the second report of the Territorial Survev are pre-
sented in full in connection with the deseription of the various
localities. The field notes of Frank A. Herald and C. C. Clark,
who spent the field season of 1907 in the study of portions of

. the gypsum deposits, are used wherever possible. The field work

of the writer occupied 10 weeks in the autumn of 1912, during
which time he was assisted by Jerry B. Newby.

Following Gould the gypsum area is divided into four gen-
eral areas: (1) the Kay County area, (2) the main line of gyp-

‘sum hills, 4.e. the outerop of the Blaine formation, (3) the sec-
‘ond line of gypsum hills or the eastern area of the Greer forma-
‘tion, and (4) the southwestern area. The name Greer County

Region was given to the last area when Greer County included
what is now Jackson and Harmon counties and a part of Beck-

‘ham County. The present Greer County contains only a portion
of the area so it is thought best to change the name. The areas

or regions will be taken up in the order named.

“Gould, Chas. N, Oklahoma gypsum: Second Bien. Rept. Okla. Dept.
‘Geol. and Nat. Hist., 1902, pp. 87-120; Geology and waler resources of Ok-

hhoma: Water-Suply Paper U 8. Geol. Survey No. 148, 1904, pp. 44-52 and
i .
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KAY COUNTY AREA.

"The Kay County area is outside the Redbeds region and the
gypsum occurs in non-red Permian rocks at or near the horizon
of some of the important gypsum deposits of Kansas. The gyp-
sum is not pure but occurs mixed with clay as gypsite. A mill
was operated in this area for awhile some years ago hut the
known supply of material was exhausted and the mill removed.
This locality was not visited in connection with the preparation
of the present report and Gould’s description™ is given in full

“In the central part of Kay County, Oklahoma, in the
region between Newkirk and Blackwell, along the various ecreeks,
Duck, Bois d’Arc, Bitter and others that flow south into the
Salt Fork, there are a number of local deposits of gypsite or
gypsiferous earth. As a usual thing these deposits are not very
extensive. However, they are of sufficient importance that one
of the four plaster mills in the territory is located there. Its
supply of material is obtained along one of the branches of Duck
creek.

“The region is slightly rolling. The creeks have carved
out broad and shallow valleys in the level prairie. The valley
of Duck creek is from one to two miles wide and not over 50
feet deep, sloping gently from the upland to the creek bed. The
higher land is prairie and a few trees grow along the creek. The
rocks in the country are gray and bluish clays and shales with
a few ledges of soft, impure limestone. Few rocks of any kind,
however, are exposed, the greater part of the country being
practically level prairie with few breaks or washes. It is near
the creek bank on & gently sloping surface that the gypsum
used in the mill is obtained. The deposit covers several acres
and has been worked out in places to the depth of ten feet or

more.

whe Kay County deposits belong to the Marion formation
of the Permian. The Marion formation extends from central
Kansas south through Marion, Harvey, Butler, Sedgwick, Cow-
Jey and Sumner counties. The rocks are soft shale and clays
gray to blue in color, with a few beds of impure gray limestones
Gypsum deposits are not uncommon. Plaster mills have bees

nGould, Chas. N Oklahoma gypsum: Second Bien. Rept. Okla. Dept
Geol. and Nat. Hist, 1904, pp. 87-88.

OKLAHOMA GEOLOGICAL SURVEY 129

loc i i g j
Builtlesd alrl:clt%&?: lf?l mation at several points in Kansas, notably at
purns Sedgwi‘ lz{me. O.ther deposits are known to exist in But
Ty oW ‘sevzcl)mz;les land in the vicinity of Geuda Springs_
, s, the deposits are local and quite limi in
m ) and qu
ount. The experience has been that a mill locz(tltel;(?orlll1’3:;:;3 (i'olrn

mation will use up i
p its supply i s
vears and will be compelled1 tl_) Osm(())]; efwallable material in a few

((W - . '
e a1o};$h§f 011. not thelze are gypsum deposits of any magni
P notek r:gx?vn()f tgns fprmation further south than Kas;
o ' vn. _ccas'lona]ly a deposit is repor
li:;sﬁr;glgr:},]brt on investigation it has usually provegoécfel?efxfgfl
imi ySou:;h (())11:‘ fililat reason of no particular economic import}z
Mo South o ay Coux_lty the blue and gray shales of the
pearion for ha ion change into typical Red-beds. Now the Red
e rg 'out are more or lgss gypsiferous. But in gene(:'ai
e i,t sun nles‘ :;) lgléori)};.ghldy disseminated throughout the rock
; utilized. Its presence, h i
strated by the character of the water in th,es: VIY(?ZI: s demon-

ness of aboa 1000 fest <F Toa ok, T eache b ke
ed rocks. ese rocks, whi
I;}]; ):cshesl}i):;rer part of the Oklahoma Red-beds, consis‘; T}fi}:afrlnak?
e lével es and a few beds of soft sandstones. They océ’uor
e oy thcogntry nz eas_tern and central Oklahoma between tﬁy
b Tle anta .I<e ra_llroad and the main line of the gyps n?
m a.nu Er? are m.t'hxs region a few small gypsum de ]c))s%lt
ran un;ee}chof locz(lihtles farmers dig gypsum from a bamkp bliri'
] - the pro uct for plaster and mortar. That " vock
:fi rEhe ieglon are thoroughly permeated with g'ypsurarllt :rl:g lgﬁ]\s
parteI:} sk?elzts is denflonstrated by the fact that the water o(i)’ tﬁz
region is so strongly impregnated wi vari
salts as to render it in many instances unfit fo?;?irfﬁien;a’?mus

MAIN LINE OF GYPSUM HILLS.

INTRODUCTION.

The general description of the Blaine fo i

T ral rmatio

1‘:‘1)\ f—: )1;; tthe %)1 evious chapi.:er.. In this connection it irs1 I::;Sesgsjn

. 10 ° tha ew of the principal features. The formation consi

u‘md\'Sh' ree gypsum members (the Ferguson, Medicine Lod
imer) separated by red and green shales. The outcropg?s,
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a pronounced eastward and northeastward facing scarp above
the soft, red shales of the Enid formation. Buttes and peculiar
erosional features are very common. The eutcrop enters the

Qtate from Kansas on the south side of the Salt Fork or Arkan- .

gas River and follows down that stream for a few miles, swings
back along the north side of the Cimarrom, crosses that river
near the Kansas line, and extends down the south side, gradually
getting farther away from the stream until the gypsums and.
the hills die out in northern Canadian Counly.

In the following discussion the description of this range of

hills is given in detail by counties, commencing with ‘Woods
County at the northwestern limit of the hills in Oklahoma. Be-
fore describing the Woods County area the Grimsley’s descrip-
hern extension of the hills in Kansas is given™

tion of the nort
THE GYPSUM HILLS IN KANSAS.

«The gypsum of the Medicine Lodge area is entirely rock
gypsum, is white in color, and in the lower portion of the strata
i . is portion is used at the Medicine Lodge

mill for the manufacture of terre albe. The upper nortion kas

more of the sugary texture and is used in the manufacture of

wall plaster. The satin spar which is found throughout the
Redbeds below the gypsvm is in the form of wavy plates, wi
perpendicular needles, and variable in character. Some of iths
soft, and readily crumbles, wh'le other portions are compa:t
glassy in appearance.

«Bytent of the area.—This southern gypsum area is the
largest in Kansas, and, with its continuation in Oklahoma &
Texas, forms the largest gypsum area in the United Qtates. Th
rock extends from near tre town of Medicine Lodge westw:
through Barber and into Comanche County, southward into Ok
lahoma and Texas, and passes under the Tertiary gravels to
north. The trend  of the outeroppings of the deposits is
characteristic one of the state, northeast to gsouthwest.

n six miles gouthwest of Medicint

of hills three miles long and sep
a second hill one mile in le

“The gypsum is first see
Lodge, in an jsolated range
arated by a narrow valley from

—

mgrimsley, G. P,
Survey of Kans, vol. B, pp. 70-73.

Gypsvm and gypsum cement plaster: Univ. G
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The valleys of East and W l
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arate cosne:c i};llllllsufsrtim :ﬁxe next series, in whichot}?:l;}s’pv:llxde, Slep-
Epsi e e g{ e west, Medicine Lodge river crlgs D:}lt-
T the gy ey i:xbor seven 'rmles wide. The norther s; it
iy bt car “(;) A e determined, for it is covered w'tt; 'll‘mlt
gays oohos S(.)llth,a andor;l;]earégriandy. creeks cut out brcl)a:i v:lll“:
omanche county have removed Ilrrlllsxc;ln oi‘h:h:assttgtrzlmgmf)iot" Ef
; but the

gypsum is conti
inuous over th
ber er the greater i
and eastern Comanche counties. * Ilort:on of western Bar-

“In the eastern
part of Comanch
second anche county, oele
i v 15 e ki oum, 35 e b
‘gypsum’ M Is upper layer A
by Cragin. It appears to be a ]o&isdzigzgz the ‘Shimer

“Geological relatio i

Medi 00 ‘ ns.—L_ookmg west from ¢
oot withdsgl?) ?ge can see in the distance a rang};eo;o}‘:{ﬁ o
g eon Mith sogthg §1des_ and level tops. These hills tl ; (')f
The siaeond south direction and are called the Gy;;sﬁfnellilq 5,
Beds, tho e " p(;lsgd qf thg red clays and shales of th Il{lls‘
o b, which is still somewhat uncertai ° they
ng to the Permian. The cap rock "il;n:n ?us ey
edge of

solid gypsum, which
K ’ ha‘ .
underlying, softer strat:. protected to a considerable extent the

“At the base of the hills i i

o f ¢ s is a massiv st
thi(; f:?)crln zglgdiq;cgne 1?‘ found 125 feet hig?lerre,d;I?c;] (i?)lg nfe. e
Bmees 8 led fx?i e0 igypsum forming the top of the hiel!le'*t ag‘c;l\fe
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o poeous ‘th stone 214 ft.aet thick, which stanﬂg r1n 2% o
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the solid stratv
C m and carried do
diculating water and redeposite(;fr n‘:ar;i t,P rough the agency of

“Solution effects.—1I
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B Fpsom & thweB _ shown. On Cave creek, four m']s O ater
ansyl st’ream gf ig G_‘rgpsvm cave in the Medicine lLideest of
. considerable si i : nirance
e size flows in
out of the east one, making the cave, iﬁ) 1152:1;‘,:; sgﬁntrztlnce
’ under-
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ground water course. The length of the cave is at least 100 feet,
with a roof at the east entrance 15 feet above the water level,
but which soon narrows down to a height of 3 feet. The floor is
strewn with large slabs of white gypsum. At the center is an
opening through the roof to the sky above. This hole is a few
feet in diameter in the cave and 30 feet on the gurface and is
nearly circular. The western half of the cave is low and the
floor is muddy and covered with water so as to be almost im-
passable. The section near this cave shows 30 feet of the Medi-
cine Lodge gypsum separated by 15 feet of red shale from the
Shimer gypsum, which is 15 feet in thickness. This is the typi-
cal exposure of the Cave Creek formation of Cragin.

«The natural bridges found here represent remnants of old
caves of underground water channels whose roofs have partly
fallen in. One of the best of these natural bridges is found on

Bear creek south of Sun City. * L

WOODS COUNTY.

Area of outcrop.—The Blaine formation malkes a crescent
shaped outerop in the Western part of Woods County, and is
principally in the portion of the county which belonged before
1907 to Woodward County. The approximate outcrop of the
formation is shown on the map (fig. 31). The line of hills
crosses the Kansas-Oklahoma line near the east side of R. 17 W,
—the old Woods-Woodward county line. The line of the base of
the Blaine extends east into R. 16 W. about 1V miles, then
swings south and back west along the north side of Yellowstone
Creek as far as Kingman. Here the gypsums Cross the creek
and follow down the creek on the south side for about five miles,
then in a general course to the south until they reach a point
about 8 miles west of Avard where they awing hack to the northe
west on the north side of Cimarron River. The eastward facing
escarpment is irregular, the two main indentations heing caused
by Greenwood (Greenleaf) and Turkey ( Moceasin) creed

which have cut canyons back into the gypsums for 5 or 6 mile
inor irregularities and several outliers o

There are many ™!
buttes, some especially fine ones near where Greenwood Cred

leaves its canyon in the vieinity of Faulkner.

n Fair V alle_\; the bluffs are almost 2 tol

Northwest frol
hin a few miles of the Kansu
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line where they come within one-half mile or less of the river.
The gypsums Cross the river just north of the State line and
then swing back on the south side through Harper and Wood-
ward counties. On the Woods County side of the river 8 creeks
flow in from the northeast and enter the Cimarron almost at
right angles. These are named in order from east to west:
White Horse, Red Horse, Turkey, Houston, Indian, Sand, Keen-
er, and Anderson. Each of these, as well as many minor runs,
has cut a canyon or gully back into the gypsum upland. The
canyons of the streams named are from 2 to 5 miles long and
usually less than one-half mile wide at their widest parts. The
width of the outcrop varies from a fraction of a mile at the head
of the canyons and on some of the very steep slopes, to 2 or3
miles on some of the long hills between the canyons. Beginning
a few miles east of Saratoga and continuing to the Kansas T'ne
is a belt in which sand from the valley is blown up over the hills,
sometimes covering them to a depth of several feet and obscur-
ing the lines between the Blaine and the formations above and
below.

Stratigraph.y.——Where the hills cross the Kansas-Oklahoma
line 8 gypsum ledges show on the slopes, and these are appar-
ently continuous throughout the outcrop in Woods County. All
3 ledges are entirely selenitic and, as has been mentioned in a
previous chapter, the effects of solution by ground water are
much more pronounced in the selenitic than in the fine-grained
rock gypsum. Sink holes are common and there are several
caves, some of them of considerable extent as, for instance, the
Bat Cave near Kingman. fhe slopes of the hills are less abrupt
and the crests are moie rounded than is the case farther south-
east in Blaine County. The fresher exposures show the inter-
locking network of selenite crystals, but the weathered exvos
ares show a white, powdery mass, sometimes with the outlines
of the crystals remaining but often without any trace of them.
This white earthy material when mixed with a clay sometimes
bears resemblance to gypsite but can be easily distinguished from
it by its structure and whiter color.

Often a whole ledge will be dissolved for some distance back
into the hill and only 2 or perhaps 1 ledge will show on the side
of a hill. In other localities the soft shales seem to “creep” and
large blocks of gypsum break from the ledge and slip a few feet
down the slope and thus give the appearance of another ledge.
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W i .
anl(;e{geoggpzi };:degl(;w;;;eqdegt:ls 13 absent by solution, the shales
> up| d S e down into the cavit; f ]
:ngt:lfng\;\}’::dzlsé!oto tan IC¢:mtpea1‘atnce of folding. '1¥his§ 1's0 r(:;"l:e(i;

1 v ; unty, but is not so pronounced a

Sémalrrgn in Harper County. (See fig. 35.) Some ofs tall)C: ng? e
of ss}t: u.101.1 and also the character of the gypsum in this r e'Cts
own in figure 32. This is really a small natural b}idzgel(;.g

Fig.
g. 32. Outcrop of selenitic gypsuin near Kansas line northwest of

Winchester.
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ing jus .k of where the man is
e i sink hole opening just back o . o
tl']tetliflgls a';}?:aal(l):tll!i]nes of the selenite crystals are fairly we
z;lown.about the middle of the ledge.

i and

The absence, by solution, of .the ledge]s 1.nqs;r2§ep:ﬁge(s]eter-

the duplication of ledges by slip‘m other p me\lea;‘er T cures,

nati of the stratigraphy difficult. On the cle et

mmatlotl there Q;-em aiways to he 3 ledges p'f gypsum o r. ch i

howeve}’_ lecthhe thickest, while the middle and.gg‘peare o

P in tely equal thickness. The lower and middle e

a?’?:eo(;ulg;aoil.‘; a few feet of shale an(}c r(rlull)v S(;miittlgszl oz somé
o id e separated by a 0!

\f"hii’zgthe I'leigedls(auzclggssligge;.saflaei;l; well shown in the following

3] .

section:

i {ingman
- 114 miles southeast of E
i Yellowstone Cireel 1%
Sectiom o ein W. Y, sec. 24, T 99 N., R. 17T W.

j et . o oo
typsum (Shimer) top eroded. .. ....oooetrrtttT o
%z\}/);red, proliably green and red shale. ..o
Gypsum (Medicine Lodge) ... .- h .l.e ............
Coverel, probabiy gieen and 1ed shale......

o Tt

¥ 33. Yy £ 1 tone Creek near King .
18. Canyon o Yellowsto 1 ea man
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2. Gypsum (Ferguson)
1. Covered, probably shale

The canyon where this section was taken is shown in fig-
ure 33. '

While the section is not sufficiently clear to prove absolutely
the presence of 8 gypsum members, the abrupt changes of slope
between the different members, and the difference in vegetation

and in expression leave very little doubt that the three are
present,

If the three gypsums are present the names to be applied to
them are somewhat in doubt. According to ‘Gould™ the lower-
most gypsum member as exvosed in Blaine Couptny (the Fergn-
son) disappears in the vicinity of Glass Monntains in Major
County and he makes no mention of its reappearance. Only the
Shimer and Medicine Lodge are mentioned as occurring in Kan-
sas. The evidence is so stronely in favor of the presence of
three ledges throughout Woods County, and on the opvnosite side
of the Cimarron, however, that the writer is compelled to be-
lieve, (1) either that the Ferguson is present, or (2) that a new

ledge has appeared in its place or between the Medicine Lodge
and the Shimer.

The question is interesting from a stratigravhic standpoint
but is of no importance on the economic side. Therefore in this
report the hypothesis that where three ledges are present the
lowest represents the Ferguson is accepted merely as a working
basis. In other words, where three ledges are present they are
called, from the bottom up, the Ferguson, Medicine Lodee, and
Shimer, and where two are present, the Medicine Lodee and
Shimer. Detailed mapping may nrove it necessary to make con-
siderable change in the naming of these gypsums.

Availability and development of the gypsums.—The amount
of gypsum present at a reasonable depth in Woods County is
very great, ample to supply a large number of mills for an in-
definite length of time. At present however, all of it is so far
removed from a railroad that it cannot be considered available.
Preliminary surveys for the Winnepeg and Gulf Railroad have
been run through the gypsum area and if the road should be

sould, Chas. N., Geology and water resources of Oklahoma: Water-
sapply paper U. S. Geol. Survey No. 148, 1904, p. 46,
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i ible.
built through this region it will render larg.e depos:ltsa::llccaistse\rl:lpt
In case this gypsum should become accessnl?le, an Rt

r}ll uld be made to develop it, the proposed sites f(_)r m ul‘a;itv "
be. carefully prospected, on account of the u.‘reg. e
e rre of the ledges, due to solution, No use 1s entllg b
Occurremf:ethe gypsum in Woods County. The mill .of. the Ok
o anyP(l)'aLster Company is located at Alva but uses gypsur:r:) rom
}r:((:,:lnraQuinlan in Woddward County. The mill is describe

hapter I1 and the quarry under Woodward Countv in this
c

chapter.

HARPER COUNTY.

Area of outerop.—The Blaine formation croiqlse‘: thdeovCV;lma;
ron ‘ius"c north of the Kansas line :and then lfo i(;essit e
streé.m on the sou‘chwesterr}\1 sidi. ¥ (1))1a :ﬁvm; hn(;nlv e .

1 the southwestern , ony ¢
narrownb?)lrtqae?{r’zgnding ag far as two ml'les bhack fclhom th:rllr:;
:)(f)vzlﬁz[lfsy ur;til Buffalo Creek is fIl'eache_zd mnt;?re; ::'ucait;(lmpin e
’ W. This creek flows in a né .

L o fli'm%lo about five miles southwest of Cha.l lestor;,o ﬁm;)(s):
ﬁﬁiszgi until it enters the river. The canyon 18 narrow,

: derlying ledge, Deaf:
- .dge due to solution of un
Fig. 35. Folding ofnsié):‘trtl lS(:.‘:d Creek, Harper County. B

OKLAHOMA GEOLOGICAL SURVEY 139

exceeding a mile in width until very near the Cimarron. On the
north side of the creek there are only a few minor irregularities
in the outecrop, but on the opposite side, Race Horse, Sand, and
Sleeping Bear creeks carry the outcrop back to the south a few
miles. The width of the outerop varies from less than a mile to
four or five miles. The line of hills leaves the county south of

Buffalo Creek in T. 27 N. The approximate area of the outerop
of the formation is shown on the map (fig. 33).

Stratigraphy.—In general the stratigraphy of the Blaine
formation in Harper County is the same as in Woods County
across the Cimarron. Where clear exposures are had there seem
to be three gypsums but on slopes, one or more of these may fail
to appear. All of the gypsum is selenitic. The effects of sclu-
tion are prominent. The solution of the lower ledges often

causes the upper ones to appear folded. A synclinal fold of this
sort is shown in figure 35.

Duplication of outcrop by slip also appears to be of common
occurrence. A rather peculiar structure which is interpreted in

this way is shown in the north bank of Buffalo Creek below its
junction with Sand Creek (fig. 36).

Good sections of the Blaine are very rare in this county.
Probably the best exposure is near the Big Salt Plains on the
Cimarron whete the following section was measured by Gould.®

Section at southeastern corner of Big Salt Plain in Harper

County.
Feet.

5. Redclaytotopof bluff.............. . ... ... ... ... 15
4, Massive white gypsum, the Shimer.................. 15
8. Red clay ... i e, 10
2. Massive white gypstm, the Medicine Lodge........... 24
‘1. Red clay, with bands of selenite and gypsum concre-

tions from the level of the plain.................. 80

The general appearance of the cutcrops leads the writer to
the conclusion that No. 2, the Medicine Lodge, of Gould’s section

1is usually composed of two members separated by a shale which
‘Z. -

i ®This section and those following which are attributed to Gould are

from the Second Biennial Report of the Oklahoma Department of Geology
and Natural History, unless otherwise specified.
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Fig. 36. Duplicaticn of outcrop of gypsum ledge due ot slip. Buffalo Creek
below Sand Creek, Harper Couny.

ranges up to seven feet in thickness locally, and that it probably
represents both the Ferguson and the Medicine Lodge. The total

thickness of gypsum as given in the section seems to hold fairly
well for the area in this county.

Availability and development of the gypsums.—The gyp-
sums of Harper County are well exposed for quarrying and the
amount which can be obtained is very great, estimated by Gould®
at 10,000,000,000 tons. Several locations along the Cimarron

) and along Buffalo Creek and its tributaries furnish good situa-
. tions for quarries if transportation facilities were at hand. At

present, however, the deposits are so far from railroads that
there is no possibility of their development in the near future,
even if all other conditions were favorable.

WOODWARD COUNTY.

Area of outcrop.—The outerop of the Blaine formation en-

“'Gould, Chas. N., Structural materials of Oklahoma: Bull. Okla. Geol.
Survey No. 5, 1911, p. 105.
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ters Woodward County from Harper in T. 27 N., R. 19 W,, con-
tinues down the Cimarron in a belt two to five miles in width
and passes into Major County on the line between Ranges 16 and “RIBW
17 W., T. 23 N. Several creeks have cut canyons back into the 7%

gypsum indenting the outcrop and carrying it back to the south- “ X <
west. These creeks are, from west to east, Traders, Girl, Long, | L 4(?
Doe, Chimney, and West creeks. The approximate area of the 7/ / ? &
outerops is shown on the accompanying map (fig. 37). R
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W0 0 DMIA R.D
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Ellehdale . C

Stratigraphy.—The stratigraphy of the gypsums in this P

county is practically identical with that in Woods County on the ‘,p/(
opposite side of the Cimarron, and in Harper County to the p PORTION SHOWN
northwest, which have already been discussed. In several places - R?;‘IWLA“GE MAP
the Ferguson is apparently aksent ond the Medicine Lodge forms Vi
the crest of the hills and buttes. The hills are very rugged and ) ] Priyegey lm
the canyons are deep and steep sided. Many peculiar erosional )/

forms have been developed due to the capping of the very soft (

sands and clays of the Enid by the relatively resistant gypsum. 5 <&
One of the most striking of these is Chimney Butte, from which I / | /]
Chimney Creek takes its name (fig. 88). The gypsum is entirely Pdwdle § Y

L
|

b§2

ne

removed from this butte but several in the vicinity are capped f
by gypsum. Mt. Heman and Mt. Zion are large buttes near He- k_& { /

man in the northeastern part of the county.

At this locality the Medicine Lodge seems to be the lowest |/
gypsum and just west of Chimney Butte, (sec. 27, T. 25 N., R. /77 ] ~ 7
17 W.) boulders of anhydrite up to five feet in d‘ameter were
not'ced about the middle of the layer of gypsum. This is the / /\Oai'is /
first observed occurrence of a feature which becomes very prom- ,
inent to the southeast. Lentils 10 to 20 feet long and three feet ' g %
in thickness occur in the Medicine Lodge near the Woodward- q \, ™~ - )
Major County line in sec. 24, T. 23 N., R. 17 W. At this locality . MAP N L %

24N

| —

all three gypsums are shown. The dolomitic sandstone beneath N 3 /k/
OFA PORTIOQN OF f /}’
;D’

the Shimer is about three feet thick. ; /
WOODWARD \E;
Sl

The stratigraphy is shown in the following sections by. COUNTY
£ SHOWING OUTCROP OF i )

Gould. ¥ 3
) Toz.“,‘:_ e \ \
Section made at the high bluff at the southeast corner of the BL AINE ] Curtis| | A./;\/ -

Salt Plain. GYPSUMS | I A

[
Feet. APPROXIMATE

5. Red clay to top of BIUE. .o ovonnonnrenieanaeene 15 ' CUTCROP OF GYPSUM.

4. Massive white gypsum, the Shimer..............c..- 16

T 73N
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Chimney Butte.

Fig. 38.

Red clay ....coovrvermenreerrs

Massive white gybsum, the Medicine Lodge........--:

Red elay, with bands of selenite and gypsum concre-

tions from the level of the plain

80
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Section made on-a butte at the mouth of Doe Creek, Woodward

County.
Feet
4. Massive, white gypsum, the Shimer................. 25
3. Redeclay ......... .. i, e e 5
2. Massive, white gypsum, the Medicine Lodge........... 3
1. Red clay and shale slope from the river............... 200
260
Section made on Sand Creek five miles northeast of Quinlan.
Feet.
5. Red clay ith local deposits of gypsum.............. 5
4. Massive, white gvpsum, the Shimer. ... .............. 22
8. Red clay ...ornirii i e e e 7
2. Massive white gvpsum, the Medicine Lodge.......... 30
1. Red clay from creek bed............ ... ... . ... ... 120
254
Availability and development of the gypsums.—The Atchi-

son, Topeka & Santa Fe Railway crosses the line of gypsum
hills between Quinlan and Belva in the extreme eastern portion

-of the county. A great amount of gypsum is available from this
line. Up to the present the only development is the quarry of

the Oklahoma Plaster Company whose mill is located at Alva
The quarry is located in sec. 10, T, 23 N., R. 17 W, and has been
worked out over an area of about one acre. The lowest ledge is
quarried. It is about fifteen feet thick and is composed of selen-
itic gypsum. The bed is cut by vertical funnel-shaped solution
channels, varying in size from a few inches to a foot or even
more in diameter. The solution channels and joint cracks, which
are usually enlarged by weathering, are filled with red clay. The
gypsum is shot from the ledge in the ordinary way and the small
blocks loaded into dump cars and pushed by hand to a loading
trap.over the railroad switch.

The amount of gypsum available in this region is sufficient
to supply several mills if commercial conditions were such as to
justify their construction. The total amount of available gyp-
sum in the county according to Gould’s estimate is 8,000,000,000
tons.
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MAJOR COUNTY.
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body of the hills is ten miles or more from the river. At Fair-
view the line of hills leaves the river and turns almost directly
south and continues in this direction into Blaine County. The

approximate outcrop is shown on the accompanying map (fig.
39).

The outcrop is very irregular and is indented by several
creeks. The principal streams from west to east are: West,
Main or Ewers, Crooked, West Gr'ever, East Griever, West Bar-

ney, Barney, Cheyenne or Skull, Cottonwood, and Gypsum
creeks.

Stratigraphy.—In the western part of Major County the
three gypsums seem to be present with about the same thickness
and separated by approximately the same intervals as to the
northwest. These relations are shown by the following sections:

Section at head of Crook Creek Canyon in Sec. 14, T.22 N., R.

16 W. ‘
Feet.
Shimer gypsUI .. .....coutieeiiinninennennanns 10
Red and green selenitic shales with some sandstone.... 15
Medicine Lodge gypsim......cooeeiereenenonrnenans 15
Red and green selenitic shales with dolomitic sandstone 10
Ferguson gypsum

All three gypsums are shown plainly but the contracts are
not exposed so that the thicknesses given are approximations.
The gypsum is almost completely selenitie.

Section of east side of East Griever Creek Canyon in sec. 28, T.

22 N.,R. 15 W.

Feet
12. Medicine Lodge gypsum. . ...... .. ... i an. 16
11. Greenish sandstone .......... ... .. ...oviii.. 1
10. Red and green gypsiferous shale.................. 8
9. Ferguson EVPSUM .. .....vrininrnuininennonannns 15
8. Greenish, shaly sandstone........................ 1
7. Green shale, very selen'tic....................... 114
6. Greenish dolomitic sandstone..................... 14
5. Red shale with bands of green shale and satin spar.. 26
4. Shaly, cross-bedded, selenitic sandstone......... ... 7
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3. Red shale, with bands of green shale and satin spar. . (i

2. Shaly, cross-hedded, selenitic :qandst;,.‘,'\e. e h .l.e

1. Red shale containing many thlp bancs of ‘green sna o2
and satin spar from East Griever Creek.........:

Farther back on the hill and about 20 feet above the Mﬁ:‘l:;
cine Lodge gypsum is a heavy, honey-combed sanfist?nfz_ a
oceurs just below the Shimer gypsum throughout this region.

The ¢ ‘ite in the Medicine Lodge is present only in.
thickl:}?orltnllgrll(}:;ls. One of the lentils a fe\.)v {eet north Olfd IWherl;fl
this section was made is over five feet thick .at the m1( te 3313
ahout eight feet long. These lentils occur at n‘regu]z‘u in (:,lr !
and at different horizons on the bed. The beds are made up
chiefly of selenite crystals. )

T. 22 N, R. 15 W, the Ferguson gypsum OWS
a thgélkﬁzzézg% fifteen feet and is underlain by ten inches of
greenish dolomitic and selenitic sandstone.

Section on West Barnely Creel in sec. 25, T. 99 N., R. 15 W.

Feet.
s 8
13, * Shimer gyPSUM . ...ccoooooonsrormsrrrrr i :
12. Honey-combed dolomitic sandstone........cc..oeee K
11. Covered. probably shale. ......ooeeeerrrore qult i
10. Medicine Lodge gVDPSUMLc..o.ocnrernenm0! B o
9. Covered, probably Ghale. cvoee e o
Q. Terguson SVPSUML .....ococoororsmstoss S "
7 Greenish dolomitic qandstone. ..o 31/:
6. Green. sandy I T R :
5). Red shale with many thin bands of green shale and y
SALIN SPAL . .v i ifdia et . "
4. Selenitic sandsto}r]le ............................. g
3. Red and green & B S
2.) Shale and soft sandstone, red and gieen, cross-beeded, "
GYPSITEIOUS . vooeevmeemsreemm s 41:
1. Covered, probably SHALE. v veve e ]

{

In this section there are no good exposures of the top of.

the Ferguson or of either the top or the bottom of_ th{ne Me;l;c:ln:
Lodge. The top of the Shimer is eroded. The th.xc mzszl " o
gypsums as given in the section reprgsent what is ac uto ybe .
pbsed. The anhydrite in the Med‘lcme Lodge seems i nsn(?
continuous body over six inches thick. The upper porio }
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all three ledges are very selenitic, that of the Shimer especially
so. The lower portions of the ledges have taken on the fine-
grained condition which is common to all of the gypsum a few
miles farther to the southeast.

The gypsums continue around Barney and Cottonwood
creeks with little change in their relationships or thickness.
All along the line of hills in this county west of Fairview the
effects of solution are very prominent. Caves, or under-
ground channels are numerous and range in size from the very
small ones to those 50 feet wide and about the same height and
of considerable length. Some are reported to be over a mile
long. Bat Cave on Main Creek is one of the best known of the
cawves of Major County.

The origin of the caves is aparently as follows: The gyp-
sum of this region is selenitic and easily attacked and dissolved
by ground water. They are cut by two sets of joints almost at
right angles to each other. The crossings of these joints locate
Ipoints where the ground water can effeet its greatest solvent
action, and funnel-shaped solution holes are formed. After a
hole is formed, the water which flows down through the open-
ing begins to work out through the soft sandy layers which lie
immediately below the gypsums. At the canyon wall the water
working out from this sand softens it and carries it away thus
starting a channel under the gypsum ledge. The head of this
channel works rapidly back until it comes under the solution
hole or sink. Then if there is a second solution hole back
farther from the edge of the hill the process will be repeated

and so on, until considerable caves are formed if the conditions
are favorable.

1f the channel beneath the gypsum should become sutfi-
ciently’ wide and deep, the roof may drop in and after the
‘blocks are dissolved and carried away a narrow steep-sided val-
‘ley may result. Some of the phenomena of solution are shown

Jin figure 40.

The caves, of course, lie partly in the shales below the gyp-
sums and partly in the gypsums themselves. Where two gyp-
sums are separated by only a few feet of shale, the upper gyp-
sum may form the roof of the cave or channel while the inter-
vening shale, the lower gypsum, and patt of the shales below the
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¥fz. 40.—Sink, cave, and large joint structure in massive gypsum west of
) Fairview. (Photo by Beede.)

lower gypsumm may be removed by solution and ero.sion. to fpl'm
the cave. An ideal sectioin of such a cave 1s shown in figurei 41.

- .‘
AR X K>
43"."."

- QUROTLX
RHRRAARX

Fig. 41.—Ideal section of gypsum cave. (After Gould, U. S. Geol. Suwey.}

Buttes are very common and are often of large size. ’;‘he
best known in this county are those northwest of Fairview
called the Glass Mountains. These are a group of’ outlier‘s.or
buttes capped by the Ferguson gypsum or by the Medp}ﬂﬂ
Lodge where the Ferguson is absent. One of the most striking
of these buttes is shown in figure 42. :

The slopes below the gypsum are eroded into a great num
ber of erosion forms, and deeply trenched by running water
The clays below the gypsums are filled with great numbers of
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Fig. 42.—Glass Mountains, Major County. (U. S. Geol Survey.)

selenite crystals and thin bands of satin spar. There are also
considerable numbers of gypsum concretions. As the slopes
are eroded the clay is washed out leaving a layer of selenite and
satin spar flakes and gypsum concretions on the surface (fig.
43). These glisten in the sunlight and give rise to the name
Glass (er Gless) Mountains,

The type of weathering and the presence of selenite and
satin spar in the red clays are common along this line of the
gypsum hills but the effects are especially striking in the
neighborhood of the Glass Mountains. To the south of the
Glass Mountains the hills become much less rugged than they are
to the northwest. The slopes are more gentle and the gypsums
are not well exposed as a general rule. These low hills extend
south from Fairview across the line into Blaine County. In
this region good exposures are rare and complete sections are

‘not easy to obtain,

On the head waters of Cottonwood Creek the Ferguson gyp-
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Fig. 43.—Gypsum concretions covering the slopes of red clay, Glass Moun-
tains. (V1. S. Geol. Survey.)

sum shows » thickness of six feet six inches ﬂt. one locality in
sec. 30, T. 21 N, K. 13 W, and about one-half !‘mle to the south-
east in sec. 30, over 12 feet of the Shimer is gxposed. Two
miles farther east, in sec. 33, the following section was made.
The contacts at the top of the Medicine Lodge and at the base
of the Shimer were not exposed and the thicknessess are there-
fore approximate,.

Section on Gypsum Cieel, Sec. 33, T. 21 N., R. 13 W.

Feet
7. Shimer gypsuin—top removed ................. 15
. Honey-comhed dolomitic sandstone, at feast .. ... 2
5. Covered, probably shale .. .. ... ... ..... . 25
4. Medicine Lodge gyvpsum, including at least one foot

of anhydrite exposed ...... .. ... .. .. . ... 6
3. Greenish dolomitic sandstone-.................. 1
2. Covered, probably shale ...................... . 13
1. Ferguson gvpsum—Dbase not exposed ............ 6
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In see. 6, T. 20 N, R. 12 W., the Ferguson is about six feet
thick and the Medicine Lodge is at least 10 feet thick. They
are separated by about 17 feet of shale. The Shimer is not
shown but the hills are capped by a greeninsh dolomitic sand-
stone such as occurs under the Shimer. The Shimer probably
occurs farther to the sourhwest. Two miles farther south al-
o5t precisely simi'ar® conditions are shove, In a ent on the
Kansas City, Mexico & Orient Railroad in sec. 29, eight feet of
massive white gypsum are shown. It se2ras to he in the Medi-
cibe T odge but the anhydrite is not shown,

Availability and development of the Jypsum.—The gvpsum
devosits of Maior County are st present uvailable only frcm
the line of the Kansas City, Mexico & Orient Railroad south of
Fairview., Lines could be run west from this road north of
TFairview with comparatively small expense which would ren-
der immense quantities of gypsum available, but under present
conditions this is not feasible. No use has been made of the
gypstm of the county. A mill was projected at Fairview a
few vears ago hut the plans were not carried out. The amount
of gypsum present at less than 100 feet deep is estimaicd by
Gould at 12,000,000,000 tons.

BLAINE COUNTY.

Area of outcrop.—The vypsum hills enter Blaine County
from the north and extend a little east of south through Tps. 19
and 18 N,, R. 12 W. They swing around the head waters of
Bitter Creek in T. 17 N.,, R. 11 W.. and then continve south-
east across the corners of T. 16 N, R. 11 W, and T. 16 N., R.
10 W., and across T. 15 N., R. 10 W. Throughout most of the
county the hills back from the outerop are covered with sand
and the outcrop is usvally not over two or three miles wide.
The approximate area of outerop is shown on the accompany-
ing map (fig. 44).

Stratigraphy.—At the Major-Blaine county line the hills are
rather inconspicuous and are rounded. To the south they
rapidly become more prominent and the canyons are steep
sided. Straight west from Darrow the hills show about the
same characteristics that they hold throughout the county to the
southeast. The exposures in this region are clearer than else-
where along the line of hills. This is probably due in large
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measure to the nature of the gypsums which have changed from
the coarsely crystalline selenitic form (which is their principal
feature to the northwest) to a fine grained dense form, the typi-
cal rock gypsum. This form is apparently much less easily
acted upon by water and is not easily dissolved to the extent that
the selenitic gypsum is farther to the northwest. Caves and
sinks while present are not nearly so well developed as in Major
County. The steep sides of many of the canyons are also due
in part to the presence of the anhydrite member of the Medi-
cine Lodge gypsum, which reaches its maximum development
in the vicinity of the head waters of Salt Creek west and south-
west of Ferguson. This is more resistant than the gypsum or

face at the top of many of the
If in large blocks when under-

the shales and makes a vertical
bluffs, from which it breaks o
(see figs. 45 and 46).

mined.

Fig. 46.—Anhydrite member of the Medicine I.od

ge gypsum, salt plain in
foreground.

(U. 8. Geol. Survey.)

The following notes and sections indicate the character of
the gypsums as exposed in different localities :

In sec. 8, 1. 19 N., R. 12 W., at the head of a canyon in the
northeast part of the section the Ferguson gypsum shows a
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mile to the southeast in sec. 9, the following section was meas-
ured:

Secton in SE. 14 See.9, T.19 N, R. 12 W.

Feet
5. Medicine Lodge
Gypsum—top removed ... 4
Anhydrite ... .. i 3
L0 1100 11 T 814
4. Greenish sandy shale and dolomitic sandstones .. B
ted and green shale with selenite and satin spar
DANAS & e s 16
9. Ferguson EYPSUM . ..oenovneenn e 614
1. Greenish dolomitic sandstone .................. 14

About one mile Tarther southeast in sec. 16 the Medicine
Lodge is at least 15 feet thick and the anhydrite member three
feet thick. The contacts are not well exposed and definite
measurements covld not be made. The Medicine Lodge and the
Shimer are separated by 26 feet of green and red shale, filled with
selenite bands. The Shimer is 11 feet thick with the top re-
moved and is immediately underlain by one foot or more of
greenish dolomitic sandstone.

1n the SE. 14 sec. 23, in the same township the Trerguson
shows o thickness of about eight feet. There is a small cave
under the outcrop so that the bottom of the ledge is probably
removed and the full thickness not shown.

At the quariy of the Cklahoma Gypsum Company at Wil-
con in the NE. 14 sec. 26, T. 19 N, R. 12 W,, the Ferguson is
8 to 10 fet thick. The anhvdrite member of the Medicine
Lodge is about three feet thick and has 10 feet of very pure,
fine-grained, white gypsum above it. The Independence Gyp-
thickness of six feet, six inches, with the top removed. One
sum Company has quarried the Medicine Lodge and Shimer
at Southard in sec. 10 T. 18, R. 12 W. The quarry worked in
the fall of 1912 is in the Shimer which is here 17 feet thick,

massive and fine-prained.  The upper 8 to 10 feet is pure.

white and the lower seven to nine feet somewhat cloudy. The
nature of the rock is shown in figure 50. 'This property was
purchased in the {ail of 1912 by the United States Gypsum Com-
npny.
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. The following ser.zt.zc_\n was taken 200 paces ecast of the north-
west corner of sec. 11, i1:st south of the section line,

Section in NW, 14, Sec, 11, T, 18 N., R. 12 W., One Mile East of

Southard

11. Anhydrite, at top of hill ............... about F4eet
10. Gypsum, white, massive ..................... 5
9. Greenish grey sandstone .................... 1
8. Redshalewithgreen_bands................’.: 9 -
7. Red and green shale with satin spar and green

selenite bands ........ ... ... .. ... 11
6. Ferguson gypsum, mottled .................. 7
5. Greenish dolomitic sandstone ............. 14
4. Red and green shale 8/_
3. Green selenite in clay, satin spar ........... . 114
2. Red shale with thin bands of satin spar ...... 7"
1. Red and green shale with some selinite .. .... 30

i In this section Nos. 10 and 11 1epresent the Medicine Lodge.
The upper gypsum has been removed by erosion. The Shimer
shows about 15 farther back on the hill. The appearance of
tbe weathered surface of the anhydrite, No. 11, is shown in figure
six, in chapter one.

Around the head waters of Salt Creek, west of Ferguson
the gypsum hills are higher and more rugged than anywhere elqé
a.long the.outcrop of the Blajne formation. As previously me;l-
tioned this is probably due to the ledge of anhydrite which
1'eaches. its maximum development here, where it is four to five
feeils thick. The appearance of the ledge and the manner in
which it produces the steep slopes are shown in figure 46.

The following section by Gould was measured at th L
at the old plaster mill west of Ferguson: i © bluff

Section Talen on the South Canyon of Salt Creek, at the Rubey-
Stuceo Plaster Company’s Mill '

7. Massive, white gyvpsum, the Shimer
6. Soft, gray dolomitic sandstone ............... 1
5. Red gypsiferous clay : o a7
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Fig. 46.--Anhydrite blocks from Medicine Lodge gypsum, 4 miles west of

Ferguson.
1. Massive white gypsum, the Medicine Lodge (Con- _
tains 39 feet anhydrite) .................- 17
3. Red gypsiferous clay, with green bands of selenite 25
9. Pinkish, mottled gypsum, the Ferguson ........ - 4
1. Red gypsiferous clay, with thin green and white
selenite bands and layers.............. .00 86

i \ i 1t and,

The clay underlying the Ferguson is locally very salt
in Henquenet’'s Canyon, near the head of Salt Creek gives rise to
many salt springs. These are deseribed in the succeeding chap-

{er of this report.
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To the southeast the gypsums show little change in their
character and relations for a few miles. In the E. 14 sec. 18,
T. 17 N., R. 11 W., across Bitter Creek from the Roman Nose
Gypsum Company’s mill the following section was measured:

Section Near Bickford ¢ nSE. 1), Sec. 18, T. 1T N, R. 11 W.

Feet

6. Shimer gypsum, top eroded ................... 14
5. Red and greenshale .......................... 32
4. Medicine Lodge gypsums

GYPSUIM ... it 9

Anhydrite ............ ... ... ... . ... ... ... 2

GYDSUM .ot e e 6
3. Red and green shales ......................... 32

(a 12-14 inch layer of gypsum near the middle)
2. Ferguson gypsum ....................... 5to 6
1. Red shales ..........viinie .. 70"

The contacts at the bottom of the gypsum ledges are not
clearly enough exposed to tell whether or not thin layers of
dolomitic sandstone usually present immediately under the gyp-
sums occur in this section. The general character of the out-
crops in this region is shown in figure 47. This picture was
taken north of the Roman Nose Gypsum Company’s mill at

Fig. 47.—HIill near Bickford, showing the three gypsum beds.
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Bickford. The Ferguson shows as a bench about one-third of
the way up the hill. the Medicine Lodge caps the main hill,
while the Shimer caps the outlier at the right of the picture.
The white blocks at the foot of the hill and on the slopes are
mostly anhydrite from the middle of the Medicine Lodge. The
ledge of anhydrite shows about the center of the figure.

Four miles to the southeast of the section just described
are the quarties of the Monarch Plaster Company and the
American Cement Plaster Company. They are situated in
secs. 27 and 34, T. 17 N, R. 11 W. The following section was
made by Gould along the Chicago, Rock Island & Pacific Rail-
way at this locality. : .

Section Along the Chicago, Rock Island & Pacifie Railway,
Four Miles South of Hitcheock.

Feet

8. Massive, white gvpsum, the Shimer ............. 8
7. Gray, dolomitic sandstone ............. ... 0.0 1
6. Red clay ... .ot i . 4b
5. White, massive gypsum, the Medicine Lodge. . ... 12
4, Gray dolomitic sandstone ..................... 2
3. Red clay shales with greenish bands ............ 17
9. Massive white gypsums, the Iferguson ........... 3

Red clay shales with bands of gypsum ........... 90

The thin gypsum observed between the  Ferguson and
Medicine Lodge in the scction at Bickford is not recorded in
this section by Gould, Tt is exposed; however, .in the railroad
cut in sec. 27, where it has a thickness of about one foot. Be-
tween the Bickford section and the one at the quarries south
of Hitcheock the Shimer thins perceptibly and the anhydrite in
{he Medicine Lodge becomes lenticular and is practically ab-
cent in the Monarch and Ametican quarries which utilize the
whole thickness of the Medicine Lodge. The satin spar veins
in the shales between the gypsums are very abundant in this
region and are thicker than usual.  (See fig. 48).

Southeast from the Monarch and American quarries, the
Shimer continues o become thinner, the Medicine Lodge thins

to about seven feet and the Ferguson to three feet while the.
fovrth eypsvm, between the Ferguson and the Medicine Lodge,’
gradually thickens to three feet. This layer is quite selenitic’
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Fig. 48 —Sati A
ig. 48.—S8atin spar veins in clay, north of Watonga. (U. 8. Geol. Survy.)

while the others are fine-grained 7 1
_ g . In sec. 19, T.
W., the following section was measured : 1 N 10

Section in SW. 14, See. 19, T. 16 N., R. 10 W.

8. Shimer gypsum ........... e
7. Dolomitic ................. .. e 6 14
6.- Red and green shales wi in dolomitic layers. . *
5. Medicine Lodge g‘ypssum Ith thm fii)l.o.rf]—tlc layers. 4’%
4. Covered, probably shale ............... .. . 2'I
8. Gypsum, selenitic ....o............ ... " ,
2. Covered, probahly shale ............ ... . " 2
1. Fergusongypsum..............:::::: ........ 22

The contacts in this se.tion are not
: 4 his sec 2 . sharply expose
the thicknesses are approximations. The dolomitic l")]ave?r al?i

neath the Shimer is very fossiliferous, containing farge mem
5 = -

bers of pelecypods. The character of the steeper hills in this
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region is shown in the accompanying view of Cedar Hills (fig
49).

Fig. 49.—Cedar 11ill, east of Watonga, showing Ferguson glypssull‘l‘;e‘(.)r; the
h'slope and Medicine Lodge gypsum as a cap, (U. 8. Geol. Survey.

Farther to the southeast the Shimel" disappears, the do!:-
mitic layer beneath it continues as a thlckgr.l.ed, blue to '\;hll;
magnesian limestone, which is locally fossxl.ll'grous. 1'n . h
N.. R. 10 W., the hills grow less and less distinct until at ‘t e
13l;1i11e-l{i11gfishe1- county line they die out to reappear across
the line in Kingfisher county.

The Tollowing section was meastll'e(! on a butte twp mile(si
west of Altona and one mile west of the line between Blaine an
Kingfisher counties.

Section in NE. V, See. 14, T. 15 N, R. 10 W., Two Miles West
of Altona
Feet
7. Medicine Lodge gypsum, top removed by erosion g :
6. White dolomitic sandstone ..................... .
5. Red and greenshales ...l

OKLAHOMA GEOLOGICAL SURVEY 163

4. Gypsum, anhydrite, with satin spar beneath .... 3
3. Red and green shale .............. ... . . . . .. 13
2. Ferguson gypsum, selenitic ......... ......... .. 3
1. Redandgreenshale .................. ... .. .. 21

Availibility and develcpment of the gypsums.—Blaine Coun-
ty is well supplied with railroads and the gypsums are more
accessible than those of any other county along the first line of
hills. Three railroads cross the outcrop in the northern part

. of the county and a fourth is sufficiently near the outerop to

render the gypsums available.

The Kansas City, Mexico & Orient Railroad crosses the out-
crop south of Fajrview in Major county and remains near the
top of the hills for some distance into Blaine County. Spurs
two or three miles in length built from this road in the vicinity
of Longdale would open up immense deposits. At present there
is no development along this road although a mill has been pro-
posed at Longdale. i

The Kansas City and Vernon branch of the St. Louis &
San Francisco Railroad approaches the outcrop at Wilson east
of the center of sec. 26, T. 19. N, R. 12 W., turns south along the
foot of a hill which is capped by the Medicine Lodge gypsum. The
scarp continues to the southwest on top of the gypsums. In
sec. 10, T. 8 N,, R. 12 W, a branch of Squaw Creek carries the
outcrop back near the railroad and makes a large amount of
rock easily available. Two mills with their quarries and the
quarry of the third mill, are located on this road.

The new mill and quarry of the Oklahoma Gypsum Com-
pany is located at Wilson east of the center of sec. 26, T. 19 N,
R. 12 W. The mill'is on a short spur from the railroad, at the
foot of a hill which is caped by the Medicine Lodge gypsum. The
quarry is opened in the Ferguson which is about six feet thick
and of a very good quality. TFrom the quarry the rock is hauled
to the mill in steel dump cars on a tramway. A large quantity
of rock can be obtained from the Ferguson ledge before the
stripping becomes prohibitive. It is planned to open a second
quarry in the Medicine Lodge above the anhydrite. A thick-

_ness of 10 feet of exceptionally pure white gypsum can be ob-

tained with very little stripping.

The present quarry of the Southwest Cement Plaster Com-
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pany (leased to the Oriental Plaster Company), whose mill is
at Okeene, is on the end of a nose in the south part of sec. 26.
The material is crushed in a crushing plant located beside the
railroad, run into cars on a switch, and hauled to the mill. The
quarry opening is small. The old quarry of this company is
near the north line of sec. 2, T. 18 N., R, 12 W. The Medicine
Lodge gypsum above the anhydrite was quarried. 'The opening
is about 875 by 125 feet in dimensions. The crushing plant was
formerly located at this point.

The milt and quarry of the Independence Gypsum Company
at Southard was purchased in the fall of 1912 by the United
States Gypsum Company. The quarries are located in the NW.
1, sec. 10, T. 18 N, R. 12 W. Both the Medicine Lodge and
the Shimer have been quarried; about five acres of the Shimer
and one acre of the Medicine Lodge have heen removed since
work began in 1905. In the fall of 1912 a quarry in the Shi-
mer was being worked. The ledge here averages 17 feet in
thickness and *the greater part is pure white.

The lower five or six feet is somewhat cloudy but burns
wiite. The stripping is usually less than two feet, but many
of the joints are opened by solution and considerable work is
resuired to remove the clay from the joints. A small portion of
the quarry is shown in figure 50. The rock is hauled to the
mill, a distance of over one-fourth mile, in wagons and un-
loaded by hand. Twelve men were working in the quarries and
on the wagons at the time the quamny was vizited, but as high
-~ 95 men have been employed when the mill was running f{o
capacity.

The (Geary-Alva hranch of the Chicago, Rock Tsland &
Pacific Railway comes near the gypsum hills southeast of Fer-
guson and follows closely along the foot of the hills through the
canyon of Bitter Creek ( Roman Nose Canyon) from the lines
between secs. 7 and 18 for about three miles to the southwest
where it goes up over the gypsums near the head of the canyon.
Two mills are located along this road.

The old mill of the Rubey Stucco-Plaster Company is situ-
ated about four miles west of the railroad near Ferguson in the
Qouth Canyon, near the head of Salt Creek. The quarry is at
the top of a hill abovt 250 feet above the level of the hottom of
the canyon. The Medicine Lodge gvpsum was quarried. The
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Fig. 50.—A portion of the guarry of the United States Gypsum Company in
the Shimer gypsum at Southard. '

rock was lowered to the mill in cars operated by a gravity sys-
tem on a double track., Owing to its being located so far from
the railroad this mill has not been successful and has not been
operated for some years, The tracks from the quarry to the
mill have Been destroyed. There is no prospect of the mill be-
ing operated in the near future.

The Roman Nose Gypsum Company owns the SE. 1/ and
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the E. 4 NW. 1} sec. 18 and the E. !> SW. 14 sec. 7. T. 1'7 N,
R. 11 W. The railroad lies parallel to the hills on the west side of
the track less than one-eighth mile from the hills on the east.
The quarries are in the Medicine Lodge gypsum, above the an-
hydrite layer. A thickness of five to six feet ot gopd rock can
be obtained near the outerop and eight to nine feet is acce.ass1_ble
farther back in the hill. However, the thickness of Stl:lpplng
also increases very rapidly so the quarrying is not carried far
from the outcrop until the stripping becomes hgavy, and a thl.l‘d
quarry has been opened. 1t is planned to strip the a.nhydr'lte
from the old quarries and to utilize the gypsur‘n below }t, which
is about six feet thick and of good quality. The rock is hauled
from the quarry to the mill in wagons and un.loac_iled by_hand.
The location of the quarries and mill is shown in figure 51 and
the mill and its surroundings in figwe 52.
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Fig. 52—Mill of the Roman Nose Gypsum Company at Bickford.

The Enid, Lawton, and Waurika branch of the Chicago,
Rock Island & Pacific Railway crosses the gypsum hills about
four miles south of Hitchcock, It makes the gyvpsum deposits
of sec. 27 and 34, T. 17 N., R. 16 W., easily accessible. Two
quarries, those of the Monarch Plaster Company (leased to the
Oriental Plaster Company) and of the American Cement Plas-
ter Company whose mills are at Watonga, are located in these
sections. ‘The location of the quarries, gypsite beds and of the
hills in these sections and in sec. 35 are shown in figure 53. The
small map (fig. 54) shows the location of the holdings of the
Roman Nose Gypsum Company, the Monarch Plaster Company,
and the American Cement Plaster Company in T. 17 N., R. 11
w.

The quarry of the Monarch Plaster Company is in the NE.
1 SE. 1} sec 27. 1t is opened along the railroad cut and a
short spur is laid into the quarry. The entire Medicine Lodge
bed is quarried giving a thickness of 12 fto 15 feet of gypsum.
The stripping is very thin as far back as the face has beer
worked but inereases very rapidly back into the hill. A large
quantity of rock can be secured before the stripping becomes
very heavy. The conditions of the quarry are shown in figure
55.
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I"ig. 55.—DPortion of «quarry of Monarch Plaster Company.

The quarry of the American Cement Plaster Company is
the NE. 14 NE. 14, sec. 34. T. 17 N., R. 11 W. The quarry
worked at present was opened in the summer of 1912, and the
opening is still small, less than one-eighth acre having heen re-
moved. The nature of the rock and quarrying conditions are
identical with those of the Monarch quarry which is only 40
rods distant. The rock is hauled from the quarry face in end
dump cars on a track to the crushing plant. - The plant has a
jaw crusher and cracker of a -apacity of 10 tons per hour. The
power is furnished by a 40 horse power, Fairbanks-Morse in-
ternal combustion engine which uses solar oil as fuel. The grav-
el from the cracker is elevated and runs directly into cars on
the spur track from the railroad. Twelve to fourteen men are
emploved at the quarry and crusher, at 20 cents per hour. A
portion of the quarry is shown in figure 56.

Gypsite beds.—The gypsite beds of Blaine County seem to
be more extensive than those of any other county along the
first line of hills, but this may be on account of their being bet-
ter developed. From the nature of the occurrence of gypsite
beds it is evident that heds coveiing considerable areas may be
present without being exposed. or may he exposed in such small
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Fig. 56.—Portion qf .the American Cement Plaster Company’s quarry in the
Madicine Lodge gypsum northeast of Watonga.

patches as to escape notice unless detailed search is made for

th‘eﬁn’ and little search has been made in counties having no
mills.

Three small gypsite beds lie in the draws in E. 14 sec. 27,
T. 19 N, R. 12 W., about one mile west of the Oklahoma Gyp-
sum Company’s mill at Wilson. One bed is about 100 feet by
750 feet and shows a maximum thickness of seven feet of gyp-
site. At a short distance from this is a second bed about 350
feet square. The full thickness is not shown but the bed is over
two feet thick. A similar bed lies to the east. It probably ex-
tends down the draw 300 to 400 feet.

The gypsite beds of the Southwest Plaster Company (mill
at Okeene) lies in the south-central part of sec. 35., T. 19 N,
R. 12 W,, and in the adjoining part of sec. 2 in the township to
th<_e south. The opening in sec. 2 is about 125 by 375 feet. In
thickness the gypsite ranges from about two feet at the foot
pf the hill to five to eight feet at the creek. The stripping
is two feet thick, of the soil near the hill and five feet near
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the creek. This bed extends east on to the land of the United
States Gypsum Company. The quality of the gypsite is better
near the creek. The material is hauled to the railroad in wag-
ons and dumped into the railroad ears through a trap. The
opening in sec. 85 is about 125 feet square. In thickness and
quality the bed is similar to that to the south. The gypsite
igs hauled to the railroad in wagons whose beds are elevated and
dumped into the cars by means of a derrick.

Large deposits of gvpsite lie along Bitter Creek at and near
Bickford. Exposures are seen at intervals for a distance of
about two miles along the creek and in some of its small tribu-
taries. The bed used by the Roman Nose Gypsum Company lies
principally on the east side of Bitter Creek in the NW, 14 sec. 19
and the SW. 74 sec. 18, T. 17 N., R. 11 W, less than one mile
from the mill. In thickness the deposit varies from one foot
at the foot of the hill to five feet along the creek and it is cov-
ered by soil a few inches to two feet thick. The bed is approxi-
mately five-eighths mile long and averages about 75 feet wide.
The gypsite is removed by drag scoops and dumped through a
trap into wagons. Only about one-tenth of the estimated quan-
tity of the deposit has been used in the five years that the mill
has been running.

The mills at Watonga obtain their gypsite from a large
bed lying in the SE. { NE. 14 sec. 34 and the NW. 14 sec. 85.
T. 17 N, R. 11 W. The entire bed covers -about 80 acres and
the maximum thickness is about eight feet. The material is
worked with drag scoops and dumped through a trap into rail-
road cars on a spur track from the Chicago, Rock Island & Pa-
cific Railway. Judging from a general view of the workings
less than one-half of the available material has been removed.

KINGFISHER COUNTY.

Arew of outerop.—The gypsum hills cross the extreme
southeastern corner of Kingfisher County. The escarpment lies

in secs. 30, 81, 82, and 33, T. 15 N., R. 9 W. The approximate

area of outerop is shown in figure 57.

Stratigraphy.—The gypsum hills die out just about the line
between Blaine and Kingfisher counties but reappear in King-

fisher and continue into Canadian County. It is not known :
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Fig. 57.—Map of a.portion of Kingfisher and Canadian counties showing out-
crop of Blaine gypsums.

whether the gypsums arc absent along the Blaine-Kingfisher
county line or whether they are merely covered. In Kingfisher
County the section is apparently the same as in the adjoining
part of Blaine County. Good exposures are rare. The thick-

ness and relations of the gypsums are shown in the following

sections:
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Section in NIW. 1y Sec. 29, T. 15 N, R. 9 V.

Feet
6. Dledicine Lodge gyvpsum, pink, top eroded ...... 4
5. Sandy, white dolomite .............. .. ... ... 2
4. Covered, probably shale ................ ... ... 16
3. Gypsum, with satin spar immediately underneath 2
2. Covered, probably shale ................ ... ... . 16
1. Ferguson gypsum .............. ..o, 5

Just north of the Kingfisher-Canadian county line the

. stratification becomes very erratic and the ledges cannot be

traced.

Availability and development of the gypsums.—The gyp-
sums of Kingfisher County are not near enough to a railroad
to be considered available at present. No development has
been undertaken. Gould estimates the amount of gypsum at
50,000.000 tons.

CANADIAN COUNTY.

Area of onterop.——The gypsum hills extend into Canadian
County from Kingfisher and reach almost to Darlington on the
Chicago, Rock Island & Pacific Railway. The hills are not con-
spicuous and the slopes are gentle.

Stratigraphy.—Just before they cross the south line of
Kingfisher County the outcrop of the gypsums becomes dis-
continuous and the individual ledges cannot be followed. In
the north part of T. 14 N, R. 9 W., three gypsums are present
which may or may not be the reappearance of the Ferguson,
Medicine Lodge, and the unnamed gypsum between them. The
upper and lower gypsums are each about three feet thick and
the middle one i sabout one foot. All three are usually white but
the top parts are sometimes pink and selenitic. The thin mid-
dle.ledge is occasionally very impure, sometimes clayey and
often anhydritic. In T. 14 N., R. 8 W., gypsum occurs in len-
ticular beds. One of these beds is quarried at the Okarhe mill
of the United States Gypsum Company in sec. 34. Southwest
of this point the gypsums finally disappear.

Arailadility and development of the gypsums.—The gyp-
sums of Canadian County approach the Chicago, Rock Island &
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Pacific Railway north of El Reno. The only development is
the quarry mentioned in the preceding paragraph. - This prop-
erty was closed in 1912 and will probably not be reopened.

SECOND LINE OF GYPSUM HILLS.
GENERAL STATEMENT.

The second line of gypsum hills is formed by the eastern
portion of the outciop of the Greer formation. As has been
observed, this formation consists of red shales and red sand-
stones with subordinate amounts of gypsum and dolomite or
magnesian limestone. The stratification in the area under con-
sideration is very erratic and the gypsum ledges are not contin-
uous over large areas as is the case in the first line of gypsun:
hills. Ledges of gypsum several feet in thickness may pinch out
or grade laterally into sandstone in the distance of a few rods.
As a consequence of this irregularity of stratification the hills
in this region differ strikingly from those of the first line. In-
stead of a single bold escarpment with outlving buttes, the hills
are a series of rounded knolls usually covered by grass, or a
series of long rounded ridges. Good exposures of any consid-
erable thickness of rock are comparatively rare. The eastern
margin of the hills lies from 25 to 50 miles west of the main
line of hills. The width of the gypsum outcrops varies from
about five to about 30 miles. The areas occupies parts of the
following counties: Dewey, Ellis, Roger Mills, Custer, Washi-
ta, Kiowa, Caddo, Comanche, and Grady. These counties will
be considered in turn commencing at the north. The outerop
of the Greer formation is shown on the general geologic map
(fig. 30).

DEWEY COUNTY.

Although the Greer formation outcrops over a considerable
portion of Dewey County, the gypsums are thin and relatively
unimportant. The high hills north of the Canadian River north
and northwest of Taloga are capped by a ledge of rock gypsum
four or five feet thick. The gypsum appears to be of good
quality but so much of the ledge has been removed by erosion
that the areas remaining are comparatively small. No loca-
tion was observed which seemed suitable for a mill site even it
there were transportation facilities at hand. The same ledge
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continues to the southwest up the river as far as Raymond, and
what is probably the same ledge appears at Camargo on the
Wichita Falls & Northwestern Railway. Large quantities of
gypsum were removed from the railroad cut about one mile
north of the town, where the ledge shows a thickness of about
four feet. In this locality there seems to be more than one
ledge, but the stratification is very erratic, or the gypsums are
locally removed by solution and can not be traced along the
hillsides for any considerable distance. In at least one case,
a bed of gypsums seems to be inclined, that is, to cut across the
lines of stratification of the shales and sandstones. No ex-
planation for this phenomenon is offered. The grading of
sandstone into gypsum is also well shown here. In tracing a
ledge of ordinary redbeds sandstone, a few small white specks
or patches of gypsum will be found widely separated in the
sand. These increase laterally in number and size very rapidly
until, sometimes in the distance of a few rods, the sandstone
is tentirely replaced by gypsum. The gypsum ledge may con-
tinue for a considerable distance, but in many cases grades back
into sandstone in a distance of a fraction of a mile. Although
the quantity of gypsum at Camargo is large the extreme ir-
regularity of its occurrence, and the amount of stripping which
would be necessary to secure a sufficient supply for a mill for
any length of time, render its development improbable, at least
in the present state of the plaster industry. Six miles north-
east of Leedy gypsum ledges show on the hillsides along Stink-
ing Creek and some of its tributaries. In one locality there are
apparently four beds, ranging from two to four feet in thick-
ness. These beds can be traced only a short distance and all
have considerable cover except at the outcrop. Gypsums show
in the hottoms of the canyons and are reported from wellg in
the vicinity of Putnam and in the southern part of the county
but no commercial deposits were observed. 'I'he lack of trans-
portation malkes deposits in this part of the county unavailable
even if they were suitable for development in other respets.

Gould estimates the amount of gypsum available in Dewey
County at about 1,000,000,000 tons. Of this amount, how-
ever, it is doubtful if any is practically available at present.
The only location where it seems at all possible that a mill could
be successfully operated is at Camargo, and this locality should
be carefully prospected hefore any definite steps towards de-
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velopment are taken. No deposits of gypsite are known in the

county although it is entirely possible that some beds may be
present.

ELLIS AND ROGER MILLES COUNTIES.

Tpe gypsum beds extend up the South Canadian River west-
ward into Ellis and Roger Mills counties, in the area occupied
by what was formerly Day County. In Ellis County on the
porth side of the river, gypsum is exposed along Turkey Creek
in the vicinity of Stone. On the south side of the rivessin
Roger Mills County, the gypsum appears near Shirley anu ex-
tends for some distance up the river. The amount of the avail-

able gypsum in the two counties will probably not
500,000,000 tons. ¥ exceed

CUSTER COUNTY.

The greater part of Custer County is underlain by the
Greer formation and gypsum is of common occurrence except
in the extreme northeastern part and in the western row of
townships. The gypsum beds increase in thickness and in reg-
ularity from northwest to southwest and attain their maximum
in this county near Weatherford in the southeastern corner.

In the northwestern part of the county the beds are well
axposed in the tributaries of Barnitz Creek in the vicinity of
NYsceola. Thicknesses of 10 feet of gypsum were observed but
all the beds in the immediate vicinity of Osceola outcrop low
down on the slopes or in the hottom of ravines so that they can
scarcely be considered available even if there were transpor-
tation facilities. Farther to the east two ledges, five feet or less
in thickness show about three miles north of Independence.
These ledges are apparently not continuous over sufficient area
to make them of any importance. Three beds show in the draw
and ravines about two miles north of Custer City but they are
not commercially important. Northwest of Clinton, along the
line of the Clinton, Oklahoma & Western Railway, gypsum shows
near Stafford. The amount easily available, however, is too
small to render the deposit of commercial value. Considerable
thicknesses of gypsum show in the vicinity north of Butler but
the stratification is so erratic that it is difficult to estimate the
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amount present. A somewhat hurried examination failed to
show any deposits which seemed capable of development.

In a ravine one mile north of Butler a phenomeon was
observed which may account in some measure for the seeming
irregularity of the stratification of the gypsum in this vicinity.
A bed of gypsum lies on the hills back from the ravine. The
water which runs over this gypsum and down the small draws
into the ravine carries considerable gypsum in solution. Where
the supply of water is not. sufficient to erode the sides of the
ravine rapidly but must run down the sides slowly, there is
sufficient evaporation to form an encrustation on the side or
wall of the ravine, which may reach a thickness as great as six
inches. This encrustation gives the appearance in every re-
spect of a ledge of gypsum of a thickness equal to the height
of the wall of the ravine up to the level at which the water
leaves the small draws, It seems possible that this sécondary
deposition caused by gypsiferous water evaporating on fairly
steep slopes may account in a small degree for the appearance
of thick ledges of gypsum which seem to play out in very short
distances. By far the greater portion of these appearances.
however, must be due to other causes, such as lateral gradation
into sandstone or shale, solution of part of the ledges, lenticular
beds, and slip which covers part of the ledge,

The commercially important deposits of gypsum in Custer
County lie in the extreme southeastern corner in T. 3 N, R.
15 W, and T. 12 N, Rs. 14 and 15 W., in the vicinity of Weather-
ford. The hills which extend northwest from Weatherford to
the west of Deer Creek and its tributaries, contain ledges of
gypsum up to 50 feet in thickness, and equally important beds
are found due south and to the southwest of Weatherford. The
deposits are available from the Chicago, Rock Island & Pacific
Railway. No beds of commercial importance were found im-
‘mediately on the railway but spurs of one mile or less in length
would open up immense beds of gypsum. The gypsum varies in
quality, but the prevailing type is a fine-grained, selenitic rock
of white, pink, or red color. The following analyses of gyp-
sum near Weatherford are given by Gould: 82

sGould, Chas. N, Water-supply paper U. S. Geol Survey No. 148, 1305,
p. 63.
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Analyses of Gypsum From Near Weatherford.

A.

ford Gypsum from cave five imiles northwest of Weather-
ord.

B. Gypsum from ledge four miles west of Weatherford.

C. Gypsum from ledge five miles west‘of Weatherford.
A B C

Calcium sulphate ................ 75.57 T77.38 27.25

Calcium carbonate ................ 1.11 46.73
Magnesium sulphate .............. .83

Magnesium carbonate ............. 40, . 1.42
Water .......c i, 20.22 20.78 17.36
Oxides or iron and aluminum ....... 45 .67 830
Silica and insoluble residue ......... 1.66 41 1.22

99.41 100.07 102.28

The effects of solution on the thick gypsum ledges are
very noticeable and caves and sinkholes abound. The entran-
ce to the cave five miles northwest of Weatherford from which
sample “A” in the above list was taken is shown in figure 58.

Gypsite beds.—Judging from the conditions in Custer Coun-
ty, there should be considerable deposits of gypsite present.
No detailed prospecting has been carried on, however, and at
present only one bed of importance is known. This lies in sec.
1, T. 12 N, R, 16 W., and in the adjoining section on the north.
The Chicago, Rock Island & Pacific Railway passes through
the deposit about one mile east of the station at Indianapolis.
The gypsite bed covers between 60 and 70 acres and reaches 18
feet in thickness. The greater part of the material is a4 fine,
light gray gypsite with little sand. The lower portion is a
very light reddish brown in color, and somewhat more sandy.
The cover consists of from one to eight feet of soil. The ex-
tent of this deposit, the character of the material, and its lo-
cation with respect to the railroad, make it of undoubted com-
mercial importance and its development is probably a matter of
a short time.

Summary.—Gypsum occurs over the greater part of Cus-
ter County but is of commercial importance only in the ex-
treme southeastern portion. Here, in the vicinity of Weather-
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IMig. 68.—kntrance to gypsum cave 5 miles northwest of ‘Weatherford.
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ford ledges up to sixty feet thick occur in a short distance of
the railroad. The gypsite bed near Indianapolis is apparently
of considerable importance. There is no development of the
gypsum of the county at present. The amount of gypsum in
the county is estimated by Gould, at 6,000,000,000 tons.

WASHITA COUNTY.*®

The area in Washita County underlain by the Greer for-
mation lies principally in the eastern half of the county. In the
southern part the area splits, one part extending west, north

" off the southern line of the county, and the other to the south-

east across the southwestern part of Caddo County.

The gypsum of the eastern part of the county occurs at
two general horizons, a lower, which outcrops along Washita
River from the Washita-Custer county line south, well into T. 18
N., where it swings away from the river to the east and west
and seems to die out; and an upper horizon which caps the high
hills along the river. The two groups are usually separated by
100 to 150 feet of shales and sandstones. Both horizons or
groups are composed of very thick massive gypsum usually of
a pink color. Neither group appears to consist of a continuous
ledge although only one is usually present at a given location.
From the appearance of the outcrop and the varying thickness
of the intervening shales and sandstones, it is thought that each
group consists of a series of lenticular beds lying at the same
general level.

As hasg been said above the upper group occurs only on
the top of the hills. It is probably present in many places
where exposures were not found since many fields are reported
as being underlain by gypsum at a depth of a few feet where
there are no natural exposures. This gypsum is well developed
in T. 11 N., Rs. 156 and 16 W., and probably extends to the
south and connects with the large area along the east county
linein T. 9 N., R. 14 W, 1In only a very few cases were ex-
posures of this gypsum observed to cross the line into Caddo
County and these exposures persist for only one-fourth to one-

“The description of the deposits in Washita County is taken principally
from the mote book of Jerry B, Newby, who did practically all the field
work in this county. ’
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half mile. The gypsum for the most part is fine-grained. mas-
sive, and pink. Locally there is considerable white gypsum
but uniformly very little selenite. It is reported that a well in
sec. 26, T. 11 N,, R, 15 W., passed through 70 feet of this gyp-
sum. The exposures on the hill tops in the vicinity show ap-
parent thicknesses that make this well log seem entirely credible.
The horizon of this gypsum is probably the same as that of the
gypsum at Weatherford. . The cover of this gvpsum is usually
thin or wanting.

The lower horizon of gypsum is much hetter exposed than
the upper. Outcrops are found along the Washita River from
the north line of the county extending to within five miles of
Mountain View on the south line, In the northern part of the
county the ledge is down near the level of the flood plain of the
stream. To the south the gypsums are found higher and higher
above the stream until they are well up from it and swing away
from the river valley. Probably the best exposures are near
Cloud Chief, Cowden, on the Washita River due east of Cordell,
and on the state road on the south side of sec. 34, T. 10 N, R,
15 W. 1In sec. 35, of the same township and range, there is a
bluff of gypsum which exposes a maximum thickness of about
45 feet. The true thickness is probably in excess of 50 feet
since hoth the top and bottom of the bed are covered. The gyp-
sum is pink on fresh surfaces but weathers locally to a dark
red. Tn one place a lentil of gypsiferous sandstone one to threc
feet thick, with two large veins of satin spar, is exposed near
the middle of the ledge. The length of this bluff is about one-

third mile. A smaller blufl showing 20 feet of gypsum and '

having a length of about 100 yards is four miles due north of the
one just described. The cover of the gypsum in both of these
bluffs increases very rapidly back into the hill,

Insec. 3, T. 9 N.. R. 15 W., alone a tributary of the Washita
there is a gypsum blufl 50 feet in height. The lower part of
this ledge, consisting ol a thickness of 10 feet, is a hard pink
rock, probably anhydritic. 'The remaining part consists of a
massive gypsum ranging in color from pink to white. Near
Cowden in secs. 18 and 19, T. 9 N,, R. 15 W., 10 to 20 feet of
pink and white gypsum are exposed. There are two ledges, the
lower is about eight feet thick and the upper at least 12 feet
with the top removed. The two are separated by eight to 10
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feet of shale. The under part of the lower ledge is' very hard
and probably anhydritic.

From the preceding notes, it is seen that wherever the
lower part of this thick gypsum is exposed, there is at the
base a band, eight to 10 feet in thickness, of harder—probably
anhydritic—gypsum, sometimes separated from the main portion
of the ledge by shale. The heavy body of gy¥psum is a more or
less continuous ledge, and the outcrop can be followed for sev-
eral miles in some places. In T. 8 N.. R. 15 W,, the outcrop
swings to the west and disappears in about 10 miles. Only
small exposures of thin gypsum are reported to the east.

Besides the two main bodies of gypsum mentioned there
are some other beds in the eastern part of the county. The ex-
posures are few and seldom show a thickness of over two or
three feet. In the northwestern part of the county the beds
are apparently very thin and not widely distributed. Only two
ovterovs were noted and the thickness exposed in these was not
over one foot.

In the western extension of the belt of the Greer forma-
tion along the southern line of the county three gypsum ledges
appear. In sec. 28, T. 8 N., R. 20 W., the lowest ledge is 16
feet thick. The gvpsum is very hard and seems to be largely
anhydritic. In these localities the rock breaks from.the bed in
blocks formed by two sets of joint planes meeting at about right
angles and spaced a few feet apart. This gives smooth vertical
faces, which are banded with alternating, waving light and dark
stripes. 'The middle ledge is of the same thickness but is com-
posed entirely of selenitic gypsum. No good exposures of the
upper ledge were observed, but it appeared thicker than either of

" the other two. The upper ledges are entirely white. A thick-

ness of 50 feet of gypsum is reported from a well in the section.

Gypsite beds.—So far as has been observed the conditions
in Washita County are favorable to the occurrence of large gyp-
site deposits but at present only a few small beds are known,
none of them cover more than three acres. They cannot be con-
sidered commercially valuable and there is no necessity for
detailed description.

General summary.—Washita County contains immense
deposits of rock gypsum, along Washita River in the eastern
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half of the county. The railroad nearest to the greater part
of the deposits is the Arkansas City and Vernon branch of the
St. Louis & San Francisco Railroad which lies six to 10 miles

west of the region where the gypsums could be well worked..

This distance is practically prohibitive under the present con-
ditions of the plaster industry. Small gypsite beds are known
but they are not of commercial importance at present. Gould
estimates 'the amount of gypsum in the county at a depth of
less than 100 feet as 20,000,000,000 tons, a greater amount than
that of any other county in the state.

CADDO COUNTY.

Very little attention was given to the Caddo County deposits
in preparation for this report since they have already been
rather fully described by Gould.™ His description is given in
full.

“In Caddo County there are deposits of gypsum both north
and south of the Washita River. In the region of the Keechi
hills in the southeast corner of the county. on the line of the
Frisco Railroad between Chickasha and Lawton there are de-
posits of considerable magnitude. These deposits extend from
the Comanche line north to the Keechi hills and beyond. East
and west they occupy an extent of some twelve or fifteen miles.
In all, the outevops of gypsum in this locality occupy about
two townships. "The ledges are not continuous bhut the gypsum
appears as rounded knobs on the prairie or as irregular ledges
along the sides of the stream. The gypsum consists of a mixture
of hard rock and dirt gypsum. In places the dirt gypsum ur
gypsite, predominates while in other localities all the material
is a rather hard rock. Plenty of localities may be found where
a mill could be located for which an abundant supply of dirt
gypsums could be optained. The gypsum in this region is usu-
vally not pure white but is either pinkish or dark colored. The
following section was taken on Little Washita River west of the
point where the FFrisco Railroad crosses this river. It may be
considered a fairly typical section.

"Gould, Chas. N, Oklalloma gypsum: Second Bien. Rept. Okla. Dept.
Goeol. and Natb, THst, 1902, pp, 110-112,
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No. Description Feet
5. Redelayshale ............... ... .. .......... 50
4. Soft rock gypsum, white and pinkish ........... 15
3. Soft red sandstone .......................... 10
2. Red clay shale .............. ... ... ... ..., 50
1. Red sandstone along the bed of river ............ 25
150

“The thickness of many of the ledges in this region is more
than that shown in this section. Ledges 50 feet thick are pres-
ent but it is believed that 15 feet will represent a good average
of the Keechi hills locality. Estimating the area at two town-
ships and the thickness at 15 feet the result will be approxi-
mately two billion tons for the locality.

“Analysis of gypsum from the wvicinity of Cement, Okla-
homa, probably a few miles southwest of that town on the
Little Washita River.

Per cent.

Calcivm sulphate . ........ ... . . 74.45
Caleium carbonate ............................. 4.25
Magnesium carbonate .......................... .84
Water ........... T 18.61
Oxides of iron and aluminum ................... .61
Silica and insoluble residue .................... 1.02

99.68

“Analysis of a hard rock from the top of the Keechi hills,
Caddo County, Oklahoma.

Per cent
Caleium carbonate ............. ... ... 100.18
Oxides of iron and aluminum ..... [ .26
Silica and insoluble residue .................... .32
100.76

“West of the Reek Island Railroad on the hills south of
the Washita River there are extensive deposits of gypsum in
ledges 10 to 20 feet thick. These deposits are first encountered
on the hills west of Hog Creek, some eight miles southwest of
Anadarko. Along the hills south of the Washita and west of
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Hog Creel, between that creek and Fort Cobb, these ledges
form the cap rock of the bluff and may be seen for long dis-
tances. ‘The cross-bedded, red sandstone below is from 125 to
150 feet thick and the gypsum ledge at the top will average
from 15 to 20 feet thick. The extent of these deposits is not
definitely known, bul gvpsums are reported 10 miles south of
this line of bluffs. There is certainly an area larger than that
of a township. With an average of 15 feet in thickness this
will approximate one billion tons for this locality. In appear-
ance this gypsum is white or pinkish and forms ledges of rather
soft rock, sometimes partaking of the nature of gypsite. The
gypsum in this locality is at the same general level as that in
the vicinity of the Keechi hills, or of that across the Washita
River to the north.

“The third locality in Caddo County in which gypsum is
exposed is along the divide between Cobb Creek and the Washita
liver northwest of Fort Cohb. The gypsums in this region
oceur as rounded mounds on the top of the divide. They are in
fact but the southeastern extension of the Washita County de-
posits to the northwest, or perhaps it is more correct to say that
they form a connecting link between the Washita County beds
and those in Caddo County south of the Washita River. The
amount of gvpsum in this locality increases as we go up the
divide. The most southwestern exposure so far as known is in
the northwest quarter of section 13, T. & N.. R. 13 W, Tt is a
rounded mound oceupying perhaps a quarter-section and rising
to the height of nearly 100 feet above the surrounding plain,
or divide upon which it is situated.

“Phe amount of material in this part of Caddo County will
probably not approximate more than 500 million tons. This
will make a total of three and one-half billion tons in the
county.”

Gypsite beds.—~-The only gypsite beds of importance in the
county are near Cement. One bed of about 30 acres lies prin-
cipally in the SW. 14 sec. 33, T. 6 N., R. 9 W., about one mile
north of Cement. The material is a light gray gypsite with
little sand. A spur from the Oklahoma City-Quanah branch
of the St. Louis & San Francisco Railroad is built to the de-
posits. Before the burning of the Acme Cement and Plaster
Company’s mill the material from this bed was used in the
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manufacture of plaster. Another bed of 10 acres or more lies
about two miles to the north in secs. 21 and 28. Both heds have
been largely worked out. The composition of the gypsite bed
in sec. 33 is shown in the following analysis:

Analysis of Gypsite From Near Cement.

Caleium sulphate .......... ... ... ... it 63.22
Caleium carbonate .......... ... 4.86
Magnesian carbonate ............. ... . . . ... 14
Iron and aluminum oxides ...................... .69
W ater .. e e e 16.43
Insoluble residue ........c.coivieiieinnn L 13.95

99.89

Develepment.—No use is being made of the gypsite in Caddo
County at present. The mill at Cement which has been men-
tioned was burned in 1911 and the ‘spur track to the gypsite
bed has been partially taken up. Judging from a rather hur-
ried survey, there is not sufficient material remaining to justify
rebuilding the mill. The rock gypsum for the mill was secured
at Gladys, on a spur from the St. Louis & San Francisco Rail-
road. about four miles southwest of Cement. This quarry is
stilt operated on a small scale and the rccik shipped to Port'and
cement plants. The analysis given above by Gould is probably
of rock fiom near Gladys.

COMANCHE COUNTY. *

“The known outcrops of gypsum in this county arc rather
unimportant. All the deposits so far as known occupy an area
of a few square miles along the north line of the county a few
miles northeast of Frisco. The gypsum is exposed in irregu-
lar ledges along the slope or on top of rounded hills. The
amount of material is not large, perhaps not more than 200 mil-
lion tons in all. The location of the deposits is such, however,

. that a number of mills might be profitably located in the vicin-

ity.”

“@Gould, Chas. N., Oklahoma gypsym: Second Bien. Rept. Okla. Dept.
Ceol. and Nat. Hist., 1902, pp. 110.
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GRADY AND STEPHENS COUNTIES.

The outcrop of the Greer formation extends from Caddo and_
Comanche counties southeasl ncross the southwestern corner qt
Grady County and into northwestern Stephens County wl.lere it
disappears. No tock gypsum deposits of commercial impor-
tance occur in these counties and the only known deposits of.
gypsite of importance are in Grady County, four miles west of
Rush Springs. One bed of 27 acres lies in the SW. 14 see. 23,
and another of equal size in the SE. 1, sec. 22, T. 4 N, R.8W.
Both beds average about eight feet in thickness. The material
was formerly hauled to the mill of the Acme Cement Plaster
Company at Marlow. This mill burned a few years ago apd
a new concrete and steel mill has been erected at the deposits
by the same company. A spur track from the main line 01_“ the
Chicago, Rock Island & Pacific Railway at Rush Springs affords
transportation facilities. ‘

SUMMARY OF THE SECOND LINE OF GYPSUM HILLS.

The second line of gypsum occupies parts of Dewey. Ellis,
Roger Mills, Custer, Washita, Caddo, Comam.:he,_ Grady, and
Stephens counties. The gypsums are very thin in the port!l-
western and southeastern portions of the area and very thlck.m
the central part, in southeastern Custer and eastern Washita
counties, where ledges of 60 feet or more in thickness are knoyvn.
The gypsum varies from white to pink in color and from fine-
grained to coarsely selenitic in texture. A part of the lower
gypsum is anhydritic in Washita County. The to.t;.xl a¥n0ur'1t of
gypsum in :the area is very great but the stratification is so
irregular and the transportation facilities are so poor tha? there
has been very little development. Small beds'of ‘gypsTte oc-
cur in practically all the counties, but commerc1z}1 deposits are
known only in Custer, Caddo, and Grz}dy counties. The 0!.11_\’
mill now operating is at Rush Springs, in Grad:v County, Mills
at Marlow in Stephens County and at Cement in Caddo County
have burned during the past few years.

SOUTHWESTERN AREA.
INTRODUCTION.

in the various reports and articles by Gould, th'is area
has been called the Greer County Region and at the time the
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first reports were written practically all of the area was in-
cluded in the County. Since 1907, however, old Greer county
has been subdivided and the gypsum area now forms part of
Greer, Beckham, Harmon, and Jackson counties. For this rea-
son it is thought best to drop the name Greer County Region and
to use instead the term southwestern area, since the area oc-
cupies the extreme southwestern corner of the State.

The gypsums of the southwestern area occur in the Greer
formation, presumably at the same general level as those of the
second line of gypsum hills, and are probably the southwest-
ward extension of those gypsums. The stratigrapny of the gyp-
sums, however, is quite different from that of the second line
of hills. Especially in the northern part of the southwestern
area, the gypsums occur in well defined ledges which can be
traced for considerable distances, and which produce a topo-
graphy much more similar to that of the first line of hills or
outcrop of the Blaine formation, than to that of the second line
of - hills or eastern part of the outcrop of the Greer formation.
In the northern part of the area five ledges of gypsum are well
defined and are traceable for many miles. These have been
named by Gould as follows, beginning at the hottom: Chaney,
Kiser, Haystack, Cedar Top, and Collingsworth,

Gould’s description of these gypsum members is given in
full.”®

“Cheney qypsum member.—This gypsum is well exposed
along the south side of Elm Fork from Mangum northeast to
the Texas line. 1t is also seen on Haystack Creek, but on North

~ Fork, in Roger Mills County. (now Beckham), it loses its char-

acteristic structure and becomes simply a gypsiferous band in
the red clay. On Elm Fork at the mouth of Hackberry Creek
and also at the Kiser and Chaney salt plains near the Texas
line, it is a hard massive stratum three to five feet thick. usually
white, but sometimes gray or bluish. It is often distinctly
stratified or apparently cross-bedded, or it may be that the lines
of stratification are wanting. The formation derives its name
from the Chaney Salt Plain on %..m Fork of Red River, four
miles east of the Texas line.

wGould, Chas. N., Geology and waler resources of Oklahoma: Water-
supply paper U. S. Geol. Survey No. 148, pp. 66-71.
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“Kiser gypsum member.—This member is exposed through-
out the western area of the Greer formation, It is rarely white
and in this regard differs from all other ledges of the Greer.
dt varies from a decidedly bluish or greenish tint to a drab or
gray. On the North Fork it is composed of greenish gypsum
and gypsiferous shales becoming hard locally, and on Hay-
stack Creek of bluish and drab gypsum, grading into gvpsifer-
ous rock and clay. On Elm Foik, at both the Kiser and Chaney
salt plains it is composed of soft, bluish to greenish, selenitic
gvpsum and at the mouth of Hackberry, 10 miles down Elm
Fork, it is a bluish stratified gypsum. These occurrences show
that while the general character is fairly constant, the stratum
varies considerably in local sections. The softness of the rock
renders it particularly susceptible to weathering, and it is fre-
quently inconspicuous. Tts thickness varies from one to three
feet. The name is from the Kiser Salt Plain on Elm Fork,
Greer (now Harmon) County, where the ledge is well exposed.

“Haystack gypsum member.—The upper part of the Greer
formation consists of three layers of massive gypsum and one
of dolomite, interstratified between the beds of red clay shale.
The lowermost of the three thicker layers, the third gypsum
member from the bottom of the formation, consists of the typ-
ically massive gypsum, almost pure white or occasionally gray-
ish in places, with a few thin bands of gypsiferous sandstone.
This ledge is often cut by joints which separate the rocks into
rectangular blocks. These blocks frequently weatner out and
roll down the slope and in places render it conspicuously white
for miles. The Havstack varies locally from 18 to 25 feet in
thickness, and so far as known is the thickest gypsum member
in the western area of Greer. It is exposed along all the bluffs
on North Fork and Elm Fork and is particularly conspicuous on
Haystack Creek and in the vicinity of Haystack Butte, whence
the name.

“Cedartop gypsum member.—The Cedartop is a massive
white gypsum, very similar in appearance to the Haystack. It
has a constant thickness of 18 to 20 feet throughout the region
of outerop. It is very conspicuous on North Fork, Haystack,
and Elm Fork. and forms the caps of a number of buttes and
bluffs throughout the region. It is called “Cedartop” from a
prominent butte on the North Fork of Red River, in the ex-
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treme southeastern corner of Roger Mills (now Beckham) Coun-
ty. This rock forms the upper ledge of this butte, and may be
seen from a great distance up and down the river and even from
Headquarters Mountain at Granite, 15 miles away.
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“Collingsworth gypsum member.—This is the upper gyp-
sum ledge of the Greer formation, and it does not differ ma-
terially in lithological appearance from the Haystack or Cedar-
top. Like them, it is massive and white throughout, and like
them, algo, it is cut by a series of master joints into rectangular.
blocks. Where exposed, the thickness varies from 18 to 20
feet, being approximately that of the Cedartop, and not so great
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as the Haystack. As it is the upper gypsum member it has
often been eroded, and for that reason does not always appear
in a section. Near the heads of the various creeks, however, it
is the prominent ledge, and it is also exposed on a number of
conspicuous bluffs, as along North Fork. It is named from Col-
lingsworth County, Texas, just west of Greer (Harmon) Coun-

ty, Okla., where the gvpsum is well exposed.”
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R.23 W.

In addition to th's general description of the gypsums it
seems best to add a brief discussion of the area by counties, as
has been done with the other gypsum areas. The locations of
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the principal deposits in Beckham, Greer, and Harmon counties

are shown on the accompanying map (fig 59).
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The available gypsum deposits of Beckham County are in
the extreme southeastern part. From the southeastern corner

of the county a bluff 150 to 200 feet high extends for 10 miles or
more up the south side of North Fork of Red River. This bluff

is made up of red shales with four ledges of massive white gyp-
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sums, aggregating about 70 feet in thickness. A view of the

bluff is shown in figure 60.

The gypsum in this bluff is available to transportation only

where the Wichita Falls & Northwestern Railway crosses North

R

fwis,
R ﬂ Fork, about three miles south of Carter. Immense deposits
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of gypsum can be opened up on either side of this railroad by
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short spurs. The estimated amount of material in the bluff

is 1,000,000,000 tons. The stratigraphy and nature of occur-

PROXIMATE OUTCROP.
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rence of the gypsum is shown in the following section by Gould.

Section of Bluff on North Side of North Fork of Red River,

10.

Fala Sl RS Rs

N

Fig. 60.—Gypsum bluff.along North Fork of Red River.

Thiree Miles South of Carter.

Feet

Rough, weathered, sandy dolomite capping the high
hills ... 3
Red and green gypsiferous shale .............. Z2a
Massive white gypsum ........................ 23
Red and green shale .......................... 6
Massive white gypsum ............. ... _..... 18
Red and green shale ....................... ... 15
Massive white gypsum, occasional thin ledges or
sandstone ... 25
Reddish and green shale ... ... ... ........ 24

Greenish gypsums and gypsiferous shale, becoming
hard locally
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1. Red and green gypsiferous shale from the base of
the hill ... ... . i it 30

Just below the lowest heavy gypsum, No. 4 of the above
section, the shales are filled with some of the most perfect sel-
enite crystals observed in the silate. The crystals are in the
main about one inch long, and about one-half as wide and thick.
They form a sort of network with the spaces filled with clay.
Some selenite bands of about six inches in thickness are present.
These are made up for the most part of exceptionally cleaxr
selenite, but occasionally contain beautiful cloud-like masses of
some red material presumably ferric oxide or hydroxide, or a
mixture of the two.

Gypsum probably underlies about six townships in south-
western Beckham County and outerops near the heads of Fish
and Bailey creeks. These deposits although of considerable
size are too far removed from transportation to be considered
available at present. The stratigraphy of this part of the county
and the immediately adjoining portion of Greer County is
shown in the following section. ®

Section. Near Beckham County Line Along Haystack Creek,
Siz Miles South of Delhi.

, - Feet
11, Red clay ..o e e 50
10. Hard sandy rock ......... ..o, 4
9 Redandgreenclay ....... ...t 20
8., Massive white gypsum.............. ... i 16
7. Redand greenelay.........ooviviii i, 8
6. Massive white gypsum. ............ ... ... 18
5. Redand greenclay.............ooiiiienno . 20
4. Bluish and drab gypsum....................... 4
3. Red €lay .ovvvriiii i e 15
2. Gypsum and hard rock............. ... .. ..., 5
1. Red clay ..ovvieini i 100

GREER COUNTY.

The gypsums of the southwestern area are well exposed in

“(sould, Chas. N., Bull. Okla. Geol. Survey No. 5, 1911, p. 103.
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the extreme northwestern part of Greer County along Elm Fork
and its tributaries. All five ledges are usually present and they
outcrop on bold bluffs which are usually capped by a thick ledge
of dolomite. On the north side of Elm Fork the gypsums become
noticeable in the vicinity of Haystack Butte in sec. 14, T. 7 N,
R. 23 W. This butte is an outlier of a pronounced range of
hills to the west. The butte and hills are capped by the Hay-
stack gypsum which is ten to twenty feet thick. The Kiser gyp-
sum outcrops twenty feet lower on the slope and is three to four
feet thick. The Chaney gypsum does not appear to be present.
Trom Haystack Butte the bluff extends westward up Elm Fork.
All the streams flowing into the river from the north have cut
canyons into the gypsums and indent the line of bluffs deeply.
At the mouth of Hackberry Creek the following section was
measured.

Section on Elm Fork at mouth of Hackbermy Cresck.

Feet
12. Hard cap rock, dolomite.......................... 3
11, Red clay ... . L2
10. Massive, white gypsum (Collingsworth) ............ 18
9. Redandblueclay.............. ..., ]
8. Massive, white gypsum (Cedar Top).............. L20
7. Red and blueclay............... [P e 5
6. White gypsum separated into thin beds by sandy dolo-
mite (Haystack) ......... ... .. ... .. ... ....... 1R
5., Redand blueclay.................coiuiin.. 12
4. DBluish, stratified gypsum (Kiser).................. 4
3. Redand blueclay.......................... P 15
2. White and bluish gypsum (Chaney) ................. 4
1. Redand blueclay.............. ... i ... 8 .

The gypsum blufts continue up Elm Fork into Collings-
worth County, Texas, and back on the south side almost to
Mangum.

Along South Fork of Red River there are prominent gypsum
bluffs on the south side of the river at Mangum. These extend
up and down the river for some distance but are not so pro-
nounced, especially to the west. The stratigraphy is given in the
section taken in Jackson County at the junction of Horse Branch
and Salt Fork.
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Availibility of the Gypsums.—The gypsum deposits at Man-
gum are about a mile distant from the Wichita Falls & North-
wstern and the Chicago, Rock Island and Pacific railways but
are on the opposite side of Salt Fork. The expense of bridging
the stream would be quite heavy. The amount of stripping in-
creases very rapidly back from the outcrop and quickly reaches
a prohibitive thickness. In view of these conditions it does not
seem probable that these beds will be developed in the near fu-
ture. :

The deposits along Elm Fork in the neighborhood of Hay-
stack Butte can be reached by four to six miles of spur track
from the Wichita Falls & Northwestern Railway near Willow.
The greater part of this distance would be over fairly level
ground and the expense of building the switch would not be
prohibitive under some conditions. In the present state of the
plaster industry in Oklahoma, however, and in view of the im-
mense undeveloped deposits with transportation facilities im-
mediately at hand, it seems improbable that Such a project
should be undertaken. The deposits farther west along Elm
Fork are so far from railroads as to render them unavailable
at present.

Guypsite beds.—A large gypsite bed has been reported from
secs. 26, 27, 84, and 85, T. 7 N., R. 23 W., two miles west of
Haystack Butte. The bed covers about 300 acres and is exposed
from four to fourteen feet thick. Reports give the maximum
thickness as thirty feet. The stripping varies from nothing to
six feet. In character the material is light gray in color and is
apparently quite sandy. In one locality, about one-fourth mile
north of the section corner near the center of the bed, there are
indications that the bed is not true gypsite but rather a very fine-
grained, soft, gypsiferous, and argillaceous sand such as is often
found in lentils in the Redbeds. In the locality mentioned it is
overlain by red clay which has all the appearance of Redbeds
shale in place. It is reported that the material has heen tested
and that it makes a good grade of plaster but neither the name
of the parties having the tests made nor the reports ‘of the test
are available. If the material is suitable for plaster there is a
vast amount of it available under favorable conditions, except in
regard to transportation. The bed is about four miles from the
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railroad. A spur built to the gypsum deposits near Haystack
Butte could pdss through the bed with little or no extra expénse.

HARMON COUNTY.,

All of Harmon County is underlain by the Greer formation
but only in the extreme northern part are there good exposures
of the gypsums., These exposures are on the bluffs of Elin Fork
in T. 6 N,, R. 26 W,, and are the continuation of the bluffs in
Greer County, which have been described. The following section

was taken on the blufls of Elm Fork in the northern part of

sec. 10.

Section of Bluff on Elm I'orl: in sec. 10, T. 6 N., R. 26 W.

Feet.

12. Dolomite . . ... e e 1-3
11, Red clay ... i e e e 16
10. Gypsum (Collingsworth) .................... .. ... 14
9. Redandblueclay.......... ... .. 6

8. Gypsum (Cedar Top).............. b e 16

7. Red and blueeclay............ ... i v b

6. Gypsum (Kiser) ....... ...t 20

5. Redandblueclay.......... ... .. ... i i va.. 15

4. Gypsum (Chaney) ........... ... ciiiiiniien... 2

3, Red Clay ...ovii i e it e 12

2. GYypSWIM. ... ..., e e e 3

1. Gypsiferous, red, and blue clay............. (about) 60

The clays, especially the lower ones, are filled with selenite
crystals and satin spar. At the bluff east of the Salt Plain in
sec, 11, the thin lower ledges were not observed. The lowest
heavy gypsum oceurs about 90 Teet above the level of the Salt
Plain, is about 15 feet thick, and seems to be anhydritic. The
second heavy gypsum is 20 feet thick and is separated from the
lower by seven feet of red clay shale. A view of this bluff is
shown in figure 61, and a view of the canyon and salt plain in
figure 67 in the following chapter of this report. These gypsums
are too far from a railroad to be available but other conditions
for development are favorable.

The greater part of Harmon County is level and there are
few good exposures of gypsum south of Elm Fork. The pres-
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Fig. 61.—Bluff .east of salt plain in sec. 11, T 6 N., R. 26 .

ence of gypsum is shown by sinkholes and bf well logs. Prac-
tically nothing can be told of the stratigraphy of the gypsums
from the meager data at hand. A few small exposures are
shown along Salt Fork of Red River, but none were observed
which could be said to be of commercial importance. In a large
area around Hollis there are practically no exposures. Gypsum
is reported from wells. Some bowlders of gypsum were re-
moved from the shallow cuits of the Wichita Falls & Northwest-
ern Railway just east of Hollis, but if they represent a solid
ledge most of it has been removed by solution. In some of these
cuts the Redbeds appear to be folded into rather sharp folds.
This folding is presumably due to the solution of the underlying
gypsum beds. At Gould there is an area of bad lands with some
channels 20 to 30 fect deep. These show considerable selenite
in clay but no available gypsum. Very little can be .determined
as to the amount of gypsum present in the southern part of the
county and practically nothing as to the stratigraphy of the
beds. They are presumably at about the same horizon as the
well defined ledges in Beckham, Greer, and the northern part of
Harmon County. From the stratigraphy along Salt Fork of
Red River near Mangum, a region which in a measure connects
the northern and southern portions of the area Gould believes
that the gypsum of the southern part are at a slightly lower level
than those in the northern part.
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Availibility of the gynsums.—Gould estimates the amount
of available gypsum in Harmon County, i. e., the amount pres-
ent at less than 100 feet in depth, at 15,000,000,000 tons. How-
ever, the gypsum in the northern part of the county is so far
removed from transportation that it can not be utilized at pres-
ent. It is difficult to make any definite statement concerning the
deposits of the greater portion of the county, but judging rrom
surface appearances along the only line of railway, the Wichita
Falls & Northwestern branch from Altus to Wellington, Texas,
the beds are so deeply buried that their utilization seems impos-
sible. There is certainly little promise of development of such
deposits while so many large deposits, with more favorable con-
ditions as regards quarrying or mining, and with as good or bet-

ter location in regard to fuel and transportation, remain un-
developed.

Gypsite beds.—Little search has been made for gypsite in
the county and only a few small beds are known. A bed covering
10 to 15 acres and varyving in thickness from three to six feet is
reported in the NW. 14, sec. 1 ,T. 2 N, R. 25 W., and adjoining
parts of the sections to the north and west. This bed is less than
one mile from the railroad. A bed of about 10 acres in area and
three to six feet in thickness lies in sec. 6, T.1 N.,R. 24 W.

JACKSON COUNTY.

The Greer formation underlies the western half of Jackson
County. The gypsums are more prominent than those in south-
ern Harmon County but much less so than those of northern
Greer and Harmon counties. The stratigraphy is usually ir-

regular. The best exposures are on Horse Branch and Boggy
Creek.

Gould gives the following sections showing the strati-
graphy in the south-central part of the county:

Section of blufi between Salt Fork and Horse Branch near

Olustee.
Feet.
12, Hard rock, dolomite, torming the cap of- the hill. .. ... 3
1. Red and blue clay....................... ... " 12
10. Massive, while gybsum ..., .. L L 8
9. Red clay with ledges of gypsum................... 24
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8. Massive, white gypsum.................. ... ..., 12
7. Redand blueclay........ ..., 15
6. Red and blue soft, shaley rock and gypsum.......... b
5. Red and blue shaley clay...................ooot.. 22
4. Bluish gypsiferous rock........................ .. 10
3. Redandblueeclay........... ..., 8
2. Massive, white gypsum. ..........cimiviinann. 3
1. Red clay slope from Horse Branch................ 100

Section on Boggy Creck nine miles northeast of Eldorado.

8. Hard, massive rock, dolomite, forming the cap of the

bluffs. . . . . i e e 5
7. Red and green shale and clay.. ....... ceeeen ... 80
6. Massive gypsum .......... ..., 1(;
5. Red elay ........ .. ... ... ...
4. Clayand hard rock......... .. ... ... ... ... ... .... 5
3. Massive white gypsum..... ... ... ... . ... .. 15
2. Redand blueclay........................ e 25
Hard, massive gypsum exposed in creek bed......... 15

In the hill just west of Creta on the St. Louis & San Fran-
cisco Railroad, two massive ledges of white gypsum are exposed.
The lower is about 15 feet thick and the upper about 12 feet.
The upper ledge is covered by about 80 feet of red shale and 6
to 20 feet of dolomite. The slope of the hill is so ste:ep that com-
paratively little of the gypsum can be obtained without exces-
sive stripping so that mining methods would be necessary. This
in itself would not be sufficiently expensive to be proh1b1t1\{e but,
in view of the general conditions of the gypsum industry in Ok-
lahoma, mining methods cannot be considered as feasible at
present. Some outcrops of gypsum are known tq the west of
those described but they are generally small and unimportant.

Availability of the gypsums.—The principal exposures of
rock gypsum in Jackson County can be easily reachgd from the
St. Louis & San Francisco Railroad. The main hindrance to
their development is the thick cover due to thq Mangum dolo-
mite capping the hills and preventing the erosion of the shale
from above the gypsum. Mining methods would be necessary
to utilize the gypsum, and as has been said, these methods would
be too expensive to be feasible at present.

Gypsite beds.—The gypsite beds of Jackson County are
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Fig. 62.—Map of portion of JacksonCounty showing location of gypsite beds
and salt plains,
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among the most important in the State. They are of large ex-
tent and are well situated in regard to transportation. The lo-
cation of the principal beds is shown on the accompanying raap
(fig. 62). The largest bed known in the county covers about
400 acres in sec. 7. T. 1 S,, R. 28 W,, just north of the town of
Eldorado. The thickness of the gypsite varies from 8 to 20
feet with little or no stripping. The Eldorado plant of the Uni-
ted States Gypsum Company is situated at the bed and is
reached by a spur from the St. Louis & San Francisco Railroad.
The company owns this bed and also controls a bed in secs. 2
and 8 oi the same townshin. This bed covers about 149 acres
and is 6 to 12 feet thick. The railroad passes near the east end
of the bed. Two smaller beds lie in secs. 10 and 11. Together
they cover 40 to 50 acres and are 6 to 12 feet thick. Smalier
beds lie in: secs. 24 and 25. '

In the townships to the north there are seven or eight
small beds in secs. 21, 22, and 27. The aggregate area is about
40 acres and the depth of the deposits varies from four to eight
feet. The beds are between two and three miles from the rail-
road. :

A gypsite bed of approximately 375 acres lies in secs. 6 and
7, T. 2 N, R. 22 W., one mile east of Duke. The Altus and Well-
ington branch of the Wichita Falls & Northwestern Railway
crosses the southern part of the deposit. A creek flows from
north to south and through the deposit and exposes rock gypsum
of about six feet in thickness along its banks for the greater part
of the length of the bed. A lower ledge of gypsum is separated
from the one best exposed by a few feet of red shale. The thick-
ness of the lower bed could not be accurately determined. The
gypsite is six to eight feet in thickness and has up to two feet
cover. Over considerable areas the gypsite lies at the surface,
The gypsite is light gray near the surface but grades into pink
and reddish-brown in the lower parts of the bed. = . .
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CHAPTER VL

THE SALT PLAINS OF OKLAHOMA.
INTRODUCTION,

Salt is closely associated with gypsum in origin and occur-
rence and as these points have been rather fully -discussed in
Chapter I they need not be noticed further here. Salt may be
mined from beds of rock salt or may be obtained from brine by
evaporation. The processes used in evaporation vary greatly
with conditions, but, in view of the present condition of the salt
industry of this State, it is not thought worth while to go into
a discussion of these features.

Wells and springs of salt water occur in all parts of Okla-
homa. Salt water is often encountered by deep borings in dif-
ferent parts of the State. This is especially true in the oil and
gas fields. So far however, no investigations have been made
as to whether the brines from these deep .wells are sufficiently
concentrated to be used in the manufacture of salt. In only one
place, to the writer’s knowledge, has salt been manufactured in
the eastern part of the State, viz: at the flowing salt well on
Grand River southeast of Choteau in Mayes County.

All that is attempted in this chapter is to give a brief de-
scription of the salt plains which oceur in the western part of
the State in the region of the gypsum hills, and to give brief
statements in regard to the conditions of and prospects for de-
velopment of these plains. The plains described are as follows:
a plain east of Cherokee in Alfalfa County, two plains on Cim-
arron River in Woods, Harper, and Woodward counties, a plain
on Salt Creek west of Ferguson in Blaine County, a plain on
North Fork of Red River south of Carter in Beckham County,
two plains on EIm Fork of Red River in northern Harmon Coun-
ty, and three plains on Sandy Creek south of Eldorado in Jack-
son County.

o
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ALFALFA COUNTY SALT PLAIN.

The Alfalfa County salt plain lies south of Salt Fork of
Arkansas River principally in Tps. 26 and 27 N,, R. 10 E,, abqut
four miles east of Cherokee. The plain is elliptical in shape w1t'h
the long axis in a north and south direction. It' covers approxi-
mately 60 square miles. The surface of the plain is almost per-
fectly flat, and, except for a few hammocky grassy iounds near
the edge. is entirely devoid of vegetation. The sqrroundmg
country is somewhat higher than the level of the plarp, but the
difference in elevation seldom exceeds 20 feet and is usually
considerably less than that. The material composing the ﬂqor
of the plain is silt and a very fine sand. The surface of the ent.lre
plain is usually covered with a thin crust of salt crystals which
glisten in the sunlight. This crust is dissolved by rain and when
the surface of the plain is wet it appears as an ordmary.]evel
strip of ground. There are no salt springs on t].le plal'n or
around its margin and no streams flow across it in ordinary
weather. When a hole is dug into the sand and silt, salt water
rises until the hole is filled to within about six inches of the top.
This brine is quite strong, nearly if not quite saturated. The
analysis®® of the material dissolved in it is as follows:

Analysis of water from salt plain at Cheroleec.
In parts per million.

Soda (Na,O) ... i e 1-:\0_.213
Potash (K,0) ......... ... .. ... ooa... PN ) ;05
Lime (Ca0) ...ttt L.og4
Magnesia (MgO) ... ... ., ,«1'7=.9
Chlorine (Cl) ............ ... ... .. ..., e 192,l00
Sulphates. . . v it i e e 362
Sodium bicarbonate (NaHCO,)...................... 6,235
Iron and aluminum oxides (Fe, O, and A1,0,).......... 36

This shows a total of 250,779 parts of sodium chloride per
million, or approximately 25 per cent of salt as it is probably
combined. The amounts of impurities present does not appear
great enough to interfere with the recovery of the salt on a com-
mercial scale.

#A]] analyses are by Frank Buttram, Chemist Oklahowmna Geological

- Survey.
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Origin of the salt.—The source of the salt of the Alfalfa
County plain is not easily seen. It is generally supposed by
those living in the vicinity that a bed of rock salt underlies the
plain but there is no evidence to support this idea. Saltwater
is encountered in wells around the margin of the plain at depths
of 20 to 30 feet but to the writer's knowledge no beds of rock sali
have been found. 1t seems probable that the salt water is derived
from springs from the Redbeds which have their outlets helow
the sand and silt of the plain. The flow from the springs and
the conditions of drainage into Salt Fork must be such as to
raise the level of the salt water to within a few inches of the
surface of the plain but not to cause springs to break out through
the sand and silt. The water probably obtains its salt from
saliferous layers in the Redbeds.

Conditions for derelopment.—No salt has so far been manu-

factured from this plain. However, the conditions are such as
to render its development probable at any time. The western
margin of the plain is only four miles from the Kansas City,
Mexico & Orient Railroad and the Atchison, Topeka & Santa Fe
Railway at Cherokee, and the southern margin is less than that
distance from the latter railway west of Jet, The country be-
tween the railways and the plain is very level and spurs could
be easily constructed. It is impossible to estimale the amount
of salt available on the plain. When holes are dug in the plain
they fill up very rapidly but no pumping tests have been made
to determine whether or not the level of the water can he eagily
lowered. When the area of the plain is taken into consideration,
however, it seems evident that the supply of salt water is -suf-
ficient for a very large production of salt even when all adverse
conditions are taken into account. The water would have %o he
obtained from wells sunk in the plain. The soft, caving nature
of the sand and silt would make it necessary for these wells to
be walled up in some way. The silt remains in suspension in the
water for a considerable time and settling hasins would prob-
ably have to be provided for the wuater as pumped from the

wells. These conditions would probably put some difficulties Jdn .

the way of the utilization of the brine but they could certainly

be easily overcome if development .on a large scale should be
undertaken.

SALT PLAINS ON CIMARRON.

The two salt plains on the Cimarron in Oklahoma are known
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as Little and Big Salt Plains. Little Salt Plain lies jl'lst sou‘gh
of the Kansas line between Harper and Woods cquntles. Big
Salt Plain lies 15 to 20 miles farther down the river between
Harperand Woodward counties on the southwesfc 'and quds
County on the northwest. These plains were visited by the
writer in the fall of 1912 but he has nothing to add to the de-
scription given by Gould* which is:

“Perhaps the most noted of the salt plaing, from the stand-
point of a historian, is the Big Salt plain of the Clmarron.' Th.e
first white man to visit this place was probably qupnado, in his
journey across the plains in search of the sevezn cities of Clbolg.
In regard to this event Mr. J. R. Mead says: ‘The route or ti"all*
of Coronado, in his famous expedition from the Pueblos qf New
Mexico across the prairies of Kansas to thg populous trlbes.of
the Missouri, will ever remain an open qug.stlon. The op]y point
we can locate with reasonable certainty is the salt plain of the
Cimarron, just within the Kansas line—the only place where
rock salt can be obtained on the surface i.n all the plains c.ount;ry.
This salt was known and used by the Indians,, and was an article
of trade from the Gulf to the British line, ar}d thJ:s locality was
a well-known geographical point, {from which fhstances were
reckoned.” The presence of a dozen or more trails, now nearly
obsolete, radiating from the plain like spokes of a wheel, bears
testimony to the fact that this place was long used as a source
of supply of salt to the various forts and settlemer.lts of the sur-
rounding regions. Indeed, it is but a fe_w years since s_alt fror?‘
this plain was hauled for hundreds of miles in all dlrec.tlons, an
not until the time of discovery of extensive beds in central
Kansas did this industry wane.

“ ie Salt plain proper extends for eight miles or more
along rl';ﬂz 1éil;gnarronp rivelp. In width it varies from half a mile
to two miles. On the south banlf the_ bluifs of red shale and
sandstone capped with gypsum rise directly from the edge gf
the plain to the height of 100 feet or more. North of the pla'm
these bluffs are not so steep, and are at a distance qf a half m'11e
or more from the plain. Even here, however, the sinuous white

. line of gypsum may be traced along the tops of the bluffs as far

a« the eve can reach. In other words, the plain lies in the broad

w(iould, Chas. N., The Oklahoma Salt Plains: Kans. Acad. Sci, vol. 17,
1901, pp. 182-183. .
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canyon of the Cimarron. enclosed on both sides by gypsum-
capped blufts of red shale.

“The plain is flat and as level as a floor, except for a few
meandering channels which, in wet weather, contain a small
stream, but are ordinarily dry. After a rain it will sometimes
happen that a stream of considerable volume flows over the
plain, but duting the summer months nearly all the water either
evaporates or sinks into the sand. In places where a small
stream still runs down the channel the water is often so salty
that a thin crust of crystal white salt forms on the surface, re-
sembling nothing so much as a sheet of ice across a small stream
in winter. The entire plain is covered with a thin inerustation
of snow white erystals. In most places this incrustation is not
to exceed an eighth of an inch thick. but jt reflects the sunlight
and blinds the eye like a snowfield. Especially if the wind is
blowing the small particles of salt, a walk across the plain makes
the eyes smart and burn in a manner not easily forgotten.

“In a large cove on the south side of the plains proper, there
are a number of salt springs which boil up out of the flat surface
of the plain. The water is crystal clear. and it sometimes re-
quires more than ocular proof to convince one that it contains
nearly fifty per cent of salt. There are scores, perhaps hun-
dreds, of these springs on an area of a few acres in extent.
Some of them flow streams as large as a man’s arm; others are
much weaker. In all cases their presence is marked by a con-
spicuous white incrustation of salt, which forms around the
spring and along the sides of the little stream that flows from it.
Particles of giass or weeds blown into these springs or streams
soon become covered with white salt crystals. These strings of
crystals are often an inch or more in diameter and look l1ke rock
candy. In places the incrustation around the springs are so
thick that the salt may be seraped up and hauled away. This is
the source of the so-called rock salt of the plain.

“The Little Salt Plain is located a few miles further up the
Cimarron, just on the border of Kansas. 1t does not differ ma-
terially from the plain just described, except that it is much
smaller and the bluffs on either side of the river are neither so
high nor precipitovs.”

Two views of Big Salt Plain are given in figures 63 and ¢4,

Fig. 63.—View of Big Salt Plain on Cimarron River.

Fig. 64,—Gypsum capped bluff at edge of Big Salt Plain,
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The crust of salt near the springs near the southwestern
corner of the Big Salt Plain was about six inches thick at the
time of the writer’s visit and is reported to reach a thickness of
one foot during long continued dry spells. A view of a small

area w'here the crust is between one and two inches thick is
shown in figuie 65.

IFig. 65.—Salt crysals on surface of Big Salt Plain.

. Prospects for development.—The amount of saturated brine
going to wasle on these two salt plains is very diflicult to esti-
mate but is undoubtedly verv large. One of the largest springs
on Big Salt Plain forms a stream over a foot broad and three
inches deep. There are many other springs and hesides a very
large amount of water probably works out through the sand.
The brine is practically saturated as is shown by the formation
of the thick crusts of salt over the streams from the springs, and
by the formation of crystals on leaves, weeds, and grass which
are blown into pools of water. The crystals formed are cubical
and appear to be of pure salt. The water from the larger
springs is perfectly clear and would not require settling before
evaporation. The conditions at the plains themselves, then, seem
to be entirely favorable for the development of a considerable
industry but the plains are so far removed from railway trans-
portation that there can be no development on a large scale under
present conditions. The nearest railroad is about 25 miles from
Big Salt Plain and this distance is prohibitive.

In the early days of Oklahoma Territory salt from this plain
supplied the local demand for miles around and there was quite
a thriving industry on a small scale. However, when the rail-
roads were built thiough the territory it became possible to ob-
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tain the imported salt in most of the region formerly supplied
from the Salt Plains more cheaply than it could be hauled from
the plain. The market was thus greatly restricted while the
plains were still left so far from the railroads as to render them
incapable of development. The amount of salt manufactured at
the plains in the past few yvears has been almost negligible and
there is no prospect of improved conditions until a railroad is
built near the plains.

BLAINE COUNTY SALT PLAIN.

Blaine County Salt Plain lies near the head of Salt Creek
about four miles west of Ferguson. These springs issue from a
red and blue mottled cross-bedded sandstone which outerops
about 100 feet below the Ferguson gypsum. The upper or west-
ern part of the plain is in two narrow canyons in the gypsum
hills. In this part of the plain there is little sand in the beds of
the streams and the water flows for the most part on the red and
green shales and the sandstones. One canyon extends east and
the other joins it from the north. Below the junction of the two
branches the stream flows east, in a canyon so narrow that the
salt plain is not over 100 yards wide for some distance but grad-
vally widening as it leaves the gypsum hills until the salt plain
is one-fourth mile wide. After the ecanyon begins to widen, the
floor is covered with sand to a depth of several feet. About two
miles below the springs other streams join the main creek and
the water is so diluted that the salt is not formed on the surface
of the sand. The crust of salt formed over the plain itself is
much thinner than that formed on the Big Salt Plain. It seldom
exceeds one-half inch in thickness and is usually much less than
that.

Three samples of the salt water were collected, one each
from the north and the west canyons and one from the stream
bhelow the junction of the two small streams. The three analy-
ses agree prettly closely, as will be seen from the following
table:

Analyses of water from Sult Creek four miles west of Ferguson.
In parts per million.

- A. Water from stream in west canyon.
B. Water from stream in north canyon.
C. Water from below junction of the two streams.
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A B C

Soda (Na,0) ..... e o 146,273 121,715 140,056
Potash (K,0) .............. 251 328 297
Lime (CaO) ................ 3,516 3,280 3,588
Magnesia (MgO) ........... 1,532 1,097 1,427
Chlorine (C) ............... 150,400 123,600 143,200
Sulphate (SO,) .............. 3,768 5,043 4,356
Sodium bicarbonate (NaH CO,) 84 101 100
Iron and aluminum oxide

(Fe,O, and ALO,)....... 176 24 28

Prospects for development.—Blaine County Salt Plain furn-
ishes enough brine to make a large amount of salt. From some
approximate measurements it is estimated that enough water
could be obtained just below the junetion of the two canyons to
supply a plant having a capacity of eight to ten cailoads per 24
hours. These figures do not take account of the water in the
sand at the location where the measurements were made. The
water could be obtained by leading it from the streams through
sluices to tanks or by pumping from ‘wells in the sand. The
plant could bhe located at Ferguson on the Chicago, Rock Island
& Pacific, about three miles from the lower part of the plain or
a spur could be easily built up Salt Creek to a plant located at
the plain.

From the standpoint of economic importance, Blaine Coun-
ty Plain bids fair to exceed all others in the State, as it is nearer
both to the coal fields and to market than the others. A number
of primitive salt plants have at different times been located along
the edge of the plain. The methods employed in securing the
salt are extremely simple. A well is dug in the sand of the plain
and the water pumped by hand into vals and evaporated by
boiling. Fuel, chiefly cedar and oak wood, was formerly ob-
tained from the canyons near by. 1t is stated that three buckets
of brine will make one bucket of salt. The capacity of one of the
plants is said to have been from 500 to 2,000 pounds per day.
The salt was hauled in wagons to supply local trade, and the de-
mand is said to have exceeded the supply for a number of years.

A few years ago a plant with a capacity of 450 barrels per
24 hours was erected at Ferguson, the nearest railroad point to
the plain. The brine was obtained from open and drilled wells
and was carried two miles in a 2l4-inch wrought iron pipe.
Steam was employed to operate the rakes, elevators, conveyors,
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etc. The pans were of cement 12 by 50 feet and 20 inches deep.
The plant remained in operation but a few months, when it was
purchased by one of the large salt companies and shut down. It
has since been dismantled.

BECKHAM COUNTY SALT PLAIN.

This plain was not visited by the writer so Gould’s® brief
description is given:

“In the southeast corner of Beckham County, near Carter,
on sections 10, 11, 14, 15, Township 8 North, Range 22 West, is
a salt plain occupying an area of about 40 acres. This plain,
which is about half a mile distant from the North Fork of Red
River, is located near the base of the Gypsum Hills. In places,
springs of salt water issue directly from beneath gypsum
ledges, while in other instances the water boils up in the form of
bold springs from the level surface of the plain. There are
more than 20 springs, the waters of which unite to form a
stream as large as a stove pipe. In view of the faet, however,
that a great part of the water sinks into the sand, it is probable
that this amount represents but a small part of the actual flow.
Salt has been manufactured at this plain at various times.”

This plain is now near transportation, as the Wichita Falls
& Northwestern Railway passes within less than a mile of the
plain about three miles south of Carter. A view of a spring
issuing from beneath a gypsum ledge is shown in figure 66.

HARMON COUNTY SALT PLAINS.

Harmon County salt plains are situated on the south side of
Elm Fork of Red River in secs. 4 and 11, T. 6 N., R. 26 W. The
salt springs boil up from the floor of the plains, a short distance

* back from the river. On the plain in sec. 4 there are several

springs whose waters vary from fresh to saturated brine. The
few springs on the plain on sec. 11 have a flow of almost con-
centrated brine. The area of the plain in sec. 4 is about three
acres and that of the plain in sec. 11, about one acre. The
plains are in narrow canyons between hills formed by the Greer
gypsums. Salt has been manufactured at both of these plains
for several years. Formerly the timber which grew in the can-

*Gould, Chas. N., Salt: Bull. Okla. Geol. Survey No. 6, 1910, p. 71.
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Fig. 66.—Salt Spring issuing from beneath gypsum ledge, Beckham County.

yons was used as fuel but this has been exhausted and solar
evaporation has been used for sometime. The water is led from
the springs into large tanks or ponds on the floor of the plain.
These are built of slabs of rock. The water is fed into the tanks
as desired and as it evaporates a crust of salt forms on the sur-
face which settles to the bottom forming a hard crystalline layer
of salt. This layer is broken up with picks and the salt shoveled
or raked into piles at the edge of the tanks. A view of the plain
in sec. 11, showing the tanks and piles of salt is shown in figure
67. A sample of salt taken from the piles analyzed 99.15 per cent
sodium chloride. The principal impurities are sodium and cal-
cium sulphates, and iron and aluminum oxides which probably
are in the form of dust which is blown onto the piles. Only a
very small portion of the available brine is utilized at either
plain.

For several years these plains supplied the market for a
large territory but the building of railroads has lessened the area
in which the salt can compete with the imported product, with-
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Fig. 67.—View of salt plain in Harmon County.

out making the plains themselves accessible to j:ransportatlon.
In times past the production from the two plains reached as
much as 600 tons per year but of recent years the gutput hgs
been much less. There is no prospect of any marked increase in
production unless a railroad should be built near the plains.

JACKSON COUNTY SALT PLAINS.

e salt plains of Jackson County are three in number and
theyrli?e closeptogether on the west side of Sandy_Creek about
three miles from its mouth and about the same distance south
of Eldorado. The northern plain lies in the E. 14 sec. 31, T. 2
S., R. 28 W., the middle one in the NE, 1/ sec. 5, T. 3 S., R. 23
W., and the southern plain in the NW. 14, sec. 5 of t'he same
township and range. All three plains are on small tributaries
which flow northeast into Sandy Creek. '_I‘he northern a.nd
southern plains are each about 100 yards w1de_ and 40'0 yvards
long, while the middle plain is only 40 yvards wide but is a]oout
one-fourth mile long. The water comes from numerous springs
which boil up from the sand along the streams. The sandy floor
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of the plains is covered by a thin incrustation of salt. The crust
of salt is very thin and the water does not seem to be nearly sat-
urated. Minnows were observed in the small streams swimming
up almost to the springs. The water has a very strong taste
but is bitter rather than salt.

Some of the incrustation was scooped up with the sand and
leached out with water in laboratory. The analysis of the sol-
uble salts show that there is much more sodium sulphate than
sodium chloride present and that the potassium sulphate is also
high. In the incrustation from the middle plain the proportion
of sodium chloride is greater but there is sufficient sodium and
potassium sulphates to make the commercial recovery of the
common salt questionable. It is possible that the potassium sul-
phate from the middle plain might be utilized as a by-product.
Caleium sulphate is present in greater proportion than it is on
any of the other plains investigated.
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