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FORENORD

Data on the chemical quality of Cklahome water
supplies, principally those wused by municipalities
of the State, have been compiled by Dr. O.M. Smith,
head,Department of Chemistry, Oklahoma Agricultural
and Mechanical College, in co-operation with the
State Department of Public Health, These data con-
sist of sbout 1,800 analyses of water samples, made
by the Department of Health,the Department of Chem-
istry of the Agricultural.and Mechanical College,
commercial water—-treating concerns, and others. The
Oklahoma Geological Survey was requested to prepare
a discussion of the geological conditions relating
to the occurrence  and quality of ground waters in
different parts of the state.

The complete report, including tabulations of
analyses, is to be published by the Engineering Ex-
periment Station, Oklshomd Agricultural and Mechan-
ical College, Stillwater. The discussion of the
geology of ground waters of Oklahoma, however, is
given here because of the many inquiries that come
to the Oklahoma Geological Survey for information
relating to ground-water supplies. '

The summary discussion of quality of water in
different aquifers is based on the study of the tab
ulations of analyses, and gives a general idea of
the type of water that may be obtained in different
parts of the state. It is regrettable that very few
data are avallable on cuantities of water that may
be obtained from different water-bearing formations.
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Water is a natural, homogeneous, inorganic sub-
stance, having a definite chemical composition and
is crystalline in solid state. Hence it answers all
the requirements of the definition of a mineral.
Ground water is present in the pore spaces of rocks
§§§§§ PP <« or rock meterial, hence its occurrence is a geolog-
‘gggfd ; ical phenomenon, and the conditions contrelling its
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movements are z part of the science of geology.
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A1l forms of life, including man, require water
in their vhysioclogy. Man consumes water directly,
assimilates additional quantities through eating
vegetables, meat, milk, and other organic foods:and
uses large quantities for sanitation, agriculture,
industry, and in other ways,
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A11 water used directly by man  for physiolog=
ical needs, sanitation, agriculture, or industry,
falls to. the earth as rain or snow, regardless of
whether its immediate source 1is a river, lake, or
well. This is knovm as meteoric water. Rain water
is nearly pure, and contains only the substances
picked from the air, In many sections of Oklahoma,
rain water is collected in cisterns and is used for
demestic needs,
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After meteoric water reaches the surface cf the
earth, a portion of it runs off into drainage chan-
nels, and may be impounded in reservoirs.Part evap-
orates and part sinks into the soil to become soil
moisture and is used by plants. When the soll is
thoroughly saturated, and plant requirements have
been met, further additions of water to the soil
] will penetrate to the zone of saturation,and become
S0DIXAN MAN ground water, Ground water may return to the sur-
face as springs, or drain into the streams, and it

S

GABBRO. LATE TERTIARY BASALT FLOW.

QUATERNARY
TERTIARY
PENNSYLVANIAN
MISSISSIPPIAN

EXPLANATION
PERMIAN

NORMAN, OKLAHOMA - 1938
CeNozalc

GEOLOGIC MAP OF OKLAHOMA

fIME cAaMBRIAN

IGNEOUS.

X rriassic,

PalLEOZOIC

b

Mesozolc

oz
=

RoeerT H. DOTT, DIRECTOR

OKLAHOMA GEOLOGICAL SURVEY

=


murr9641

murr9641

murr9641

murr9641

murr9641


may be recovered from wells.

Depending on geological conditions, ground
water is defined as 'free" or 'confined".

Free water is not under pressure, and will not
rise in the well above the level at which it is
fiprst encountered., The top of the zone of satura-
tion is called the water table,and conforms roughly
to the topography of the land surface, se that
depths to water in a given area are approximately
the same. The water table, however, 1is somewhat
deeper below the hills than below the valleys. The
level at which the water table stands,and therefore
the level of the water in wells, depends largely on

. the rainfall.

The quantity of free water in the zone of satu-
ration depends on the thickness of the water-bear-
ing formation below the water table. The character
of the materials determines the rabte at which water
can be discharged from a well; and the amount of
water that is annually recharged or replenished to
the formation is a measure of safe yield.

Springs are commonly related to free water and
issue where the contact between the permeable aqui-
fer and an underlying layer of impermeable material
has been exposed by erosion, Because the water in
the aquifer cannot move down into the impermeable
layer,it tends to move laterally to the outcrop and
therefore to drain the aquifer.

In Oklahoma, the formations that contain free
water are the valley alluvium, the terrace deposits
adjacent to major streams, the sand dune areas, and
the sand and gravel deposits underlying the High
Plains in Cimarron, Texas, Beaver,and part of Ellis
Counties.

Confined water occurs in stratified, generally
consolidated, permeable rock strata that are over-
lain and wunderlain by impermeable strata, and dip
or slope away from their outerops. Meteroic water

&

enters the aquifer at the outcrop, and sinks down
in the same manner as in the case of free water. It
then flows by gravity down the dip away from the
outcrop, somewhat like water passing through a con-
duit or pipe, except that it is actually going
through many small conduits of irregular size and
shape, made by the openings between the mineral
fragments of the rock,

As more water 1s added at the outcrop, its
weight creates pressure on the water at depth in
the formation, and accelerates movement. When the
aquifer is penetrated by a well,the water will rise
to a height a little lower than the outcrop or in-
take area, If the mouth of the well is lower than
the intake area, the well will flow at the surface,
Such a well is commonly called "artesian", although
technically the term '"artesian'" applies to all
wells in which the water rises substantially above
the level where it is first encountered. A flowing
well, therefore, is only a special kind of artesian
well. The water is said to be under artesian pres-
sure, or to occur under artesian conditions.

Artesian springs may occur where a fault or
fissure intercepts a confined aguifer at depth, and
the surface of the ground is lower than the intake
area of the aquifer, Like a well, the fissure pro-
vides an opening up which water may rise under the
impetus of artesian pressure.

The greatest part of the area of Oklahoma is
underlain by consolidated roeck formations that con-
tain confined water, under artesian conditions,
which they yield to wells in greater or lesser
amounts ,depending on the character of the materials.
Except in a few areas, as at Sulphur and Lawton,
artesian water in Oklahoma will not rise to the sur
face in wells.

Water-Bearing Formations

Properties of Water-Bearing Rocks. The water-
bearing properties of the most important aquifers
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in Cklahoma are summarized in followlng pages.
Their importances is due principally to the rela-
tive abundance of the water they contain, partly to
their location, and to the chemical character of
the water they yield.

Good acuifers are rock formations that have
high porosity,high permeability,considerable thick-
ness, and large intake areas. The porosity of a
rock is the pore space,or openings between the min-
eral grains, and its permeebility is its capacity
for transmitting water under pressure. Porosity anc
permeability are not synonymous. Some clays have
high poresity but will transmit very little water,
whereas gravels and sands, perhaps with lower poro-
sity, will transmit water freely. If a rock is por-
ous, its permeability depends on its cez seness,the
uniformity of the size of the grains in 1t, and the
extent to which the pore snaces have been filled
with cementing material.

Gravel and coarse, well-sorted sand make the
best aquifers, but coarse-grained sandstone and
thick limestone containing cracks, crevices, joints,
and solution openings are almost as good. Shale is
ordinarily too impervious &e yield much water to
wells,but if it is much joimked and cracked it will
yield moderate supplies of weter.

The intake area of an aquifer is approximately
equal to the outcrop area of the formation. It is
the area where the formation is exposed at the sur-
face so that meteoric water can seep downward into
it.

The value of 2 formation as an aquifer is
greater if it is thick because a thick formation,
obviously, has greater reservoir capacity than a
thin one. Also, a thick formation generally has a
wider outcrop at the surface, and therefore,a larg-
er intake area. The width of outcrop, however, de-
pends also on the angle of dip of the formation,be-
ing less where dip is steep than where it is gentle,
if the thickness is the same. If the land surface

3

is rough in the outcrop area,the actual area may be
greater than on flat surfaces, but a larger part of
the precipitation may go into the streams as direct
run—off because of the steep slopes, and so the ef-
fectiveness of the intake area may be no greater
than on a flat surface,

Mineral content. Most of the rocks of the
earth's surface contain soluble mineral salts in
greater or lesser amounts, .and these are dissolved
by the waters that pass over or through the rocks.,
Thus both surface and ground waters become mineral-
ized, and may contain some of the common salts.
Among these are calcium and magnesium bicarbonate,
calcium and magnesium sulfate, bicarbonate of soda,
sodium sulfate (glaubers salt), and sodium chloride
(common salt),

Calcium carbonate is the principal constituent
of limestone,and also occurs in many sandstones and
shales. Therefore, the analyses of waters from
limestone - areas, such as the Arbuckle and Ozark
Mountains, show relatively high concentrations of
this compound, in the form of calcilum bicarbonate.
Such waters are hard and produce a white scale in
tea kettles, water heaters, and boilers.

In general, the waters from sandstones in Okla-
homa are soft, containing relatively little calcium
bicarbonate but higher concentrations of sodium bi-
carbonate and sulfate, The sandstones of western
Oklahoma are more highly impregnated with soluble
salts at shallow depths than are those in eastern
Oklahoma. Consequently, the waters from these re-
gions are more highly mineralized.

The shales of eastern Oklahoma contain only
small amounts of soluble salts, whereas most of the
red shales of western Oklahoma contain considerable
quantities of gypsum (calcium sulfate) and common
salt (sodium chloride).

The degree of mineralization of the water is
proportional to the quantity of scluble salts in

7


murr9641

murr9641

murr9641


the rocks and the length of time that the water is
in contact with them. It may also depend on ‘the
perviousness of the rocks and the rapidity of the
circulation through them, because in time the solu-
ble salts may be largely removed where the circula-
tion is good. In the same area, ground water will
contain more mineral matter than surface water be-
cause of its greater opportunity for dissolving the
salts. During heavy rains, when large volumes of
water rapidly run off the surface into the streams,
the surface water contains relatively less dissolv-
ed mineral matter than during low stages when the
stream flow is maintained chiefly by ground-water
- inflow., During protracted droughts, when evapora-
tion may be high, the mineral matter in surface
water may become highly concentrated.

The character of the surface waters reflects
the mineralogical nature of the rocks over which
hey flow. The surface waters containing the small-
est amounts of dissolved solids are those of the
sandstone and shale area of east-central and south-
eastern Oklahoma. The surface waters containing the
largest amounts of dissolved solids are the waters
from limestones areas, which generally are high in
calcium bicarbonate,and those from the redbeds area
of western Oklahoma, which generally contain more
or less dissolved gypsum and salt,

Part of the ground water found in the alluvium,
or valley fill, especially in a band close to the
stream,is supplied by underflow from the stream and
is similar in chemical character to the water of
the stream, although it may differ somewhat in the
degree of concentration, As with surface water, the
concentration of minerals in the ground water in
alluvium is rather closely related to the amount of
rainfall, tending to increase in time of drought.
The same is true, but to a lesser extent, of ground
water in other formations.

In general the water from a deep aquifer is
more highly mineralized than that from a shallow
aquifer, and the water in the same aquifer is more

|O

highly wineralized where the acuifer is deep be-
neath the surface than at shallow depths near the
outcron, Thus some sandstones that contain potable
water abt depths cown to 1,000 feet yield only high-
ly mineralized, saline waters from greater depths,

Methods of Investigation

The identification of the geologicel formetions
from which the different samples of water nad come
is based on the study of several lines of evidence.
Tables of chemical analyses of the water from the
different wells, expressed in hypothetical combina-
tions, were furnished by Dr. O, M. Smith, Head, De-
partment of Chemistry, klahoma Agricultural and
Mechanical College, together with data on the loca-
tions and depths of the wells, The geological for-
mation cropping out at the surface in the vicinity
of each well was determined from published geclog-
ical maps, and the thickness of this and other geo-
logical formations 1in the area were obtained from
geological reports. Reports of the Oklahoma Geolog-
ical Survey and the United States Geological Survey
publications of the American Association of Petro-
leum Geologists, and other sources, were drawn on
freely.

In instances where well data were inadecuate,
the aquifers were identified by comparing water
analyses with those of similar waters whose geolog-
ical source was better known., From this work it
developed that some formations contain water of
such definite chemical character that correlation
of the formations can be made on the basis of the
chemical analyses of the water they yield,

Two major difficulties were encountered, In
the first place,basic geological information in the
form of accurate,detailed geologic maps,and detail-
ed measurements and descriptions of exposed forma-
tions, is available for only a few parts of the
state. Second, the well data accompanying the anal-
yses are very meager. Few drillers! logs are avail-
able, Even depths and accurate locations for many
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of the wells are lacking, so that it is impossible
to determine with certainty in what formations
these wells started or finished, Even if the forma-
tion in whigh a well stopped can be fairly well
identified, there is often the possibility that the
water sample analyzed came from & formation above
the botton of the well, or was a mixture of water
from two or more aquifers. Some of the deficiencies
in the data on wells however, were made up from the
records of the State liineral Survey.L

Principal Agquifers in Olklahoma

The more important water-bearing formations in
Oklahoma are listed in stratigraphic succession,
oldest first. Their position with respect to other
formations is shown in Table 2.

Arbuckle limestone (Ordovician age). The Arbuckle
Timestone is extensively exposed in the Arbuckle
and Wichita Mountains,and beds of the same age crop
out in northeastern Oklahoma and adjacent parts of
Arkansas and Missouri. The Arbuckle limestone 1is
correlated with the so-called 'silicecus lime" of
the oil fields, an oil-producing formation in west-
ern Kansas and some parts of Oklahoma, It contains
some fractures and solution chamnels and some sandy
zones. It yields water in and adjacent to the moun-
tain areas, through springs and wells, and not un-—
commonly through flowing wells.

In general the water is hard, being relatively
high in calcium and magnesium bicarbonates,and low
in sodium sulfates and chlorides., Four analyses of
water from flowing wells which produce water from a
zone in the Arbuckle limestone, near Lawton, Coman-
che County, however, show quite the reverse, being
low in calcium and magnesium bicarbonate, and high
in sodium sulfate and chloride, Because of the un-
usual chemical character of this water, it is be-
lieved that the meteoric waters fell on the granite

1/ WPA project 65-65-538,sponsored and directed by
the Oklahoma Geological Survey, 1936-1937.

/3

cropping out in the ¥ichita lMountains to the west,
and there dissolved sodium bicarbonate which, in
turn, prevented the solution of calcium bicarbonate

after the water reached the limestone,

Samples of water from the Arbuckle limestons,
taken from several wells 600 to 1500 feet deen in
northeastern Ckxlahoma, are highly minerelized. One
sample of water from Claremore, Rogers County,snhows
36,323 parts per million of total solids. A possi-
ble explasnation is that the "connate! water (theo-
retically "fossil! sea water) which the rocks con-
tained when they were deposited has not been dilut-
ed by meteoric vaters.

Boone limestone (Mississinnian age). The Boone lime-
stone, also known as Boone chert, crops out over
most of the Ozark area in northeastern Oklahoma. It
nas an average thickness of about 300 feet,contains
many fractures, fissures, and cavities, and there-
fore has a high reservoir capacity. It crops out in
an arez of relatively high rainfall for Oklahoma,
with a good vegetative cover, and so acguires and
contains a large volume of ground water. It is un-
derlain by the impervious Chattanooga shale, and
many springs issue at this contact. he Boone sup-
plies many of the wells and springs in and adjacent
to the outcrop area. The water is moderately soft.

The Boone limestone is correlated with the so-
called "Mississippi lime!" of northern Cklahoma and
Kansas,

Minor aquifers in the Pennsylvanian. Westward and
southward from the outcrop of the Boone limestone,
much of the bed rock of northeastern Oklahoma is
shale in which little ground water 1is to be had,
but interbedded with the shales are many beds of
sandstone, Where these sandstones are thick and
coarse and not too tightly cemented, they may fur-
nish moderately large and satisfactory water sup-
plies. Little information regarding the ground wat-
er potentialities of these sandstones 1s available,
however,because large municipal snd industrial sup-
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plies seem not to have been developed in them,eith~
er because thev are inadequate to meet such large
demands ,or because other sources -- such as surface
streams —— are more easlily available.

Nelagoney—Venoosa formation (Pennsvivanian age),

The Helagoney-Vamoosa formation crops cut in a band
from northeastern Osage Countyv,extending southwest-

ward through eastern Pawnee, western Creek and Ok-

fuskee, and central Seminole Counties. This forma-

tion consists of coarse-grained sandstone and con-

giomerate, with some interbedded shale, and ranges

from 250 to 60C feet in thickness. Its waters are

utilized in the counties through which it cropns out,
and also in Lincoln and Pottawatomie Counties, to

the west of the outcrop.

The quality of the water from the Nelagoney-
Vamoosa varies somewhat from - north to south, and
also, in common with water from most horizons, down
the dip to the westward., Waters from Creek County
show moderate concentrations of calcium and magnes-
ium bicarbonates and sodium sulfate with smaller
amounts of sodium bicarbonate and magnesium sulfate.
In Lincoln County,to the west and at greater depths,
the total solids are higher and considerable cal-
cium and sodium sulfates are wresent, but sodium
bicarbonate is negligible. In Seminole and Potta-
watomie Counties, the total solids are about the
same as in Creek County, calcium and magnesium bi-
carbonates and sodium sulfate are relatively low
and the soalum bicarbonate is high. Water from the
Nelagoney-Vamoosa 1is extensively used by oil com-
panies in drilling operations in Creek, Seminole,
and Pottawatomie Counties.

Clear Fork-Wichita formation (Permian age). The
Clear Fork—Wichita formation is exposed in southern
and southwestern Oklahoma, from Carter County to
northern Kiowa, eastern Greer and Jackson Counties,
and south to Red Hiver. It consists pf red shale
and sandstones, the latter being important aquifers
in most of the area.
14

Waters from the Clear Fork-Wichita are very low
in calcium sulfate, but contain large amounts of
sodium bicarbonates, sulfates, and chlorides,

On the Geologlic Map of Oklahomag/9 the Clear
Fork-Wichita in Sterhens and Carter Counties is di-
vided into three units. Waters from the lower unit,
which 1s a calcareous sandstone, are distinguished
by high concentrations of sodium bicarbonate,

The middle and upner parts of the Clear Fork-
chita are approximately equivalent to the Garber
sandstone and Hennessey shale of central Oklahonma.

T

W1

Garber sandstone (Permian age). The so-called Gar-
ber sandstone,including sandstones belonging to the
underlying Wellington and perhaps Stillwater forma-
tions, 1s the most 1mportant aquifer in central
Oklahoma, and water from these beds is utilized in
Garfield, Logesn, Oxlahoma, and Cleveland Counties,
but to the greatest extent in the latter two. Wat-
ers from the "Garber'" are high in total solids, but
are generally soft,and are characterized by the re-
latively high concentrations of sodium bicarbonate
and sodium sulfate,

At Norman, three zones can be distinguished in
the "Garber": (1) 75 to 250 feet below the top of
the Garber sandstone, the water is high in sodium
sulfate and chloride. (2) 350 to L50 feet below the
top, the sodium bicarbonate 1s greater than the so-
dium sulfate. (3) About 500 feet below the top, the
water contains less sodium bicarbonate than sulfate,

Hennessey Shale (Permian age). Overlying the Garber
sandstone is the Hennessey shale, equivalent to the

upper part of the Clear Fork-Wichita, It yields

water over a considerable area, principally from

sandstone members. Water from the Hennessey shale

contains relatively large amounts of calcium, mag-

‘nesium, and sodium sulfates, and sodium chloride,

2/ H. D. Miser, "Geologic Map of Oklahoma," U, S.
Geol. Survey, 1926.
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“mitehorse sandstone (Permian age). The Yhitehorse
Formabion is the most imnortant aquifer in west-
central Oklahoma. The hitehorse is comprised of
two members., The Marlow or lower member consists
of sandstone and shale, with considerable gypsum
(calcium sulfate) disseminated through it. The up-
per member, known as the Rush Springs sandstone, is
largely sandstone,and is the more important agquifer
- of the two, both because of its thickness and the
quantity and quality of the water it contains, The
“hitehorse formation has an average thickness of
about 350 feet, with the iarlow member 100 feet and
the Rush Springs sandstone 250 feet thick,

The chemical character of the waters from the
two members is distinct. Water from the lMarlow is
high in calcium, magnesium, and sodium sulfates,but
is free - from magnesium bicarbonate, whereas Rush
Springs water is practically free from calcium sul-
fate and contains slightly more sodium sulfate and
somewhat more sodium and magnesium bil-carbonate
than the Marlow water. Both waters contain sodium
chioride,

Quartermaster formation (Permian Age). The Quarter-
master formation 1is exposed in western iashita,
northern Beckham, and Roger Mills Counties. It con-
sists of soft, red, rather fine-grained sandstone
and shale, and is abowt 300 feet thick. Water from
the Quartermaster formation is relatively high in
calcium and magnesium bi-carbonate, with some sodi-
um bicarbonate, sulfate, and chloride. The Quarter-
master formation is especially important as an aqui-
fer, although its yield is rather small, because
other formation in the area yield less water of
poor cuality;high in calcium and magnesium sulfate,
and in total solids.

Trinity sand (Cretaceous age). The Trinity sand
crops out in southeastern Oklahoma from Love, Car-
ter, and Marshall Counties, through southern Atoka,
Pushmataha, northern Choctaw,and southern McCurtain
Counties. Between the northern limit of its outcrop

and Red River, the Trinity yields moderately large

/b

supplies of water that is soft but centains high
concentrations of sodium blcarbonate.

Ogallala formation (Tertiery zge)., The Ogallala
formation underlies the high pialns of the Oklahona
Panhandle,and supplies nearly all the waler consum-
ed in that area of low rainfail. The formation con-
sists of calcareous sands, gravels,and sandv clayvs,
has an average thickness of 300 feet, and a maximum
thickness of 600 feet. Some of the water from the
Ogaliala is being wutilized for irrigation. Uepths
to water in the 0gallala range frem about 50 to 300
feet in Cimarron County, 70 to 250 feet 1in Texas
County, emé 30 to 250 feet in Reaver County.

The water is very hard, but is relatively low
in sulfates and chlorides, Total dissclved solids
are much lower than in most waters from bed rock
formations farther east,

Terrace Deposits (Pleistocene age). Deposits of
sand and silt underlie high level terraces along
many of the larger stream valleys. 1In general, the
terraces represent older, higher stages of the ri-
vers that have since cut their channels deeper and
developed new flood plains. The terrace deposits in
Roger Mills and Ellis Counties may represent rem-—
nants of the High Plains,

The terrace deposits are generally more or less
permeable, and therefore readily absorb water di-
rectly from rainfall and from the run-off from ad-
jacent uplands., The quality of the waters from
these deposits generally 1s good,and they are, con-
sequently,of great value in areas where other water
supplies are inadequate or of inferior quality.

These deposits were originally alluvium, and
may contain mineral salts brought dcwn by the wa-
ters of the streams that deposited them, The chem-
ical character of water in te:rrade deposits may be
influenced unfavorably by the charscter of the
rocks in adjacent areas. In western Olil.homa, ter—
race deposits are surrounded by Permian redbeds,and
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if soluble minerals such as gypsum or salt are pre-
sent in these rocks, waters that flow over them la-
ter to collect in the terrace depozits is likely to
be highly mineralized.

Alluvium (Recent age). Alluvium 1s the deposit
built up by the present streams in their valleys or
"bottoms"., Alluvium resembles terrace deposits in
being loosely consclidated and, where coarse, capa-
ble of yielding large volumes of water. The chem-
ical character is similar, too. Because of .this
similarity, considerable difficulty was encountered
in differentiating waters from terrace deposits
from those of alluvium.

Water is fed into alluvium by underflow from the
stream itself, by rain water that falls upon it,and
by run—off from adjacent uplands. Insofar as the
supply comes by underflow, the guality of water re-
sembles that of the stream water, and is determined
by the character of the rocks cropping out in the
drainage basin., Flood waters tend to flush out
salts previously deposited by gvaporation, and di-
lute the water in wells in alluvium. A direct cor-
relation between rainfall and total solids was not-
ed in the analyses of samples of water obtained
from the alluvium of Norbh Fork of Red River at
Erick, Beckham County (Table 1).

Stratigraphy of Oklahoma

The following tables show the principal geologic
formations exposed in different parts of Oklahoma,
arranged in stratigraphic order, with the oldest at
the bottom. Formations from which water samples
were analyzed are indicated by an (¥), but the in-
tervening formations are listed in order to show
the complete sequence,

A generalized geologic map of Oklahoma is given
on the inside front cover, but the reader 1is re-
ferred to the Geologic Map of Oklahoma for  de-
tails of distribution of the individual formations.

23

TABLE 1. Annual Rainfall and Concentration of Total
Solids in Water from Alluvium, Erick,Beckham County,

Oklahoma
Total
Pregipi~ Average Date of Number of
Year tation Total Solids Analyses Analyses

{inches) in Water D.p.m.

1927 19.51

1928 28.14

482 L/L/29 1
1929 2L.18 150 12/16/29 ]
1930 27.81
1931 20,92
1932 23,45
1933 13.78 569 3/31/33 L3
678 5/5/3h 1
1934  11,52% 678 5/5/ 3L 1
355 November,'34, 1
Interpolated

#%  Several wells
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Water Bearing Formations in Oklahoma
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1. Surface streams and reservoirs are the rost
important source of water in Cklahoma, and supply
larger cities, Quality depends on rainfall and min-
eral character of the rocks in the watershed. It
ranges from very dilute, in sectioms of Eastern Ok-
lahoma underlain by sandstones and shale that con-
tain few scluble salts, to waters unfit for human
use because of concentration of calcium sulfate and
sodium chloride, in some streams of southwestern
Oklahoma. Surface water that crosses areas of lime-
stone outcrops, as in the Arbuckle and Ozark Moun-
tains, contains considerable calcium bi-carbonate.

2. Alluvium is material deposited by streams
on their present bottoms,and consists of clay,silt,
sand, and gravel locally, Terrace denosits are old
alluvium representing older and higher stages of
present streams,and in extreme western Oklahoma may
represent remnants of the High Plains.

Terrace and alluvial deposits generally are

loosely consolidated, and able to absorb large vol-
umes of wabter that falls as rain and snow. Alluvium
is partly fed by underflow from the stream. Both
deposits are of great importance, especially in
western Oklahoma, in areas where water from other
sources are inadequate or inferior., Quality of
water in alluvium,and to a lesser extent in terrace
deposits is influenced by the character of rocks
exposed in the drainage basin.
3. Ogallala formation, underlying the High
Plains, chiefly in the Panhandle counties, consists
of clay, sand, and gravel, and freely ylelds water
that is hard, but relatively low in sulfates, chlo-
rides, and total solids.

L. Woodbine formation supplies some water in
southern Bryan and Choctaw Counties. Hany springs
issue from Dakota sandstone in Cimerron County, and
it yields water to farm wells in the same area.

5, Washita group: alternating shale and lime-
stone. Yields hard water in southeastern Oklahoma.

6, Trinity sand,an important aquifer in south-
ern Oklahoma, yields soft water. '

7. Wells near Kenton, Cimarron County, from
Morrison and Exeter.
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8, Quartermaster present
and Roger Mills Counties. ™ater is relatively high
in calciwa bi-carbonate, magnesium bi-carbonate,
with sodium bi-carbonate, sodium sulfate and-sodium’
chloride.

G. Cloud Chief is a gypsum and shale forma-
tion; water is high in calcium sulfate and contains
considerable magnesium sulfate and sodium sulfate,

10. "hitehorse formation is important over a
large area of western Oklahoma. Rush Springs member
is the more important,both as to quantity and qual-
ity of water,

~11. Chickasha-Duncan formation,
Stephens Counties, 1s mostly

in Washita, Beckham

in Grady and
sandstone, It 1is

‘thought to be equivalent to the El Reno group,which

consists of shale and gypsum.

‘Chiclasha~Duncan waters contain moderate amounts
of calciuwm sulfate and considerable magnesium sul-=
fate, scdium sulfate and chloride. Waters from the
Blaine gypsum are high in calcium sulfate,magnesium
sulfate,and contain considerable sodium sulfate and
sodium chloride,

12. Clear Fork-Wichita formation consists of
alternating sandstone and shale, In Garvin,Stephens
and Carter Counties, waters from lower part contain
higher concentration of sodiwm bi-carbonate.

Garber sandstoneé is important in central Okla-
homa,especially in Cleveland and Cklahoma Ccunties.
The water is wusually soft, and is characterized by
relatively high concentrations of sodium bi-carbon-
ate and sodium sulfate, ’

Hennessey shale yvields water, principally from
sandstone members, in parts of central Oklahoma.

‘The water is relatlvely high in calcium, magne51um,

and sodium sulfate and sodium chioride.

13. Wellington formation 1is alternating shale
and sandstone. Water contains considerable calclum
and sodium sulfate; locally it is high in sodium
chloride.

14. Konawa and Asher formations mostly coarse
sandstone. Stillwater is alternating shale, sand-
stone and limestone.
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15. Data on Wabaunsee formation from Payne,
Pawnee, Lincoln and Pottawatomie Counties. 3oft
water, locally high in sodiun sulfate and consider-—
able sodium carbonate and chloride, Caicium sulfate
present in Pottowatomie County.

16. Data on Elgin sandstone from Creek, Osage
and Pawnee Counties. Soft water, locally high in
sodium chioride.

17. lelagoney-Vamoosa formation is an import-
ant aquifer in east-central Oklahoma. Water is lo-
cally high in calcium sulfate, sodium sulfate and
sodium chloride.

18. Data on Ochelata formation from two wells
only, in Osage and Washington Counties.

19, Water from Francis formation and equiva-
lents is characterized by relatively high sodium
carbonate, sodium sulfate and sodium chloride.

20. Data from three wells only in Seminole
sandstone, from Hughes and Okfuskee Counties. Water
from Serminole is extensively utilized in Tulsa and
vicinity.
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