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ABSTRACT

Mineralized ground water occurs et some localities in
southeastern 5t. Louls and northern Jefferson Counties, Mlsass-
ourl. This water is uaually.undeairable and 1s detrimental
to development of ground water resources.

Weter well records in the offices of the Missourl Geo-
loglcel Survey and Water Resources provided data for a study
of structure, lithology and occurrence of ground water., Water
well drillers and property owners were lnterviewed to obtain
additional information concerning drilling problems and
quality of water,

Geologic cross-sections, subsurface contour maps and
isochlorinity maps alded the study of lithology, structure
and areal distribution of mineralized ground water. Rela-
tionship ia suggested between ococurrence of minerallized
water and lithology and structure. Relatively impermeable
lithologies which act as barrierse to the movement of ground
water, and structural depreessions which act as traps, retard
the flushing of minerallzed water by fresh meteorio water.

Localitles where mineralligzed water occurs with respect
to two ground water zones are shown on geologle eoross-sections
and subsurface contour maps of the principal water bearing

formatione, the Keokuk-Burlington and the Kimmswick.,
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CHAPTER I
INTRODUCTION

Mineralized ground water is detrimental to develop~
ment of ground water resources for most industrial and
domestio purposes, High concentration of salts in water
corrodes metals and 1g therefore damaging to masochinery.

Many industries require relatively pure water. Dissolved
salts, in high concentration, are harmful to people. Owners
of swimming pools and commercial bath houses, however, may
profit from the congcentration of saltis in ground water.
Structural and lithologic factors which control ground water
movement in earbonate rocks are not well known. The present
study, therefore, was designed to determine the location,
extent, and controlling geologic factors of mineralized
wvater in aouthoastérn 8t. Louis and northern Jefferson
Countlies.

In this report water with a concentration of more than
two hundred and fifty parts per million of the chloride lon,
more than two hundred and rifty parts per million of the
sulphate lon, or more than one thousand parts per million
total dissolved s0lids is considered to be mineralized
{Public Health Rsports)'. These oriteria are mutually re-

lated in ground water encountered in the area.

Taa references are in bHibliogreaphy.



Bt. Loules~-Jefferson Counties Area

The area discussed here 18 bound on the east by the
Mississippl River, which is the Migsourl-Illinols state line.
The opposite border 1s the western limit of Range 4 East,
longitude approximately 90°37'W. The southern limit of
Townshlp 43 North, latitude approximately 38°25'N., bounds
the area to the south; and the northern limit of Township 45

North, latitude approximately 38°41'N., is the other limit
of the area., The restricted area, designated herein as the
5t. Louls-Jefferson Counties area, is shown in Figure 1.

Geologlcally, the area is located on the northeastern
:gank of the Ozark dome. The formations in the area are of
Paleozolioc age. The formations which outerop in St. Louis
and Jefferson Counties are shown in Figure 2,

The olimate is sub-humid, with approximately thirty
inches of precipitation per year. Infiltration capsascity of
the soil is high in most of the area, and upland flooding 1s
not frequent. Vegetation is dense where not destroyed by
man, and truck farming is an important industry.

The major element of topography 18 an eroded upland
which slopes gently eastward between elevations of approxi-
mately seven hundred and five hundred and fifty feet. This
upland has been dissected by small valleys so that the
present surface is gently rolling. The largest stream is
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highways and area discussed in this report (from Geological Map of Missouri,

1939).
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the Meramec River, which traverses the south~central part of
the area. The Missourl River liea Just north of the north-
western gsorner, and the Missiasippi River borders the area

on the east. Bottom land makes up about ten per cent of the
surface area. Karst topography has developed in the south-
eastern part of 8t. Louls County, and sinks ocour in the
northeastern and north cenirel paris of the area covered by
thlis thesis.

The northezstern part of the area is densely populated;
southern St. Louls and many suburban communities are in-
cluded. Federal, State and County roads traverse the aresa,
denslty of roads decreasing with dlstance from St. Louls.
Industrial sites ars nmumerous in the northeastern part of the
area but have not been eatablighed in the southweatern portion.
Concentration of resldences also decreases toward the south~
west, |

The project waas based nalinly upon a study of water
well logs, supplemented by a review of avalilable literature.
In addition, drillers and owners of wells wers interviewedj
well water waz analysed; contour ﬁaps were drawn to show
subsurface structure and relative chlorin;ty; and geologlcal

cross-gactions were prepared.



Outline of Project

Field work, during the summer of 1959 and on weekends
in the fall, included personal interviews with water well
drillers and owners, sampling of water from wells and examiw
nation of outerops. Numerous well locatliona and elevatlions
were checked in the fleld and with topographic maps. Water
- samples were collected from wells and were later analysed by
Mabel Phillips, chemist of the Missouri Geologlocal Survey.

Lecntidnn of wells, anéd well symboels which represent
ground water zones in which the wells were completed, are
shown in Figure 3. Names of ground water zones &are those of
the major water producing formations within the respective

zZones.
Subsurface contour maps were constructed in order to

ald study of local structural features. The upper limits of
the Keokuk-Burlington, EKimmswick and St. Peter formations
were data for subsurface eontours. pigupre 3 also shows the
location of five geocloglc erosa-seoctions whioch 1llustrate
the relation of mineralized water to lithology and structure.
Chloride ion concentrations of water from welle were
plotted on maps with respect to the geographic locations of

the wells and with respect to the ground water zones pro=-
dueling water to the wells. Isoochlorinity lines were drawn



to illustrate areag of high or low ground water chlorinity
within the Kgakuk-Burlingtan and Kimmswick ground water zones.
Through the study of subsurface contour meps and geo=-
logle eross~seations, the author was able to determine re=~
lationship between lithology and structure and the occurrence
of mineralized water. Superimposlition of isochlorinity maps
on subsurface maps indicate that,in general, the areas of high
mineralization are located in structural lows. Formation
litheologles and associated minerallzed water, seen in the
oross-sections, indicate that, at least in part, lithology
controle the migration of ground water and hence the ocour-~

rence of minerallzed water,



CHAPTER IX
PREVIOUS IKVESBTIGATICNS

Early studles of the geology of 3St. lLouis and
Jefferson Counties were of & general nature, Papers pub-
lished prior to Shepard's paper in 1907 dealt with gross
features rether than detallsd studies of structiure and
atratigraphy. BMore recent work has emphasiszed loecal struc~
tural features and lithology of formations. Ground water in-
vnatigationa'by geologlists have been made under the sausplces
of the United States Geologiocal Survey and the State Geo-
logiecal Surveys of Missouri and Illinois,

E., M. Shepard (1907) disoussed the underground waters
of Missouri and their relation to stretigraphy and structure.
He included a section on the St., Loula basin which underlies
8t. Louls, St. Charles, the northern portion of Jefferson
and the northeastern portion of Franklin Counties. The
structure was deseribed generally as the east limb of an
anticlinal rldge the crest of whioch extends from Plattin,
Jefferson County, through Facifie, in the northeast corner
of Franklin County, northwestward and continues into Warren
County. Bhepard stated that the strata dip urniformly to the
northeast for some distance into Illinoims. The antieclinal
fold slightly interrupts the generally northeasterly dip
from the Ozarks whiech is charsoteristic of all sedimentary
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strata below the Pennsylvanlan series. Inoluded in Shepard's
paper are cross~sections which extend through the 8t. Louls
area, Mantion 1s made of the gquantity and quality of water
in deep artesian water wells in 8t. Louls County. A portion
of the description of the Belcher well, as given by lLitton,
presents pertinent data as to the depths at which minerali-
zation was encountered.

Under the Jjoint suspices of the United States Geo-
logleal Survey and the State Geological Burvey of Illinois,
N. M. Fenneman (1911) reported on the geology and minersal
regources of the B8t., Louls Quadrangle, which is a2 rectangle
31 miles long from east to west and 17% miles north to
south, The area 1s divided into two neerly equal parts by
the Misslissippl River, with the city of S8St. Louls near its
center., Topography, stratigraphy, structure, geologic
history, eccnomic geology and water resources of the area
were discussed in the paper. It included a geologle map,
photogrephs of ocutcropping formatlonas, surface structural
features and two gaheralized cross~sections. The cross-
sections show & genersal northaadterly dip and low northwest-
southeast trending folds. .

Some breccias of the St. Louls fofmation in the S8t.
Louis, Missourli, region were studled in 1925 by CGrawe, His
study pointed out that local solution caverns within the
8t. Louls formation are now filled with brececia which
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resulted from collapse of the roofs of the caverns. Photo=-
graphs showlng brecciated zones in the St. Louls formation
were 1ncluded in the paper.

Charles D. Gleason (1935) presented & preliminary and
generallzed summary of the ground water resources of S5t.
Louls County. He discussed stratigraphy and stiructure of
formations and the chemleal eompositién of well water.
Desceriptions of the water-~producing fomations and the mode
of occurrence of the water were presented. Five water
provinces were established on the basis of the formations
in which mineralization of the ground water had been encoune-
tered in water wells. Included in the report were a
geologle and water province map of 8t. Louls County, two
cross~sections showing Gleason's interpretation of the strati-
graphy end structure of the area, and the compilation of
quantity and quality of water from wells completed in the
several water-producing formations,

The geology of the Manchesier Quadrengle in Bt., Louils
County was studied.by Bousfield (1949) who discussed the
stratligraphy, general structure and topography of the area.
The lithologies of the outeropping formations were described
and numerous fleld check points were gi%en. Bousfield stated
that a major unconformity separates the Upper Ordovician
formation, the Maquoketa, from the Misslissipplan beds above
it. The 11m§atanos of Missiassippian age grade into or are

conformable to each other.
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The general aspects of fresh and sulpho-sgaline water
in the limestones of llsslssipplan and COrdoviclan age above
the 8t. Feter sandstone in St, Louls City and Counity were
discussed by John G. Grohskopf (1959). Aecording to Grohs-—
kopf, the mineralization of the water in the llmesitones may
be govermned, at least in pert, by the presence or absence of
impervious shales which overlie the limestones and which may
prevent migration of fresh water. He stated that in the
eastern and northeastern part of the area and away from the
outcrop mineralized water may be expected in the St. Peter
formation.

Veesaert (1952), conducted a field study of parts ef
Creve Coeur and Chesterfield Quadrangles, 1n 5t., Louls County,
to determine lithologle bases for establishing contacts
between Mississippian formations. The lithologies of these
and Penngylvanlan formations in the area were described in
his report.

The geology of the Kirkwood Quadrangle in St. Louis
County was discusaéd in an unpublished master's thesis by
Baldwin (1953). He included stratigrephy, structure and
references to mlneralized water wells in the area.

Earl MoCracken (1956), discuaao&ltho stratigraphy and
structure of north 8t. Louls County in & review of 01l devel=
opment in the region. Using the top of the Warsaw formation
as the datum? a structural map was drawn. Deep wells in the
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vicinlty seemed to substantiate the idea that structure in
the Warsaw 1s ocontinuous with depth into the St. Peter and
Kimmewick formations. The Kimmswiok is the oll bearing
Tformation in the area.

Gypsum and anhydrite deposits in Illinois were re-
ported by Saxby and Lamar (1957) in e paper prepared spegif-
ically to provide infermation for the possible future economio
development of these evaporites. The two minerals oocur in
the St. Louls limestone formation of Misslasivplan age and
are restricted to the socuthern helf of Illinels, part of
whioh borders the area covered in this thesis. The general
geology of the gypeum and anhydrite wae discussed, and their
areal digtribut;en is shown on small sosle maps,

Recent work relative to geoclogy of this area has been
done by private companies which are interested in quarrying
limestone or river gravel. Water well drillers are aotiva'
in puch of the area and well cuttings 60110ct0d by the
drillers are being analysed and reeorded by the Misgouri
Geologleal Survey.



CHAPTER IIIX
GEOLOGY OF THE AREA

The geology of south St, lLouis and north Jefferson
Countles is relatively simple. Middle and Upper Ordovieian
formations erop out in the southwest part of the area;
surface rocks in the northesast are of Mississippien and
Penngylvanian ages. Most of the outecropping formations
are of Mlsslssipplan age and are chiefly limestone., Pennsyl~
vanlan ghales and limestones eover much of the northern
half of St. Louls County and cecur chiefly at the higher
elevations in the northern part of the area covered in this
ﬁheaia. Flgure 2 18 8 geologlc map of St. Louls and Jefferson
Counties. A monccline dipping gently to the northeast 1s
the general structural feature., However, this 1s modified
by low antlelines, low synolines, and local domes and basins.

Subsurface geology, discussed Ain this report, is based
on water well records on file in the offices of Missouri
Goo;ogical 311!"703‘.- Only one unconformity is indicated by
the water well data, although more may be present. The
Misslgsipplan strata overlie the Ordovician formations at
& very slight angle. |

Stratigraphy

The fprmationa considered in this paper are shown in
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the generallzed stratigraphle section, Figure 4, A few
wells have penetrated formations older than the 8t, Peter,
and meny wﬁlla have been drilled through the Pennsylvanian
shales, but only the strata between these limits are
pertinent te the present work.

The St. Peter formatiom of Middle Ordoviclan age 1s a
quartz sandstone and 1e the oldest outcropping rock in the
area, It can be seen in the fleld only in the southwestern
part of the area. The thlckness of thls sandstone ranges
from 80 to 150 feet, lnoreasing northesstward.

A gray to tan dolomite and dolomitie limestone with a
few shale seams in 1its upper and middle parts lles above the
St. Peter. This is the Joachim formation, which ranges in
thickness from 100 to 125 feet.

The Plattin formation, whieh ranges from 100 to 125
feet in thiockness, lies above the Joachim and 1s a somewhat
cherty gray to white limestone. Overlying the Plattin 1s
the Decorah formation, which is dense gray limestone at the
base and a shale ﬁr & shaly limestone in the upper part. The
thickness of the Decorah ranges from 25 to 35 feet.

The youngest Middle Ordovician formation in the area
1s the Kimmswick, whieh is & cherty gr;y 1o white crystalline
and massive-bedded limestone. The Kimmswick reanges from 75
to 120 feet in thickness.
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The Upper Ordoviclan part of the section is represented
by the Maquoketa formation, which is chiefly a gray shale, It
ls cherty 15 a few locations and very calcareocus in 1ts lower
portion in other locations, especlally in the northeast. In
the extreme northeastern part of the area, this formation is
made up of 30 feet of limestone at 1ts base overlain by 110
feet of gray shale, The Maquoketa wedges out toward the
southwest, suggesting the possibility of an unconformlty
above 1t.

A light grey, crystalline dolomite, the Edgewood for-
mation of 8ilurian age, ocours sbove the Maquaketa formetion
in the extreme northeast and abruptly pinches out to the
southwest, The maximum thiokness of this dolomite encoun-
tered in the area 1s 75 feet, Overlylng the dolomite 1s a
black shale of undetermined age. Its maxinum thickness is
28 feet; 1t rapidly pinches out to the southwest.

The Sulphuyr Springs formation, which is the oldest
Mississipplen formation in the section, occurs with a max-
inmum thickness of 30 feet in the southwest and pinches out
to the northeast. The lithelogy of the formation grades
northeastwardly from quartz sandstone at the ocuterops in the
southwestern part of the study area to ﬁandy and shaly lime-

stone where it pinches out.

The Chouteau formation, a gray dense limestone of
Mississippian age, overllies the Ordoviclan Maquoketa and
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Mlisslisslpplan Sulphur Springs formestions, as shown in crosse
section A~A', Figure 6. It also overllies the shale and dolo-
nlte of Biiurian age and the Bulphur Springs formation, as
shown in cross-section E-E', Figure 10. This suggests the
presence of an anguler unconfermlity between the Ordoviclan
and Silurian formetions and lMississippian Ghouteau formation.
The Chouteau formation renges in thickness from zere to 35
Teet.

Overlying the Chouteaun formation is the Fern Glen
limestone, It is red to gray~green, sometimes ghaly in the
upper part, end a little cherty. It ranges in thickness
from 15 to 45 feet., Vhere the Chouteau pinches out, the
Fern Glen overlies the Maquoketa and Bulphur Springs for-
metlons.

A thick section of very cherty limestone, the Keokuke
Burlington formation, overllies the Fern Glen. This limeaiane
1s gray~vwhite, coarsely crystalline and massive-bedded, and
ranges from 200 to 260 feet in thickness.

A 11thplogically heterogeneous formation, the Warsaw,
ocours above the thick section'of cherty limestone. Its
thi ckness ranges from 60 to 100 feet. The formation 1s
mostly soft, gray shale, but gredes 1n£o cherty shale, cherty
limestone, calcarsous shale and shaly 11mest0no._

The Spergen formation, a tan, crystalline, oolitle
linestone w;th some chert and doclomlite, ranges in thickness



17
from 130 to 180 feet. This limestone overlles the Warsaw
and i1s sometimes diffiocult to separate from the latter by
1ithology élone, since the 8pergen contains some local
lenses of shaly limestone and caloareous shale.

The S8t. Louls formation ocours above the Spergen and
is gomposed of limestone and some dolomite, both of which
oontain a little chert, The texture of the limestone
~ ranges from dense to 1ithographic in the lower part to
coarsely crystalline in the upper part., Slightly shaly and
sandy areas occur loeally in the central part of the area,
The St. Louis formation varies from 100 to 170 feet in
thickness,.

In the eastern part of the thesis area the St. Louls
formation 1s overlain by the Ste, Genevieve formation, a
gray-white, ¢rystalline and slightly cherty limestons. The
thickness of this formation ranges from 20 to 70 feet. |

Pennsylvanian shales with some limestones occur above
the Mississippian formatiens in the northern part of the
area. The thickness of the strata of this age increases
noerthward and with inerease in elevation of the surface. The
upper limit oflﬁho Pemmsylvanian strata is the present
erosional surface. "

Reglonal Strusture

Structural features in the St. Louls~Jefferson Counties
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erea are more evident when studled over a large area, since
the mazximum dip of the formatlions is only two degrees. Such
a slight deviation from the horizontal might seem insignife-
icant in many cases, but when fluid traps are under consider-
ation the slightest reversal of dip may be of importance.

In hls paper on the cecourrence of ground water in B8¢t.
Louis County, Gleason (1935) defined the major structure as
& northeast dipping monoeline with low parallel folds trend-
ing northwest-southeast., MoCracken (1956) deseribed a dome
with 25 to 75 feet of closure within one squere mile in
north 8t. Louls County. Deep well data suggest that the
structure of this dome is vertlcally continuous into, and
possibly through, the Ordovician section.

Figure 11 of the present thesis 1s a subsurface con-
tour map of the top of the Keckuk-Burlington formation. This
surface has a general northwest-southeast mtrike and north-
east dip) significant modifications of this trend ocour
looally. The subsurface eontour map of the top of the Kimms-
wigk formation, Figurn 12, suggests that the above mentioned
general attitude of the Mississippian Keokuk formation 1is
genersally continuous with depth into the Ordovician formations.

Loecal Structure

Most of the local structural depressions in the Keockuk-

Burlington formation, as shown in Figure 11, are not continuous
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into the Kimmswiek formatien. This lack of vertical oconti=
nuity plus local thickening of the Warsaw formation, which
overlies tﬁe Keockuk=Burlington formations, suggests that the
structural depressions are sink structures, Such structures
may have resulted from the dlfferential solution of the
lower part of the xeokuk-Burlingten formation and intrafor-
mational collepse., Grawe (1923) described similar but smaller
intraformationsl c¢ollapse in the 8t. Louls formation in B8t,
Zouin County.

The most signifieant modifications of the general
northeastward dlp are the loecal highs shown in the southeaste
ern sorner of T, 45N,, R. 4E.j south central T, 45N,, R. 5E.;
and local lows shown in the nerthwestern cormer T. 45N.,

R. 4E.3 northwestern corner T. 44N,, R. S5E.§ south central
T. 44N., R. 5E¢} and northwestern corner 7. 43N., R, 6E.
Gentle folde wnich tremd nearly perpendieular to the mono=-
olinal strike, occcur in the eastern half T, 4SN,, R. 4E.;
dentral part of T. 44N,, R. 5E.; east central T. 43N., R. 6E.
See Figures 11 sad 12.

The monocglinal dip is scmewhat greater in the south~
eastern part of the area than elsevherej the hbeds are nearly
horigontal in the northwestern portlon.l The geographio
Jocations of five geologlic eross-sections are shown in
Figure 3. Crossesection B-B', Figure 7, illustrates the near
absence of dip and folding. Maximum monoclinal dip and
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modifying folding is shown in cross-section E-E', Figure 10,
whish ghows the southeastern portion of the area under in-
vtatigatidﬁ. The vertical acala.or the geologle cross~
aactiana 1s largely exaggerated with resmpect to the horizon=-
tal seale,

Deviation from perfect vertical structural continuilty
between Misslasippian and Ordovician rormaﬁiohs is due in
part to a northeastward ineresse in thigkness of the Upper
Crdovician formation in the ares, the Magquoketa, and the
, auégﬁﬁﬁt:s-of 8 Sllurlan formation from the northeast,
Variations of thickness of the Upper Ordovisian formation and
lower Misslissippian formations, as shoewn in cross~section
E~E', suggest a3 period of erosion and sporedic dsposition
betwesn the two ages. _

Jbinia. solution chanhels and open bedding planes
ocour in all the formetions to varying degrees. The nost
highly Jjeinted formations are the limestcnes with cherty
beds. BSolution chamnels ocecur moeily in limestomes, although
some ere encountered in dolomites and aleng bedding planes
of calesrecus szhales. Bolutlon channels are common elong
formational contects.



CHAPTER IV
DRILLING AND SAMPLIKNG

Essentlally all of the weter well drilling done in
the 8t. Louls~Jefferson Countles aree has been and 1s being
done by the cable tool method. Drillers in tha_area have
cooperated with the Micsouri Geologlcal Survey by saving
cuttings and water samples from meny of the wells. The
cuttings are studied in detall and recorded on graphic logs
by SBurvey geologlsta, Water samples are analysed by Survey
chemists for the determination of concentration of dissolved
end suspended solids. The well logs are used to further geo-
logleal knowledge of the area and to provide permanent records
for the well drillers eo that they may base future contracts
on these complled data. |

The c¢able tool drilling method employs the impect of
& bit suspended on a steel drilling cable, which 1s reolpro-
eated in a vertlcal motion. The cuttings produced by bit
action are removad from the hole at five foot intervals by
withdrawing the bit and bailing out. These outtings are
sampled by thaldriller. rlaced in sample bags supplied by
the Missouri Geologleal Survey, and lhippad to the Burvey
for study and c¢correlation with samples from other wells.
Time and labor are expended by the driller in the sampling,
bagging and shipping necessary to provide adequate sauples
for snolegidal study.
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Bailing at five foot intervals is not always conven-
ient for the drlllers. Balling intervals vary with lithelogy
belng panatratod,'and the driller must sonmetimes ball more
frequently to obtaln the standard five foot interval desired
by the Survey than is required for efficient drilling. The
standard sampling interval was established by the Survey to
provide a working basis for rtcgrﬂlﬁg lithdlagy and other
pertinent data on printed forms,

During the summer and fall months of 1959, the author
Anterviewed water well owners and well 4rillers who have
drilled wells in the thesis area. ' Interviewse with drillers
have shown that 2 veriety of opinions on sampling exists.
There are as many opinmiens as there are well drillers, Each
driller 18 an independent businessman competing in an area
in which water well drilling 1s highly competitive. _

Each ariller knows that well records on file with the
Survey are avallable to the publiec and that he is free to
study them to galn knowledge of ground water conditions in
en area., Also avallaeble on the logs are data concerning
methods of wsll completion amployed by other drillers. Casing
records, production of water, quality of water and other per—
tinent information are elso recorded on the logs; knowledge
of such information is very significant in bidding on future

contracts.
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Drillers who have worked 1ln an aresa for a number of
years may feel confident that they have complete knowledge
of ground 'wator conditions thereln, They have developed
methods of casing cut soft shales which ooccur at certain
levels or mineralized water which cocurs in some formations
in some losalitles. Plugging off mineralized water and
retaining fresh water in wells has been done succesafully
by some drillers and has been attempted unsuagessfully by
others,

Some independent water well drillers fesl reluctant
to supply very important information pertaining to their
business to a government sgenoy whieh will in tumrn make 1t
available to the drillars' competitors.

Drillers who provide data pertaining to the geologio
and hydrologic properties of formations enccuntered while
drilling realize the significance of compiling such data.
Knowledge of Missourl's subsurfece geclogy and ground water
resources expands with each sample sent in by drillers.
Correlation of wells with each other provides the details
necessary for better understanding of 1ithofacies changes
within formations as well as for interpretation of local
and regional structure. The more intm'-mauim from wells
the Burvey hes the more efficiently it can perform its
services of advising property owners with regard to procure-
ment of potadble water supplies and water well drillers with
regard to dﬁaouarul completion of wells.
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Much information iz contributed by the drillers to the
SBurvey, but some is withheld and net recorded. Some data on
file at the Missouri Geologloal Burvey, at no fault of the
Survey, do not correspond to dete asecqulred through perasonal
interviews with well drillers and well owners. Uiually, such
dlgsorepancies are of little significance, but sometimes they
are of great significance. Ome such dlscrepancy is that of
successful pro&uqtion of fresh water from benaath a formation
which produces minerallized water, whgreas the log on record
states only that two atrings qr oagins were used and that
the water was fresh.

Personal interviews with water well déillurs regard-
ing sanpling and providing the Burvey with well information
helped the author to appreciate the drillers' views. The
drillers desire ccoperttion with the Survey; however, they
muet compete with each other. Knowledge of and exporianod
in methods of obtaining potable water supplies in newly
developed areas or in sreas in which impotable water has been
encountered give a driller distinct economic advantage 1f
other drillers are unacquainted with the metheds, Once the
methods are known to the driller's competitors, his bargain-
ing power for contrast bids is leasenod.

Appreciation of the high competition in water well dxille
ing in the 8t. Louls~Jefferson Counties area provided the
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suthor an understanding of reasons vhy information on well
logs 18 not complete as it otherwise might be. However,
data aecuréd from water well records, along with information
secured through personal interviews with well drillers and
owners, served as an adequate basis for understanding many
of the problems involved 1n the occurrence of mineralized

water in the thesis area.



CHAPTER V
QUALITY OF GROUND WATER

Many well water analyses were made by Missourl Geo-
logleal Burvey chemists prior to the present investigation,
They were recorded with other well data on strip logs on
file with the Survey. During the summer of 1959, the
sguthor acqulred samples of water from sixty-Tive water wells
in the St. Louls~Jefferson Countles area. The samples were
enalysed by Mabel Phillips, Survey chemist, for concen=-
trationg of total dissolved secllds, the chlorlde lon and the
sulphate ion. Results of anslyses showed concentration of
salts to be much less than that in sea water. 1In some cases
the concentration of salts 18 high enough to make the water
unusable for industrial and domestic purposes.

Data derived from previous anslyses and those made
during the summer of 1959 provided a besgis for the study of
dletribution of mineralized ground water within the thesls
area. Vater which contains s conoentration of total dis-
solved sollids in excess of one thousand parts per million,
the chloride ion in exeess of two hundred and fifty parts
per million or the sulphate lon in ex&ess of two hundred and
fifty parts per million is herein consgidered minerallzed
(Public Health Reports).
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Location of water wells dlscussed in this study is
ghown 1in Flgure 3., BSymbole indicate wells 1n which miner-
allzed waier has been reported. Symbols 1ndicate also the
ground water zones in which the minerallzed water occurs.

Chlorlde 1lon concentration 1s the most useful
criterion for descritbing mineralized ground water in the
area covered 1in this thesls. The other criteria, total dis-
golved eso0lids and sulphate ion concentration, fluctuate direct~
ly with chlorlde lon concentration, but they are usuelly less
ceslly detected in the fleld by taste and preliminery chemi-
cal anelysiz,

Isochlorinity maps, Ficgures 14 and 15, show llines of
equal chloride ion concentration as determined from analyses
of water sanmples from the Keokuk-=Burlington and Kimuswlck
ground water zones. Areas of high chloride 1on soncentra-
tion in these zones are presented ir the same mnenner es hills
are shown by topographic contour lines. Isochlorinity inter-
vals vary becsuse of the wlde range of chloride lom concen-
tration in the areca.

Casing technique and well completion ability vary with
vell érlller. Contamination of one grouné water zone by
minerelized weter from other zones lslknown to occur. The
ground weter in the formetlions 1s confined under a hydro-
statlc head whlch produces a static water level well above

the level at which the water is encountered. E. E. Burt,
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well driller in Ballwin, Missouri, informed the author that
he plugged off mineralized water below the St. Peter for-
mation to-reduce contamination of water in the St. Peter
sandstone in an adjacent well. The plug waes sucocessful and
the water 1n the St. Peter sandstone 1n the adjacent well
became fresh, as it was before the deeper well was drilled.
These two wells are located at Crowley's Bridgehead Inn on
Highway 66 in the southwest part of St. Louis County.

Unless the driller reported the depth at which water
was encountered and a sample of water was taken at that time
for analysia, the quality of water at that horigon cannot be
determined. Whenever the water is sampled after comnletion
of the well, the analysis represents the concentration of
dissolved solids of a mixture of water from all the water
producling horizons penetrated and not cased or plugged off,

Wells from which no mineralized water was reported
are here considered fresh water wells. Whenever reasonable
doubt as to the accuracy of analysis or detection of miner-
alized water arose for a given well, the information per-
taining to quality of water was omitted from tables and
1aoehlor1n1ty_maps.

Error has been introduced 1nxo‘the interpretation of
distribution of mineralized water in Keokuk-~Burlington and

Kimnmewick water wells by the inadequate sampling. Too few

¥
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water samples have been saved by drillers, and many of the
samples which were saved and turned into the Survey were
teken at the total depth level rather than at the level at
which water was encountered.

In aspite of the lnaccuracies involved in the sampling
of ground water in the area, the analyses provided valuable
information regerding the location of mineralized water.
When plotted on a map, the chloride iomn conecentration shows
& reasonably consistent pattern.

Ground water in the area is not transitlonal from
mineralized to fresh as one might expect. The boundary be~
tween fresh and mineralized water in a ground water 2zone 1s
unusually abrupt. Figures 14 and 15 show that areas of high
mineralization sometimes ocour olose to areas of low mlner-
alization, This may be due to the factors which control the
cocourrence of mineralized water., Llithofacles changes wlthin
a formation may retain connate water after uplift. Structural
features such as basins and synclines may act as traps for
connate water and prevent flushing by meteoric water. Both
lithofacles changes within a formation and structural features
may ocause abrupt boundsries between fresh and mineralized

water.



CHAPTER VI
RELATION OF MINERALIZED WATER TO LITHOLOGY

Carbonate rocks make up the major portion of strata
present in the area encompassed by this thesls. Nearly all
ground water 1ls derived from the St. Peter and overlylung
formations. The major water producing lithology 1s lime=-
stone with interbedded chert. Sandstones, where present in
the area, yleld abundant water supplies, but they make up
& minor part of the geologic column., £Shaly formations yleld
water only when they contaln appreciable chert or when inter-
bedded with sandstone or llimestone.

The geologic formations of the St. Louvls-Jefferson
Countles area were grouped 1n thls study into five ground
water zones; the St. Louls-Spergen, Keokuk-Burlington, Kimmaw
wick, Plattin-Joachim and St. Peter zones, as shown in Figure
4, The name of each zone was derived from the major water
procducing formatlion or formations included in the zone. At
the upper limit of each zone 1s a hydrologleally "tight", or
relatively impermeable, rock unit, which acts @s an aqui=-
clude; and the lower 1limit 1s the aquiclude for the next
lower zone. |

The St. Peter formatlion, a quertz sandstone whilch
ranges in thickness from 80 to 100 feet, cccurs in all parts

of the St. lLouls-Jefferson Counties area. This sandstone
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has high permeabillty and provides fresh water to wells in
much of the southwest portion of the area. In other parts
of the areé, the water derived from the St. Peter formation
is mineralized. Figure 3 shows the areal distribution of
fresh and minerslized water encountered in the St. Peter
formation,.

The Joachim, Plattin and Decorah formations constitute
e section of carbonate rocks, chiefly limestone but with
some dolomite, overlain by shale or argillaceous limestone
which make up the upner part of the Decorah formation. Some
chert occurs in the Plattin formation whereas little 1s
present in the Joachim and Decorah. Little ground water 1is
produced from these three formations. Both fresh and miner-
allzed water have been encountered in them.

The Kimmswlick formatlon is a limestone with appreciabdle
chert content. Maximum production of ground water in an
elzght inch well ranges from none to 50 gallons per minute.
The Maquoketa formatlon, whlech overllies the Kimmswlck, 1s
chiefly a hydrologically tight shale, although cherty and
sendy areas do occur. Well Number 44-5-26 abéd 1s reported to
have produced 25 gallons of mineralized water per minute from

the Maquoketa shale, although the formation has since been
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plugged off to cease influx of minerallzed water into the

well.2

Well number 45-4-12 ¢dd 18 reported to have produced
mineralized water from the top of the Kimmswick formation at
a rate of 25 to 30 gallons per minute. The hole was plugged
up to within three feet of the top of the Maquokete formetion;
two gallons of fresh water per minute were then produced

from the well,

The Edgewood formation, which 1e 2 dclomite of
S8ilurlan age and the thin stratum of shale, a2lso of Silurian
age, above 1t ocour only in the nortreast part of the arez,
They ere not important as water bearing formations.

Freeh weter 1is obtained from the sandstone in the
Sulphur Bprings formation, which occcure in the soutkhwest and
pinches out repidly to the northeast. Towerd the northeest
the lithology of the formation grades from sandstone to
sandy, shaly limestone. Due to the limited arecl extent of
the Sulphur Springs sendstone, it 1ie rot a major weter pro-
ducer.

A thick sequence of limestone, the Chouteau, Fern

Glen and KeokXuk~-Burlington formations, occurs stretigraphically

2The numbers used in thie well nomencleture denote,
respectively, the township, range and section in which the
well 18 located; the letters denote position of well within
the section; the flret letter denotes one~fourth of the
section, the second letter one-elghth of the section, and
the third letter one~sixteenth of the section. Quadrants
are lettered alphabetically counter clockwlise, starting in
the upper right quadrant.
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ebove the Sulphur Springs formation. The Chouteau formatlon
contalns very little chert; the Fern Glen contalne apprecl-
able chert in some areas but is usually argillaceous; the
Keokuk-Burlington formation contains a high percentage of
chert, sometimes as much as 60 percent in five feet of
drilling.

The very chertiy Keokuk-Burlington limestone is the
mejor water producling formatlon in the area covered by this
thesis. Openings ocecur at the contacts between chert and
limestone beds. Where this formation 1s exposed at the
surface, it has many fractures and solution channels through
which surface water can infiltrate and recharge ground water
supplies. These fractures and solutlion channels are reported
to occur also at depth. The Fern Glen and Chouteau forma-
tions are generally impermeable and yleld little water.
Where 1t 15 somewhat cherty, however, the Fern Glen supplles
small quantities of water to wells. Both fresh and miner-
elized water are encountered in this thick section of lime=
stone.

The Warsaw formatlon comprises the upper part of the
Keokuk=-Burlington ground water zone. It 1s chlefly shale,
but the lower portion 1s sometimes comﬁosed of cherty lime-
stone or cherty shale, in which some water has been encoun=-
tered. Figure 11 shows the areal distribution of minerallzed

wvater in the Keokuk=-Burlington ground water zone.
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The s8lightly cherty limestones of the Spergen and St.
Louls formations contein avellable ground water of sufficlent
guantity for residences, which require only small production.
A lerge number of relatively shallow wells have been drilled
to these formations. The Pennsylvanian limestones and shales
which ocour in the area make up the upper part of the St.
Loulg«Spergen ground water zone. The Pennsylvanlan rocks
supply a meager amount of ground water in the thesis area,
but they are an important source farther north. In the
thesls aree, all ground water derlved from the St. Louls~
Spergen ground water zone hag been reported as fresh,

From the foregoing 1t seems that cherty limestones
yield the major portlon of the ground water produced in the
area; sandstones make up & small part of the geologlc column,
and they ere second in importance. Shales and non=-cherty
limestone provide very little weter.

Assuring that the mineralized water encountered in
several formations in the St. Louis-~Jefferson Counties area
is connate water, lithology could very well be a causative
factor 1n 1ts entrapment. ©Sediments in which sea water was
trapped could easily have been enclosed by impermeable sedl-
ments. Such lithologlcal relationchips could have prevented
the flushing of the sea water by fresh water during the after
reglonal uplift, Lithofacles changes within a stratum &are
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necessary to permit the above entrapment; evidence of such
changes 1s shown on the geological crogs-sectiones included
in this pdper.

The major water-producing formations are in general
lithologically consistent in the St. Louls-Jefferson
Counties area. The Magquoketa and Warsaw formations exhibit
radical lithofacies changes; therefore, the mineralized
water in the major water-producing formations probably is
not controlled by lithofacies shanges, whereas the miner-
alized water in the Maquoketa and Warsaw formatlions may be
controlled in that menner.

- The lithologles of the formations pertinent to this
thesis are shown on the geclogical cross-sections. The
southeast portion of e¢ress-section A-A', Figure 6, exempli-
fieg the possibllity of mineralized water control by
lithofacies changee in the southeast part of the thesis
area. The Warsaw formation, as encountered by well number
43-6-33 aaa, consists of shale with small chert content.
Well number 43-6434 b, which 18 one-quarter mile to the east,
is reported to have encountered only shale in the Warsaw
formation, The first well mentioned encountered no miner-
alized water in the Warsaw and the Keokuk-Burlington forma~
tions. The second well encountered very highly mineralized
water at the contact between the Warsaw shale and the very

cherty Keokuk-Burlington formation. This is evidence that a
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hydrologlcally tight formation, such as shale, has retained
mineralized water, whereaz the permseable cherty shale has
been flushed free of 1ts mineralized water by permeating
fresh water.

- Well number 42-6-2 bbb reported no water in the Warsaw
shale, VWell number 43-6-20 aca, which penetrated shale in
the upper half of the Warsaw and shaly limestone in the
lower half, encountered mineralized water at the contact be~
tween the Warsaw and Feokuk-Burlington formations. Well
numbers 43-6-=18 ace and 43-6~7 c¢b, which penetrated cherty
shale and cherty limestone in the Warsaw, encountered no
nmineralized water at the formetional contact. Thls 1s
further evidence that a hydrologically tisht formation, such
as shale and shaly limestone, haes retalned nineralized water,
wvhereas the permeable cherty shale and cherty limestone have
been flushed free of minerallized water by permeating fresh
water.

The contact between the Warsaw and Keokuk-Burlington
formations are shown in the southeast portion of cross-
section A-A' 18 very nearly horizontal. However, there is a
very shallow syncline present which may be & controlling
factor in thé oscurrence of the mineralized water.

- Presence of mlnerallzed water at the base of the War-
saw Tormation where 1t 1e non-cherty shale and absence of

mineralized water where the Warsaw formation 1s cherty shale
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suggest that chert has an effeoct on the hydrologic properties
of the shale, Chert may lncrease permeability of shale beds
and 1ncre§se flushing by freah_watar, thus displacing miner-
allzed water, vwhereas non-cherty shale may trap the mineralized
water.

The author noted that the general consensus of water
well drillers in the area is that low water production 1s
incurred when mineraslized water is encountered at the contacts
between shale and limestone. However, this 1s not always the
case, In well number 44-5-26 adb, the Keokuk-Burlington
cherty limestone supplied one gallon of fresh water per
rinute whereas the Maquoketa shale supplied twenty-five
gallons of mineralized water per minute. The mineralized
water production poseibly came from the lower contact of the
Magquoketa formation rather than the shale itself.

Not infrequently horizons of low fresh water production
vere penetrated above the major producing zone. Whenever
thlias 18 the case, fresh water i1s usually obtalned from the
well., However, it has often been found that no or very few
fresh water horizons are penetrated above a major mlnerallzed
water produeing zone. This suggests the relation between
hydrologically tight formations and the ocourrences of
mineralized water.

The cable tool drilling method, which employs impact
of a sub-sharp cutting bit, tends to crush the rock and
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obliterate miror fractures in shales and limestones. Be-
ceause of thles, the hydrologlic properties of the formations
penetrated can not be determined from the cuttings alone.
Personal interviews with or good written logs by drillers
are necessary as supplementary to study of the cuttings.

Evaporite deposits, if present, would be thoroughly
crushed by the cable tool bit and dissolved by water used
in the drilling process, unless they occurred in very thick
beds. The particles which might survive the crushing of the
bilt, could easily be lost during the sampling and washing by
the driller.

Mr, E., E. Burt, who haes drilled water wells in St.
Louls County for the last thirty years, informed the author
that he hes recovered gypsur (CaS04.2H5C) while drilling in
the Maquoketa formation. Mr. Burt stated that the material
he 1dentified as gypsum is the same material he observed in
the gypsum heds of Oklahoma, where he had previously worked
in the o0il flelds. He was quite surprised to hear that the
Missourl Geologlcal Survey has not reported gypsum in cut-
tings he had sent them, Unfortunately, the author had no
opportunity to identify the material,

Dr. A..C. Spreng, assoclate professor of geology at
the Missourl School of Mines, informed the author that he

has observed selenlte (CaS04.2H,0), a variety of gypsum, in
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the Maquoizeta formation in Pike and Lincoln Countles,
¥issouri, some {ifty miles northweat cf the area covered
in this thesls.

Along Highway 79, Jjust north of Clarksville, Mlissouri,
the Maquoketa shale contalng a consliderable amount of
selenite crystals, The author observed small selenite crys-
tals in pockets, which were about two inches in dlameter, in
the shale and disseminated throughout the shale to a depth of
at least elghteen lnches. Selenite crystals maske up about
fifteen percent of the shale near the surface at the histore
ic landmark north of Clarksville, southwest quarter of 8ec=-
tlion 9, Townahip 53 North, Range 1 East,

Gypsum and anhydrite (CasSOy) deposits, reported in
Illinols Geologlcal Survey Circular 226, 1957, occur in the
Mississlppian St. Louls formation and the Ordovieian Dutch-
town and Xnox formetions. Figure 6 on page 11 of the circular
shows the thickness of the evaporite-~bearing zone in the St.
Louis formation. This lsopachous map terminates at the
Misaouri—lllinoié state line; the western limit of the evapo=
rite~bearing zone 1s not known. Tne zone, which shows
evaporite~bearing material of several feet in thicknesa Jjust
east of the Mississippl River, may exiend into the St. Louls-
Jefferson Counties area.

Sufficient data pertaining to the occurrence of zypsum

in the Maquoketa formation are not avallable to determine
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1ts origin, Frimary deposition as an evaporite or secondary
deposlition resulting Trom chemical reactlon between celcium
carbonate.and pyrite formerly present in the shale or adjla-
cent formatlions are two thecries of origin which may be con-
sldered. Thls paper does not propose to determine the enesis
of gypsun in the Tformatlon but to present the fact that 1t
does occur,

- The occurrence of gypsum in the Maquoketa formatlion
suggests the possibility of ascoclated chloride evaporites
wlthin that fermation. Should this be the case, concentra-~
tion cf dlssolved chlorides and sulphates in ground vater
may have been derived from the sclution of evaporite salts
by permeatling water. Sufflclent evidence is as yet not
avallable to concluglvely state that evaporite deposits
occur 1in the thesls area 35 that ninerallization of ground
water 1ls due to former evaporlite beds.

Limestones with an appreciable chert content are us-
ually permesable and provide most of the ground water suppllies
in the St. Louls~Jefferson Countles area. Sandstones provide
an appreciable supply of water in the southwest portion of
the area, but they decrease 1lrn ilxportance to the rnortheast.
Cherty shales supply scme water to weils, but in general the
gehales are non-vater bearing. Lithology 1s & controlling
factor in the occurrence of grounéd water. Foseslbly it is &

controlling factor in the mineralization of the ground water.
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- Entrapped connate water and fresh water minerallzed by
evaporite deposlita are two ways in which the nineralized
water cancountered by drilling could have originated. ZXElther
or both may explaln the presence of minerallzed water 1n the

St. Louls=Jdefferson Counties area.



CHAPTER VII
RELATION OF MINERALIZED WATER TO STRUCTURE

The outstandlng structural feature in the St., Louls-
Jefferson Countles area is a northeast dipplang monocline.

Thls structure 1ls modiflied by a syncline trending northwest,
structural terraces, minor folds trending northeast and
several small lccal basins., TFigures 11, 12 and 13 show
structural features of the Keoxzukx-Burllngtion, Kimmswick and
Et. Peter formatlions,

Structural rellef and closure in the B5t. Louls~Jeffer-
son Countles area 1is of very low magnliude. The maximum dip
i1s about two degrees, and qulte often the dlp 1ls much less
than one degree. Such structure is readlly observable only
over a large area., ©Blnce the folds shown in the geologle
eross=-sections are continuous from the youngest Miseissippian
formations into the Ordovliclan formatlons, their origin
probably 1s congruous throughout. Low synelines occur in
the ares.

Subsurface ocontour maps, Flgures 11, 12 and 13, as well
&s geologlce cross-sections, show that mirnerallzed water has
been encountered in the low synclines'and structural hasins.
Filsure 11 suggests a relatlionship between syneclines and occure
rence of mineralized water in the Bt. Louls-Jefferson Countles

aree. The mlneralized water may be connate, solute from
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evaporite salt depoeits or infiltrated sea water. Connate
water 18 sea water which was entrapped in the interstices of
sediments'at the time the sedlments were deposited. Solute
from evaporite salt deposite 1s minerallized water which
procured 1ts dlssolved saltis from evaporite beds within
formations, Infiltrated sea water, as the term 1g used
here, 1s egeca water which percolated to 1ts present position
from overlylng seas, Evidence that these seas existed is
that formations in which minerelized water is encountered
are overlaln by younger marine sedimentary formations.

Geologlc oross-section E-E', Figure 10, 1llustrates
the relation between occurrence of minerallized water and
synelines, Wells 43=6-18 acc, 43-6-8 bda snd 46-6-4 dae,
whioch penetrate the Keokuk-Burlington formation 86, 56 and
5 feet respectively, encountered mineralized water wlithin
the formation or near upper contact. Wells 43-5«24 dcd and
43-6«3 dbb, which are respectively southwest and northeast
of the above three wells, penetrated the Keokuk-Burlington
formation 58 and 172 feet and encountered no mineralized
water. As shown on cross-section E-E', the three wells
vhich encountered minerallzed water are in a structural low
with respect to the two wells which encountered no mineral=
ized water.

Minerallized water of any of the modese of origin dis-

cussed above may be flushed from formatlons by percolating
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fresh water, providing the 1lithologles involved are permeable
enough to allow such displacement to take place. The general
dlrection'of fresh water movement would have been down A4ip,
although hydrostatic head differences could have caused
movement to take place up dip in some instances. Folds in
the formations would act as barriers to the flushing out of
mineralized water and displacement would be less in troughs
of synclinal folds than along limbe and crests of anticlines.
Basine and synclines acted as travs in which dense minera-
lized water collected and remained. Fresh water, which was
of less density than the mineralized water, did not force
the latter out of the trap but moved over the top of the
higher density mineralized water.

Removal of minerallized water by fresh water could have
taken place by flushing due to gravity in formations of
constant dip, as mentioned above, or by diffusion of ions
from the mineralized water to the meteoric water. Thin
layers of minerallized water would be diluted relatively
rapidly, whereas thick layers of minerallized water, or miner-
alized water in small closed crevices, would be diluted more
slowly. Basins and troughs in mineralized water bearing for-
mations would contalin thiek layers of mineralized water and
less displacement would then take place.

Filgure 5a 1is a schematic seotion which shows a rela-
tively permeable stratum, U, overlying an impermeable

stratum, L. Stratum T, which 1s also impermeable, caps
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Minéralized water [/

Figure 5a, Schematic section showing depression in formation K acting
mineralized water traps.
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Figure 5b, Detailed cross-section taken from geologic cross-section E~E!,
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stratum U. Mineralized water in stratum U 1s subjected to
flushing by fresh water moving from thé part of stratum U at
the top of the flgure down dip to point A, At point B in the
section, the surface of stratum L 1s depressed and forms a
pocket, Mlnerallized water, which has a greater density than
fresh water, 1s much less easlly displaced in the lower part
of the depression than elsewhere in stratum U, Fresh water
moves more or less laterally from point & to point C and con-
tinues flushling of minerallzed water down dip from point C.
The differentisl displacement of minerallzed water by fresh
water 1n stratum U results in ocecurrence of fresh water on
the uninterrupted slope and mineralized water in depressions.
Dilution of the minerallized water in the depressions will in-
volve a greater time factor than will direct displacement,
This will result in a complete flushing out of minerallzed
wvater in some parts of stratum U and a decrease in concen-
tration of dlssolved salts in other parts.

Filgure 5b 18 a detalled sectlon which shows the
lithology and structure present in the Warsaw and Keokuke
Burllington formations in the St. Louis-~Jefferson Counties
area. The depression in the upper part of the Keokuk-
Burlington formation at point B 18 filled with permeable
cherty limestone which is part of the overlying Warsaw for-
mation. Fractures are known to occur below the depression

as they do 1n many parte of the Keokuyk-Burllngton formatlion.
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The depression may be the result of rqof collapse of so-
lution cavities, which would account for both the depression
and fractures in the Warsaw and Keokuk-Burllington formations.
Alternatively, the depression may be & tectonlc syncline,
wlth which fractures could be assocliated.

The depression shown in Figure 5b and the fractures
in the Keokuk-Burlington formation act as & trap for miner-
elized water. Mineralized water in the lower part of the
Warsaw formation, where that formation 1s often permeable,
and in solution channels along the lower contaot of the War-
saw would be readily displaced by fresh meteoric water.
Mineralized weter in the trap, however, would be protected
from displacement and from rapid dllution. The structure
and lithologies shown in Figure 9b were taken directly from
the middle of geologie cross-section E~E', Figure 10.

The southwest end of geologle cross-seection C-C',
Figure 8, illustrates relation between ocourrence of miner-
alized water at the Joachim~Plattin contact and a minor
structural terrace at well 44-4-15 cdd. This well is re=~
rorted to have encountered water with chloride ion econcen=-
tration of 1657.3 parts per million, whereas the two adjacent
wells were reported to have encountered fresh water at the
Joachim-Plattin contact. The Decorah formation, which is
reported to be a slightly ocherty argillaceous limestone in
well number 44-4-15 ¢dd, 1s somewhat thicker at this location
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than 1t is at w2ll number 44-4-14 ada. The Plattin forma-
tion thins somewhet under the thicker éection of Decoreh,
suzgesting presence of a stratizrapile trap for mineralized
water in the Plattin formation.

The occurrence of rineralized ground water at the
contact btetween the Sulphur Springs and Kimmswick formations
and fhe pinching out of the Maguoketa in well number 44-4-14
ada, Figure 8, suzggest the presence of a stratligraphic trap
which prevented the flushing of mlnerallized water by fresh
meteorlc water. When well number 44-4-~14 ada was drilled,
fresh water was encountered at the Plattin-Jozchlm formation-
al contact., One year later, the water in the well was ana-
lysed and contalned a chloride ion concentration of 2807.6
parts per million. The minerallized water may have come 1into
the well from the Klmmswilck-Sulphur Spriags formatlonal ocon-
tact or from the minerallized water bearing area in the
Plattin formation which supplles well number 44-4-15 cdd with
mineralized water.

Cccurrence of mlnerallized water 1s controlled, at
least in part, by structural troughs in the St. Loulsg-~Jeffer~
son Counties area., Evlidence of thls 18 shown by subsurface
contour maps and thelr comparison with chlorinity mape whioh
are inecluded in this report. Geologic cross-sectlons, on
which structure and reported mineralized water are shown,

demonstrate structure-mineralized water relationehip.



CHAPTER VIII
SUMMARY AND CONCLUSICHNS

In St. Louis and Jefferson Countles, !Mlssourl
mineralized ground water 1s present 1n Urdovician and Mlsg=
issippian formations. ¥inerallzed water contalins high
concentrations of salts in solution, which are detrimental
to pluxbing, machinery, boilers and cther induetrial equlp=-
ment. The undesirable taste of mineralized water renders it
unfit for many culinary purposes. The presence of minera-
lized water is detrimental to the development of ground
water resources 1n the area for industrial and cdomestlc pur-
poses. The purposes of this thesls were to determine the
areas ia which minerallzed water has been and most probably
wlll be encountered in water well drilling, and o determine
the geologlc conditions which control the occurrence orf the
amineralized water.

Water well data whilchh were submltted to the Hissourl
Geologlcal Survey by drillers and which 1s on flle at the
Survey were studied. Formation llthologles and structure
were derlved from weter well logs. This informatlion is
presented in this report as subsurface contour maps, geologic
crossg~sections and a composite stratigraphic section, with
which lithologlc descriptions of formatlions pertinent to

the study are presented. Isochlorinity meps, Flgures 14 and
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15, represent chiloride icon concentration in ground wvater in
tie Xeokuk~-Burilngton end Kimmswlck ground water zones. The
structure contour meps also show the areae 1ln which miner-
allized water will most prcbably be encountered in the
Eeokuk-Eurlington and Kimmswick scround water zones.,

Comparison cf the occurrence of nlneralized water with
the litholeogy of formationse in which mineralized water wes
encountered shows that areas surrounded by relatively imper-
meable lithologles contaln minerallzed water, wherees areas
of permeable iithologles most often contalin fresh water.

Thls 1s not true for the entire area covered by this study,
but the relation does occur locally.

Relatlon between structure and minerallzed ground
water occurrence may be seen on the subsurface contcur nmeps,
Figures 11, 12 and 13, which also show areal distribution of
minerallized water 1n the Keokuk-Burlington, Klmmswlck and St.
Peter ground water zones. Ground water of high chloride ion
concentration is shown in the above Figures to be assoclated
with shallow synclines or basins whlch are present in the
formations included 1n the ground watser zones.

Well data show the St. Peter formatlion to be a lithol-
ogleally homogeneous quaritz sandstone. Occurrence of miner-
alized water in thils formation 18 related to depth and
structure ratner than 1lithology. LEven though the St. Peter

formation is very permeable 1t contalna large quantities of
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nineralized water in most of the area covered in thls thesls.
Flgure 13 shows the general atructurai features of the upper
1imit of the St. Peter sandstone and the areal distribution
of mineralized water 1n the formation,

EZvaporites may ocecur in assoclation with the shales
and dolomites 1n the area. Gypsum has been reported in the
anﬁoketa formation outaslde the area, but its mode of origin
has not been established. The presence of sulphate and
chloride salts in the formatlons may account for high con-
centration of sulphate and chloride ions in ground water.

Minerallized ground water which occurs in the St.
Louls~Jefferson Counties area dlscussed 1n thlsg thesis 1s
contrelled locally by lithofaclies changes and structurel
features. Hydrologlcally tight, or relatively impermeable,
lithologles impede flushing of mineralized water by fresh
meteoric water. Minerallized water in permesble areas within
a formation, when completely enclosed by an impereable
lithology, is prctected from flushing by fresh water. Syn-
clines and fracture zones underlying them act as traps for
mlineralized ground water and protect it from flushing by

permeating fresh water.
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LOCATION OF GEOLOGIC
CROSS -SECTIONS AND
WATER WELLS DESCRIBED
IN THIS STUDY

LEGEND

FIGURE =3 LOCATION OF WATER WELLS DESCRIBED IN THIS REPORT AND GEOLOGIC
ADJACENT POLITICAL AREAS.
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COMPOSITE STRATIGRAPHIC SECTION SHOWING STRATIGRAPHIC THICKNESSES
AND DESCRIPTIONS OF FORMATIONS



GECLOGIC CROSS-SECTIONS

The five geologic cross-sections which follow repre-
sent lithology, structure and, in some cases, quallity of
water in formations in the St. Louls-Jefferson Counties area.
These data were derived from water well records which are on
file in the offices of the Missourl Geological Survey and
Water Resources in Rolla, Missouri.

The vertical scale is greatly exaggerated with respect
to the horizontal scale. Both scales are shown on each
cross-section. Vertical exaggeration is 52.80.

Lithologles are represented by the same patterns by
which they are represented in the generalized stratigraphic
section,'Figure 4, Names of formations are designated on the
cross-sections,

The upper limit of each geologlc cross-section repre-
sents an approximate ground surface. The upper limit was
constructed by connecting elevations of tops of wells, with
no attempt to portray detalls between wells. The wells are
shown as stralght vertical lines and are numbered according
to township, range, section and part of section in which
they are located.

Mineralized water, which was encountered in some of the
water wells, is designated by the symbol ( ) at the level

at which it was encountered. Whenever records show approxi-
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mate mineralized water zones, brackets are used to designate

limits within which mineralized water'was encountered.
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WATER WELL DATA TABLES

Information which was procured from water well records
on flle 1n the offices of the Missourl Geological Survey and
Water Resources, Rolla, 1s herein tabulated to concentrate
data pertinent to ground water occurrence in formations in
the St. Louls-Jefferson Counties area. This information is
presented in flve sectlons; each section is made up of data
concerning one ground water zone. The five ground water
zones are the St. Peter, Plattin-Joachim, Kimmswick, Keokuk-
Burlington and St. Louls-Spergen zones.

The wells are tabulated according to the ground water
zones in which they terminate. Information regarding ground
water zones other than the zone 1n which a well terminates
1s included in the remarks column.

The wells are arranged according to township, range,
section and part of section in which the well is located.
The first two digits in the well nomenclature represent
townshlip, the diglt following the first hyphen representé
range and the digit or digits followlng the second hyphen
represents section. The small letters represent the part
of the section in which the well 18 located. The flrst
letter designates one-quarter of a section, the second
deslgnates one-fourth of that quarter sectlon and the third
letter deslgnates one-fourth of that fourth of a quarter |

section. Each set of four quarters is lettered a, b, ¢ and



quarter,

designated by the number of letters used;

designates8 accuracy to nearest quarter section, etc.

68

‘d in a counterclockwise direction with 'a' in the northeast
Accuracy of location of a well in a section 1s

only one letter

Well nomenclature 1s shown in the followlng diagram:

Location of well x in
section 31; 45-5-31 aad

Location of well y in
section 31; 45-5-31 dda

Water sample numbers represent samples taken by the

St. Louls

Spergen

Warsaw
'Kedkuk-Burlingtoh
Fern Glen
Chouteau

Sulphur Springs
Maquoketa
Kimmswlck
'ﬁecorah

author during the summer of 1959,

tions were used on the tables:

St.L.

~ Sp.

W
KB
Fg.
Ch
Bs.

Mqo

Dec."’

The following abbrevia-

Plattin
Joachlim
St. Peter
Everton I
Cotter
Roublidoux
Gasconade
Gunter.
Not Known

Gallons per minute

Ptn.
o
St.P.

Ctr.

Roub.
Gasc,
Gntr.

n.k,



Gallons per hour
Total depth
Static water level

Formation

Completed

Quality expressed
in parts per
million

Water



Well Number

TABLL I

WELLS CUMPLETED IK FORMATIONS BLOW Tl 5T, PiTix GROUND WATER ZONE

Total Date Water Quality
Depth Drilied S.W.l. Froduction of iJ/ater

Compl,., in

Remarks

43-6~33 aaa

a)
1000 1935 flowed 15 gpm TDS-876,0

Cl1-297,6

304- 7948
b)
TDS-8769,0
Cl-4293,.1

S'04'- 529 .0

800! 1956 75t 135 gpm n.k.

1180! 1950 n.<, 310 gpm TDS-11472
Cl- 5415,0
804— 504,39

182! 1936 N.Ke n.x. TDS-2364,0
Cl- 915,0

404— 70.8

1110! 1936 14! n.Xe T05-1421.0
Cl- 572,7

504— 58.4

Eminence

a) sample taken at drilling
depth 538', Dec,

b) sample taken at T.D.,
Ctr.

"Good water',

Water Sample No. 1.
50 gpm in St. Peter at 575',

Water Sample No. 12,
Present owner states that
well is 382' deep and that
a deep well was drilled
near it and caused contam—
ination of C171,

Deep well was later plugeced,



TABLE I (continued)

71

Witkds COMPLETID I FORMATIONS BELOW THE ST. FoTiin GiwWUND BATISR ZORE

Surface Total Date water Juality Fm,
Well Number llev, gepth  Urilled S.W... Production og sater Compl, in _Remarks
a
44-5-16 abd 415! 1345¢ 1930 flowed 216 gpm THS-11010.0 Roub. a) at 957' depth
Cl- 4448.,7
50,4~ 545.9 b) at 1247' Zepth
b)
TDG—- 9648.0
Ul= 43066,0
50~ 562 .9
44-5~17 adb 422 1430 1930 flowed 150 gpm Ths=- 9650.0 Gntr. Depth 1152' Gasc. before
Cl- 4325.4 deepening.
504= 54649 Flowed at 630' (St. Peter) .
835 gph - originally
300 gph - 6-12-36.
When deepened 1152-1275',
increased flow to 190
Zpm.
44-5-34 adb 412! 1000 1934 flowed 125 gpm ThS= 6233.0 Ctr. Sample from depth 823"
Cl- 4330.5 (Powell),
504= 530.2
a) a)
44-0-22 ddc 458! 1214t 1924 201 100 gpm TDS- 812,0 Ctr. Sample taken at drilling
Cl- 32,9 depth 1075', St,P,
304- 161.3
b) b) Sample taken at drilling
TS~ 3049,0 depth 1125, St.P.
Cl- 116l.1
S04~ 254.9 c) Sample taken at drilling
c) depth 1175' Ctr,
D3~ 884,0
Cl- 244.9

S04~

138.3



TABLE I (continued)

72

Surface Total Date wWater Juality Fm,

Well sumber Elev, Depth Urilled S.¥.L. Froduction of wWater Compl, in Remarks

45-7-31 bab 570! 3882! 1669 n.k. n.K. n.ks iloub, S5alt wtr, at 1040!
K [=470 elevation],
salt wtr., at 1218!
Ptn., [-648' elevation],
Sulvhur #,0 in Roub,
at elevation =1570!

45-6=-23 cca 029! 3070 1923 n.k. NXKs C1=11000.0



TABIE II

Wells COMPLATED IN ST PETER GROUND WAITER ZOMNE

Surface Total Date Water wuality Fm.,
Well Humber Elev, Depth  Orilled S.W.L. Production of ‘ater Compl, in  ‘lemarks
43-3-2 ad 533! 231! 1941 75t 15 gpm TL5=-376 St.P. Water Sample No. 10,
'\}l_ 2|5
&’04- 4.5
43-5-4 aab 543! 840! 1931 n.k. 60 gpm TDS=376 Stk Water Sample No. 41.
01- 690
43-5-4 bad 512t 800! 1958 90! n.k. TDS-~266 Ve Water Sample No. 13,
Cl- 9,5 Sealed to 350' depth
304-‘2.1.4 or 162' elevation., K.
43-6=20 aca ca.445! 935! 1954 n.k. 1/2 gpm n.k. SC.P, Hole plugged back to
110* -~ Abandoned.
Decrease in production
due to shooting—2 gpm
bef'ore shooting nnd after
rlugging 1/2 gpm after
shooting .
44-3-3 dac 806! 525¢ 1933 200! n.k. 1DS=-346,0
c].- 3.0
304- 4,5 St.P. Water Sample No, 9.
44-4-1 ad 552! 802! a) a_) TD = 572' Ptn, [-20']
[=250'] 1932 50! 70 grh TD5-566,0 [tn, b) TD = 802! St,F.
cl‘- 1.102
504-175.5
b)
TD5=7270,0
C1-3316.8

&04- 4‘41 L] 5



TiPLE IT (continued)

74

_ Swface  Total  Late dater el 1ty ¥,
well “umber Lleve senth  Drilled OC.W.le Jroduction  of Jdater sonnl, in  llemarics
44-4-"7 cac 745" ydel) 1940 270! 10 zom TDS-072.0 Steils Water Sample Yo, 16,
Cl— 2.0
n...:04" 4.8:2
44-4-9 acd - 577" 470! 1923 A 40 gnm St 27 datar at 450" (56,2551,
wWater fresh to taste.
44-4-9 ce ca,600" 515" 1955 nk. & ym [DE-458 .0 Stols Water Sample Io. 2l.
216'% ¢l- 1.0 Sore sul-hur € 260" rtn.
12 g G 80y~ 0.0 Jater level dronped &
250'% 410 J.
44-4-15 cce 495" 550" n.ke n.k. noKe Steiis 263! of casing.
Good water at 500' St.P.
44-4-19 bb 566! 286! 140 n.X. Nok. ToS-202 Stat VWiater Sample lio. 17,
Cl-1.5
504=17.3
44-4-20 bd  ca.620"' 330" 1950 2251 17 gpm  TLS-300 Ste Ly dater Sample bo, 18,
C1-15.5
804--% .0
44-4-20 dbb ca.S0! ca,350' 1939 ek, neke TDS-886 Stels water Sample No. 19.
Cl-323.0 dent through white sand,
50,~ 60.9
4
44-4-20 dbb 518! 275" 1939 NoKa 15 zpm TDS-794 St Jdater Sauple 2.0. 20.
' C1-175,0 35' into St.2,

S04~ 54,2



TsBLE II (continued)

75

Surface Total Date Water wuality Im.
Well Number Elev. vepth  irilled S.iiele Froduction of iater Comnl. in  Remarks
44-4-2]1 bbd 540" 2¢0! 1934 N.X. Neke TUS-487 Stei’e
Cl- £.2
304-46al
44-4-21 bbd ca.5l0! 37 1934 n.X. TDS-530 Steds Jater Sample Yo, 6.
Cl-27.5 Seilele Mless than 100",
504-18.5
44-4-29 add 608" Z86' 1936 213" 55 gpm  TDS-496 St. 2. Water Sample Ho. 11,
- : C1-84,0 275' casing.
504-18.5
44-5-7 gba  ca,540" 600" 1949 54" Neke TIS-0264 SteF, Water Sumple Ho. 0.
Cl-2825.0 No samples to Survey.
504- 267.9 Water salty after contipu-
ous pnumning; gets fresher
after setting; "fresh water
hit before salty water™
was hit.
44-5="7 aba ca,, 5401 515t - 1949 20 to 10 gpm TIG-2068 SteLe Water Somple Ho. 3.
100! C1-1285.0 D - 515! endeé below
S04~ 158.9 St 2
iore salty aftzsr great
deal of use.
No water hit until St.f.
44513 caa ca.D75! 983! 1947 123! 02 gpm St.l. "Dark precipitate of some

¥ind in bottom of swim.,
nool."
vld recor< shows 4000 7pm
Cl-1.



TABLE II {continued)

76

Surface Total Date Water Quality Fm. s
well Number  Elev, Depth  Drilled S.W.L. Production of Water Gompl. in Remarks
: == al ' '
44.5-27 dbd 585! 855" 193 n.k. n.k. TDS-684,0 SteP. a) after plugged to 610"
01-852 PR dep‘bh . .
S0,~ 81.7 b) Before plugging.
b) lost water w« 545-550' (Dece=
C1-2200 K. contact,
dJell plugged to 610' depth
(P’tn'
44.5.34 cec 5511 840" 1934 100" 50 gpm TDS-2108,0 Stels Salty only in lower 5' of
1~ 781.0 drilling well into St.P.
S0y~ 231.9 weter was fresh tc taste
: above that. _
Drilled 5' intervals in
St.P,, then let it settle,
then tasted it.
44.5-35 cd ga1t 665" 1922 NeXe n.XK. "Jater is salty". .ell
' wag shot with nitro- -
zlycerine. '
44wb6=35 ac 568t 12001 19317 80" Salt water at 820', i,
i Salt water at €20', Pin.
Gas show @ 860"
01l show € 86C to 1180',
. a)
45-4.9 decec 586 805" 1932 140! 3l gom TDS-563.0 a) Bailer Sample - depth
' Cl- 29.2 peo'.
S04~ 11.7 b) Bailer Sauple - depth
b) 768",
TDS-429.0 ¢) wWater uamrle No. 73
Cl- 11.7 TDS-430
S0s- 441 gl- 2.0



TABLE II (continued)

T

Surface Total Date Water Quality Fm.
Well Number Elev. Depth Drilled S.W.L. Production of Water Compl, in Remarks
45-4-16 baa 592" i 1936 150" 10 gpm n.ke St.P.
45-4..16 deb 613’ 735' 1938 T ? TDS-302 St.P. Water Sample No. 8.
Cl-1.5 Owner states water fresh
504-18-9 even after filling pool.
45-4-18 dd 625" 675 1947 200" 10.5 ggm  TDS-282
Cl— 205
S0,-23.0 St.F.  Water Sample No. 15.
45-4-20 bbb 635" 680" 1938 110! 15 gmm TDS-374 St.Ps Water Sample No, 14,
Cl- 8.0 Water level dropped from
S04~ 8.2 87' to 110' when St.P.
was hit.
45-4-21 ach 669" 800" 1938 175" 113 ggm  TDS-2678 St.P, Water Sample No. 4.
Cl-1127.0 Salt water after continu-
804~230,0 ous pumping.
Fresh when drilled.
45-4-31 daa 726" 670! 1942 270 20 gpm TDS=-370 8t.P.  Water Sample No. 5.
Cl1=20,0 300 gpm On 6=29=53-=Paul
S04-20.2 Clark.
45-4-35 ade 617" 811’ 1928~ nok. 10 gpm TDS-278 St.F. Water Sample No. 23,
30 Cl- 25.0 "Water becomes salty after
804-104.7 prolonged pumping."
45-4-36 cc 620" 800' 1934 n.k. n.k. TDS-4599 St.P,
C1-2072.5



TABLE II (continued)
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Surface Total Date Water Quality Fm,
Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl. in Remarks
45-4-36 doa 573" 808’ 1929 n.k. 50 gpm TDS-542,0 "Bottoms in lower St.P,
Cl-15,3 or top of Ctr.
804"9402
45-6-22 cdd 449" 1442' 1938 5' 0il speculation hole.

127' of liner put in to
cagse off shale.

8-10 barrels of oil.
"Pretty much salt and
sulfur”,



TABLE III

WELLS COMPLETED IN PLATTIN-JOACHIM GROUND WATER ZONE

Surface Total Date Water Quality Fm,
Well Number  Elev, Depth  Drilled S.W.L. Production of Water Compl, in Remarks
42-5-18 ac gr2' 430" 1944 n.k. 360 gpm  n.k. Ptn.
43-5-25 abes 637" 645" 1939 175" 80 gem  n.k. Ptn.
43.5-26 ced 555" 210°* 1954 Tlowed 25 gpm n.k. Ptn.
43.6-2 obe 583" 700" 1910 n.k. 8 gom  TDS-3368,0 Ptn. "Lime all the way and
. C1-1597.8 finished in Black Rock".
304" 172.0
44-4-10 aad 604’ 551" 1941 n.k. 6 gpm  TDS-356,0 Ptn.
Cl- 12,2
804~ 23,7
44-4-13 cba 506" 300' 1924 70! 300 gpday TFresh Ptn. Salt water--plugged hole
@ 280' (Ptn.)
44-4-14 ada 606" 460" 1940 n.k. 140 gph TDS-6761.0 T, Slightly salty water at
C1-2807.6 220" (x,).
304- 345,0 Fresh water ©@ 440!
"sweetened"” it up (J,).
4-4-14 deb 419" 305' 1926 n.k. noko J. Salt water @ 285' (J,)
plugged back to 225',
44-4-15 cdd 627" 495' 1936 n.k. n.k, TDS-3487,0 J. Salt Hy0 400-495', Ptn.-J.,
C1~1657.3 plugged back to 425'
S04~ 1.0 Successful in plugging off

salt Ho0.



TABLE III (continued)

80

Surface Total Date Water Quality M,
Well Number Elev. Depth Drilled S.W.L. Production of Water Compl. in Remarks
44-4-20 aocd 484° 150" 1937 75" 10 gpm n.k. Jo First water at 145' (J.).
44-4-27 bad 516' 285' 1941 n.k. 3% gpm TDS-1086,.0 J.
Cl- 42.6
M4" 240.?
44-4-27 bd 516" 253" 1941 50" 15 gpm A 10~20 gpm @ 220'
Fresh (J.-Ptn.).
Sulfur wtr. @ 253', plugged
back to 235' (Ptn.). -
44-5-18 coc 496" 406'  about n.k. n.k. Ptn. "Slight Mineralized",
1935
44-5-28 adb 600" 580" 1938 n.k. 10 gpm n.k. Ptn. 80 gph @ 500' (K.).
"Big water™ below this from
500-580" (KQUDOQQ-P"FB.’Q
44-5-29 ada 590" 570" 1940 n.k. 80 gph TDS-2406 Ptn. Water Sample No, 36.
Cl- 64,5
504-1321.0
44-5-29 dca 636" 705" 1936 225! 5 gpm TDS-418.0 J. No samples down to 635'
Cl- 31.9 depth.
304- 49,6
44-5-33 da 582! 534! 1945 130! 4 gpm n.k Ptn. Water encountered below
B-K.
44-7-19 a 406" 950'  1930- n.k. n.k. Ptn. Sulfur wtr. @ 860-885' Dec.



TABLE III (continued)
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Surface Total Date Water Quality Fn.
Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl. in Remarks
45-4-83 cbec  625' 585’ 1948 n.k. n.k. n.k. Ptn.
45-4-23 cd  ca.580' 505" 1944 30" 7 gpm TDS-619 Ptn. Wtr. @ 200' in (BK).
Cl- 10.0
Na- 83,5
504-232.09
45-4-25 cdb 665’ 825' 1934 150" 108 gph TDS-453.0 Ptn.
Cl- 9.0
304" 66.5
45-4-30 bdb 635" 365" 1939 180! 5 gpm n.k. Pin. Water at 335-365' (Ytn.).
45-4-33 dbb 693 610" 1932 n.k. n.k. n.k. J, Water at:
14'0' - BKQ
220' - BK.Fg.
540' - Ptno
45-5-28 ddd ca.570' 810' 1951 80’ n.k. n.X. J, Water @ 200' (EK).



TABLE IV

WELLS COMPLETED IN KIMMSWICK GROUND WATER ZONE

Burface Total Date Water Quality .
Well Number Elev. Depth Drilled S.W.L. Production of Water Compl. in Remarks
42-5-1 cba  o0a.735' 300" 1943 240" 10 ggm  TDS-262. Dec. Water Sample No, 64,
Cl- 5.5
504- 13,2
42-6-2 bbb 577! 605' 1928 n.ke Ls. 87 gph © 425' (BK),
Salt water @ 504'(Fg.).
Salt water @ 605' (shale
below 7' Ls. layer in Mg.
Driller thought salt water
was @ 570-577', or in the
7' Lg, layer in Mgq.
42-6-4 oba 554" 560" 1938 80" 50 gpm  TDS-621.0 K.
Cl- 7.2
S04~ 47.1
43-5-2 bba 548" 525" 1933 160" K, 8 gpm before shooting,

42 gpm after shooting.

Began to show salt & HpS,
Spring 1934.

Plugged back to 425' depth-
no reduction in Cl-.

Plugged back 15' more--still
high Cl-.

First plug - 113' elev., K.
Second plug - 128" elev,,

Pump set at 255' depth; salt
water not cleared out.

43-5-4 abo 611' 500" 1941 150" 5 gom Fresh K.



TABLE IV (continued)
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Surface Total Date Water Quality Fnm.
Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl. in Remarks
43-5-35 cbe 788’ 242' 1936 155'  very little Water at 242' (K,) shows
346 ppm Cl-,
44wd-.5 add 648 308°* 1939 85" 10 gpm TDS-318. Dec. Water Sample No, 27.
Cl- 4.5
S04~ 43.6
44-4-12 bad 528! 300' 1932 57" 40 gph  TDS-359,0 K. No Maquoketa in stratigraphie
Cl- 2,3 section here.
S04~ 14,0
44-4-14 daa 519’ 188' 1936 n.k. Dok TDS-466. K, Water Sample Yo, 28.
Cl- 14.0 5' of shale which may be Mg,
304~ 40,3
44-4-15 cda  675' 335' 1936 260" 15 gph  TDS-3445,0 Dec,
C1-1556.6
804"’ 258.8
44-6-7 aba  ©a.580" 415" 1949 105’ 45 gph  TDS-616 Dec. Water Sample No. 29. _
C1-125,0 Water at 175' FK - 45 gph.
S04~ 28.0 Well shot at 250! - no
improvement.
44-5-19 ado 421" 215' 1926 n.k. 500 gph  TDS-311,0 K.
Cl- 6.8
804~ 27.0
44-5-20 ac 515' 366' 1939 45' 1 gm  TDS-578. Dec. Water Semple No. 34,
Cl= 19.5

304‘"13209



TABLE IV (continued)
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Surface Total Date Water Quality Fm,
Well Number Elev. Depth _Drilled S.W.L. Production of Water Compl. in Remarks
44-5-20 adb  474' %65' 1940 n.k. Roke TDS-424 Dec.
C1-14.0
80,-49.4
44-5-26 adb 555 492' 1936 185" 25 gom  TDS-11927 K. 1 gpm from Burlington.
(saline)  Cl- 5767.4 25 gpm from Mg,
304— 563.1 "Water below 300' mineral-
jized," == Driller.
Hole plugged back to 305'
depth, 250' elev.
44-5-27 bo 0&.5&)' 510' 1959 neke Noke TDS-364. Water Smple NO. 37
Cl- 7.5
804~ 52,7
44-5-27 cbb 559" 500" 1938 Neke 5 gpm TDS-370, K, Water Sample No, 38,
Cl- 6.5
S04~ 41,3
44-5-33 bbd 520" 420! 1938 60" 400 gph  TDS-418, X. Water Sample No, 35.
01- 6.0
304- ?605
44-5-34 acd 427" 389" 1937 20" 8 gpm  TDS-292, 3 Water Sample No. 39,
Cl- 540
§0,~ 23,3
44-6-27 aba 460" 600" 1924 n.ke n.ke TDS=730 .0 Chouteau



TABLE IV (continued)

85

Surface Total Date Water Quality Fm.
Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl, in Remarks
45-4-12 cdd  508' 437" 1932 n.k. 160 gph K, Salt water encountered at
top of K, elev, 88 ,
Well plugged back te 383'
(elev. 125') and produced
fresh water,
45-4-2] ac 664" 464' 1933 Wtr. at 7.5 ggm  TDS-333 K,
300! Cl- 2,7
S04-14.0
45-4-24 adc 695" 675' 1937 200" 150 gph TDS-456, Dec. Water Sample No. 24.
Cl- 37.0 Pump had to be pulled up
S04~ 46.9 above Mq, shale.
45-4-32 bdd ca.750" 305" 1954 125' 3/4 gpm TDS-346
01- 3.0
S04~ 23.9 K. Water Sample No. 26.
45-4-32 dac 7381 503' 1938 n.ke n.k. TDS-380.0 K, Fred Vesper - well "dosed
Cl- 4,1 down, "
304" 24.7
45-4-36 aab 672! 527" 1935 100' 110 gph TDS-382. Dec. Water Sample No. 32.
Cl- 6.5
304- 42.4!
45-5-29 dde 545" 500' 1954 105' 20 gpm  TDS-434, K. Water Semple No. 33,
Cl- 23.5

S04~ 66.3
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TABLE IV (continued)

Surface Total Date Water Quality Fm.
Well Number Elev. Depth Drilled S.W.L. Production of Water Compl, in Remarks
46-5-2 cb 484’ 915' 1924 15' 85 gom  TDS-459,0 K, Well pumps muddy water at
CJ.- 6.2 tm!.

604- 604



TABLE V

WELLS COMPLETED IN KEOKUK BURLINGTON GROUND WATER ZONE

Surface Total Date Water Quality Fm,

Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl. in _ Remarks

43-5-2 bab 543" 325' 1943 150" 12 ggm  TDS-380, KB Water Sample No. 40.

Cl- 4.5 Owner: ,"Well on property

S04~ 41.0 ca.800"' deep, (St.P.?),
little fresh water, but
was salty after shooting."
Near deep well which had
salt water.

43-5-11 bad 594" 310" 1940 93" 10 gh KB Salt water between 180 and
300' depth. (KB), Plugged
back to 180' and shot.

43-5-24 ded 580" 273' 1928 95' 1 gpm n.k. KB

43-6-4 dac 497" 324'  19% 55" 33 gph KB Salt water @ 324' - (173"
elev.) in top of (KB)
plugged to 305' depth.

43-6-5 cbe 593" 0" 1946 130" 1% epm n.k. KB "Water encountered @ 370'-

(223 elev.) (KB) produc-
tion 20 gpm to 370'."
43-6-5 dde 5981 365' 1936 n.k. 7 gpm TDS=790.0 KB Shot with 200 1bs. dynamite.
Cl- B.4
&)4— 37-0
43-6-6 bbe 552" 335' 1934 n.x. n.k. TDS-514 .0 KB

Cl- 8.5
504- 58.9



TABIE V (continued)
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] Surface Total Date Water Quality Fn.
Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl, in Remarks
43-6-6 cab  ca.b548 407.5' 1950 190" noke KB First water - 387' in (KB).
Salt water @ 407.,5' in
(XB) .
43-6-6 bdb 536t 330" 1947 50" 3 gpm KB Salt water @ 325' (211' elev.)
(KB).
Plugged back to 325',
Driller said it freshened up.
43-6=7 b A 23! 1915 55! 16 gph TDS=457,0
Cl- 6.6
S04~ 13.6
43-6-8 bda 582" 3621 1979 153' 24 gph Plugged baek to 333' to shut
off selt water. Depth to
salt water not given.
43-6-9 cea 561" 400" 1936 135" 200 gph n.k. KB
43-6-11 aad 498’ 395’ 1938 45" 5 gpm  TDS-487.0 KB
Cl 8.9
2?4- % o8
43-6-13 dde 563" 308" 198 TDS-644,0 KB a) After plugging.
C1-100.9 Well plugged back to 350
304- 6.2 lgm~ S.W.Le 170 .

Salt water at 395' (168!

elev.) (KB),

Water samples taken when well

was 395' deep:

1) Sample at top (150') -
159.9 ppm Cl.

2) Sample at top (395')-2396.3

Pprm Cl.



TABIE V (continued) 89

Surface Total Date Water Quality Fn.
WELL Numb er Elev. Depth Drilled S.W.L. Production of Water Comple in Remarks
43-6-16 adec  546' 3m'  19% 95" 20 gph KB Water at 150' (Spergem).
Salt water at 340-345!
(upper part of (KB).
43-6-18 acc  502' 275' 193 275" neke KB Water at 110' (W,).
Salt water at 275'(27'
0107.).
85' into (KB).
43-6-20 aca ca.445' 220" 1954 35" 25 gph KB Hit sulfur water at 210'
' (upper part KB).
Hit sulfur and salt at
220' (KB).
43-6-20 cab 493 205! 1941 n.k. neKe KB Driller: "Slightly saline
water,"”
43-6-22 a 432" 290" 1936 3" n.X. TDS-2936,0 KB Salt water at 270' (162"
C1-1256.7 slev.) (KB).
804" 154;7
43-6-22 bde  446' 28319" 1928 62" 7% gom  TDS-2936,0 KB Salt water at 270' (176'
Cl-125 .7 elev.) (Km),
304- ]54.'?
a)
43-6-34 b 565 * 322! 1928 163" 3-4 gom  TDS-4883 KB a) Gleason's paper shows
C1-2320.9 saline.
S04~ 226.7
44-4-11 be 540 * 170" 1948 80"’ 2 gpm TDS-86. KB Water Sample No. 58,
Cl- 0.5

30¢"' 1308
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TABLE V (continued)

Sur face Total Date Water Quality Fm.
Well Number  Elev. Depth Drilled S.W.L. Production of Water Comple, in Remarks
44-5-3 bda 554" 225' 1952 n.ke. n.Ke TDS-796. KB Water Sample No. 52,
Cl- 64,0
S04~ 46,9
44-5-3 cab 509" 240' 1933 n.k. 3 gpm TDS-638,0 KB ? Sample not takem,
Cl- 99,7
S04~ 47.7
44-5-3 dab ca.560" 194’ 1940 149* 20 gpm TDS~3726 . KB Water Sample No. 60.
- C1-1635.0 Owner : "Water is salty."
80,4~ 255.1 (8-4~41)
Large amount  of shale in
W. and Spergen.
Analysis:
TDS-4569 ppm.
C1=-2500 ppm.
Water at 180-185'(v. cherty
Ls of KB) near W.-XB
contact,
44-5-3 dac 480" 260' 1948 76' 10 gpm KB Salt water at 180' (KB).
Sulfur water at 260' (KB),
Bailer test at 230' - & gmm
(KB).
Bailer test at 260' - 10 gpm
(xB) .
Analysis: Cl1-3150.0 ppm.
44-5-5 cb 622" 325" 19417 n.k. 100 gph TDS-370, KB Water Semple No, 48.
Cl- 11,0 Owner: "Can be pumped dry."

S04~ 6643



TABLE V (continued)

a1

Sur face Total Date Water Quality Fm,
Well Number Elev. Depth Drilled S.W.L. Production of Water Compl. in Remarks
44.5-24 add 650" 450' 1933 n.Xk. n.k. TDS-943,0 Kp
: C1-279.2
3?4- 73,2
a
44-5-24 od n.k. 300' logged  n.k. TDS-10273,0 KB a) Sample sent to Survey in
1949 Cl- 5437,5 elorox bottle!l!
804~ 534.2 4 gph at 190' fresh-(KB).
14 gph at 200' fresh and salt-
(KB) o
400 gph at 300' salt and
sulfur--(KB).
44-5-29 bdd  n.k. 2058' 1941 60" 2/3 gmm ¥g. Water at 90' (KB).
: Water at 205' (Fg.).
44-5-33 cbd  640' 33"’ 1936 170! 312 gph  TDS-345,0 KB
Cl— 4.5
S04~ 35.0
44-5-34 cad  481' 265' 1954 40" % gpm n.k., Fg. Water at 85' (KB). _
; Water at bottom of hole (Fg.).
44-6-8 dad 606" s02'  19% 40" 3 gpm TDS-415,0 KB Water at:
. - Cl- 6.8 120' (Speargen).
S04~ 2.4 225' (Spergen Ls.-Sh)
- 3.2 335' (Sh, and Ls, in Wo)
400' (KB).
44-6-10 boa 480" 30"’ 1946 20 2,5 gpm  TDS-362, Kp Water Semple No. 61.
Cl- 3.5 Well used quite a bit.
S04~ 17.0 25' into KB,
44-6-15 dbd 581" 366! 1936 60" 3 gm n.Xk. w.



TABLE V (continued)
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Surface Total Date Water Qual ity Fm.
Well Number Elev, Depth Drilled S.W.L. Production of Water Compl. in Remmrks
44-6-22 baa 565" 460' 1943 65" 15 gpm TDS-363.0 KB 01d well deepened from 187!
Cl- 19.7 to 461', Well shot at
S04~ 43.0 bottom and at 145-150' with
increase in flow from 5%
gm % 15 gpm.
44-6-30 coc 570" 20" 1938 n.k. n.k. KB "Salt water."
a)
44-6-3 cc(?) 567' 409" 1941 n.k. % epm TDS-5052.0 KB a) Sample from top.
- C1-2362,7 b) Semple from bottom.
804- 268,5 Salt water at 360-409' (KB).
b) Plugged back to 360!
TDS-5021.0
C1-2353.4
S04~ 275.5
44-6-bdd 600’ 460' 1942 neke 270 gph TDS-588 , KB Water Sampls No, 59,
01-124u°
304- 32.5
44-6-32 cba  615' 465' 1944 n.k. 800 gph  TDS-274. KB Water Sample No. 54,
~ Cl- 8.5 "No salt water."”
S04~ 232
44-6-33 oodb 585 ' 420" 193% 125' 2 gm TDS-412, KB Water Sempls No. 53,
- cl"' 9.5
- 21,5
44-6-34 doc 571’ 525 19% n.k. n.k. TDS-733.0 Tg. a) Drilling depth 415' (KB),
) ) C1-207.0
3?4- 6.4 b) Drilling depth 515' (Fg.).
b
TDS-388 .0
Cl- 21.2

S04~ 2046



TABIE V (econtinued)
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Surface Total Date Water Quality Fm.
Well Number  FElev. Depth Drilled S.W.L. Production of Water Compl. in Remarks
45-4-10 bbb 62" 367" 194 145" 8 gpm TDS-346. Fg. Water Sample No. 43,
- Cl- 2,0
80*- 14.5
45-4-11 cca  619' ca.,360' 1941 ns' 10 gpm TDS-372, Fge Water Sample No. 44.
Cl" 6.0
S04~ 19.7
45-4-13 cab 0a.605' 406' 195 125 5 gpm  TDS=356. Fg. Water Sample No. 45,
- - - ~ Cl- 12.0
804- 28.0
45-4-13 dbb  ca.628' 475' 1958 165" 2% gpm  TDS-400, Ch. Water Sample No. 46.
Cl- 12.0 Water at 400' top of Fg.
804"‘ 41.3
45-4-26 dbe 650" 420' 1939 140° 3 gmm TDS=380. Ch. Water Sample No, 42,
304- 2609
45-4-27 add 650" 350' 1941 105’ 3 gpm TDS-328 , Fg. Water Semple No. 57,
- - Cl- 1.0
80,- 10,3
45-4-28 bee  656' 260" 1936 60" 90 gph TDS-300,0 Fg.
¢ 175’ Cl- 1045
in (KB) 804~ 11.7
45-4-36 cbd 562 102' 1932 n.k. 8 gpm  TDS-598,0 XB
- ~ Cl- 8,5

304- 9001
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TABLE V (continued)

SeWeLs

Watear
Production

Quality
of Water

Fm.
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Compl, in Remarks

45-5-7 be

45.5-28 caa

45-5-29 bab

45-5-30 dbd

45-5-32 bdd

45-5-33 dad

45-5-35 cde

45-7-20 doa

527"

578"

632"

530"

553

628"

623!

400"

425'

420"

150!

385

1937

1939

1939

1938

1936

1938

1937

n.ke.

&'

DekKe

175’

m!

NeKe

n.k.

60' at

310°

n.k.

75 gm

n.k.

7 gm

n.ke.

noke

n.k.

7-8 gpm

NeKe

TDS-384.,
Cl- 17.5
304"' 14 08

TDS-412,
Cl- 9.5
804- 210 0

TDS-358
Cl- 2.0
S0, 19.9
TDS-410.
Cl- 12,5
S04~ 2641

TDS-~483,0
Cl- 13.1
S04~ 57.2

TDS-434,
Cl- 25.0
804"' 38.4

TDS-364.
Cl- 3,0
8504~ 34.3

Fg.

Fg-

Fg.

Mqe

Water Sampls No., 56.
Water Sample No. 50.
Water Sample No, 49,

Water Sample No. 47.

Water Sample No, 5l.
Water Sample No. 65.

On log* "Undoubtedly bottoms
in KB-—gives fresh water.”
Driller promised Huffman the

loge==Not on strip log.



TABIE V (ocontinued)
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Surface Total Date Water Quality Fnme
Well Number Elev, Depth Drilled S.W.L. Production of Water Compl., in Remarks
46-5-34 baa 602" 680" 1938 100 15 gpm TDS-410. Fg. Water Sample No. 55.
Cl- 3.0 Water at 200' St.L.
S04~ 2545
46-6-12-cbb 513 ' 805" 1936 75 17 gpm TDS-2450,0 KB
- Cl- 918.6
S04- 329.8
46-6-16 ob 644' 584' 1933 n.k. TDS-867.0 KB At T.D. 535', well made 45
: s Cl- 3.7 gph (fresh) from harizon
S04-175.9 350-375"' depth, very cherty
Ls, in Spergen,
Struck water at 580' (64!
elev.) (KB), yield 5 gpm,
) "slightly salty?"
a
46-6-35 dcc  549°' 826' 1937 Neke 50 gpm  TDS-552.0 a) South well.
(South (South (South (South Cl- 89,08 Sample taken with bailer
well) well) well) well) S0,- 47.72 at 765' when well was
b) 825! deep.
552" 790" 1937 n.ke. 53 gpm TDS=5393.0 b) North well.
(Nor th (North (North (North C1-2673.0
well) well) well) well) 804~ 267.3



TABLE VI

WELLS COMPLETED IN ST. LOUIS-SPERGEN GROUND WATER ZONE

Surface Total Date Water Quality Fm,

Well Number  Elev, Depth Drilled S.W.L. Production of Water Compl, in _Remarks
43-6-3 dbb 5781 330°¢ 1946 75! 1.5 gpm n.k. W
44-5=2 bbb 633" 230" 1942 8s' 480 gph n.k. W,
44-6-17 cbb 605" 202' 1936 60" 130 gph Dok Spergen Water at 190-200' (Spargen).
44-6-18 ab 628" 435' 1935 170" 6 1/3 grm TDS-396.0 ; May have been completed in

- 380 gph Cl- 3,2 (KB).

504" 2208 )

44-8-18 aba 614! 150* 1936 60" 1 gpm n.x. Spargen Water at 110' (Spergen).
44-6-20 ada  532' 162' 1940 23' 1 gpm n.k. W.
44680 dad 554" 218" 1940 45' 140 gph  n.k. W.
44-6-25 cdd 504 324' 1978 290" 3 gom Dk Spergen
44-6-26 boe  533' 195' 1947 29° n.k. Spergen Could not bail dry.

(?) Water at 183' (Spergen).

, boc(?) does not check with
Ol”o

44-6-27 add 580 188'  n.k. 50" 4,5 gpm  n.k. Spergen
44-6-28 aad 580 272! 1939 100" 1gm n.ke W
44-6-28 ad 584! 108' 1940 35" 5gmm  n.k. Spergen
44-6-29 cod 613! 127* 19%7 40! 150 gph  n.k. Spergen Water at 126' (Spergem).
44-6-35 dea  595°' 324' 1940 60" 5gmm Dk We



TABLE VII

ADDITIONAL WELLS USED IN THIS STUDY

Total Water Fm, Total Water Fme.
Well Number Depth Production Compl, in Well Number Depth Production Compl, in
42-6-6 aadb 350' 66 gph - K 43-6-6 dde 371! 2 gpnm KB
43=3=3 ? 255" 10 gmm St.P, 43-6=-24 cab 605" Nek. Fg.
43-3-3 ? 333" 15 gpm Sto.P. 43-6-29 acc 302°* 3¢5 gpm KB
43-3-16 add 309" 6 gpm Ctr. 43-6-29 cac 315! 68 gph KB
43-3-19 abb 327" 9 gpm ? 43-6-29 cc 274" 5 gpm KB
43-4-14 dao 627" 20 gpm Ev. 43-6-29 daa 212" 70 gph KB
43-5=5 aad 380! 225 gph Fg. 43-6-30 aab 292! n.k, KB

3e7 gpm

43-5-6 ace 200" 300 gph Fg. 43-6-30 dbb 270" 10 gpm KB
43-5-6 bde 252' 100 gph Mg, 43-6-31 add 2571 1 gom KB
43-5-8 bba 290 15 gm K. 43-6=32 co 260" 75 gph KB
43-5-8 cabd 240 10 gpm K. 43-6-35 cca 295! 15 gpm KB
43-5-14 cod 265" 4% gpm KB 44-4-2 oa 190' n.ke KB
43-5-17 bbb 220" 20 gph K. 44-4-3 ab 200" n.k, KB
43-5-23 b 765" n.k. Jo 44-5-5 bda 154" ca.3 gpm KB
43-5-32 cc 415' NeKe St.P, 44-4-6 abo 476' 850 gph Je
43-6-6 coc 345' 20 gpm KB 44-4-6 cb 525" 600 gph Te



TABLE VII (continued)
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Total Water Fm, Total Water Fm,
Well Number Depth Production Compl. in Well Number Depth Production Compl. in
44-4-15 bdb 280" 135 gph Pin. 44-5-28 caa 480" 10 gpm Dtn,
44-4-25 cca 150! 4 gpm K. 44-.5.28 dad 390 500 gph K.
(Well #3) (Well #3)
44-4-31 beb 178! 25 gpm Powell 238! 175 gph
(Well #4) (Well #4)
44-4-32 acb 1043' n.k. K. 44-5-29 aca 165" 3 gpm KB
44-5-3 aa 300" 20 gpm KB 44-5-30 adc 425" 1 gom Ptn.
44-5-4 cdd 100" 0 gpm KB 44-5-32 ced 370! 8 1/3 gpm Mgq.
44-5-5 bbd 302" 270 gph KB 44-5-32 cd 327° 80 gph Fge
44-5-5 bad 187! % gpm KB 44-5-35 bbd 200! 70 gph @ 100* KB
110 gph @ 155"
44.5-5 ddb 350" n.ke Mq. 140 gph @ 175'
44-5-7 ac 237! 240 gph KB 44-6-15 bbb 385" Bk, We
44-5-7 cb 330" 75 gph K. 44-6-15 boc 280" n.k. W,
44-5-7 ddd 305" 2.5 gmm KB 44-6-%0 caa 253! 200 gph We
44.5-9 bad 250" 48 gph KB 44-6-31 acd 402" 45 goh KB
44-5-12 cd 600" 5 gom Mq. 44-6-31 ccb 305" neXe KB
44-5-13 bad 315' 1% eom KB 44-6-33 bee 2861 8 gom KB
44-5-14 Center 160" n.k. KB 44-6-33 cce 405" 85 gph KB
44-5-21 bbb 245" 1% gom Fgo 44-7-3 oc 901" nok. K.
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TABLE VII (continued)

Total Water Fm, Total Water Fm,
Well Number Depth Production Compl. in Well Number Depth Produc tion Compl. in
45-4-2 cad 415' n.k. Fg. 45-4-35 de 300" n.Xe. KB
45-4-5 cac 55' n.ke Alluvium 45-5-26 ama 443! 7 gpm Fge.
45-4-7 acd 240" 4 gm Fe, 45-5-28 bed 405" 3% gm KB
45-4-10 acec 406" 20 gpm Fa 45-5-28 caa 315" 7 gpm KB
45-4-13 dab 412' 200 gph Fge. 45-5-28 cad ag7! 8 gpm KB
45-4-26 ba 730" 70-80 gph Je 45-5-33 cac 582! 15 gpm KB
45-4-26 bbd 420" 2 gm e, 45-6-8 ca 649" 8 om KB

45-4-.26 boe 364! 2 gpm Fgo




	Occurrence of mineralized ground water in Southern St. Louis and Jefferson Counties, Missouri
	Recommended Citation

	AOwens-0001
	AOwens-0002
	AOwens-0003
	AOwens-0004
	AOwens-0005
	AOwens-0006
	AOwens-0007
	AOwens-0008
	AOwens-0009
	AOwens-0010
	AOwens-0011
	AOwens-0012
	AOwens-0013
	AOwens-0014
	AOwens-0015
	AOwens-0016
	AOwens-0017
	AOwens-0018
	AOwens-0019
	AOwens-0020
	AOwens-0021
	AOwens-0022
	AOwens-0023
	AOwens-0024
	AOwens-0025
	AOwens-0026
	AOwens-0027
	AOwens-0028
	AOwens-0029
	AOwens-0030
	AOwens-0031
	AOwens-0033
	AOwens-0034
	AOwens-0035
	AOwens-0036
	AOwens-0037
	AOwens-0038
	AOwens-0039
	AOwens-0040
	AOwens-0041
	AOwens-0042
	AOwens-0043
	AOwens-0044
	AOwens-0045
	AOwens-0046
	AOwens-0047
	AOwens-0048
	AOwens-0049
	AOwens-0050
	AOwens-0051

